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preoperative planning in invasive cardiology and cardiac surgery. Predictive modeling
of indicators can significantly save resources. The purpose of the study: to make
modelling of Valsalva sinuses and coronary artery ostia height parameters depending
on age-anthropometric indicators in healthy men based on computed tomography. The
material is represented by contrast-enhanced computed tomography images of the
aorta and coronary arteries of forty-three men under normal conditions. Methods:
morphometric and statistical analyses. A multifactorial correlation-regression analysis
was conducted to establish the complex influence of age-anthropometric parameters
on sinuses of Valsalva and coronary artery ostia height. The reliability of the obtained
indicators was confirmed by Fisher's test (F). Using the Durbin-Watson autocorrelation
criterion, the correctness of the built model was proved. In healthy men, weight (direct
effect) and body mass index (inverse effect) significantly influenced the height of the
lower edge of the right coronary artery ostia. The regression coefficient is R = +0.632,
with p<0.001, the standard error of estimation (SEE) is 2.951. The obtained linear
equation of the prognostic model: the level of the height of the departure of the lower
edge of the right coronary artery ostia=0.359 x A1-1.099 x A2 + 16.53. The correctness
of the built model was checked using the Durbin-Watson autocorrelation test (2.181).
The prognostic model for calculating the height of the left aortic sinus was formed by
height and weight indicators (strong direct influence): R = +0.759, p<0.001, SEE =
2.208. The adjusted coefficient of multiple determination was R2, e +0.562. The Durbin-
Watson autocorrelation criterion was within the normal range (2.241). The linear
equation of the prognostic model with the obtained B-coefficients: the level of the height
of the left sinus of the aorta = 35.83 x A1 + 0.033 x A2 - 42.22. The work of prognostic
models for individuals with different anthropometric and age parameters was verified.
Thus, a model of the dependence of the indicator of the height of the left sinus of the
aorta on height and weight was created; of the height of the deviation of the lower edge
of the right coronary artery from weight and body mass index in healthy men based on
computed tomography.
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Introduction

According to the Global Burden of Disease (GBD),
mortality from cardiovascular diseases in Ukraine is
64.3 % [15, 19]. It is important that the sex aspect is clearly
observed in the structure of morbidity. Men get sick more
often than women. This tendency is typical in the global
and Ukrainian incidence structure. In Ukraine, men have
almost twice the incidence rate. According to the European
society of cardiology (ESC) 772.1 cases per 100,000 men

and 440.9 per 100,000 women) (2017 data) [1, 2].
Computed tomography (CT) is the "gold standard"
modality for diagnosing the state of the cardiovascular
system [10, 18]. Morphometry of the aortic bulb is necessary
for preoperative planning in invasive cardiology and cardiac
surgery [3, 7]. Morphometric data of the aorta differ between
countries, while research on this topic in Ukraine is rather
isolated. However, an increase in the number of performed
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diagnostic procedures will necessitate a quick and, most
importantly, detailed analysis of the cardiovascular system,
measurements of target structures. Modeling is one option
that can significantly save radiologists' time and reduce
overall economic costs.

Using CT images, in previous studies, we performed a
morphometric analysis of the aortic bulb and established
a correlation between the values of the height of the aortic
sinuses, the height of the exit of the coronary arteries and
anthropometric indicators in healthy men [11, 12]. The
results of the research led to the next stage - prognostic
modeling of height indicators, to prove the correctness of
the constructed logical model and to test it by calculating
the predicted values of vascular parameters for two men
with different anthropometric and age parameters without
damage to the cardiovascular system, who were
interpreted as the norm.

The purpose of the study: to make modelling of Valsalva
sinuses and coronary artery ostia height parameters
depending on age-anthropometric indicators in healthy
men based on computed tomography.

Materials and methods

For the purpose of prognostic modeling of Valsalva
sinuses height parameters depending on age and
anthropometric parameters, a multifactor correlation-
regression analysis was performed to establish the
complex influence of age-anthropometric parameters on
the parameters of the studied structures.

This is a single-center, prospective study conducted on
the basis of the Lviv Regional Clinical Hospital and the
Ukrainian-Polish Heart Center "Lviv" from 2019 to 2022.
Inclusion criteria: male subjects (1) who underwent
computed tomography (CT) with coronary contrast arteries
and aorta (2), without structural changes in the heart and
aorta that could potentially affect the measurements (3).
Exclusion criteria: birth defects, structural changes of the
studied structures, history of cardiac surgery, artifacts,
incomplete clinical data. 43 persons included in the study
met the set criteria.

Measurements have been made: sinuses of Valsalva
height (distance from the aortic valve annulus to the
sinotubular junction) and coronary artery ostia height
(distance from the aortic valve annulus to the lower edge of
the coronary artery ostia) were performed at a CT station
with licensed software (General Electric, USA). Diagnostic
modality: tomograph LightSpeed VCT XT, GE (General
Electric, USA). Contrast agent - Ultravist 470 (Bayer
Healthcare, Germany). Data taken into account: age, height,
body weight, body mass index, body surface area
(calculated according to the Mosteller formula).

Primary data were based on morphometric analysis of
the height of the right sinuses of Valsalva (1), left sinuses
of Valsalva (2), posterior sinuses of Valsalva (3), coronary
artery ostia height (4), left coronary artery ostia height (5) in
men without lesions of the heart and ascending aorta

(normal), which underwent a computed tomography (CT)
study with contrast of the aorta, heart, and coronary arteries.
Predictors of influence: age (1), height (2), weight (3), body
mass index (4), body surface area (5).

The study was conducted in accordance with the
Declaration of Helsinki "Ethical principles of medical
research with human participation as a research object"
and was approved at the meeting by the conclusion of the
Bioethics Commission of Danylo Halytsky Lviv National
Medical University (protocol No. 10 of December 20, 2021).

Statistical analysis was performed using R software
version 4.0.5 (R Core Team, 2021) and R Commander
(version 2.7-2, GNU General Public License) based on the
Windows operating system. We calculated the regression
coefficient (R), the adjusted coefficient of multiple
determination R2adj, which would prove the influence of
the specified predictors in X % of cases. The reliability of
the obtained indicators was confirmed by Fisher's test (F).
Using the Durbin-Watson autocorrelation criterion, the
correctness of the built model was proved. The results of
logistic regression calculations for predicting the level of
vascular parameters were presented in the form of tables
and presented graphically. For clarity of operation of the
logistic model, it was tested by calculating the predicted
values of vascular parameters for two individuals from the
research group who differ in anthropometric and age
parameters.

Results

The age and anthropometric characteristics of men
(n = 43) under normal conditions are presented in Table 1. A
multifactorial regression analysis was performed for each
vascular parameter (dependent predictors) of healthy men
with the selection of the most optimal set of independent
predictors of influence (age and anthropometric indicators),
which reliably strongly influenced value of each morphometric
parameter in healthy men. During the study, the most optimal
balanced two forecasting models were selected by stepwise
selection: for the value of the height of the lower edge of the
right coronary artery ostia and for the height of the left sinuses
of Valsalva, which were confirmed by the appropriate reliability
criteria.

It was established that the height of the lower edge of
the right coronary artery ostia was significantly influenced

Table 1. Age and anthropometric characteristics of men without
structural damage to the heart and ascending aorta during a
computed tomography study.

Parameters Men
(n=43)
Age (years) 52.56+13.52
Height (m) 1.756+0.067
Weight (kg) 84.74+14.14
Body mass index (kg/m?) 27.54+4.74
Body surface area (m?) 2.033£0.181
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Table 2. Results of logistic regression calculations for predicting
the level of the height of the lower edge of the right coronary

artery ostia in healthy men.

Indexes (égz\ilg:gggsl b-coefficients p
Constant 16.53 <0.001
Weight Al 0.359 <0.001
Body mass index A2 -1.099 <0.001

by weight (direct influence) and body mass index (inverse
influence). The regression coefficient is R = +0.632, with
p<0.001 (according to Fisher), the standard error of
estimation (SEE) is 2.951. The adjusted coefficient of
multiple determination R2adj = +0.361 indicates that the
complex influence of independent predictors of weight and
body mass index on the value of the height of the lower
edge of the right coronary artery ostia was present in
36.02 % of cases in healthy men. The main data for building
the model are given in Table 2.

By substituting the calculation data from the table, we
get a linear equation of the prognostic model: the height
level of the coronary artery ostia lower right edge = 0.359 x
Al-1.099 xA2 + 16.53.

The correctness of the built model was checked using
the Durbin-Watson autocorrelation criterion, the obtained
value of 2.181 is within the normal range (1.5-2.5).

The calculated average predicted value of the height of
the lower edge of the eye of the right coronary artery is
16.67+2.31 mm (minimum value 11.59 mm, maximum
21.30 mm), which actually completely coincides with the
available average value of healthy men: 16.67+3.69 mm.

A graphic representation of the normal probability of the
influence of the obtained independent anthropometric
predictors on the predicted value of the height of the lower
edge of the right coronary artery ostia in healthy men is
presented in Figure 1.

To practically confirm the work of this prognostic model,
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Fig. 1. The normal probability of influence of predictors of weight
and body mass index on the predicted value of the height of the
lower edge of the right coronary artery ostia in healthy men.

we will consider two real examples of calculations for
different anthropometric and age parameters of the studied
persons.

Example Ne 1. Person No. 10 from the database of
healthy men: man, 65 years old, height 1.81 m, weight
90 kg, body mass index 27.47 kg/m?, body surface area
2.127 m?, height of the lower edge of the right coronary
artery ostia 18.50 mm.

We substitute the necessary weight and body mass
index data into the formula of the linear logistic regression
equation and get the result: height level of the right coronary
artery ostia = 0.359 x 90.00 - 1.099 x 27.47 + 16.53 = 18.62
mm.

Comparing the actual (18.50 mm) and predicted (18.62
mm) value of the height of the lower edge of the right
coronary artery ostia, we get a difference of 0.12 mm, which
does not exceed the permissible 5 % error.

Example Ne 2. Person No. 43 from the database of
healthy men: man, 44 years old, height 1.65 m, weight
85 kg, body mass index 31.22 kg/m?, body surface area
1.974 m?, height of the lower edge of the right coronary
artery ostia 12.60 mm.

Enter the required personal data into the linear logistic
regression equation: height level of the right coronary artery
ostia = 0.359 x 85.00 - 1.099 x 31.22 + 16.53 = 12.71 mm.

Thus, the calculated value of the height of the lower
edge of the right coronary artery ostia of 12.71 mm differs
slightly from the actual value of 12.60 mm obtained during
the CT scan - the difference is 0.11 mm, which confirms
the effectiveness of this prognostic model in practice.

To form a prognostic model for calculating the height of
the left sinus of Valsalva in healthy men, a set of independent
predictors was optimal, which included height and weight
indicators (strong direct influence): R = +0.759, p<0.001,
SEE = 2.208. The adjusted coefficient of multiple
determination was R2adj = +0.562, which confirms the
dependence of the value of the height of the left sinus of
Valsalva in 56.09 % of cases on the age-anthropometric
indicators of healthy men. The Durbin-Watson
autocorrelation criterion was within the normal range -
2.241. The necessary data for building the model are given
in Table 3.

The linear equation of the prognostic model with the
obtained B-coefficients will have the following form: left sinus
of Valsalva height level = 35.83 x A1 + 0.033 x A2 - 42.22.

The calculated average predicted value of the height of
the left sinus of Valsalva is similar to the actual value:
23.49+2.54 mm and 23.49+3.33 mm, respectively. The
minimum prognostic value is 17.41 mm, the maximum is
28.95 mm.

Figure 2 shows a graph of the normal probability of the
influence of the obtained independent anthropometric
predictors on the predicted value of the height of the left
sinuses of Valsalva in healthy men.

We will test the performance of the prognostic model
on two individuals with different anthropometric and age
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Table 3. Results of logistic regression calculations for predicting

the height of the left sinus of Valsalva in healthy men.

Conventional -
Indexes ) - b-coefficients p
designation
Constant -42.22 <0.001
Weight Al 35.83 <0.001
Body mass index A2 0.033 >0.05
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Fig. 2. The normal probability of influence of predictors of height
and weight on the predicted value of the height of the left sinus of
Valsalva in healthy men.

parameters.

Example Ne 3. Person No.13 from the database of
healthy men: male, 49 years old, height 1.65 m, weight
65 kg, body mass index 23.88 kg/m?, body surface area
1.726 m?, left aortic sinus height 19.10 mm.

Enter the height and weight of the person into the formula
and get the result: left sinus of Valsalva height level = 35.83
x 1.65 + 0.033 x 65.00 - 42.22 = 19.04 mm. The obtained
predicted value of the height of the left sinus of Valsalva
(19.04 mm) does not significantly differ from the actual
(19.10 mm) level of the parameter of this vessel (p>0.05).

Example Ne 4. Person No. 41 from the database of
healthy men: male, 53 years old, height 1.84 m, weight
80 kg, body mass index 23.63 kg/m?, body surface area
2.022 m?, left sinus of Valsalva height 26.40 mm.

We substitute the relevant personal data into the linear
regression equation: left sinus of Valsalva height level =
35.83 x1.84 + 0.033 x 80.00 - 42.22 = 26.34 mm.

Therefore, comparing the forecast (26.34 mm) and the
actual value (26.40 mm), we get an insignificant difference
between the indicators of 0.06 mm, which proves the
effectiveness of this forecast model.

Discussion

Modeling of parameters of Valsalva sinuses and
coronary artery ostia height depending on age-
anthropometric parameters in forty-three healthy men was
carried out. It is based on the morphometric analysis of
computed tomography images. The most optimal balanced

two prediction models were selected: for the value of the
height of the lower edge of the right coronary artery ostia
and for the height of the left sinus of Valsalva, which were
confirmed by the appropriate reliability criteria. Testing the
models proved the correctness of the constructed logical
model. Thus, the complex influence of weight (direct) and
body mass index (inverse) on the level of the height of the
lower edge of the right coronary artery ostia and a strong
direct influence of height and weight on the calculations of
the height of the left sinus of Valsalva have been established.

Various age-anthropometric dependences on the
morphometry of the aorta in different groups of subjects
are described. S.Y. Ho describes that the size of the aorta
increases with age [5]. X. Wang et al. conducted a study
among the Chinese population (3018 patients), excluding
individuals with heart valve pathology and probable
coronary heart disease, and found that aortic diameters
correlated with age in men (p<0.05). Scientists decided to
make a correction to the surface area of the body. According
to the results of which the correlation with age was again
confirmed in men [20]. Dividing the 1286 selected patients
into age groups, the researchers found that there was no
gender difference in the diameter of the ascending aorta in
the group of people under 30 years of age and the group of
people over 70 years of age [20].

In the study of T. Plonek et al. [13] describe the lack of
correlation between the maximum and minimum
diameters of the aortic root and height (r=0.115, p=0.115),
weight (r=0.029, p=0.768), body surface area (r=0.079,
p=0.426). The lack of correlation with the size of the aorta
and the surface area of the body does not coincide with the
data of X. Wang et al. [20], P. Nagpal and others. [9], who
described it. Concordance between the works of T. Plonek
et al. [13], X. Wang and others. [20] about the lack of
correlation between the height and the diameter of the
ascending aorta, does not coincide with the statement of P.
Nagpal et al. [9], who established a correlation between
height and the dimensions of the thoracic part of the aorta
by measuring it on CT images.

A wide range of diagnostic possibilities, a different
approach to measurement, and the heterogeneity of groups
in studies lead to the fact that the dimensions and,
accordingly, the correlation will differ between populations
[4, 6, 17]. Modeling is the next stage. That is why numerous
studies are carried out with a focus on the morphometric
requirements of manufacturing companies [16, 21],
approaching the creation of unified protocols [8, 14], which
will make it possible to create models and predict
measurements of the studied parameters.

The obtained results create prospects for the
implementation and involvement of the proposed models
in clinical practice. For Ukraine, radiological research in
the anatomical aspect is somewhat new, which requires
additional study with the involvement of a larger amount of
data.

Vol. 29, Nel, Page 10-15

13



Modeling of Valsalva sinuses and coronary artery ostia height parameters, depending on age-anthropometric ...

Conclusion
A model of the height indicator of the left sinus of Valsalva
based on height and weight was created; the level of the
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MOLENOBAHHA NOKA3HUKIB BUCOTU MA3YX AOPTU TA BIYOK BIHLEBUX APTEPIA B 3ANIEXXHOCTI Bifl BIKOBO-
AHTPOMOMETPUYHUX NMOKA3HUKIB Y 3[JOPOBUX YONOBIKIB HA OCHOBI KOMIMT'FOTEPHOI TOMOIPA®Ii

lideanbHa Y. €.

Kommn'tomepHa momoepagpis € "3omomum cmaHOapmom" Onsi nposedeHHs1 Mopghomempii aopmu rpu nepedornepauitiHux niaHy8aHHsIX
8 iHeasuseHil kapdionoaii ma kapdioxipypeii. [[poeHocmuyHe MoOento8aHHs1 MOKa3HUKI8 MOXe Cymmego 3eKOHoMumu pecypcu. Mema
docnidxeHHS: nposecmu MOOes8aHHs MOKa3HUKI8 sucomu na3yx aopmu ma 8iOX00XeHHs 8i4OK 8iHUuesuXx apmepill 8 3anexHocmi
8i0 8iKOBO-aHMPONOMEempPUYHUX napamempig y 300po8uUX 4Onoeikie Ha OCHO8I KoM 'tomepHoi momoepaii. Mamepian npedcmasneHuli
Komm'tomepHO-momMoepagidyHUMU 306paxkeHHsIMU aopmu ma 8iHUesux apmepill 3 KOHmpacmye8aHHsIM COpOKa mpbOX 4YOII08iKie 3a
ymo8 Hopmu. Memodu: mopghomempuyHUl ma cmamucmuyHul aHamnisu. MynbmugakmopHul KopensyiliHo-peapeciliHul aHani3
rposedeHo 0719 8CMaHOBIEHHSI KOMIIIEKCHO20 8M1u8y 8iKo8O-aHMPONOMempPUYHUX napamMempie Ha rMoKasHUKU eucomu rasyx aopmu
ma 8i0X00eHHsI 8iYOK 8iHUuesuXx apmepil. [JJocmosipHicmb ompuMaHux rnokasHukie rniomeepdxyesanacb kpumepiem ®@iwepa (F). 3a
Kpumepiem asmokopensyii ypbiHa-YomcoHa 0ogodunu npasurnsbHicme nobydoesaHoi modeni. Y vonosikie 8 Hopmi Ha pieeHb sucomu
8I0X00XKEHHS1 HUXHbO20 Kpalo 8iyka rpaeoi eiHuesoi apmepii cymmeeso ennusanu gaza (npsmull enniue) ma iHOekc macu mina
(3sopommiti ennus). KoegpiuieHm peepecii cmaHosume R = +0,632, npu p<0,001, cmaHdapmHa roxubka ouyiHku (SEE) 2,951. Ompumare
TiHIGHE PIBHSIHHS MPO2HOCMUYHOI MOOei. piseHb sucomu 8IOXOOKEHHS HUXHBbO20 Kparlo 8idka rpaeoi siHuesoi apmepii = 0,359 x Al
- 1,099 x A2 + 16,53. [MpasunbHicmb nobydosaHoi modeni nepesipeHo 3a dornomoezor Kpumepito asmokopensuyii Jyp6iHa-YomcoHa
(2,181). lNpoeHocmuy4Hy mModenb po3paxyHKie pieHs aucomu J1igoi nasyxu aopmu ghopmysasiu MoKasHUKU 3pocmy ma eaau (CurnbHuUl
npsamud ennue): R = +0,759, p<0,001, SEE = 2,208. CkopueosaHuli koegilieHm MHOXUHHOI demepmiHauii cmaHoeus R2,, = +0,562.
Kpumepiti asmokopensuii ypbiHa-YomcoHa 6y8 y mexax Hopmu (2,241). JliHiliHE pi8HSHHSI MPO2HOCMUYHOI MoOesli 3 ompuMaHuMu
B-koegbivienHmamu: piseHb sucomu nigoi nasyxu aopmu = 35,83 x Al + 0,033 x A2 - 42,22. [IpotideHo nepesipky pobomu npoeHOCMUYHUX
modenel Onsa pi3HUX 3a aHMPONOMEMPUYHUMU ma 8ikoguMU napamempamu ocib. Takum YUHOM, CMBOPEHO MOOerlb 3aleXHOCMI
rokasHuka eucomu Jiigoi nasyxu aopmu gi0 3pocmy ma eaau; PigHs1 8UCOMU 8i0XO0XEHHST HUXHBbO20 Kpato 8idyka npaeoi eiHuyeesor
apmepii 8i@ sazu ma iHOekcy macu mina y 300posuX 4YOI08iKie Ha OCHO8I KOM'tomepHOi momozpadbii.

KnrouyoBi cnoBa: siyka siHyesux apmepiti, aHamomisi, kKommn'tomepHa momozpadgis, aopma.
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