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THE RESEARCH CONCEPTUAL FRAMEWORK

Introduction. The study of congenital heart defect (CHM) has been of paramount
importance for today’s medicine, due to its increased incidence rate, which has become a major
research issue for many fields of medicine: neonatology, pediatrics, cardiology, genetics, and
medical imaging [1].

It should be mentioned that management of CHM patients has improved over the last
decades, thus reducing the mortality rate by 39% across Western Europe and North America.
One of the main objective that led to a significant decrease in the CHM-induced mortality rate is
the early age of children or newborns, undergoing the corrective surgery, followed by a holistic
approach to CHM , which is used in both highly developed countries and our country. Despite
the current medical advances, congenital heart malformations still result in about 30% of deaths
due to malformations and 5.7% of infant mortality [2].

The recent research studies have reported great interest in factors favoring the development
of major CHM-associated complications [7]. Therefore, a category of obstructive valvulo-
vascular MCCs seems to exhibit higher risk for developing lethal complications, since they are
characterized by an expansive pre- or post-obstructive mechanism [2, 7]. This group of cardiac
malformations includes congenital aortopathies (CA0) that is a relatively new concept in
pediatric cardiology within the Republic of Moldova (RM). We initiated this research study
while considering the high incidence of CAo (about 10-15%) out of the total CHM cases in
children from the Republic of Moldova [9].

Congenital aortopathies lead to an increased global cardiovascular mortality rate, both in
childhood and in adulthood. These entities include the aortic stenosis (AoS), aortic coarctation
(AoC), bicuspid aortic valve (BAV), but also some other genetic diseases involving the aorta:
Marfan syndrome (MS), Ehlers-Danlos syndrome, Turner syndrome, and other disorders [4, 8,
10].

According to specialized literature, the estimated incidence of the aortic stenosis makes up
2-11% of the total number of CHMs in children, showing a prevalence of 3-5 cases per 1000 live
births. Aortic coarctation accounts for 5-8% of cases with a prevalence of 3 to 10,000 live births
[2]. Aortic dilatation occurs in 0.4% of patients with CAo, whereas aortic valvulopathies (e.g.
BVA) are the most common malformations (a 1-2% prevalence), exhibiting up to 40% of
dissection risks [4].

Aortopathies are sometimes completely asymptomatic in children, compared to adults, thus
no suspicion might arise for any complication development. Congenital aortopathies require
early diagnosis and prompt therapy to improve the extremely unfavorable prognosis for some
cases. Based on these assumptions and beliefs, we would like to emphasize the value of this
research project in order to identify the prognostic factors, which might positively influence the
future life of CHM children. This present research work, entitled Risk factors and early
diagnosis of complications in congenital aortopathies of children is aimed to develop a unique,
well-systematic approach, as well as to estimate the prognostic key points of CAo complications
in children. Based on the aforementioned, the purpose of this scientific study is as following: to
assess the risk and prognostic factors involved in the occurrence of complications among
children with congenital aortopathies, in order to highlight their potential probability and develop
an integrated algorithm for their early diagnosis.

In order to achieve this purpose, the following objectives have been outlined:
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1. To elucidate the clinical and paraclinical peculiarities in children with congenital
aortopathies with or without complications.

2. To study the morphometric parameters of the aorta in children with congenital
aortopathies in order to detect early signs of complications (dilatation, aneurysm,
dissection, and aortic rupture).

3. To identify the risk and the predictor factors, leading to specific complications of
pediatric congenital aortopathies.

4. To develop an integrated algorithm to prevent the potential complications of pediatric
congenital aortopathies.

The scientific novelty and originality. A prognostic cohort study was conducted on a
group of children from the Republic of Moldova, over a period of 4 years, by analyzing the
clinical and paraclinical peculiarities of CAo in children. The study was aimed at monitoring the
complication development in pediatric congenital cardiovascular disorders, as well as detecting
the risk and predictor factors via the morphometric assessment of the aortic diameters, with a
primary follow up, at 6 and 12 months, using the Detroit Z score data. It’s the first time, the
genetic predisposition for dilatation has been proved, though no evidence for aortic dissection /
rupture was found.

The scientific issue solved within this thesis underlies upon outlining clear directions on
the management of pediatric CAo, by establishing an early diagnosis, performing an accurate
monitoring of the disease evolution (via the aortic morphometry) and raising awareness among
the pediatric cardiologists upon the potential risk factors for developing the following
complications in children: dilatation, aneurysm, dissection, and aortic rupture.

Theoretical significance of the study. The study results demonstrate the importance of
morphometric parameter assessment by the two-dimensional echocardiography and other state-
of-the-art techniques, such as the CT angiography of the aorta, used for a good imaging of the
aortic geometry and for decreasing the risks of developing sudden lethal complications in
patients with CAo.

The applicative value of the PhD thesis. The importance of an early diagnosis in
pediatric CAo has been widely discussed, as well as the need for a proper monitoring of the
disease evolutionary dynamics via sensitive and aortic imaging methods to assess the types of
pathological expansion in the aortic wall and their localization levels. In addition, an integrated
algorithm for CAo complications was created based on the 2014 European Society of Cardiology
Guide regarding the diagnosis and treatment of aortic diseases. These findings will allow
outlining the children at high risk for developing CAo, according to certain parameters, as well
as providing early intervention and prevention of aortic expansive mechanism or even its
regression, by administering proper treatment and, thus, significantly reducing the incidence of
CAo complications in children.

Implementation of research findings. The study results were obtained during the
practical activity at the Pediatric Cardiology Clinic of IMPH Mother and Child Health Care
Institute, as well as during the educational and teaching process at the Department of Pediatrics
of PI Nicolae Testemitanu SUMPh, in Chisinau, the Republic of Moldova.

Research findings approval. Some research findings were presented and discussed at
various national and international scientific events such as : The annual scientific conference of
Nicolae Testemitanu SUMPh P1 (Chisinau, 2015, 2016, 2017, 2018); National conference with
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international participation Updates in Pediatrics, dedicated to the 70 year anniversary of N.
Testemitanu SUMPh (Chisinau, 2015); National Conference with International Participation
Children's health problems and ways of solving them (Chisinau, 2016); International Pediatrics
Conference, dedicated to the Year of Nicolae Testemitanu (Chisinau, 2017); The National
Pediatrics Congress, the 7th edition, Pediatric emergency medicine and its management,
organized by the Pediatrics Society of the Republic of Moldova and of Romania (Chisinau,
2018); National Pediatrics Conference; the 7th International Medical Congress for Students and
Young Doctor MedEspera (Chisinau, 2018); the 57th National Congress of Cardiology (Sinaia,
Romania, 2018); Congress of Pediatric Cardiology (Iasi, Romania, 2018); the 1st International
Congress of Hypertension in Children and Adolescents - ICHCA (Valencia, Spain, 2018).

Publications related to PhD thesis. The obtained scientific results were rendered in 24
scientific papers (10 national, 14 international, and 1 with no co-authorship), including 7 articles
(3 articles in scientific journals abroad and 4 articles in accredited national scientific journals,
category B) and 16 theses.

Keywords: congenital aortopathies, genetic syndromes (Marfan, Turner syndrome, etc.),
children, dilation, aneurysm, dissection, aortic rupture.

This research project received the positive opinion of the Research Ethics Committee of
the "Nicolae Testemitanu™ SUMPh from the Republic of Moldova (report no. 76 of 12.05.2017,
by Viorel Nacu, chairman of REC, PhD in medical sciences and professor), within the
Department of Pediatrics of "Nicolae Testemitanu™ State University of Medicine and Pharmacy.

Summary of the thesis. This research paper includes 103 pages of electronic text and
consists of introduction, 4 chapters, conclusions and practical recommendations. The reference
list cites 207 bibliographic sources. The thesis comprises 36 tables, 28 figures and 5 annexes.



1. THE RESEARCH MATERIAL AND METHODS

General characteristics of the research and sample size design

An analytical follow-up study was planned to achieve the purpose and objectives of the
research. The representative sampling volume was obtained after introducing the data into the
formula:
n= 0034 x 0966 (196 / 0.05):= 50.47, and 10.0% for non-response rate, the
representative sampling size = 84 children.

The number of patients required within a study group (patients with a Z score value >2
SD) should be no less than 84 respondents viz. representative sample.

Thus, the study group (L1) includes children with aortic diameter changes (Z score> 2 SD),
and the control group (L 1) - children with no aortic diameter changes (Z score <2 SD, Z score =
2 SD).

During 2016-2020, 180 children with CAo were examined complex, according to the
elaborated study protocol, with the objectives of determining risk and prognostic factors in
developing CAo complications, with a 6-month follow-up (30%) ) and 12 months (60%) from
the primary evaluation.

The study sampling was carried out according to the inclusion and exclusion criteria of 180
children with CAo.
Inclusion criteria were as follows:

= children aged between 1 month to 17 years, 11 months and 29 days with CAo (implicit

criterion); a confirmed diagnosis of AoS with PG> 30 mmHg, operated / unoperated

CAo; patients with BAV and other genetic aorta —related syndromes: Marfan, Turner,

etc.;

= the written tutor’s consent for participation within the study and the children’s assent,

aged >14 years.
Exclusion criteria:

= children (parents or tutors) who refuse to participate in the study;

= patients with severe concomitant diseases (renal and hepatic impairment, end-stages,

severe neurological disorders);

= children with acquired (rheumatic) valvulopathies.

The consent of the parents or the legitimate custodian and the consent of the children aged
>14 years were obtained; they were not remunerated, they did not bear financial expenses related
to participating in the study. The study was approved by the Research Ethics Committee of the
State University of Medicine and Pharmacy Nicolae Testemitanu (report Nr. 76 of 12.05.2017).



Analytical follow-up study (2016-2020 yrs)
180 cases (children with CAo: AoS, AoC, BAV, Gen. Sdr.)
Age range: 1 month - 17 years 11 months 29 days
Informed consent / assent

f Specially designed evaluation form \
Complex clinical examination (anthropometric indices of interest (height,
weight, BSA), hemodynamic parameters of interest (FCC, AT, Spo2)
Laboratory parameters assessment (CBC, blood biochemical indices)
Instrumental findings: chest x-ray, ECG in 12 standard derivatives,
color EcoCG-Doppler with aortic morphometry

v
[ Application of Z-Scores (Detroit Data) ]

; Lot 11 —91 (61+30) cases
Lot | — 89 cases (59.3%) (40.6%)
Score Z >2SD

Score Z<2SD; Score Z=2SD

v
p
| sublot-29 cases ¢
(32.5%) 30
. ¢ Evolutionary morphometric patterns of Cases
e the aorta PP
. ineligible
Aortic CT at 6 months - 46 cases (30.6%) J
angiography at 12 months - 91 cases (60.6%) <-2SD
[ The statistical analysis of the obtained study results ]
V

The statistical comparison of two groups
The Pearson correlation was used for parametric data with normal value
distribution;

y

The development and proposal of an integrated algorithm model, aimed at being
implemented in complications of congenital aortopathies among children

Figure 1. Study design
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The patients underwent the following assessment stages (figure 1).

Stage 1. 180 children with CAo were admitted within the research, based on the inclusion
and exclusion criteria. They formed the general study sample, being subjected to a thorough
survey questionnaire regarding the prenatal and postnatal medical history, disease history,
current disease status; objective physical examination (anthropometric indices: weight, height,
body surface area), laboratory findings of an obstructive CHM type, basic instrumental
investigations (two-dimensional EcoCG and color Doppler, aortic CT angiography with contrast
media).

Stage 2. The general group was divided into two subgroups, based on a two-dimensional
echocardiographic examination and calculation of the Z score. At first, the echocardiographic
examination based on the aortic morphometry was performed at 6 aortic levels: the root of the
aorta (the valvular ring, sinus Valsalva, and sinotubular junction diameters); the ascending
aorta; the aortic arch (between the brachiocephalic trunk and the left subclavian artery); the
descending aorta (immediately below the aortic isthmus). The aortic morphometry was
performed by using the Petterson’s criteria with the Toshiba Aplio 300 echocardiographic model,
type MODEL TUS-A300, and by estimating the Z-score, based on Detroit Data [3, 5].

Subsequently, the Z score values were calculated online, by introducing the values of the
aortic diameter (cm) related to the child's body surface area (height - cm, weight - kg), resulting
in self-division of the study sample into two research subgroups : the main lot (L I) included
children with aortic diameter changes (Z score>2SD) and the control lot (L I1) - children with no
aortic diameter changes (Z score <2 SD). The first group included 89 children, that is 62 boys
and 27 girls, with the mean age of 102,8 + 7,13 months, and the second group - 91 children (of
which 30 children were reported ineligible with a Z score <2 SD), consisted of 61 children , 48
boys and 13 girls, respectively, with a mean age of 121,4 + 7,2 months.

Stage 3. The evolutionary clinical and paraclinical characteristics of CAo were assessed
and compared in both study groups, followed by an assessment of the potential CAo
complication development, the risk factors and their predictive factors.

Stage 4. A subgroup was created to include children who underwent the aortic CT
angiography, whereas the obtained data were statistically assessed and analyzed while
undergoing the aortic morphometric measurement.

Stage 5. The evolutionary particularities in some children from both groups were assessed
via a dynamic examination at 6 months (30%) and at 12 months (60%), by comparing some
parameters obtained in primary assessment with those from 6 and 12-month intervals,
respectively. In addition, some factors were selected as prognostic elements in children who
were assessed at 12 months since being admitted to research (depending on the type of evolution
- favorable or unfavorable).

Stage 6. An integrated algorithm model regarding CAo complications in children has been
developed and proposed for further implementation. Conclusions and practical
recommendations have been formulated in order to prevent the occurrence of potential
complications in children with CAo.
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2. CHAPTER SUMMARY
2.1 Clinical and paraclinical features in children with congenital aortopathies
Study of the demographic, anamnestic and clinical profile of children with congenital
aortopathies

To assess the clinical-paraclinical features in children with CAo, a study was performed
which included 150 patients eligible with CAo (default criterion), with or without changes in
diameter in the aorta.

Analysis of the distribution of study participants according to age groups. In the
research were included children aged between 1 month to 17 years 11 months and 29 days.
Group I consisted of 89 children (59.3%), of whom 18 (20.2%) aged < 1 year (< 12 months), 11
(12.4%) aged 1- 5 years (12—60 months), 29 (32.6%) aged between 5 and 12 years (60-144
months) and 31 (34.8%) aged> 12 years. Group Il consisted of 61 (40.6%) children, of whom
one (1.6%) was under the age of < 1 year (< 12 months), 10 (16.4%) were aged between 1 and 5
years (12-60 months), 26 (42.6%) 5-12 years (60-144 months) and 24 (39.6%) older than 12
years (y2 = 11.48; p<0.01).

CAo0 with changes in diameter in the aorta (score Z>2 SD) in subjects aged < 1 year (< 12
months) in 20.2% of cases, confirming the possibility of expansive complications (dilation,
dissection, aortic rupture) from an early age.

Analysis of the type of congenital aortopathy depending on the presence / absence of
diameter changes in the aorta.

A0S was encountered with a frequency of 38.2% of cases in group | versus 37.7% of cases
in group II (p>0.05). AoC was recorded with a frequency of 33.7% cases in the baseline group
versus 29.5% cases in the control group (p> 0.05). BAV was found with a frequency of 23.6% of
cases in group I versus 29.5% in group II (p>0.05). Genetic syndromes with aortic involvement
were recorded with a frequency of 4.5% cases in the baseline group versus 3.3% cases in the
control group (p> 0.05). The results are shown in Figure 2.

Figure 2. Type of congenital aortopathy in the children in the study depending on the
presence / absence of diameter changes in the aorta

Note: AoS-aortic stenosis; AoC-aortic coarctation; BAV-bicuspid aortic valve; Sdr. gen.-genetic
syndromes; p> 0.05;
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Analysis of some elements of the anamnesis of the children taken in research. The
study of the anamnesis was directed towards the identification of some risk factors that could
lead to the development of complications in children with Cao.

The presence of CAo in relatives of grades I-11 in the baseline group was attested in 30
(33.7%) children versus 59 (66.3%), and in the control group - in 22 (36.1%) vs 39 (63.9%)
subjects (p<0.05).

Age of diagnosis of CAo. This diagnosis was established at 43.29 + 6.28 months (3.5 years)
in group I and at 29.5 + 6.59 months (2.5 years) in group Il (p<0.05).

The spectrum of clinical manifestations. In both groups, the participants had signs
distinctive for the clinic of an CAo. Tachypnea was recorded in 54 (60.7%) children in group |
and in 41 (67.2%) in group Il. Presyncopal conditions (with high specificity in the case of CA0)
accounted for 6 (6.7%) children in the baseline group and 9 (14.8%) in the control group.
Syncopes were noted in 2 (2.2%) children with CAo with changes in aortic diameter and in 4
(6.6%) without changes in aortic diameter. Chest pain was present in 44 (49.4%) subjects of
group | versus 33 (54.1%) of group Il. Fatigue was found in 42 (47.2%) children in the baseline
group vs. 35 (57.4%) in the control group (p>0.05). Analyzing the complains according to the
group, we noticed that, regardless of the presence / absence of diameter changes in the aorta, the
children presented the same symptomatic palette, without statistical differences.

Study of some hemodynamic parameters. Blood pressure, a hemodynamic parameter
with an impact on the pathophysiology of the expansive mechanism researched in children with
CAo0 and found in the literature as a risk factor in some complications of CAo in children such as
aortic aneurysms was evaluated on the research groups and presented the following values :
Mean SBP expressed as the mean of the Z Score (SD) / percentiles in group | was - 1.37 £ 0.18 /
91% versus group 11 0.82 = 0.16 / 79%, (p<0.05). DBP did not show statistical value, only trend,
namely in group I: 1.12 £ 0.15 / 87% versus group 11 0.95 £ 0.13 / 83%, p>0.05).

Paraclinical features (laboratory, radiological, electrocardiographic parameters) in
children with congenital aortopathies.

Analysis of biochemical parameters. The children enrolled in the research were also
evaluated in the light of laboratory indices recommended by the NCP in obstructive CHM in
children. Considering the fact that the subjects included in the study are with valvulo-vascular
obstructive CHM, we analyzed the values and correlations of some parameters more specific to a
CHM within the biochemical ones (ALAT, ASAT, CK-MB, LDH). No statistical differences
were recorded in the values of the indicators mentioned in the research groups (p>0.05).

Evaluation of manifestations at the radiological examination. According to the obtained
results, at the radiological examination, data on the increase of LV size were recorded in 29
(32.6%) children in the baseline and in 14 (23.0%) in the control group; prominence of the aortic
bud was recorded in 49 (55.1%) subjects in the group with increasing changes in diameter in the
aorta and in 34 (55.7) in the group without changes in aortic diameter; the increase of the
pulmonary hilums was detected in 10 (11.4%) children from the basic group and in 4 (6.6%)
from the control group (p>0.05).

Analysis of the variability of electrocardiographic parameters. The presence of rhythm and
driving disorders was determined, and left ventricular hypertrophy (LVH) was identified in
children from the groups included in the research. Rhythm and driving disorders were recorded
in 30 (33.7%) children in the baseline group and in 27 (44.3%) in the control group (p>0.05).
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HVS was present in 17 (19.1%) children of those with CAo with expansive changes of aortic
diameter and in 9 (14.8%) of those without expansive changes of aortic diameter (p>0.05).
According to the results obtained in the study, ECG in 12 standard leads, being a method with
low sensitivity, can not be used to establish the diagnosis of heart failure and / or complications
in these patients.

Morphometric echocardiographic features of the aorta in children with congenital
aortopathies

Echocardiographic evaluation of aortic arch morphometry. Advances in the field of color
Doppler EcoCG and the application of this method in the investigation of aortic arch
morphometry allow the determination of the risk of development and / or changes in diameter
already occurring in the aorta. The possibility of early identification by echocardiography of the
risk and / or the presence of a complication is very important both in the practice of pediatric
cardiology and in that of the adult.

The types of congenital aortopathies present in the children in the study, determined
echocardiographically. The study included four types of CAo: AoS - 57 cases (38.0%), AoC -
48 cases (32.0%), BVA - 39 cases (26.0%) and genetic syndromes involving aorta - 6 cases
(4.0%), (Figure 3).

Figure 3. The structure of the types of congenital aortopathies in children included in the
research
Note: AoS-aortic stenosis; AoC-aortic coarctation; BAV-bicuspid aortic valve; Gen.sdr.-genetic
syndromes;

Aortic diameters and Z score. The diameters were estimated at six segments of Ao, being
related to the area of the body surface. Z-score assessment - a method of highlighting the
deviation of the value of a certain parameter evaluated from the average population specific to
size or age, used in both cardiology and pediatric echocardiography [26] - was performed in
subjects with or without changes in diameter in the aorta. An increased Z-score was considered
informative for the suspicion and detection of progressive dilation of aortic diameters in a child
with CAo, warning the clinician of the risk of developing a complication even during
harmonious physical development.
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Aortic diameters of CAo children in group | through the Z score. In the research, the
evaluation of the aortic diameters (@) was performed based on the Z score, obtaining the
following results:

Z score of Ao valve ring @. The value of the score Z <2 SD was recorded at 61 (68.5%),
and >2 SD — at 28 (31.5%) participants (y2 = 23.5; p = 0).

Z score of the Valsalva sinus @. The value of the Z <2 SD score was attested in 66
(74.2%), and >2 SD — in 23 (25.8%) children (y2 = 18.6; p = 0).

Z score of sinotubular junction @. The value of the Z <2 SD score was present in 82
(92.1%), and >2 SD - in 7 (7.9%) subjects (x2 = 5.03; p <0.05).

Z score of ascending Ao @. The value of the score Z <2 SD was recorded at 44 (49.4%),
and >2 DS - at 45 (50.6%) participants (}2 = 44.06; p = 0).

Z score of aortic arch @. The value of the Z <2 SD score was present in 76 (85.4%), and
>2 SD —in 13 (14.6%) subjects (x2 =9.7; p <0.01).

Z score of descending Ao @. The value of the Z <2 SD score was noted in 51 (57.3%), and
>2 SD —in 38 (42.7%) children (x2 = 34.8; p = 0). The respective data are presented in Figure 4.

*.60,00%: . 50,60%

L 50,00% 42,70%

.*."40,00% .+ 31,50%
L, g 25,80%

S0 000 14,60%

Figure 4. Aortic diameter values > 2 SD of the Z score in CAo children in the research
group

Analysis of the correlation coefficient of aortic diameters at the level of the six segments of
the aorta

A strong correlation between the diameters of the evaluated Ao segments demonstrates a
dilation at at least a portion of the researched ones, becoming a risk factor for the growth of the
other aortic segments as well.

Diameter of the aortic valve ring. In the performed research, the diameter of the aortic ring
showed a strong positive correlation with Il (r=0,8**, p <0,001), Il (r=0,8**, p<0,001), IV
(r=0,7**, p<0,001) and an average positive correlation with V (r=0,5**, p<0,01) and VI (r = 0.5
** p<0.01).

Valsalva sinus diameter. The diameter of the Valsalva sinus showed a strong positive
correlation with | (r=0,8**, p<0,001), Il (r=0,9**, p<0,001), IV (r=0,7**, p<0,001 and a
positive correlation of medium intensity with V (r=0,5**, p<0,01) and VI (r=0,5**, p<0,01).
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The diameter of the sinotubular junction. The given diameter, being a component part of
the aortic root, showed a strong positive correlation with 1 (r=0,8**, p<0,001), Il (r=0,9**,
p<0,001), IV (r=0,7**, p<0,001), V (r=0,6**, p<0,001) and VI (r=0,6**, p<0,001).

Diameter of the ascending aorta. The ascending Ao diameter showed a statistically
significant correlation with almost all aortic diameters, probably due to the large surface area it
occupies and the direct action it exerts on the other diameters, namely: | (r=0,7**, p<0,001), Il
(r=0,7**, p<0,001), Il (r=0,7**, p<0,001), V (r=0,6**, p<0,001), VI (r=0,5**, p<0,01). The
correlations are shown in Figure 5.

Figure 5. Correlation between the diameter of the ascending aorta and the other five aortic
diameters

Note: coding: O of the valve ring - I, O of the Valsalva sinus - II, O of the sinotubular junction -
111, @ of the ascending aorta - IV, @ of the aortic arch - V, @ of the descending aorta - VI,

Diameter of the transverse aortic arch. It registered a direct type correlation, of moderate
intensity with | (r=0,6**, p<0,01), Il (r=0,5**, p<0,01), Il (r=0,6**, p<0,01) and VI (r=0,5**,
p<0,01).

Diameter of the descending aorta. The diameter of the descending aorta showed a direct
correlation of moderate intensity with the other five: 1 (r=0,5**, p<0,01), Il (r=0,5**, p<0,01),
I (r=0,6**, p<0,01), IV (r=0,5**, p<0,01), V (r=0,5**, p<0,01).

Imaging features of the aorta determined by computed tomography in children with
congenital aortopathies.

The study consisted of a sublot of CAo children selected according to CAo type and high
risk of developing complications, which were examined by angio-CT of the aorta, with three-
dimensional evaluation of its diameters and geometry.

The following parameters, considered essential in CAo, were evaluated: age, sex, BSA,
extracardiac aortic diameters.

Researched diameters of the aorta. Ao diameters were reported to BSA, with an average of
0.43 £ 0.09, subsequently interpreted by the Z score, respectively in 50% of children a Z score
was >2 SD and in another 50,0% - <+ 2 SD compared to the echocardiographically investigated
group.

Valsalva sinus diameter. A Z score >2 SD was noted in 50,0% of children.
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The diameter of the sinotubular junction. The sinotubular junction is an aortic segment less
exposed to risk factors with expansive action, therefore the respective portion of the aorta is
affected less often, showing a Z score >2 SD in about 20,0% of cases.

Diameter of ascending Ao. The ascending aorta is the one that requires the most attention
and a morphometric evaluation in dynamics, because the highest percentage of development of
dilation complications in CAo is recorded at this level. In the sublot of children studied, it was
established that only 10,0% of cases had an ascending aortic dilatation, explained by the type of
CAo0 and the prevalence of poststenotic dilatation compared to prestenotic in AoC.

Diameter of aortic arch. The aortic arch branches into the most important vascular ducts,
being exposed to the risk of dilation due to tubular discontinuity, which has a Z score >2 SD in
about 10,0% of cases.

Diameter of descending Ao. A score Z >2 SD was determined in over 50,0% of children,
the explanation being the presence at this level of the stenotic gradient, the narrow jet and the
increased speed of blood circulation - factors involved in the mechanism of expansion of Ao,
with high risk development of the aneurysm or dissection at this level.

The data obtained are presented in Figure 6.
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Figure 6. Morphometric study of the aortic arch by Z score analysis (anthropometric +
angiotomographic data)

Three-dimensional analysis of the aorta by angio-CT in children with CAo offers a greater
potential for analysis of aortic geometry, with the establishment of an early diagnosis of
complications such as aneurysm, dilation or dissection of Ao. Following the study, values close
to the angi - CT measurements were observed with those from transthoracic echocardiography,
for the diameter of the Valsalva sinus, the aortic club and the descending aorta. The clear
superiority of computed angiography over echocardiography was demonstrated by identifying
children with Z>2 SD score diameters in 50.0%, Figure 7.
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Figure 7. Graph of the difference of aortic diameters expressed in Score Z (mean + SD)
between 2D echocardiographic and tomographic (CT) measurements.

2.2. Evolutionary features and risk factors for complications of congenital aortopathies in
children

Dynamics of Z scores of thoracic aortic segments in children with CAo in group I, 6
months after the initial assessment. From the moment of enrollment up to six months, in the
group of children with CAo with increasing diameter changes it was observed that the
parameters of the Z scores of the aortic diameters at the researched levels did not differ by a
statistical veracity. The results are presented in table 1.

 Z-score of the valve ring diameter in children with CAo in the dynamics from six
months after the initial assessment did not show a statistically significant increase in the research
group: 1.58 £0.17 versus 1.52 £ 0.15 to 6 months with an increase of 0.13 £ 0.10 (p>0.05).

« Z score of Valsalva sinus diameter in these children at the initial assessment was 1.59 +
0.11 and at 6 months 1.64 = 0.19, recording an increase of 0.01 = 0.072, (p>0.05).

« Z-score of the diameter of the sinotubular junction six months after the initial
assessment showed no changes: 1.38 = 0.10 versus 1.35 + 0.192, and a dynamics of -0.006 +
0.07, (p>0.05).

« Z score of ascending aortic diameter was at the initial stage on average 2.27 + 0.09 at 6
months, 2.27 £+ 0.14, the evolution of -0.04 £ 0.07 SD, p>0.05 .

« Z-score of aortic arch diameter in children with CAo six months after initial assessment
was not statistically true: 1.05 + 0.09 versus 1.26 £ 0.15 at 6 months, modified by 0.06 + 0,04
(p>0.05).

« Z score of the diameter of the descending aorta at the initial stage was: 1.87 £ 0.11, at 6
months it was 2.29 £ 0.16, the dynamics of -0.01 £ 0.07 (p>0.05).

17



Table 1. Dynamics of Z scores of thoracic aortic segments in children with CAo from group
I, 6 months after the initial assessment

Sample
Variables Lot I (initial) Lot I (6 month) Lot I (dynamics 6
month)
p
N M=*m N M=*m N M=*m
(scor 2) (scor 2) (scor 2)
O valve ring 89 1.58+0,17 30 1.52+0.15 30 0.13+0.10 >0.05

O sinus of Valsalva 89 159+0,11 30 1.64+0.19 30 0.01+0.072 >0.05

O sinotubular 89 1.38+0,10 30 1.35£0.19 30 -0.006+0.07 >0.05
jonction

O ascending Ao 89 2.27+0.09 30 2.27+0.14 30 -0.04+0.07 >0.05
O aortic arch 89 1.05£0.09 30 1.26+0.15 30 0.06£0.04 >0.05

O descending Ao 89 1.87+0.11 30 2.29+0.16 30 -0.01+0.07 >0.05

Dynamics of Z-scores of thoracic aortic segments in children with CAo from group
11, 6 months after the initial assessment. Children with unchanged aortic diameters at the six-
month assessment from baseline showed slightly elevated Z-score values at the level of the aortic
club and descending aorta in Table 2.

« Z-score of the valve ring diameter in children with CAo from group Il in the dynamics
at six months after the initial assessment did not show a statistically significant increase: 0.64
+0.15 versus at 6 months 0.83 & 0.33 with an increase of 0.10 = 0.07, (p>0.05).

« Z score of Valsalva sinus diameter in these children at the initial assessment was 0.42 +
0.17 and at 6 months 1.77 + 0.34, recording an increase of 0.11 + 0.06, (p>0.05).

» Z-score of the diameter of the sinotubular junction six months after the initial
assessment showed no changes: 0.36 + 0.14 versus 0.43 £+ 0.16, and a dynamics of 0.03 £ 0.05,
(p>0.05).

« Z score of the diameter of the ascending aorta was at the initial stage on average 1.84 +
0.11 at 6 months, 1.93 £ 0.18, the evolution of 0.04 + 0.03 SD, p>0.05.

« Z-score of the diameter of the aortic arch in children with CAo six months after the
initial assessment was statistically true: 0.75 £ 0.07 versus 0.90 + 0.10 at 6 months, modified by
0.17 £ 0, 04, (p<0.001).

« Z score of the diameter of the descending aorta at the initial stage was: 1.44 + 0.10, at 6
months it was 1.66 + 0.20, dynamics of 0.09 £ 0.03, (p<0.05).
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Table 2. Dynamics of Z scores of thoracic aortic segments in children with CAo in group 11,
6 months after the initial assessment

Sample
Variables Lot Il (initial) Lot 11 (6 Lotul Il
months) (dynamics 6
months) P
N M+m N M=£m N M+m
(scor 2) (scor Z2) (scor Z2)
O valve ring 61 0.64+0.15 16 0.83+0.33 16 0.10+0.07 >0.05
O sinus of 61 0.42+0.17 16 1.77£0.34 16 0.11+0.06  >0.05
Valsalva
O sinotubular 61 0.36+0.14 16 0.43+£0.16 16 0.03£0.05 >0.05
jonction

O ascending Ao 61 1.844+0.11 16 1.93+£0.18 16 0.04+0.03 >0.05
O aortic arch 61 0.75+0.07 16  0.90+0.10 16 0.17+£0.04 <0.001

O descending Ao 61 1.44+£0.10 16 1.66+0.20 16  0.09+0.03 <0.05

Dynamics of Z scores of thoracic aortic segments in children with AoC from group
I, 12 months after the initial assessment. The children with CAo from group | at the 12-month
evaluation showed increasing dynamic values of the Z score at the level of the aortic valve ring,
ascending aorta, aortic arch and at the level of the descending aorta with important statistical
truths, table 3.

« Z-score of the valve ring diameter in children with CAo from group | in the dynamics
from 12 months after the initial assessment showed a statistically significant significant increase:
1.58 £ 0.17 versus 12 months 2.00 £+ 0.15 with an increase of 0.37 = 0.10 (p>0.01).

« Z-score of Valsalva sinus diameter in these children at the initial assessment was 1.59 +
0.11 and at 12 months 1.77 £ 0.15, recording a dynamics of 0.17 + 0.09, (p>0,05).

» Z-score of the diameter of the sinotubular junction at 12 months after the initial
assessment did not show statistically significant values: 1.38 £+ 0.10 versus 1.40 + 0.15, and a
dynamics of -0.02 £ 0.09, (p>0,05).

« Z score of the diameter of the ascending aorta was at the initial stage on average 2.27
+0.09 at 12 months, 2.56 £ 0.10, the evolution of 0.17 = 0.06 SD, p<0.01.

« Z-score of the diameter of the aortic arch in children with CAo at 12 months after the
initial assessment showed important statistical truth: 1.05 = 0.09 versus 1.69 + 0.12 at 12
months, an increasing dynamics of 0.76 + 0.11 (p<0.001).
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« Z score of the diameter of the descending aorta at the initial stage was: 1.87 + 0.11, at
12 months it was 0.24 + 0.07, the dynamics of 0.24 + 0.07 (p <0.001).

Table 3. Dynamics of Z scores of thoracic aortic segments in children with CAo in group I,
12 months after the initial assessment

Sample
Variables Lot I (initial) Lot I (12 Lotl ( dynamics
months) 12 months) o
N M+m N M=+m N M+m
(scor 2) (scor Z2) (scor Z2)
O valve ring 89 1.58+0,17 56 2.00+0,15 56 0.37+0,10 <0.001
O sinus of 89 159+0,11 56 1.77£0,15 56  0.17£0,09  >0.05
Valsalva
O sinotubular 89 1.38+0,10 56 1.40+0,15 56 -0.02+0,09 >0.05
jonction

O ascending Ao 89 227+0,09 56 2.56+0,10 56  0.17+0,06 <0.01
O aortic arch 89 1.05+£0,09 56 1.69+0,12 56 0.76+0,11 <0.001

O descending Ao 89 1.87+0,11 56 2.23+0,13 56 0.24+0,07 <0.001

Dynamics of Z scores of thoracic aortic segments in children with CAo from group
11, 12 months after the initial assessment. Children with CAo from group Il at the 12-month
evaluation showed increasing dynamic values of the Z score at the level of the aortic valve ring,
the aortic arch and at the level of the descending aorta with important statistical truths, table 4.

* Z score of the valve ring diameter in children with CAo from group Il in the dynamics
from 12 months after the initial assessment showed a statistically significant increase, (p>0.01),
initial stage: 0.64 = 0.15, at 12 months: 0.77 + 0.19, with an increase of 0.32 + 0.10.

« Z score of Valsalva sinus diameter in these children at the initial assessment was 0.42 +
0.17 and at 12 months 0.38 £ 0.22, recording a dynamics of -0.04 = 0.11, (p>0.05).

« Z-score of the diameter of the sinotubular junction at 12 months after the initial
assessment did not show statistically significant values: 0.36 = 0.14 versus, 0.36 = 0.23 and a
dynamics of 0.07 = 0.17, ( p>0,05).

« Z score of the diameter of the ascending aorta was at the initial stage on average 1.84 +
0.11 at 12 months, 2.14 + 0.12, the evolution of 0.22 + 0.11 SD, p>0.05.

« Z score of the diameter of the aortic arch in children in group Il with CAo at 12 months
after the initial evaluation showed important statistical truth: 0.75 + 0.07 versus 2.00 + 0.19 at 12
months, an increasing dynamic of 1.25 + 0.19 (p<0.001).
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« Z score of the diameter of the descending aorta at the initial stage was: 1.44 + 0.10, at
12 months it was 1.84 £ 0.13, the dynamics of 0.48 + 0.13 (p<0.01).

Tabel 4. Dynamics of Z scores of thoracic aortic segments in children with CAo from group
11, 12 months after the initial assessment

Sample
Variables Lot Il (initial) Lot Il (12 Lot Il (dynamics
months) 12 months)

N M+m N M+m N M+m

(scor 2) (scor Z) (scor Z)
O valve ring 61 0.64+0.15 35 0.77¢0.19 35 0.32+0.10 <0.01
O sinus of 61 0.42+0.17 35 0.38+0.22 35 -0.04+0.11 >0.05
Valsalva
O sonotubular 61 0.36+0.14 35 0.36+x0.23 35 0.07+0,17  >0.05
jonction

O ascending Ao 61 1.84+0.11 35 2.14+0,12 35 0.22+0.11  >0.05
O aortic arch 61 0.75+0.07 35 2.00+0.19 35 1.25+0.19 <0.001

O descending Ao 61 1.44+0,10 35 1.84+0,13 35 0.48+0,13 <0.01

Risk factors for complications of congenital aortopathies in children.

The research highlighted the risk factors with potential for the development of a
complication (anamnestic, demographic, clinical-paraclinical parameters), which would
condition the unfavorable evolution of an CAo with the development of dilation, aneurysm,
dissection or aortic rupture.

Study of demographic, anamnestic, genetic and familial factors in children studied
according to the presence / absence of diameter changes in the aorta

Age. Children aged <12 months had a higher prevalence in group | compared to group Il
(20.2% vs 1,6%), and those aged 13-60 months, 61-144 months and >144 months had a higher
prevalence in group Il compared to group | (respectively 16.4% vs 12.4%; 42.6% vs 32.6% and
39.4% vs 34.8%; p<0.01). These data show that children with aortic dilatations prevail at an
early age, and with increasing age the risk of dilation is equal to both groups of children with
CAo.

Genetic aspects and family factors. Both genetic and familial factors prevailed in group I
compared to group Il (33.7% vs 16.3%; p<0.05, and 51.6% versus 34.4, p<0.05). The results
obtained are presented in Table 5.
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Table 5. Structure of risk factors (genetic, familial, hemodynamic and anamnestic) in group
I compared to group Il

Risk factors Lot Lot Il P
Genetic Syndromic, non-syndromic genetic 33.7% 16.3% <0.05
defects
Familial The presence of relatives with gr. I-11 51.6% 34.4% <0.05

with CAo / complications (aneurysm,
dissection, sudden death)
Hemodynamic Mean systolic blood pressure (Z score/ 1.37+0,18/ 0.82+0,16/ <0.05

percentile) 91% 79%

Mean diastolic blood pressure (Z score  1.12+0.15 0.95+0.13 >0.05

/ percentile) / 83% / 83%
Anamnestic Age at which the diagnosis of 43.29+6.29 29.5+6.59 <0.05

congenital / genetic aortopathy was
established (months)

Hemodynamic factors. High BP values also play a major role in the mechanism of aortic
dilation in children, especially in those with obstructive-stenotic CAo (ex, AoC), respectively a
statistical difference was present in the researched groups, marking o increased mean BP in the
group with increasing diameter changes in the aorta compared to the group without such changes
(1,37+0,15 / 91% versus 0,82+0,16 / 89%, p<0,05). The DBP values did not register statistically
true values between the two groups (1,2+0,15 / 83% versus 0,95+0,13 / 83%), p>0,05.

2.3 Factors with a prognostic role in the complications of congenital aortopathies in
children.

Early detection and prevention of the development of the area prone to complication in
AoC in children, by studying predictive factors, was one of the objectives of the research. To be
performed, a mathematical-statistical analysis of the group of children (n=91) with CAo and
predisposition to complications was performed 12 months after the initial assessment.

The discriminant analysis in which all the clinical-paraclinical factors investigated were
subjected to a selective and thorough evaluation highlighted six important factors, with
statistically significant value, which distinguish the two subgroups. These impact factors were:
decreased tolerance to physical exertion, dilated aortic diameter at the level of the aortic valve,
dilated aortic diameter at the sinotubular junction, dilated diameter at the level of the ascending
aorta, dilated aorta at the level of the arch, and changes in diameter in the left ventricle (Table 6).
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Table 6. Prognosis of complications in children with congenital aortopathies

Parameters Lot Ir; N=52 Lot llg; N=39
1. Decreased tolerance to physical 43 (82.7%) 37 (94.9%)
exertion
2. Aortic diameter at the level of the 1.65+0.14 0.51+0.21

aortic valve (Score Z +2 SD)

3. Aortic diameter at the sinotubular 1.46+0.14 0.42+0.18
junction (Score Z +2 SD)

4. Diameter at the level of the ascending 2.38+0.12 1.90+0.12
aorta (Score Z +2 SD)

5. Diameter of aorta at the level of the 0.79+0.11 0.92+0.12
arch (Score Z £2 SD)

6. Changes in diameter in the left 0.00-0.00 0.13+£005
ventricle (Score Z +£2 SD)
Prognosis 78.85% 71.79%

Discriminant analysis of these six variables allows us to predict the occurrence of
complications: dissection, aneurysm, aortic rupture in children with CAo with changes in aortic
diameter in 78.85% of cases and in those without changes in aortic diameter in 71,79% of cases.
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General conclusions

1. The study found that in children with congenital aortopathies (CAo0) with/without
changes in increasing aortic diameters there are no differences in clinical and paraclinical aspects
(symptomatology, objective data, laboratory data, instrumental - ECG 12 standard leads, thoracic
Rg), confirming the subtlety and difficulty of differentiating an CAo prone to, dissection or
aneurysm or aortic rupture.

2. As a result of the research of children with AoC, the presence of aortic dilation
was confirmed (Z score>2 SD), in aortic coarctation: at the level of the diameter of the valve ring
(22.9%), of the Valsalva sinus (25.0%), of the sino-tubular jonction (8.3%) and aortic arch
(20.8%); in aortic stenosis and bicuspid aortic valve: at the diameter of the ascending (36.8%)
and descending aorta (31.6%); in genetic syndromes: at the diameter of the valve ring (33.3%)
and the ascending aorta (50.0%). The analysis of the correlation coefficient between the 6
diameters certifies the hypothesis according to which a dilation at at least one aortic segment
becomes a risk factor for its development at the other levels of the aortic arch.

3. In the study, the 6-month follow-up of the values of the Z scores of the aortic
diameters in the research group did not show statistical differences at any level of the aortic
diameter, while at the 12-month evaluation from the beginning they were assessed changes in the
increase of aortic diameters at the level of: the valvular ring (p<0.01), the ascending aorta
(p<0.01), the aortic arch (p<0.001) and the descending aorta (p<0.001). In group Il, the evolution
of the Z scores of the diameters of the thoracic aorta at 6 months registered a significant increase
in the aortic arch (p<0.001) and that of the descending aorta (p<0.05), while at 12 months from
the beginning they showed values increased in valve ring diameter (p<0.01), aortic arch diameter
(p<0.001) and descending aorta (p<0.01).

4. In the study, 7 risk factors with statistical significance were identified for the
probability of occurrence of a specific CAo complication: demographic factors (age), genetic
factors (syndromic, non-syndromic genetic defects), anamnestic factors (child's age when
diagnosing AoC) , familial factors (presence of relatives of grades I-11 with CAo / complications
(aneurysm, dissection, sudden death), hemodynamic factor (BP), factors related to the type of
aortic dilation p<0.05).

5. The discriminant analysis of the group of predictive factors (decreased tolerance
to physical exertion, dilation of the aortic diameter at the level of the aortic valve, sinotubular
junction, ascending aorta, aortic arch and changes in the diameter of the left ventricle) predicted
the occurrence of complications: aneurysm, aortic rupture in children with CAo with changes in
aortic diameter in 78.85% of cases and in those without changes in aortic diameter in 71,79%
of cases.

6. Obtained results allow the development and implementation of an integrated
model of algorithm on CAo complications in children based on Guide of the European Society of
Cardiology on the diagnosis and treatment of aortic diseases (2014), Guide of the American
Cardiology Association / American College of Cardiology on the diagnosis and management of
patients with thoracic aortic diseases (2010).
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Practical recommendations

1. Children with aortic pathology require a lifelong follow-up, regardless of the
initial treatment strategy (medical, interventional or surgical), with a clinical evaluation, with re-
evaluation of aortic therapy and imaging. This follow-up requires performing aortic
morphometry, with the calculation of Z scores of aortic diameters every 12 months.

2. It is recommended to create a register for children with CAo, in which a record
will be kept of the dynamics of aortic diameters, established echocardiographically and, if
necessary, by angio-CT.

3. It is proposed to collaborate with other centers that highlight children with
congenital aortic diseases (genetic centers, heart surgery), with the implementation of the same
unanimous principles of supervision of children with CAo and making a common decision in
detecting a complication.
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