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ABSTRACT

Background: Bicuspid aortic valve (BAV) is the most common congenital heart defect and is
frequently associated with aortic dilation (aortopathy) and other cardiovascular malformations.
In pediatric patients, the relationship between BAV morphology and associated valvular and
structural anomalies remains an important area of investigation. Aim: To assess the character-
istics of BAV in the pediatric population and to analyze its association with other cardiac le-
sions, including valvulopathies. Methods: This retrospective study included 62 children diag-
nosed with BAV. We evaluated BAV morphology and analyzed associated valvulopathies and
congenital heart defects using clinical and echocardiographic data. Results: BAV was more
common in men, accounting for 80.6% of cases. Type 1 BAV was the predominant phenotype.
Aortic dilation was present in 69.3% of patients, aortic regurgitation (AR) in 64.5%, and aortic
stenosis (AS) in 48.3%. Other congenital anomalies, such as atrial septal defect, ventricular
septal defect, and mitral valve malformations, were observed in 59.5% of cases. No significant
associations were found between gender and valvulopathies or between valve morphology
and coarctation of the aorta (CoA). However, the R/L phenotype was strongly associated with
AR, while the R/N phenotype was more frequently associated with AS. Conclusion: Aortopathy
was identified in two-thirds of patients, primarily involving the sinotubular junction and ascend-
ing aorta. CoA was significantly associated with a lower prevalence of AS, while AR was nota-
bly more frequent in patients with aortopathy.
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INTRODUCTION

Bicuspid aortic valve (BAV) is a common congenital heart condition that war-
rants careful monitoring and management due to its association with aortic dila-
tion (AD), also referred to as aortopathy.!2 In daily clinical practice, we often ask:
Is this the initial reason for presentation, or is it more frequently identified during
follow-up? How does it evolve over time? And is it an independent risk marker?
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FIGURE 1.

Transthoracic echocardiogram parasternal short axis view. A. Diastolic view of BAV with raphe (arrow), phenotype 1B (right—

noncoronary cusp fusion). L, left coronary cusp; LA, left atrium; N, noncoronary cusp; R, right coronary cusp; RA,; right atrium; RV, right
ventricle. B. Systolic view of phenotype O (no raphe) BAV. C. Diastolic view of phenotype O (no raphe) BAV. L, leaflet.

Addressing these questions is essential for improving pa-
tient outcomes and informing therapeutic strategies.

Aortopathy is a complex condition with multiple under-
lying mechanisms. One key feature is medial degeneration,
characterized by fragmentation of elastic fibers and apop-
tosis of smooth muscle cells, a process that appears to be
accelerated in patients with both aortic stenosis (AS) and
BAV.3# Studies have shown that the silent, gradual progres-
sion of AD can lead to severe complications in up to 30%
of affected individuals, including aneurism formation, aor-
tic dissection, or rupture, typically in adulthood.?>¢ In the
adult population, the incidence of aortic dissection has been
reported at 6-7.2 cases per 100,000 people. However, these
figures may underestimate the true incidence, as many cases
result in sudden death before hospital admission.”-?

Over the past decade, two main hypotheses have emerged
regarding the pathophysiological mechanisms underlying
aortopathy. One supports a genetic etiology, often associ-
ated with a high prevalence of aortic root dilation, while
the other highlights the hemodynamic effects of the altered
transvalvular flow on the aortic wall.!1%!! Tt is important to
emphasize that the pattern and rate of aortic dilation differ
significantly between pediatric and adult populations.!213

BAV is frequently associated with other cardiovascular
malformations, most notably left ventricular outflow tract
obstructions, coarctation of the aorta (CoA), and Shone syn-
drome. CoA is present in 7-10% of adults with BAV, while
BAV is identified in over half of patients with CoA. This as-
sociation greatly increases the risk of adverse outcomes.!3-17

Enhanced surveillance aimed at preventing BAV-relat-
ed complications can improve patient outcomes and re-
duce morbidity and mortality.’$:!® With this in mind, the
present study was designed to assess BAV in the pediatric
population. As a secondary objective, we also examined
the relationship between BAV and other structural cardiac
anomalies, including valvular defects.

MATERIAL AND METHOD

This retrospective study was conducted at a tertiary pedi-
atric cardiology center between 2019 and 2023. We used
the following inclusion criteria: patients aged 1 month to
17 years (median age 10 years) diagnosed with BAV of any
type. Subjects with unicuspid, tricuspid, and quadricus-
pid aortic valves, associated extracardiac malformations,
underlying genetic syndromes, or incomplete echocardio-
graphic evaluations were excluded from the study.

We analyzed the association of BAV with other congeni-
tal heart defects, particularly AD, aortic regurgitation (AR),
aortic stenosis (AS), and CoA, as well as other malforma-
tions such as atrial septal defect (ASD), ventricular septal
defect (VSD), and mitral valve abnormalities. CoA was de-
fined as narrowing of the aorta, including isthmic stenosis,
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FIGURE 2. Aortic measurement, transthoracic echocardiogram
parasternal long axis view. Ao Arch Diam, aortic arch diameter;
Ao Sinus Diam, aortic sinuses diameter; Ao ST Jx Diam, aortic
sinotubular junction diameter; AV Annul Diam, aortic valve annular
diameter.
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TABLE 1. Demographic characteristics of the study population TABLE 2. BAV phenotype distribution in the study population
Characteristics n=62 Phenotype n=62
Sex Type O 12 (19%)
Male 50 (80.6%) Type 1 49 (79%)
Female 12 (19.4%) R/L 18%
Age at diagnosis (years) R/N 25%
01 29 (46.8%) L/N 6%
1-3 5 (8%) Type 2 1
3-10 13 (11%)
10-17 15 (24_2%) Data expressed as number (frequency).
Weight (kg) 38.25+2275
Height (cm) 148 (108-166) thoracic echocardiography, in accordance with European
BSA (m?) 1174052 guidelines. The aortic annular diameter was measured
BMI (kg/m2) 18.21+4.06

Data expressed as number (frequency), mean * s.d., or median (interquartile range), as
appropriate.

transverse aortic arch hypoplasia, or abdominal aorta steno-
sis, as diagnosed by transthoracic echocardiography.
Demographic data collected included age, sex, weight,
height, and the date of BAV diagnosis. The anatomical and
developmental characteristics of the aortic valve, aorta, and
associated cardiovascular anomalies were assessed based
on serial echocardiographic measurements, including valve
morphology and aortic diameters. BAV morphology was
classified using the Sievers and Schmidtke system: type 0
(no raphe), type 1 (one raphe), and type 2 (two raphes).2
Type 1 BAV was further categorized according to the loca-
tion of the fused cusps: right-left (R/L), right-non-coro-
nary (R/N), and left-non-coronary (L/N) (Figure 1).
Aortic measurements were obtained using 2D trans-

TABLE 3. Cardiovascular malformations associated to BAV

Characteristics n %
AD 43 69.3
Moderate 25 40.3
Severe 14 226
AR 40 64.5
Mild 20 323
Moderate 18 29
Severe 2 3.2
AS 30 48.3
Mild 5 3.2
Moderate 20 323
Severe 5 3.2
CoA 21 33.8
Hemodynamically significant 15 242
Hemodynamically insignificant 6 97
Other cardiovascular pathologies 37 597

from inner edge to inner edge between the hinge points
of the aortic valve leaflets, in the left parasternal long-axis
view during systole, which reveals the largest aortic annu-
lar diameter. Diameters at the level of the sinuses of Valsal-
va, the sinotubular junction and the ascending aorta were
also measured inner edge to inner edge in the left paraster-
nal long-axis view, during systole. The ascending aorta was
measured at its widest visible diameter (Figure 2).2! CoA
was defined as hemodynamically significant when the sys-
tolic pressure gradient at the isthmic level, as measured by
echocardiography, exceeded 20 mmHg.

Given the heterogeneity of the studied parameters in our
pediatric study population, standardization of measure-
ments was necessary. Therefore, echocardiographic Z scores
were calculated using the Cantinotti formula, following pri-
or estimation of body surface area (BSA) using the Haycock
formula: BSA [m?] = Weight [kg] x 0.5378 x Height [cm] x
0.3964 x 0.024265).22 Aortopathy was defined as pathologi-
cal enlargement of the aorta. We considered enlargement
at the level of the aortic annulus, aortic root, sinotubular
junction, and ascending aorta as indicative of global aortic
dilation. Segmental dilation was defined as enlargement of
at least one of these segments. To diagnosis of aortopathy
was established using Z scores derived from the Cantinotti
reference values, with a Z score greater than 2 s.d. indicating

TABLE 4. Relationship between BAV phenotype and associated
pathologies

Characteristics CoA AR AS AD
p value p value p value p value
Type O 0.51 0.51 0.75 0.08
Type 1
R/L 0.37 0.009 0.05 0.06
R/N 0.09 0.05 0.004 0.40
L/N >0.99 0.65 0.67 0.35

Data expressed as number (frequency).

Data expressed as number (frequency). All p values calculated using Fisher’s exact test.
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FIGURE 3. The relationship between CoA and AS. Calculated
using Fisher’s exact test.

aortopathy. For further stratification, moderate aortopathy
was defined as a Z score between 2 and 3.9 s.d., and severe
aortopathy as a Z score > 4 s.d.2?

Statistical analysis

Echocardiographic data and patient information were col-
lected from medical charts and entered into a Microsoft
Excel database. Statistical analysis was performed using
GraphPad Prism v.9.3.1 for Windows (GraphPad Software).

The Kolmogorov-Smirnov normality test was used to
assess data distribution. We used the unpaired t test to
evaluate differences between two groups with normally
distributed data, with results reported as mean + s.d. The
Mann-Whitney U test was used to investigate differences
between two groups with non-normally distributed data,
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FIGURE 5. The relationship between CoA and AR. Calculated
using Fisher’s exact test.
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FIGURE 4. The relationship between CoA and AD. Calculated
using Fisher’s exact test.

with results reported as median (interquartile range).
Pearson or Spearman correlation coefficients were calcu-
lated to determine the relationship between continuous
parameters or between continuous and semiquantitative
variables. Fisher’s exact test was used to identify asso-
ciations between categorical variables. All statistical tests
were two-sided, and a p value of <0.05 was considered sta-
tistically significant.

RESULTS

The demographic characteristics of the study population
are summarized in Table 1. We observed a higher preva-
lence of BAV in male patients, accounting for 80.6% of
cases. The age at diagnosis was similar between male and
female subjects, and no significant association was found
between sex and phenotype (p > 0.05). The distribution
of BAV phenotypes is presented in Table 2. Type 1 BAV
was the predominant morphology, identified in over two-
thirds of patients, followed by types 0 and 2.

TABLE 5. General characteristics and associated diseases of
patients with and without AD

Characteristics AD No AD p value
(n=43) (n=19)

Sex, male 36 (83.7%) 14 (73.7%) 0.48*

Age at diagnosis (years) 1(0-10) 2 (0-7) 0.93#

AR 34 (791%) 6 (31.6%) 0.0005*

AS 23 (53.5%) 7 (36.8%) 0.27*

CoA 12 (27.9%) 9 (47.4%) 0.15*

Data expressed as number (frequency) or median (interquartile range), as appropriate.
*Calculated using Fisher’s exact test; # Calculated using the Mann—Whitney U test



TABLE 6. Distribution of severity grades in associated cardiovas-

cular diseases

Characteristics AD No AD
(n=43) (n=19)
AR
Mild 16 (37.2%) 4 (21%)
Moderate 16 (37.2%) 2 (10.5%)
Severe 2 (4.6%) -
AS
Mild 4(9.3%) 1(5.26%)
Moderate 15 (34.9%) 5 (26.3%)
Severe 4(9.3%) 1(5.26%)
CoA 12 (27.9%) 9 (47.4%)
Hemodynamically significant 8 (18.6%) 7 (38.8%)
Hemodynamically insignificant 4 (9.3%) 2 (10.5%)

Data expressed as number (frequency).

Associated cardiovascular malformations are listed in
Table 3. In terms of vascular involvement, 69.3% of pa-
tients exhibited AD, 64.5% had AR, and 48.3% presented
with AS. Additionally, 59.5% had other structural anoma-
lies, such as ASD, VSD, or mitral valve malformations.
No significant association was found between sex and the
presence of valvopathies (p > 0.05). However, the R/L and
R/N phenotypes were associated with valvular abnormali-
ties, particularly AR and AS, as shown in Table 4.

Regarding the association between BAV and other con-
genital heart defects, CoA was the most frequently identi-
fied lesion. Patients with CoA were significantly less likely
to present AS compared to patients without CoA (Figure
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3). Although the association between CoA and AD was not
statistically significant (Figure 4), CoA showed a tendency
to co-occur with AR (Figure 5). No significant relationship
was found between BAV morphology and the presence of
CoA (Table 4).

The general characteristics of the study population,
stratified by the presence or absence of AD, are summa-
rized in Table 5. AD was identified in 69.3% of patients,
with a predominance among males, who accounted for
83.7% of this group. Nearly 80% of patients with AD also
exhibited AR. Among patients with AD, and 53.5% had
AS, compared to only 36.6% of patients without AD. Addi-
tionally, one-third of children with AD had CoA, a condi-
tion observed in only half of the patients without AD.

AR and AS were common findings among patients with
BAV. The distribution of severity is detailed in Table 6. Al-
though mild to moderate forms were present, no statisti-
cally significant differences were found between severity
grades (p > 0.05 for all comparisons).

The associations between segmental AD and factors
such as sex, valve morphology, AR, AS, and CoA are out-
lined in Table 7. Of note, dilation of the aortic annulus
and ascending aorta was significantly associated with AR,
while ascending aortic dilation was also linked to AS.

To assess the progression of AD, we analyzed serial
echocardiographic measurements obtained from the same
patients at different time points. Z score values remained
relatively stable over time, with comparable measure-
ments observed across the study population, as illustrated
in Figures 6-9.

TABLE 7. The relationship between sex, phenotype, AR, AS, CoA, and AD at different aortic levels

Charac- Annulus Valsalva sinuses Sinotubular junction Ascending aorta
teristics
AD No AD p value* AD No AD p value* AD No AD p value* AD No AD p value*
Sex, 17 32 073 9 34 0.99 19 30 0.99 28 20 0.31
male (85%) (78.05%) (81.82%)  (82.93%) (79.17%) (81.8%) (87.5%)  (76.92%)
0 5 7 0.50 3 9 0.67 5 6 0.99 7 5 0.99
(41.67%)  (58.33%) (25%) (75%) (45.45%)  (54.55%) (58.33%)  (41.67%)
R/L 5 13 0.76 2 13 0.47 7 7 075 6 n 0.08
(2778%)  (72.22%) (13.33%)  (86.67%) (50%) (50%) (35.29%)  (64.71%)
R/N 8 16 0.99 4 15 0.99 10 14 0.78 16 7 0.0
(33.33%) (66.67%) (21.05%)  (78.95%) (41.67%)  (58.33%) (69.57%)  (30.43%)
L/N 1 5 0.65 1 4 0.99 2 3 0.99 3 3 0.99
(16.67%)  (83.33%) (20%) (80%) (40%) (60%) (50%) (50%)
AR 19 20 0.0004 26 9 0.3 19 18 015 26 12 0.006
(95%) (48.78%) (63.41%)  (81.82%) (7917%) (60%) (81.25%)  (46.15%)
AS 8 21 0.43 4 21 0.5 9 17 018 21 8 0.01
(40%) (51.22%) (36.36%)  (51.22%) (37.5%)  (56.67%) (65.63%)  (30.77%)
CoA 6 15 077 4 12 071 5 12 015 8 12 01
(30%) (36.59%) (36.36%)  (29.27%) (20.83%) (40%) (25%) (46.15%)

Data expressed as number (frequency). *

Calculated using Fisher’s exact test.
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DISCUSSION

Bicuspid aortic valve (BAV) is relatively common among
male patients, as supported by existing literature and con-
firmed by our findings: 80.6% of patients with BAV in our
study were male. BAV is frequently associated with aortic
dilation (AD), occurring in approximately two-thirds of
cases.2#25 Despite this association, severe complications
such as aortic dissection or thoracic aortic aneurysm (po-
tential consequences of progressive AD) are rare during
childhood and more likely to emerge in adulthood. Al-
though AD can occur at any age and may be accompa-
nied by histopathological changes such as fibrotic degen-
eration,?¢ these complications highlight the importance of
close monitoring and timely intervention. In particular,
determining the optimal timing for preventative surgical
procedures, such as aortic valve replacement, remains a
clinical challenge.?7-28

Supporting the hypothesis that aortic wall changes in
BAV originate during embryogenesis, studies have found
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FIGURE 9. The relationship between Z score values at 3 years

intimal abnormalities and a significantly thinner medial
layer in the ascending aorta of premature infants with BAV,
compared to older age groups.2%-30

Consistent with the findings of Spaziani et al.,?! our study
included only patients with non-syndromic aortopathy. We
acknowledge that syndromic forms of aortopathy, such as
those seen in Marfan, Turner, or Loeys-Dietz syndromes,
have distinct clinical courses and management consider-
ations, due to their multifactorial nature.32-37 As a result,
BAV associated with significant AD is extensively discussed
in the literature, with well-established treatment strategies.

The analysis of BAV morphology in relation to valvular
and aortic wall modifications has been a subject of ongoing
interest among researchers. Several studies have reported
associations between R/L and R/N phenotypes and con-
ditions such as CoA and valvopathies.3!%3 In our study,
the R/N phenotype was the most common and tended
to be associated with the presence of CoA. Although the
association between phenotype and aortopathy was not
statistically significant, AD tended to be more common
in patients with the R/L phenotype. We also found that
the R/N phenotype was significantly more common in pa-
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tients with valvopathies, especially AS, whereas the R/L
phenotype was more frequently associated with AR.3* Data
concerning the relationship between R/N and L/N phe-
notypes and AR is inconsistent. Some studies support our
findings, while others report opposing results.*#! These
discrepancies may reflect population-specific variations in
the predominant phenotype associated with valvopathies.

In the context of BAV and aortopathy, certain features
require close monitoring, particularly the potential corre-
lations between BAV phenotypes and the development of
AD, AR, or AS. Previous studies, including those on pedi-
atric and young adult populations, have documented simi-
lar trends.3842-47 Data from the literature suggest that the
presence of AR in conjunction with aortic root or ascend-
ing aorta dilation does not necessarily result in significant
progression of these lesions during childhood, regardless
of severity.’0-3$454 In our analysis, AR was significantly
more frequent among patients with aortopathy compared
to those without (OR 8.18; 95% CI 2.40-24.33; p = 0.0005).
However, there was no significant association between AD
and the severity of the AR (p > 0.05).

Similarly, ascending aorta dilation was associated with
AS, consistent with previous studies linking moderate-
to-severe AS to dilation of the ascending aorta.3$4-55 Qur
findings support this association. However, as with AR,
AD was not significantly associated with the severity of AS
(p=0.27).

Limitations

Several limitations of the present study should be acknowl-
edged. First, its retrospective design inherently limits the
ability to establish causal relationships. Second, the rela-
tively small sample size reflects the fact that data were col-
lected from a single tertiary pediatric cardiology center,
which may limit the generalizability of the findings. Addi-
tionally, the use of Z scores to assess aortic dimensions in
the pediatric population has known limitations, including
variability based on the chosen reference model and body
size calculations.

CONCLUSIONS

The predominant BAV phenotype observed in our cohort
was characterized by the fusion of two commissures and
the presence of a raphe (type 1 morphology). Aortopa-
thy was identified in approximately two-thirds of patients,
with a notable tendency for dilation at the level of the si-
notubular junction and ascending aorta. Patients with CoA
were significantly less likely to present with AS, while AR

was significantly more frequent among those with aortop-
athy. Regarding valve morphology, the R/L subtype was
strongly associated with AR, whereas the R/N subtype
showed a stronger association with AS.

CONFLICT OF INTEREST

Nothing to declare.

ETHICAL APPROVAL

The study was approved by the ethics committee of the
Emergency Institute for Cardiovascular Diseases and
Transplantation of Targu Mures, Romania (approval no.
8094/03.11.2023).

CONSENT TO PARTICIPATE

The research complied with the ethical principles outlined
in the Declaration of Helsinki. Informed consent was not
required due to the retrospective and anonymized nature
of the data.

DATA AVAILABILITY

Further data are available from the corresponding author
upon reasonable request.

FUNDING

This research was supported by the George Emil Palade
University of Medicine, Pharmacy, Science and Tech-
nology of Targu Mures, Romania (research grant no.
163/1/10.01.2023).

REFERENCES

1. Michelena HI, Della Corte A, Evangelista A, et al. International consensus
statement on nomenclature and classification of the congenital bicuspid
aortic valve and its aortopathy, for clinical, surgical, interventional and
research purposes. Eur J Cardio-Thorac Surg Off J Eur Assoc Cardio-
Thorac Surg. 2021,60:448-476.

2. VermaR, Cohen G, Colbert J, Fedak PWM. Bicuspid aortic valve associated
aortopathy: 2022 guideline update. Curr Opin Cardiol. 2023;38:61-67.

3. Della Corte A, Quarto C, Bancone C, et al. Spatiotemporal patterns of
smooth muscle cell changes in ascending aortic dilatation with bicuspid
and tricuspid aortic valve stenosis: focus on cell-matrix signaling. J Thorac
Cardiovasc Surg. 2008;135:8-18, 18.e1-2.

4. Grewal N, Gittenberger-de Groot AC, Poelmann RE, et al. Ascending aorta
dilation in association with bicuspid aortic valve: a maturation defect of the
aortic wall. J Thorac Cardiovasc Surg. 2014;148:1583-1590.

5. Soulat G, Scott M, Allen BD, et al. Association of Regional Wall Shear
Stress and Progressive Ascending Aorta Dilation in Bicuspid Aortic Valve.
JACC Cardiovasc Imaging. 2022;15:33-42.

6. Bravo-Jaimes K, Prakash SK: Genetics in bicuspid aortic valve disease:
Where are we? Prog Cardiovasc Dis. 2020;63:398-406.

7. Howard DPJ, Banerjee A, Fairhead JF, Perkins J, Silver LE, Rothwell
PM. Population-Based Study of Incidence and Outcome of Acute Aortic



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Journal of Interdisciplinary Medicine 2025; Epub ahead of print

Dissection and Premorbid Risk Factor Control. Circulation. 2013;127:2031-
2037.

Diaz ANR, Hurtado GP, Manzano AAA, et al. Sex Differences in the
Development of Anthracycline-Associated Heart Failure. J Card Fail.
2024; 30(7):907-914.

Yuan X, Mitsis A, Nienaber CA. Current Understanding of Aortic Dissection.
Life Basel Switz. 2022;12:1606.

De Cario R, Giannini M, Cassioli G, et al. Tracking an Elusive Killer: State of
the Art of Molecular-Genetic Knowledge and Laboratory Role in Diagnosis
and Risk Stratification of Thoracic Aortic Aneurysm and Dissection.
Diagnostics. 2022;12:1785.

Rodriguez-Palomares JF, Dux-Santoy L, Guala A, Galian-Gay L, Evangelista
A. Mechanisms of Aortic Dilation in Patients With Bicuspid Aortic Valve:
JACC State-of-the-Art Review. J Am Coll Cardiol. 2023;82:448-464.
Detaint D, Michelena HI, Nkomo VT, Vahanian A, Jondeau G, Sarano ME.
Aortic dilatation patterns and rates in adults with bicuspid aortic valves: a
comparative study with Marfan syndrome and degenerative aortopathy.
Heart Br Card Soc. 2014;100:126-134.

Michelena HI, Prakash SK, Corte AD, et al. Bicuspid Aortic Valve: Identifying
Knowledge Gaps and Rising to the Challenge From the International Bicuspid
Aortic Valve Consortium (BAVCon). Circulation. 2014;129:2691-2704.

Dijkema EJ, Leiner T, Grotenhuis HB. Diagnosis, imaging and clinical
management of aortic coarctation. Heart Br Card Soc. 2017;103:1148-1155.
Sophocleous F, Biffi B, Milano EG, et al. Aortic morphological variability
in patients with bicuspid aortic valve and aortic coarctation. Eur J Cardio-
Thorac Surg Off J Eur Assoc Cardio-Thorac Surg. 2019;55:704-713.

Eleid MF, Forde |, Edwards WD, et al. Type A aortic dissection in patients
with bicuspid aortic valves: clinical and pathological comparison with
tricuspid aortic valves. Heart Br Card Soc. 2013;99:1668-1674.

Oliver JM, Alonso-Gonzalez R, Gonzalez AE, et al. Risk of aortic root or
ascending aorta complications in patients with bicuspid aortic valve with
and without coarctation of the aorta. Am J Cardiol. 2009;104:1001-1006.
Dunne EC, Lacro RV, Flyer JN. Bicuspid aortic valve and its ascending
aortopathy. Curr Opin Pediatr. 2023;35:538-545.

Huang FQ, Le Tan J. Pattern of aortic dilatation in different bicuspid aortic
valve phenotypes and its association with aortic valvular dysfunction and
elasticity. Heart Lung Circ. 2014;23:32-38.

Sievers H-H, Schmidtke C. A classification system for the bicuspid
aortic valve from 304 surgical specimens. J Thorac Cardiovasc Surg.
2007;133:1226-1233.

Evangelista A, Flachskampf FA, Erbel R, et al. Echocardiography in aortic
diseases: EAE recommendations for clinical practice. Eur J Echocardiogr.
2010;11:645-658.

Haycock GB, Schwartz GJ, Wisotsky DH. Geometric method for measuring
body surface area: a height-weight formula validated in infants, children,
and adults. J Pediatr. 1978;93:62-66.

Cantinotti M, Giordano R, Scalese M, et al. Nomograms for two-dimensional
echocardiography derived valvular and arterial dimensions in Caucasian
children. J Cardiol. 2017;69:208-215.

Borger MA, Fedak PWM, Stephens EH, et al. The American Association
for Thoracic Surgery consensus guidelines on bicuspid aortic valve—
related aortopathy: Full online-only version. J Thorac Cardiovasc Surg.
2018;156:e41-74.

Paulenka VY, Lee C, Tawayha M, Dow S, Shah K, Henkin S, Mosleh W.
From Natural History to Contemporary Management of Aortic Diseases:
A State-of-the-Art Review of Thoracic Aortic Aneurysm. Cardiogenetics.
2023;13:154-172.

Isselbacher EM, Preventza O, Hamilton Black J, et al. 2022 ACC/
AHA Guideline for the Diagnosis and Management of Aortic Disease:
A Report of the American Heart Association/American College of
Cardiology Joint Committee on Clinical Practice Guidelines. Circulation.
2022;146(24):e334-e482.

Cotts TB, Salciccioli KB, Swanson SK, Yetman AT. Aortopathy in Congenital
Heart Disease. Cardiol Clin. 2020;38:325-336.

Fagarasan A, Gurzu S, Satala C-B, Hagau AC. The Importance of Aortic
Valve Bicuspid Phenotype in Valvular Evolution in Pediatric Patients: A
Case Report and Literature Mini-Review. Int J Mol Sci. 2023;24:14027.
Fagarasan A, Sasaran MO. The Predictive Role of Plasma Biomarkers
in the Evolution of Aortopathies Associated with Congenital Heart
Malformations. Int J Mol Sci. 2022;23:4993.

Grewal N, Klautz RJM, Poelmann RE. Intrinsic histological and
morphological abnormalities of the pediatric thoracic aorta in bicuspid
aortic valve patients are predictive for future aortopathy. Pathol Res Pract.
2023;248:154620.

Spaziani G, Girolami F, Arcieri L, et al. Bicuspid Aortic Valve in Children and
Adolescents: A Comprehensive Review. Diagn Basel Switz. 2022;12:1751.
Corbitt H, Gutierrez J, Silberbach M, Maslen CL. The Genetic Basis of

33.

34.

35.

36.

37.

38.

39.

40.

41,

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Turner Syndrome Aortopathy. Am J Med Genet C Semin Med Genet.
2019;181:117-125.

Lovato L, Cefarelli M, Marco L, et al. Marfan and Loeys-Dietz aortic
phenotype: A potential tool for diagnosis and management. JTCVS Open.
2024;19:223-240.

Schoenhoff FS, Alejo DE, Black JH, et al. Management of the aortic
arch in patients with Loeys-Dietz syndrome. J Thorac Cardiovasc Surg.
2020;160:1166-1175.

Meester JAN, Verstraeten A, Schepers D, Alaerts M, Van Laer L,
Loeys BL. Differences in manifestations of Marfan syndrome, Ehlers-
Danlos syndrome, and Loeys-Dietz syndrome. Ann Cardiothorac Surg.
2017;6:582-594.

Bertoli-Avella AM, Gillis E, Morisaki H, et al. Mutations in a TGF-[] Ligand,
TGFB3, Cause Syndromic Aortic Aneurysms and Dissections. J Am Coll
Cardiol. 2015;65:1324-1336.

Corbitt H, Morris SA, Gravholt CH, et al. TIMP3 and TIMP1 are risk genes
for bicuspid aortic valve and aortopathy in Turner syndrome. PLoS Genet.
2018;14:€1007692.

Spaziani G, Ballo P, Favilli S, et al. Clinical outcome, valve dysfunction, and
progressive aortic dilation in a pediatric population with isolated bicuspid
aortic valve. Pediatr Cardiol. 2014;35:803-809.

Grattan M, Prince A, Rumman RK, et al. Predictors of Bicuspid Aortic
Valve-Associated Aortopathy in Childhood: A Report From the MIBAVA
Consortium. Circ Cardiovasc Imaging. 2020;13:e009717.

Ruzmetov M, Shah JJ, Fortuna RS, Welke KF. The association between
aortic valve leaflet morphology and patterns of aortic dilation in patients
with bicuspid aortic valves. Ann Thor Surg. 2015;99:2101-2108.
Evangelista A, Gallego P, Calvo-Iglesias F, et al. Anatomical and clinical
predictors of valve dysfunction and aortic dilation in bicuspid aortic valve
disease. Heart. 2018;104:566-573.

Mai Z, Guan L, Mu Y. Association between bicuspid aortic valve phenotype
and patterns of valvular dysfunction: A metallanalysis. Clin Cardiol.
2021;44:1683-1691.

Cedars A, Braverman AC. The many faces of bicuspid aortic valve disease.
Prog Pediatr Cardiol. 2012;34:91-96.

Bellino M, Antonini-Canterin F, Bossone E, et al. Aortopathy and aortic
valve surgery in patients with bicuspid aortic valve with and without raphe.
Int J Cardiol. 2024; 407:132000.

Sopek Merka$ |, Lakusi¢ N, Predrijevac M, Stambuk K, Hrabak Paar M.
Bicuspid aortic valve with associated aortopathy, significant left ventricular
hypertrophy or concomitant hypertrophic cardiomyopathy: A diagnostic
and therapeutic challenge. World J Clin Cases. 2023;11:4251-4257.

Fatehi Hassanabad A, King MA, Di Martino E, Fedak PWM, Garcia J.
Clinical implications of the biomechanics of bicuspid aortic valve and
bicuspid aortopathy. Front Cardiovasc Med. 2022;9:922353.

Lo Presti F, Guzzardi DG, Bancone C, Fedak PWM, Della Corte A. The
science of BAV aortopathy. Prog Cardiovasc Dis. 2020;63:465-474.
Girdauskas E, Borger MA. Bicuspid aortic valve and associated aortopathy:
an update. Semin Thorac Cardiovasc Surg. 2013;25:310-316.

Yamauchi MSW, Puchalski MD, Weng HT, et al. Disease progression and
variation in clinical practice for isolated bicuspid aortic valve in children.
Congenit Heart Dis. 2018;13:432-439.

Simpson JM, Pushparajah K. Dilatation of the Aorta in Bicuspid Aortic
Valve Disease. Circ Cardiovasc Imaging. 2020;13:e010448.

Liu T, Xie M, Lv Q, et al. Bicuspid Aortic Valve: An Update in Morphology,
Genetics, Biomarker, Complications, Imaging Diagnosis and Treatment.
Front Physiol. 2018;9:1921.

Sillesen A-S, Vogg O, Pihl C, et al. Prevalence of Bicuspid Aortic Valve and
Associated Aortopathy in Newborns in Copenhagen, Denmark. JAMA.
2021,325:561-567.

Sinning C, Zengin E, Kozlik-Feldmann R, Blankenberg S, Rickers C, von
Kodolitsch Y, Girdauskas E. Bicuspid aortic valve and aortic coarctation
in congenital heart disease-important aspects for treatment with focus on
aortic vasculopathy. Cardiovasc Diagn Ther. 2018;8:780-788.

Joshi G, Skinner G, Shebani SO. Presentation of coarctation of the aorta in
the neonates and the infant with short and long term implications. Paediatr
Child Health. 2017;27:83-89.

Wang L, Ming Wang L, Chen W, Chen X. Bicuspid Aortic Valve: A Review of
its Genetics and Clinical Significance. J Heart Valve Dis. 2016;25:568-573.



