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CORRESPONDENCE ABSTRACT

Claudiu Ghiragosian Background: This study focuses on two of the most prevalent congenital heart defects: bicus-

Email: claudiu.ghiragosian@umfst.ro pid aortic valve (BAV) and coarctation of the aorta (CoA). In severe forms, CoA is an emergency
that can become life-threatening. Both diseases are linked to aortic vasculopathy, which rep-

ARTICLE HISTORY resents a significant contributor to morbidity and mortality in young patients with congenital

Received: December 5, 2024 heart disease. The aim of this study was to investigate whether there are differences between

Accepted: December 13, 2024 patients with CoA and BAV, and patients with CoA and without BAV in terms of outcome and

echocardiographic parameters, and to evaluate the efficacy of different echocardiographic pa-
rameters in predicting CoA. Methods: A retrospective and prospective observational analytic
study was conducted between January 2018 and October 2024 at a tertiary pediatric cardiol-
ogy referral center enrolling patients aged between 0 and 17 years, diagnosed with CoA, who
underwent surgical CoA repair. The common carotid-subclavian artery index (CSAI) and the
aortic isthmus-descending aorta index (I/D) were calculated based on echocardiographic mea-
surements. Results: A total of 101 patients underwent surgical or interventional treatment for
CoA in the studied period, 58.4% being neonates. Based on echocardiographic examination,
68.3% of patients had BAV with CoA. The mean value of the carotid-subclavian index was 0.95
in neonates, compared to 111 in children (p = 0.035). No statistically significant difference was
observed in the mean value of the aortic isthmus-descending aorta index between the two
groups (p = 0.237). Conclusions: The implications of the coexistence of the two conditions are
not yet fully understood. This study did not find significant echocardiographic differences be-
tween patients with CoA and BAV and patients with CoA and without BAV. Further long-term,
multicenter, multi-arm studies with larger groups are required in these areas.
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INTRODUCTION

The prevalence of congenital heart disease (CHD) has ex-
hibited a consistent upward trajectory over the past few
decades. Coarctation of the aorta (CoA) and bicuspid aor-
tic valve (BAV) are associated with aortic vasculopathy,
a significant contributor to morbidity and mortality in
young patients with CHD.

BAV is one of the most common forms of CHD, with
higher prevalence in men. The most frequently observed
phenotype of BAV in conjunction with CoA is type IA (fu-
sion of the left and right coronary cusps).!?

CoA is a congenital narrowing of the aortic isthmus, fre-
quently observed as an isolated stenosis or as a longer hy-
poplastic segment of the ascending aorta. The prevalence
of CoA in relation to all CHDs is 4-8%, while the isolated
form of CoA has a prevalence of 3 in 10,000 live births.3

It is frequently the case that both BAV and CoA as CHD
are present concurrently, occurring in 85% of cases.* In
cases of CoA, the establishment of a therapeutic approach
is the responsibility of a multidisciplinary team. A vari-
ety of surgical techniques have been used for the repair of
CoA. The mortality and morbidity rates associated with
surgical intervention are relatively low. For instance, a re-
cent study reported a 30-day mortality rate of only 0.54%.
It is acknowledged that complications may arise, including
recoarctation at either an early or late stage, persistent hy-
pertension, and heart failure.> Although surgical interven-
tion remains the primary treatment for children diagnosed
with CoA, percutaneous intervention may be used as a
strategy for high-risk neonates as a definitive treatment or
as a bridge to surgery. The optimal management strategy
for CoA remains a topic of debate, and there is currently
no comprehensive evidence-based standard of care or al-
gorithm.”

To accurately assess the risks associated with patient
populations with CoA, it is important to consider not only
the severity of CoA, but also the prevalence and severity of
mixed valvular disease.®? Aortopathy may be a significant
contributor to the increased morbidity and mortality ob-
served in both conditions.!0-11

Objective

This study was designed to investigate whether there are
differences between patients with CoA and BAYV, and pa-
tients with CoA and without BAV in terms of outcome
and echocardiographic parameters. The second aim of this
study was to evaluate the efficacy of different echocardio-
graphic parameters in predicting CoA.

MATERIAL AND METHOD

A retrospective and prospective observational analyti-
cal study was conducted at a tertiary pediatric cardiology
referral center between January 2018 and October 2024,
enrolling patients aged 0-17 years diagnosed with CoA
who underwent surgical CoA repair. The patients were di-
vided into two primary categories: Group A, consisting of
individuals with CoA and BAV, and Group B, consisting of
individuals with CoA but without BAV. Demographic pa-
rameters including age, weight, height, body surface area,
associated anomalies or intracardiac surgery at the time of
CoA surgery, and surgical procedure were meticulously
documented. All echocardiograms were analyzed by a
single experienced pediatric echocardiographer who was
blinded to the study outcome at the time of image analysis.

Exclusion criteria were: lack of follow-up data and/
or lack of available predischarge echocardiograms of ad-
equate quality, genetic syndromes, metabolic disorders,
oncological diagnoses, liver disease, chronic respiratory or
renal disease.

Cardiac ultrasound evaluation

The acquired images were stored in DICOM format and
then subjected to offline analysis. The aortic valve was
evaluated by analyzing the parasternal short-axis view. The
parasternal long-axis view was used to calculate Z-scores
perpendicular to the long axis of the aorta using the in-
ner edge technique.'2!? The suprasternal view was used to
evaluate the diameter of the innominate artery, proximal
aortic arch, left common carotid artery, transverse aortic
arch, aortic isthmus, and of the descending aorta at the
level of the diaphragm; the distance between the innomi-
nate artery and the left common carotid artery, between
the left common carotid artery and the left subclavicular
artery; and persistence of diastolic gradient in the de-
scending aorta. The presence or absence of a patent ductus
arteriosus was determined and, if present, the diameter of
the arterial duct and the direction of the shunt through the
patent ductus arteriosus were described.

Based on the echocardiographic measurements, both
the common carotid-subclavian artery index (CSAI) and
the aortic isthmus-descending aorta index (I/D) were cal-
culated according to the previously described methodol-
ogy. CSAI is the ratio of the aortic arch diameter at the
level of the subclavian artery to the distance between the
left common carotid artery and the left subclavian artery.
Meanwhile, I/D is the ratio between the diameters of the
aortic isthmus and the descending aorta.1415
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TABLE 1. The characteristics of patients with CoA TABLE 2. Associated congenital heart lesions

Variable n=101 Congenital heart lesions n (%)
Age (months, median, IQR,5-IQR;5) 0.00 (0.00-5.00) BAV 69 (68.3%)
Newborn (n, %) 59 (58.4%) Atrial septal defect/Foramen ovale 77 (76.2%)
Weight (kg, median, IQR,-IQR-) 3.99 (3.24-6.22) patency

Length (cm, median, IQR,5-QR,4) 56.00 (52.00-65.00) Ventricular septal defect 31(30.7%)
BSA (m2, median, IQR,-IQR ) 0.24 (0.21-0.32) Patent ductus arteriosus 60 (59.4%)
Male (n, %) 65 (64.35%) Subvalvular aortic stenosis 10 (9.9%)
Female (n, %) 36 (35.64%) Valvular aortic stenosis 12 (11.9%)
Antenatal diagnosis (n, %) 41(40.6%) Double outlet of right ventricle 1(1.0%)
Systolic blood pressure preductal 102.26 + 2179 Aortic arch hypoplasia 44 (43.6%)
(mmHg, mean + s.d.) Borderline left ventricle 12 (11.9%)
Systolic blood pressure postductal 85.38 +17.92 Left superior vena cava 8 (7.9%)

(mmHg, mean + s.d.)

Statistical analysis

The statistical analysis was conducted using the R statisti-
cal computing platform, and graphical representations were
generated with the matplotlib Python library for data visual-
ization.'617 Categorical data were presented as numbers and
percentages, whereas continuous parametric data were ex-
pressed as mean = s.d., and non-parametric continuous data
as median (interquartile range). The assumption of normal-
ity was evaluated through the Kolmogorov-Smirnov test.
Comparisons of central tendency were conducted using t-
tests for parametric data and Mann-Whitney tests for non-
parametric data. In instances where multiple groups were
involved, a one-way analysis of variance (ANOVA) was used
for parametric data, with post-hoc Tukey tests subsequently
conducted. For non-parametric data, the Kruskal-Wallis
test was used, with Dunn’s test for post-hoc analysis. Fre-
quency comparisons were performed using variations of the
chi-squared test. A significance level of a = 0.05 was consid-
ered for all analyses.

Ethics

The research was conducted in accordance with the prin-
ciples set forth in the Declaration of Helsinki. The re-
search protocol was approved by the Ethics Committee of
“George Emil Palade” University of Medicine, Pharmacy,
Science and Technology of Targu Mures (approval no.
3359/07.10.2024).

RESULTS

A total of 101 patients underwent surgical or interven-
tional treatment for CoA between January 2018 and Oc-
tober 2024. Of the aforementioned patients, 58.4% were

neonates. The characteristics of these patients are shown
in Table 1. Based on the echocardiographic examination,
68.3% of patients had BAV with CoA (Table 2). Diastolic
flow pattern was found in 79.2% of patients, with a pres-
sure gradient in the coarctation region with a median of 36
mmHg (Table 3).

The primary objective of the study was to investigate
whether there are differences between patients with CoA
and BAV, and patients with CoA and without BAV. The re-
sults demonstrated no statistically significant differences
between the two groups, with the exception of the Z-score
of the distal ascending aorta (p = 0.013; Table 4). In re-
lation to the second objective of this study, which was to
evaluate and compare the predictive efficacy of different
echocardiographic parameters in identifying cases of CoA,
a comparison was made between the CSAI and the I/D
index. The results of this analysis indicated no statistically
significant differences between the two groups (Table 4).

In view of the inhomogeneity of the group and the
high percentage of newborns, an additional data set was
obtained through an analysis of the demographic data, as-
sociated lesions, and the echocardiographic parameters
described above. The mean value of the CSAI was 0.95 in
neonates, compared to 1.11 in children (p = 0.035). No sta-
tistically significant difference was observed in the mean
value of the I/D index between the two groups (p = 0.237;
Tables 5, 6, and 7).

TABLE 3. Echocardiographic findings of the patients
Variable Value
Diastolic flow pattern (n, %) 80 (79.2)
Pressure gradient (median, IQR,4-IQR,:) 36.00 (18.00 — 65.25)
Ejection fraction (mean + s.d., %) 68.47 +9.88
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TABLE 4. Comparison between absolute size and Z-score of echocardiographic parameters of the two groups

Variable

Group A (CoA + BAV) Group B (CoA) p value

Aortic valve annulus (mm, median, IQR,s-IQR;5) 6.50 (6.00-8.40) 719 (5.90-9.90) 0.41
Aortic valve annulus Z-score (mean + s.d.) -0.96 + 2.06 -0.48 £174 0.243
Sinus of Valsalva (mm, median, IQR,5-1QR;s) 8.79 (7.55-1115) 8.80 (7.40-11.30) 0.822
Sinus of Valsalva Z-score (mean + s.d.) -1.25+212 -1.49 +1.92 0.612
Sino-tubular junction (mm, median, IQR,5-1QR;5) 7.33(6.47-8.98) 8.52 (6.67-9.97) 0134
Sino-tubular junction Z-score (mean + s.d.) -0.63+193 -0.15 £ 1.51 0.23
Ascending aorta (mm, median, IQR,s-IQR;;) 8.00 (6.90-10.40) 9.34 (7.50-10.65) 0.273
Ascending aorta Z-score (mean + s.d.) -1.53 (-2.99-0.34) -0.88 (-1.63-0.71) 0Mn9
Right innominate artery diameter (mm, median, IQR,5-IQR;) 4.45 (4.00-5.83) 510 (4.45-6.09) 0.285
Distal ascending aorta diameter (mm, median, IQR,5-1QR;5) 6.43 (5.15-8.85) 8.00 (6.45-10.28) 0.068
Distal ascending aorta diameter Z-score (mean + s.d.) -1.20 £ 2.40 0.23+2.24 0.013
Proximal transverse arch diameter (mm, median, IQR,-IQR5) 5.35 (3.90-760) 615 (5.26-770) 0123
Distance between the right innominate artery and left common carotid 3.31(2.29-4.97) 4.31(3.62-5.71) 0.033
artery (mm, median, IQR,5-1QR;s)

Left common carotid artery diameter (mm, median, IQR,5-IQR5) 3.80 (310-4.79) 4.25 (319-5.60) 0.456
Distal transverse arch (mm, median, IQR,5-1QR;5) 5.00 (3.80-6.10) 5.20 (410-9.80) 013
Distal transverse arch Z-score (mean * s.d.) -2.63 (-4.36 to -1.41) -2.45 (-3.80 to -1.81) 0.97
Distance between the left common carotid artery and the left subclavian 512 (3.85-7.00) 6.30 (3.70-7.32) 0.55
artery (mm, median, IQR,5-1QR5;)

CSAl 0.96 (0.68-1.29) 1.02 (0.72-1.63) 0.49
Aortic isthmus (mm, median, IQR,5-IQRs) 2.60 (210-3.20) 3.00 (2.40-4.00) 0.068
Aortic isthmus Z-score (mean + s.d.) -5.39+182 -4.83+194 0.19
Descending aorta at the diaphragm (mm, median, IQR,5-IQRs) 5.45 (4.33-6.67) 6.10 (5.30-7.90) 0125
I/D index 0.45 (0.36-0.53) 0.53(0.42-0.60) 0179
Patent ductus arteriosus (mean + s.d.) 373+150 214 £ 0.96 <0.001

The study participants were divided into subgroups
based on their CSAI and I/D index values. Patients with
a CSAI value of less than 1.5 exhibited diminished abso-
lute size and Z-score values of the ascending aorta, proxi-
mal aortic arch, and aortic isthmus. Additionally, subjects
with CSAI values below 1.5 exhibited a greater distance
between the common carotid artery and the subclavian
artery. It is noteworthy that the absolute value of the pul-
monary artery trunk was also observed to be lower. Of the
subjects with a CSAI <1.5, 63.9% were neonates, 73.8%
had BAV, and 18% had aortic recoarctation (Table 8).

TABLE 5. The characteristics of patients with CoA

In terms of the I/D index, statistically significant data
were obtained for absolute size and Z-score from the as-
cending aorta, aortic isthmus, and descending aorta at the
level of the diaphragm. Among the subjects with values
less than 0.64, 59% were neonates, 70.5% had BAV, and
19.7% had aortic recoarctation (Table 9).

With regard to surgical correction in both newborns
and children, the most common procedure was resection
and terminal-terminal anastomosis. The next most com-
mon surgical intervention was widening of the aorta using
a heterologous pericardial patch or Cormatrix.

Variable

Group A (CoA + BAV) Group B (CoA)

Age (months, median, IQR,5-IQR5)

Weight (kg, median, IQR,5-IQRg)

Length (cm, median, IQR,5-IQR,s)

BSA (m?, median, IQR,5-IQR5)

Antenatal diagnosis (n, %)

Systolic blood pressure preductal (mmHg, mean +s.d.)
Systolic blood pressure postductal (mmHg, mean + s.d.)

0.00 (0.00-0.00) 8.00 (2.00-70.00)
3.50 (3.00-3.98) 7.20 (4.50-19.60)
54.00 (52.00-56.25) 69.00 (58.50-118.50)
0.22 (0.20-0.24) 0.36 (0.27-0.81)
33 (55.9%) 8 (19.0%)
93.02 £ 17.24 1414 + 2142
79.43 £ 15.43 93.42 £18.08
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TABLE 6. Frequency of associated CHD

Congenital heart lesions Newborn (n = 59) Child (n =42) p value
BAV 43 (72.9%) 26 (61.9%) 0.341
Patent ductus arteriosus 47 (79.7%) 13 (31.0%) <0.001
Atrial septal defect/Foramen ovale patency 55 (93.2%) 22 (52.4%) <0.001
Ventricular septal defect 21(35.6%) 10 (23.8%) 0.295
Aortic arch hypoplasia 34 (576%) 10 (23.8%) 0.002
Borderline left ventricle 10 (16.9%) 2 (4.8%) 0ne
Left superior vena cava 6 (10.2%) 2 (4.8%) 0.464

Thirteen patients with an associated ventricular septal
defect required surgical repair of the coarctation and pulmo-
nary artery banding. Four patients underwent aortoplasty
with a left subclavian artery flap. In terms of interventional
treatment, a total of 12 patients underwent this procedure,
including two patients who received balloon angioplasty
and 10 who received stent implantation. The most fre-
quently observed postoperative complications were aortic
recoarctation (20.0%) and secondary arterial hypertension
(62.4%). In the entire cohort of 59 newborns, 13 presented

cant differences between the newborn and child group (p =
0.72). In the cohort of patients who underwent surgical cor-
rection, 6 patients exhibited recoarctation following the ter-
minal-terminal procedure. Four patients displayed recoarc-
tation after surgery involving heterologous pericardial patch
widening. Additionally, two patients experienced recoarc-
tation after undergoing stent implantation, and one patient
following balloon angioplasty. In total, 32 of the newborns
exhibited secondary hypertension, and 31 of the children in
the control group also displayed this phenomenon; the dif-

with aortic recoarctation (22%), with no statistically signifi- ference was not statistically significant.

TABLE 7. Echocardiographic parameters

Congenital heart lesions Newborn (n = 59) Child (n = 42)
Aortic valve annulus (mm, median, IQR,5-IQR,5) 6.00 (5.50-6.50) 9.90 (7.80-15.50)
Aortic valve annulus Z-score (mean + s.d.) -1.59 £ 1.51 0.30 +2.06
Sinus of Valsalva (mm, median, IQR,5-IQR5) 8.20 (6.90-8.90) 12.50 (9.30-19.95)
Sinus of Valsalva Z-score (mean + s.d.) -2.03+176 -019+2.00
Sino-tubular junction (mm, median, IQR,s-IQR;) 6.70 (6.26-7.92) 10.00 (8.09-16.90)
Sino-tubular junction Z-score (mean + s.d.) -0.94 +£163 0.21+£1.91
Ascending aorta (mm, median, IQR,s-IQR;;) 760 (6.90-9.00) 11.60 (8.49-20.00)
Ascending aorta Z-score (mean * s.d.) =147 +£1.91 -0.05+2.68
Right innominate artery (mm, median, IQR,5-1QR;) 456 +1.03 616 £2.68
Distal ascending aorta (mm, median, IQR,5-1QR;s) 6.29 £1.97 11.23 £563
Distal ascending aorta Z-score (mean + s.d.) -1.28 £+ 2.56 -0.04 £2.04
Proximal transverse arch (mm, median, IQR,5-1QR5) 510 (3.90-6.70) 730 (5.65-13.80)
Distance between the right innominate and left common carotid artery diameter 310 (2.25-4.40) 5.20 (4.00-6.34)
(mm, median, IQR,5-1QR;s)

Left common carotid artery diameter (mm, median, IQR,5-IQR5) 3.37 (3.00-4.00) 470 (3.92-6.52)
Distal transverse arch (mm, median, IQR,5-IQR;5) 440 +£11 780 +3.47
Distal transverse arch Z-score (mean + s.d.) -2.99 (-4.51to0 -1.96) -1.88 (-3.31to0 -1.06)
Distance between the left common carotid artery and the left subclavian artery 4.90 (3.59-6.67) 6.40 (4.70-775)
(mm, median, IQR,5-1QR;)

CSAIl (median, IQR,5-IQRs) 0.95 (0.61-1.29) 111(0.90-1.58)
Aortic isthmus (mm, median, IQR,5-IQR,s) 2.60 (2.20-3.00) 3.20 (2.20-4.00)
Aortic isthmus Z-score (mean + s.d.) -478+1.90 -5.92 +1.59
Descending aorta at diaphragm (mm, median, IQR,s-IQR;5) 5.35(4.29-6.17) 710 (5.04-9.77)
I/D index (median, IQR,5-1QR;s) 0.48 (0.38-0.56) 0.42 (0.29-0.56)
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TABLE 8. Comparative subgroup analysis according to the CSAI

Variable Low (< 1.5) High (> 1.5) p value
Age (months, median, IQR,5-IQR;5) 0.00 (0.00-2.00) 2.00 (0.00-36.00) 0.07
Weight (kg, median, IQR,5-IQR;5) 3.86 (319-5.03) 4.40 (3.40-12.50) 0.226
Length (cm, median, IQR,5-IQR;5) 55.00 (52.00-62.00) 59.00 (52.00-94.00) 0.372
BSA (m?, median, IQR,5-1QR;s) 0.23 (0.21-0.29) 0.25 (0.21-0.57) 0.308
Distal ascending aorta diameter (mm, median, IQR,5-1QR;5) 7.08 (5.51-8.90) 8.80 (6.80-12.30) omn3
Distal ascending aorta Z-score (median, IQR,5-IQR;5) -1.00 (-2.80-0.56) 0.61(0.01-1.32) 0.02
Proximal transverse arch (mm, median, IQR,¢-IQR;5) 5.91(3.93-7.30) 7.00 (5.20-12.40) 0.027
Distance between the right innominate and left common carotid artery 3.88 (2.56-5.06) 4.89 (3.00-6.34) 0.344
(mm, median, IQR,s-IQR;)

Left common carotid artery (mm, median, IQR,5-IQR5) 3.80 (310-4.54) 4.40 (3.60-5.96) 0146
Distal transverse arch (mm, median, IQR,¢-IQR;5) 4.60 (3.64-5.31) 7.30 (5.20-10.30) <0.001
Distal transverse arch Z-score (median, IQR,5-IQR;5) -2.79 (-4.50 to -1.52) =173 (-2.80 to -0.47) 0.018
Distance between left common carotid artery and the left subclavian 6.20 (4.40-7.58) 3.60 (3.00-5.00) <0.001
artery (mm, median, IQR,5-1QR;s)

CSAIl (median, IQR,5-1QR;s) 0.86 (0.62-1.06) 1.80 (1.63-2.24) <0.001
Aortic isthmus (mm, median, IQR,5-IQR5) 2.60 (2.20-315) 3.40 (2.50-3.92) 0.025
Aortic isthmus Z-score (median, IQR,s-IQR;) -518 (-6.32 to -3.74) -4.56 (-5.07 to -4.13) 0.412
I/D (median, IQR,5-1QR;5) 0.47 (0.37-0.56) 0.48 (0.38-0.64) 0.549
Main pulmonary artery (median, IQR,5-IQRs) 10.00 (9.05-11.65) 12.55 (11.40-14.15) 0.01
Newborn (n, %) 39 (63.9%) 8 (471%) 0.165
BAV (n, %) 45 (73.8%) 10 (58.8%) 0.146
Borderline left ventricle (n, %) 11 (18.0%) 1(5.9%) 0.025
Recoarctation of the aorta (n, %) 11.0 (18.0%) 3.0 (17.6%) 072

DISCUSSION

As demonstrated in the majority of studies conducted in
both pediatric and adult patients, BAV and CoA are the
most prevalent in male individuals.!”-1 This finding is sup-
ported by the results of our study. The implications of the
coexistence of these two conditions are not yet fully un-
derstood. The present study did not find statistically signif-
icant differences regarding the studied echocardiographic
parameters between group A and group B. A review of the
literature reveals that patients with BAV and CoA develop
complications related to BAV at an earlier age than those
with BAV alone, and the most common surgical interven-
tion is for aortic regurgitation.!8

The impact of surgical or interventional treatment of
CoA on the development of valvular complications asso-
ciated with BAV has not yet been widely investigated in
the scientific literature. A limited number of studies have
investigated the relationship between BAV-CoA and the
occurrence of aortic stenosis or aortic regurgitation in
pediatric patients.!? The findings of these studies indicate
that children with BAV-CoA exhibit a lower prevalence of
aortic stenosis or aortic regurgitation compared to chil-
dren with pure BAV, and a reduced incidence of valvular
intervention. These findings suggest that the surgical or in-

terventional correction of CoA does not appear to have a
detrimental effect on BAV among pediatric patients. Some
studies in adults have shown that patients with BAV and
associated CoA did not develop aortic valve complications
over time.!8 In contrast, a study of patients with CoA found
that BAV is a predictor of the development of recoarcta-
tion in patients with CoA.20

Although BAV is the most prevalent CHD, other com-
mon conditions in patients with CoA include atrial septal
defect, ventricular septal defect, valvular aortic stenosis,
aortic arch hypoplasia, and borderline left ventricle.?2!

The pathophysiological effects of this pathology are
caused by the difference in blood pressure between the up-
per and lower portions of the body, which most commonly
oscillates between 30 and 40 mmHg at rest.222> Over the
course of our study, blood pressure values exhibited a
range of 20-25 mmHg. This complex process is affected by
a number of factors, including the activity of barorecep-
tors, the presence of circulating catecholamines, the func-
tioning of the angiotensin system, and residual lesions in
the surgically corrected coarctation area.?2*

A variety of multiparametric diagnostic models have
been described in the literature over the years, integrating
different ultrasound signs for the detection of CoA in the
neonatal period and infants. The I/D index and CSAI have
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TABLE 9. Comparative subgroup analysis according to the I/D index

Variable Low (< 0.64) High (> 0.64) p value
Age (months, median, IQR,5-IQR5) 0.00 (0.00-5.00) 0.00 (0.00-1.60) 0.314
Weight (kg, median, IQR,5-IQR5) 3.92 (3.40-5.43) 3.70 (3.00-5.50) 0.395
Length (cm, median, IQR,5-IQR;:) 5700 (53.00-64.50) 53.00 (51.50-62.50) 0.301
BSA (m2, median, IQR,-IQR5) 0.24 (0.21-0.30) 0.21(0.21-0.29) 0.3
Ascending aorta (mm, median, IQR,s-IQR;s) 8.36 (7.40-10.30) 700 (6.75-7.85) 0.026
Ascending aorta Z-score (median, IQR,5-1QR;5) -142 (-2.4510 0.42) -2.45 (-3.28 to -2.00) 0.015
Right innominate artery (mm, median, IQR,5-1QR;) 470 (4.09-5.80) 5.21(4.21-5.80) 0772
Distance between left common carotid artery and the left subclavian 6.20 (4.40-7.34) 3.55 (317-3.80) 0.002
artery (mm, median, IQR,5-IQR5)

CSAIl (median, IQR,5-1QR;s) 0.95 (0.71-1.27) 1.21(1.06-1.64) 0148
Aortic isthmus (mm, median, IQR,5-IQR;g) 2.60 (2.20-3.20) 3.60 (315-3.94) 0.004
Aortic isthmus Z-score (mean + s.d.) -5.30+1.88 -3.53+122 0.001
Descending aorta at diaphragm (mm, mean + s.d.) 6.10 (5.00-7.20) 4.20 (4.00-4.85) <0.001
I/D index (mean * s.d.) 0.43+£012 0.80 £ 016 <0.001
BAV (n, %) 43 (70.5%) 7 (63.6%) 0.562
Aortic arch hypoplasia (n, %) 28 (45.9%) 6 (54.5%) 0.559
Borderline LV (n, %) 10 (16.4%) 2 (18.2%) 0M18
Recoarctation (n, %) 12.0 (19.7%) 1.0 (9.1%) 1
Newborn (n, %) 36 (59.0%) 7 (63.6%) 0.88
BAV (n, %) 45 (73.8%) 10 (58.8%) 0.146
Borderline left ventricle (n, %) 11(18.0%) 1(5.9%) 0.025
Recoarctation of the aorta (n, %) 1.0 (18.0%) 3.0 (17.6%) 072

demonstrated, over time, their sensitivity and specificity
for CoA.25 To the best of our knowledge, no studies have
been conducted in our country on these parameters in in-
fants older than 3 months of age or in cases of aortic reco-
arctation. Consequently, the mean value of the CSAI was
0.97, whereas that of the I/D index was 0.47 for the entire
sample. Statistically significant results were obtained upon
comparing CSAI values between newborns and the re-
maining children in the group (p < 0.035), whereas no sta-
tistically significant data was found for the I/D index. With
regard to the presence or absence of BAV, no data with sta-
tistical significance were identified for the two indices. In
light of these outcomes, it can be postulated that patients
exhibiting lower CSAI values (<1.5) have diminished ab-
solute values in the ascending aorta and aortic isthmus, ac-
companied by augmented distances between the common
carotid artery and the subclavian artery. The evaluation of
the I/D index yielded comparable results.

Over time, several types of surgical corrections have
been described: resection of the coarctation zone and
termino-terminal reanastomosis, interposition of a vascu-
lar heterologous prosthesis, vascular heterologous patch
plasty, widening aortoplasty with subclavian artery flap, or
aorto-aortic bypass with vascular heterologous prosthesis.
These procedures are generally performed by left lateral

thoracotomy. Rao found operative mortality to be between
0% and 50% with a mean of 19%, whereas recoarctation
rates ranged between 0% and 100% with a mean of 17%.2°
In our study, recoarctation of the aorta occurred in 20% of
patients. Young age at the time of surgery, the presence of
aortic arch hypoplasia, and short body length were identi-
fied as risk factors for recoarctation. Balloon angioplasty
with or without stenting is the preferred intervention for
adolescents and adults, being an effective treatment in
96-98% of cases. Rao compared the efficacy and safety of
balloon angioplasty and surgical correction in infants < 3
months of age, concluding that balloon angioplasty may be
an accepted alternative for the symptomatic treatment of
CoA in this patient population.26 With regard to second-
ary hypertension, 62.4% of patients exhibited this com-
plication at the time of discharge. The precise mechanism
underlying the development of hypertension following
surgical correction remains unclear. Potential contribut-
ing factors may include aortic dysfunction, impaired baro-
receptor function and left ventricular dysfunction.

CONCLUSION

The implications of the coexistence of CoA and BAV are
not yet fully understood. Despite appropriate treatment,
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patients with CoA have a reduced life expectancy and an
increased risk of developing long-term cardiovascular
complications, including those related to a BAV, recoarcta-
tion of the aorta, and secondary hypertension.

CONFLICT OF INTEREST

The authors declare no conflicts of interest.

FUNDING

This research received no external funding.

INFORMED CONSENT

Written informed consent was obtained from all subjects
involved in the study.

DATA AVAILABILITY

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

REFERENCES

1. Sinning C, Zengin E, Kozlik-Feldmann R, et al. Bicuspid aortic valve and
aortic coarctation in congenital heart disease-important aspects for
treatment with focus on aortic vasculopathy. Cardiovasc Diagn Ther. 2018
Dec;8(6):780-788.

2. ErbelR, Aboyans V, Boileau C, et al. 2014 ESC Guidelines on the diagnosis
and treatment of aortic diseases: Document covering acute and chronic
aortic diseases of the thoracic and abdominal aorta of the adult. The Task
Force for the Diagnosis and Treatment of Aortic Diseases of the European
Society of Cardiology (ESC). Eur Heart J. 2014;35:2873-2926.

3. Weismann CG, Grell BS, Odermarsky M, Mellander M, Liuba P.
Echocardiographic Predictors of Recoarctation After Surgical Repair: A
Swedish National Study. Ann Thorac Surg. 2021;111(4):1380-1386.

4. Doroshenko OV, Kuchumov AG, Golub MV, et al. Investigation of
Relationship between Hemodynamic and Morphometric Characteristics
of Aortas in Pediatric Patients. J Clin Med. 2024;13(17):5141.

5. Curran BF, Schaff HV, Connolly HM, et al. Late Outcomes of Ascending-to-
Descending Bypass for Aortic Coarctation. Ann Thorac Surg. 2024 Nov
7:50003-4975(24)00934-2

6. Ghiragosian-Rusu SE, Blesneac C, Sglimbea A, Ghiragosian C, Hadadi L,
Fagarasan A, Toganel R. Implantation of Covered Stent for Coarctation
of the Aorta and Secondary Hypertension in Adolescents-Case Report.
Children (Basel). 2021 Nov 5;8(11):1018.

~

20.

21.

22.

23.

24.

25.

26.

Raza S, Aggarwal S, Jenkins P, et al. Coarctation of the Aorta: Diagnosis
and Management. Diagnostics (Basel). 2023 Jun 27;13(13):2189.

Sadeghi R, Tomka B, Khodaei S, Garcia J, Ganame J, Keshavarz-Motamed
Z. Reducing Morbidity and Mortality in Patients With Coarctation Requires
Systematic Differentiation of Impacts of Mixed Valvular Disease on
Coarctation Hemodynamics. J Am Heart Assoc. 2022;11(2):e022664.
Baba DF, Suciu H, Huma L, et al. Platelet-to-Albumin Ratio: The Prognostic
Utility in the Prediction of 2-Month Postoperative Heart Transplant
Complications. J Cardiovasc Dev Dis. 2023 May 31;10(6):241.

Zhang H, Zhu K, Yang S, et al. Bicuspid aortic valve with critical coarctation
of the aorta: single[Jor two[Jstage operation? J Thorac Dis. 2018;10:4353.
Kumar S, Goud A, Versha F, Mukherjee A, Pai R. Coarctation of aorta in an
adult with severe aortic stenosis: deciding on the optimal approach. J Am
Coll Cardiol. 2018;71:A2160.

Michelena HI, Della Corte A, Evangelista A, et al. Speaking a common
language: Introduction to a standard terminology for the bicuspid aortic
valve and its aortopathy. Prog Cardiovasc Dis. 2020;63(4):419-424.

Lopez L, Saurers DL, Barker PCA, Cohen MS, Colan SD, Dwyer J, Forsha
D, Friedberg MK, Lai WW, Printz BF, Sachdeva R, Soni-Patel NR, Truong
DT, Young LT, Altman CA. Guidelines for Performing a Comprehensive
Pediatric Transthoracic Echocardiogram: Recommendations From the
American Society of Echocardiography. J Am Soc Echocardiogr. 2024
Feb;37(2):119-170.

Dodge-Khatami A, Ott S, Di Bernardo S, Berger F. Carotid-subclavian
artery index: new echocardiographic index to detect coarctation in
neonates and infants. Ann Thorac Surg. 2005 Nov;80(5):1652-1657.

Al Akhfash AA, Almesned AA, Al Harbi BF, Al Ghamdi A, Hasson M,
Al Habshan FM. Two-dimensional echocardiographic predictors of
coarctation of the aorta. Cardiology in the Young. 2015;25(1):87-94.

R Core Team (2024). R: A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna, Austria.
Available from: https://www.R-project.org/

Hunter JD. Matplotlib: A 2D Graphics Environment. Computing in Science
& Engineering. 2007;9(3):90-95.

Lim MS, Bannon PG, Celermajer DS. Bicuspid aortic valve: different clinical
profiles for subjects with versus without repaired aortic coarctation. Open
Heart. 2020;7(2):e001429.

Merkx R, Duijnhouwer AL, Vink E, Roos-Hesselink JW, Schokking M. Aortic
Diameter Growth in Children With a Bicuspid Aortic Valve. Am J Cardiol.
2018 Aug 1,122(3):526.

Luijendijk P, Stevens AW, de Bruin-Bon RH, et al. Rates and determinants
of progressive aortic valve dysfunction in aortic coarctation. Int J Cardiol.
2013;167(6):2841-2845.

Doshi AR, Chikkabyrappa S. Coarctation of aorta in children. Cureus.
2018;10(12):1-10.

Gong T, Zhang F, Feng L, et al. Diagnosis and surgical outcomes of
coarctation of the aorta in pediatric patients: a retrospective study. Front
Cardiovasc Med. 2023;10:1078038.

Vergales J, Gangemi J, Rhueban K, Lim D. Coarctation of the aorta—the
current state of surgical and transcatheter therapies. Curr Cardiol Rev.
2013;9(3):211-219.

Yokoyama U, Ichikawa Y, Minamisawa S, et al. Pathology and molecular
mechanisms of coarctation of the aorta and its association with the ductus
arteriosus. J Physiol Sci. 2017,67:259-270.

Fujisaki T, Ishii Y, Takahashi K, et al. Utility of novel echocardiographic
measurements to improve prenatal diagnosis of coarctation of the aorta.
Sci Rep. 2023 Mar 25;13(1):4912.

Rao PS. Neonatal (and Infant) Coarctation of the Aorta: Management
Challenges. Research and Reports in Neonatology. 2020;10:11-22.



