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cal condition, which can become life-threatening. The aim of this study was to evaluate the
usefulness of different echocardiographic parameters in the prediction of aortic coarctation in
newborns. Material and method: This is a retrospective study performed by reviewing echo-
cardiographic images of both pre-term and full-term newborns presented with aortic coarc-
tation to the emergency room of a clinic of pediatric cardiology. Based on echocardiographic
measurements, both the common carotid artery-subclavian artery index (CSAi) and the aor-
tic isthmus-descending aorta index (I/D) were calculated. Results: Fifty-two newborns pre-
sented in acute settings with aortic coarctation and were included in the study, divided into:
subgroup 1 (n = 26) — ductal-dependent aortic coarctation; subgroup 2 (n = 2) — non-ductal-
dependent aortic coarctation; and subgroup 3 (n = 24) — unconfirmed aortic coarctation. ROC
analysis identified a cutoff value of 1.37 for the CSAi index and a cutoff value of 0.46 for the
I/D index as being associated with the highest predictive power for the diagnosis of aortic co-
arctation. Conclusions: The CSAi and I/D indices are simple and accessible echocardiographic
parameters that can provide supplemental information for the pediatric cardiologist in acute
cases of newborns with suspicion of aortic coarctation. These new indices can contribute to  Cristina Blesneac
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INTRODUCTION

Aortic coarctation is a disease represented by a congenital
narrowing of the aortic lumen, frequently located between
the origin of the left subclavicular artery and the junction
of aorta and ductus arteriosus. This pathology is the most
common congenital heart disease with ductal-dependent
systemic circulation and is frequently encountered in
emergency settings in pediatric cardiology units. Echocar-
diographic assessment of this condition could be difficult
in the fetus and newborn, due to the presence of persistent
ductus arteriosus (PDA), which alters the anatomy of the
aortic lumen, making it difficult to appreciate the narrow-
ing degree of the aortic isthmus."?

The ductus arteriosus plays a key role in cardiovascular
physiology in both fetuses and newborns. During preg-
nancy, the ductus arteriosus remains open as a result of
several vasodilator systems, such as endogenous prosta-
glandins, carbon monoxide, nitric oxide, or low pO2, which
inhibit the contractile mechanisms.?> In 90% of full-term
newborns, the ductus arteriosus closes and turns into the
arterial ligament during the first 48 hours after birth.# Of-
ten, a coarctation can be detected only when the ductus
arteriosus closes and constriction occurs at the level of
juxtaductal region.

In severe forms, this disease represents a critical con-
dition that can become life-threatening, especially in
complex cases associated with other congenital heart
malformations. Therefore, serial echocardiographic ex-
aminations are required for a careful evaluation of the
ductus arteriosus anatomy and aortic arch follow-up.»>~7
Usually, aortic coarctation is established by corroborating
information provided by general clinical examination with
the results of transthoracic echocardiography.

Due to the high influence of the PDA in aortic coarcta-
tion diagnosis, several studies tried to identify echocar-
diography-based predictors for aortic coarctation. A ca-
rotid artery-subclavian artery index and the ratio between
the diameter of the aortic isthmus and the diameter of the
descending aorta have been proved to represent relevant
parameters for characterization of aortic coarctation, even
in the presence of ductus arteriosus.

The aim of this study was to evaluate the usefulness of
different echocardiographic parameters in the prediction
of aortic coarctation in newborns.

MATERIAL AND METHOD

This is a retrospective study performed by reviewing
echocardiographic images of both pre-term and full-term
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newborns presented with aortic coarctation to the emer-
gency room of a clinic of pediatric cardiology. The inclu-
sion criteria were: age (0—28 days), diagnosis/suspicion
of neonatal aortic coarctation, and the presence of PDA.
The data was obtained by reviewing echocardiographic
imaging and protocols. The measured echocardiographic
parameters were: diameter of the aortic and mitral an-
nulus, diameter of the innominate artery, diameter of the
ascending aorta, diameter of the proximal aortic arch, di-
ameter of the left common carotid artery, diameter of the
transverse portion of the aortic arch, diameter of the aortic
isthmus, diameter of the descending aorta at diaphragm
level, diameter of the arterial ductus, diameter of the pul-
monary artery, shunt direction through the PDA, persis-
tence of diastolic gradient in the descendent aorta, dis-
tance between the innominate artery and the left common
carotid artery, distance between the left common carotid
artery and the left subclavicular artery. Based on echo-
cardiographic measurements, both the common carotid
artery-subclavian artery index (CSAi) and the aortic isth-
mus-descending aorta index (I/D) were calculated. CSAi
represents the ratio between of the aortic arch diameter at
the level of subclavian artery to the distance between the
left common carotid artery and the left subclavian artery,
while I/D is the ratio between aortic isthmus and descend-
ing aorta diameters.®? The Z score was also calculated by
correlating body surface area and aortic annulus diameter,
mitral annulus, distal portion of the aortic arch, and aortic
isthmus using the Detroit calculation formula. Newborn
demographic data analyzed included: gender, mean age at
the time of the first echocardiographic evaluation, mean
weight, mean length, average body surface area, mean
gestational age, and antenatal diagnosis.

All the study procedures were performed in accordance
with the declaration of Helsinki and the analysis protocol
was approved by the institutional board of the hospital.

STATISTICAL ANALYSIS

The data were analyzed using MedCalc (MedCalc Software,
Ostend, Belgium) and GraphPad Prism (GraphPad Spft-
ware, San Diego, USA) softwares. Data were classified as
nominal or quantitative variables. The nominal variables
were characterized by the use of frequencies. The quanti-
tative variables were tested for distribution normalization
using the Kolmogorov-Smirnov test and were character-
ized by averages and percentiles (25—-75%) or by mean
and standard deviation (SD), if any. The chi-square test
was used to verify if there was a statistical significance
between two characteristics (lesion type and diagnosis).
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Quantitative variables were compared using the Student
test. Descriptive statistics were used to analyze the most
common congenital heart disease associated. In order to
appreciate the predictability of the two indices, the ROC
curve was used, calculating the areas under the curve and
generating characteristic values of the variables for each
significant predictor. The level of significance of the sta-
tistics was set at p <0.05.

RESULTS

All data of 703 newborns were evaluated, of which 52 new-
borns presented in acute settings were classified as hav-
ing aortic coarctation and included in the study. After data
extraction, the study group was divided into 3 subgroups:
subgroup 1 — 26 newborns diagnosed with ductal-de-
pendent aortic coarctation who subsequently underwent
surgical correction in the neonatal period; subgroup 2 —
2 newborns diagnosed with non-ductal-dependent aortic
coarctation who benefited from surgical correction at ages
ranging from 1 month to 1 year; and subgroup 3 — 24 new-
borns with unconfirmed aortic coarctation. In group 1, 21
patients had the diagnosis established at the first echocar-
diographic evaluation, even in the presence of PDA, while
patients from group 2 and 3 were diagnosed between 2 and
11 echocardiographic assessments.

The demographic data of the study are shown in Table
1. The most common associated cardiac anomalies among
newborns in group 1 are shown in Table 2. In our study,
18 newborns benefited from antenatal diagnosis of aortic
coarctation, and 12 of them belonged to group 1. No data
regarding antenatal suspicion or diagnosis could be iden-
tified in 10 newborns.

Echocardiographic assessment identified statistically
significant differences between the three groups of pa-
tients, patients in group 1 presenting smaller mean diam-

TABLE 1. Demographic data of the study population
Variable Results
Mean weight (g) 3,159.14
Mean length (cm) 51.66
Mean body surface area (m?) 0.20
Mean age at first echocardiogram (days) 4.2,
Number of echocardiograms performed until 2.51
final diagnosis (days)

Mean gestational age (weeks) 37.88
Premature newborns (number) 5
Suspicion/antenatal diagnosis of coarctation of 42.9

the aorta (%)
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eters of the echocardiographic measurements than pa-
tients in group 2 and 3 (Table 3).

ROC analysis identified a cutoff value of 1.37 for the
CSAi index and a cutoff value of 0.46 for the I/D index as
being associated with the highest predictive power for the
diagnosis of aortic coarctation (Figure 1 and Figure 2).

DISCUSSION

The neonatal period is characterized by changes in organ
function, especially in the cardiovascular system.’® The
newborn myocardium has a low tolerance in the presence
of increased preload and a lower response in case of in-
creased afterload compared to the myocardium of an in-
fant or child, therefore an early and correct diagnosis of
aortic coarctation is mandatory for preventing acute dete-
rioration of cardiac function.’*™

Establishing the diagnosis of aortic coarctation in new-
borns in the presence of PDA remains challenging.! As a
consequence, patients in group 2 and 3 in our study re-
quired serial echocardiographic evaluations for establish-
ing an accurate diagnosis and initiation of an appropriate
decision-making process.

A similar study conducted by Marrow et al. on 14 new-
borns diagnosed with coarctation of the aorta without
association of any other significant cardiac abnormali-
ties, compared with 14 newborns without any cardiac
pathology, demonstrated that neonates with aortic co-
arctation had a smaller diameter of the aortic annulus,
transverse portion of the aortic arch, and aortic isth-
mus; a larger diameter in the innominate artery and a
greater distance between the left common carotid ar-
tery and the left subclavicular artery between the two
batches. They also demonstrated a larger diameter of
the pulmonary artery in newborns with coarctation of
the aorta.*s

TABLE 2. Frequency of associated congenital heart lesions in
group 1 — results are number of patients (% of patients)

Variable Group 1 %
n=23

Bicuspid aortic valve 12 52.17
Atrial septal defect 22, 95.56
Ventricular septal defect A 17.39
Subvalvular aortic stenosis 1 4.35
Valvular aortic stenosis 2 8.7
Aortic arch hypoplasia 5 21.74
Borderline LV 2 8.7
Left superior vena cava 5 21.74
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TABLE 3. Average, standard deviation and p value of each echocardiographic parameter in group 1, group 2, and group 3
Variable Group1 p value Group 2 p value Group 3 p value
Aortic valve annulus 0.60 * 0.07 0.005 0.56 + 0.05 0.21 0.68 + 0.10 0.003
Aortic valve annulus Z score -1.22 + 1.29 0.72 -1.31+ 1.38 0.96 -1.73 + 6.97 0.70
Mitral valve annulus 0.86 + 0.19 0.08 0.89 + 0.091 0.87 0.97 + 0.26 0.10
Mitral valve annulus Z score -2.21+ 1.48 0.01 -1.44 + 0.83 0.77 -1.13 £ 1.33 0.026
Right innominate artery diameter (cm) 0.39 + 0.11 0.65 0.31 + 0.007 0.001 0.38 + 0.13 0.79
Distal ascending aorta diameter (cm) 0.63 + 0.10 0.031 0.56 + 0.05 0.16 0.71 + 0.14 0.029
Proximal transverse arch diameter (cm) 0.48 + 0.10 0.005 0.46 + 0.05 0.37 0.57 + 0.11 0.006
Distance between right innominate and left CCA (cm) 0.27 + 0.12 0.76 0.25 + 0.007 0.28 0.29 + 0.27 0.75
Left common carotid artery diameter (cm) 0.42 + 0.48 0.13 0.18 + 0.077 0.49 0.28 + 0.06 0.19
Distal transverse arch (cm) 0.27 + 0.74 0.49 0.35 + 0.00 0.97 0.40 + 0.58 0.47
Distal transverse arch diameter Z score -2.38 + L44 0.002 -2.78 £ 0.12 0.001 -1.00 + 0.84 0.0001
Distance between the left common carotid artery and the 0.54 + 0.19 0.058 0.45 £ 0.32 0.93 0.40 + 0.31 0.091
left subclavian artery
Carotid-subclavian index 0.89 + 0.55 0.0001 1.05 + 0.76 0.69 1.70 + 0.803 0.001
Aortic isthmus (cm) 0.27 + 0.11 0.01 0.21 + 0.09 0.35 0.35 + 0.07 0.005
Aortic isthmus Z score -4.43 + 2.01 0.01 -5.49 + 2.55 0.50 -2.81 + 1.64 0.004
Descending aorta at diaphragm 0.60 + 0.09 0.046 0.59 + 0.007 0.008 0.66 + 0.08 0.049
/D 0.44 + 0.16 0.08 0.36 £ 0.15 0.21 0.52 + 0.100 0.037
PDA diameter 0.40 + 0.13 0.005 0.380 + 0.02 0.74 0.29 + 0.12 0.006
Main pulmonary artery diameter (cm) 1.10 + 0.20 0.04 115 + 0.35 0.66 1.02 + 0.19 0.033

Another study conducted by Lu et al. compared two lots:
the first lot consisted of 36 newborns diagnosed with aor-
tic coarctation associated with PDA and the control group
consisted of 19 newborns with PDA. The results of this
study suggested that an I/D ratio of less than 0.64 repre-
sents a strong predictor for aortic coarctation.? Similarly,

ROC Curve
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FIGURE 1. ROC analysis of the CSAi: AUC = 0.91; Cl 82—92%;

sensitivity = 87%, specificity = 69.2%

our study demonstrated that a value of less than 0.46 is
associated with an increased specificity and sensitivity for
the diagnosis of aortic coarctation.

Dodge-Khatami et al. were the first researchers to de-
scribe the CSAi index, demonstrating that an index of less
than 1.5 has an increased specificity and sensitivity for

ROC Curve
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FIGURE 2. ROC analysis for I/D index: AUC = 69.5%; Cl 60.2—

70.2%; sensitivity = 65.2 %, specificity = 23.1 %
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aortic coarctation diagnosis in children. They studied 63
patients aged up to 3 months who were diagnosed with co-
arctation of the aorta and a control group of 23 newborns
without cardiac abnormalities.® Subsequently, Mivelaz et
al. analyzed the two indices in two batches: the first group
consisted of 68 patients aged 0—18 years with coarctation
of the aorta, and the control group consisted of 24 sub-
jects, of which 6 had a PDA. They also demonstrated that
a CSAi index of less than 1.5 possesses increased sensitiv-
ity and sensitivity in the diagnosis of aortic coarctation in
children (0-18 years).”°

Another study, conducted by Peng et al. that included
33 full-term newborns with suspicion of coarctation of
the aorta in the presence of PDA demonstrated that a CSAi
index lower than 0.85 shows a specificity of 0.86 and a
sensitivity of 0.83 in terms of predictability of aortic co-
arctation.!

In our study, the group was composed of both full-
term newborns and premature babies (one newborn at 29
weeks gestational age and one newborn at 36 weeks ges-
tational age), showing that in this clinical setting a CSAi
value lower than 1.37 has the best predictability for the
diagnosis of aortic coarctation.

Our study has several limitations. First, this is a retro-
spective study and measurements were made offline, on
images recorded by different physicians, which can im-
pact the reliability of the measurements. Secondly, as the
study lot was not very large, validation of our results is
necessary in future prospective studies on a larger number
of patients.

CONCLUSION

The CSAi and I/D indices are simple and accessible echo-
cardiographic parameters that can provide supplemental
information for the pediatric cardiologist in acute cases of
newborns with suspicion of aortic coarctation. These new
indices can contribute to the decision-making process in
case of pre-term and full-term newborns with suspicion
of coarctation of the aorta, independent of the presence of
persistent ductus arteriosus. An early diagnosis of these
critical cases can contribute to a decreased hospitalization
period, subsequently decreasing both staff and material
resources.
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