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ORIGINAL ARTICLE

Echocardiographic score to predict neonatal surgery for aortic coarctation in
newborns with prenatal suspicion and patent ductus arteriosus

Ylenia Bartolacellia� , Daniela Palleria� , Anna Balduccia, Luca Ragnia, Tammam Hasana,
Simone Bonettia , Gabriele Egidy Assenzaa , Maria Elisabetta Mariuccia , Marianna Fabib ,
Emanuela Angelic , Gaetano Domenico Gargiuloc and Andrea Dontia

aPediatric Cardiology and Adult Congenital Heart Disease Program, Department of Cardio-Thoracic and Vascular Medicine, IRCCS
Azienda Ospedaliero-Universitaria di Bologna, Policlinico Sant’Orsola-Malpighi, Bologna, Italy; bPediatric Emergency Unit, IRCCS
Azienda Ospedaliero-Universitaria di Bologna, Policlinico Sant’Orsola-Malpighi, Bologna, Italy; cPediatric Cardiac Surgery and Adult
Congenital Unit, Department of Cardio-Thoracic and Vascular Medicine, IRCCS Azienda Ospedaliero-Universitaria di Bologna,
Policlinico Sant’Orsola-Malpighi, Bologna, Italy

ABSTRACT
Introduction: The evaluation of upcoming Aortic Coarctation (CoA) in new-borns with prenatal
suspicion entails a close echocardiographic monitor until Arterial Duct (AD) closure, in a depart-
ment with pediatric cardiological and surgical expertise. The significant number of false-positive
prenatal diagnoses causes parental stress and healthcare costs.
Aim: The aim of this study was to elaborate an echocardiographic prediction model to be
employed at birth when PDA is still present, in patients suspected of CoA during fetal life in
order to foretell CoA requiring neonatal surgical intervention.
Methods: This retrospective monocentric study included consecutive full-term and late preterm
neonates with prenatal suspicion of CoA born from 01 January 2007 to 31 December 2020.
Patients were divided into two groups according to the need for aortic surgery (CoA - NoCoA).
All patients underwent a comprehensive transthoracic echocardiographic exam in presence of
PDA. Multivariable logistic regression was used to create a coarctation probability model
(CoMOD) including isthmal (D4), transverse arch (D3) diameters, the distance between a left
common carotid artery (LCA) and left subclavian artery (LSA), presence/absence of ventricular
septal defect (VSD) and bicuspid aortic valve (BAV).
Results: We enrolled 87 neonates (49 male, 56%). 44 patients developed CoA in need of surgical
repair. Our index CoMOD showed an AUC ¼ 0.9382, high sensitivity (91%) and specificity (86%)
in the prediction of CoA in neonates with prenatal suspicion. We classified neonates with
CoMOD > 0 to be at high risk for surgical correction of CoA, with good PPV (86.9%) and
NPV (90.9%).
Conclusions: CoMOD > 0 is highly suggestive of the need for CoA corrective surgery in new-
borns with prenatal suspicion.
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Background

Coarctation of the Aorta (CoA) represents one of the
most common congenital heart defects, accounting
for 5% of children with Congenital Heart Disease
(CHD) with an incidence of 4/10.000 live births [1,2].
Male seems to be more affected with a reported male-
to-female ratio of 1.27–1.74 [3].

CoA is defined as a discrete stenosis in the upper
thoracic aorta, close to the insertion of the Arterial

Duct (AD), often combined with tubular hypoplasia of

the aortic arch. CoA can produce a duct-dependent

systemic circulation when a critical preductal narrow-

ing is present. It may occur as an isolated lesion or in

association with almost every type of CHD, mostly as

part of multiple left heart obstructive lesions [4].
Critical CoA requires surgical intervention in the

first weeks of life. The treatment of choice in neonates

and infants with significant CoA is the surgical
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resection of the narrowed aortic segment. Extended
CoA resection with end-to-end anastomosis through a
left thoracotomy is the preferred technique in neo-
nates with discrete CoA [5]. When a long aortic seg-
ment is involved, subclavian-flap aortoplasty or patch
augmentation of the hypoplastic aortic arch can be an
alternative [6]. If the coarctation repair is combined
with the repair of an intracardiac lesion, it can be per-
formed from an anterior approach with selective cere-
bral and myocardial perfusion [7].

In newborns without prenatal suspicion, a pre- and
post-ductal oxygen saturation is regularly assessed as
neonatal screening before hospital discharge to detect
major CHDs [8].

The main diagnostic tool to confirm the suspicion
of CoA is Transthoracic echocardiography (TTE): the
typical continuous-wave Doppler finding in CoA con-
sists of a peak systolic acceleration during systole and
a continuous antegrade flow throughout diastole, cre-
ating a “saw tooth” appearance [9].

In newborns, the presence of Patent Ductus
Arteriosus (PDA) may disguise CoA diagnosis, as blood
flows through the PDA can bypass the aortic obstruc-
tion and supply the lower body and PDA closure
being itself a probable cause of CoA development
[10–13].

Despite technical advances, the prenatal diagnosis
of CoA remains challenging with a high false-positive
and false-negative rate [14].

A variety of prenatal echocardiographic scoring sys-
tems have been suggested to better predict the pos-
sible neonatal CoA; nevertheless, CoA is the most
frequently missed CHD diagnosis in the antenatal
period, with less than one-third of the affected
patients being detected at prenatal screening [15,16].
Thus, CoA eludes prenatal screening and becomes
finally manifests in the first days of life after AD clos-
ure [17].

When CoA is antenatally suspected, the current
practice entails birth planning in a centre with a car-
diac surgical department, strict monitoring of the
new-born with serial echocardiographic evaluations
until AD closure in order to confirm or reject the
diagnosis of CoA, in a department with pediatric car-
diologic expertise. This, together with a high false-
positive prenatal detection rate, produces unnecessary
parental anxiety, a precocious separation of the new-
born from the mother and an absence of breastfeed-
ing in the first days of life. Moreover, it implies longer
in-hospital stays, usually in tertiary cardiac center and
related higher healthcare costs.

Over time, many echocardiographic parameters
have been evaluated to try to predict the onset of
CoA in new-borns with PDA such as: Carotid-
Subclavian Artery index (CSAi) [18], the ratio of the
aortic isthmus diameter to descending aorta diameter
(I/D) [19], the distance between the Left Common
Carotid Artery (LCA) and Left Subclavian Artery (LSA)
[20] and a combined formula developed by Soslow
et al. [21] to calculate the probability of CoA in new-
borns with PDA and CoA suspicion. None of them has
provided a definite and certain diagnostic tool for CoA
prior AD closure.

Aim of the study

The aim of this study was to assess the predictive
value of early neonatal echocardiographic parameters
for the development of CoA in need of neonatal surgi-
cal repair in newborns suspected to have CoA during
fetal life when a large AD is still present.

Materials and methods

This retrospective study was conducted at IRCCS –
Sant’Orsola Hospital in Bologna, a tertiary referral cen-
ter for Pediatric Cardiology and Cardiac Surgery in
Italy. We identified full-term and late-preterm neonates
(<30 days of age) with a prenatal suspicion of CoA
born between 01 January 2007 and 31 December
2020.

Exclusion criteria were: AD closure, complex CHD,
different major CHD diagnoses at birth, and major
extracardiac abnormalities. Neonates with inadequate
echocardiographic image quality were removed from
the study.

This study protocol was reviewed and approved
by the “Area Vasta Emilia Centro” Ethical Review
Board according to the Helsinki Declaration (approval
number 0013495). In our cohort, neonates with CoA
are defined as patients with a critical aortic arch
obstruction requiring surgical intervention in the first
weeks of life. The decision to undergo CoA surgical
repair was made by both the Pediatric cardiologic
and surgical teams based on clinical findings and
echocardiograms.

When the diagnosis of CoA was confirmed, patients
received prostaglandin infusion to maintain the
patency of the AD until surgical operation.
Demographic postnatal variables and clinical data
were obtained from the past medical records.
Birthweight and length were expressed in centiles for
gestational age using an appropriate reference
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range [22]. The outcome of new-borns with prenatal
suspicion of CoA was obtained through medical
records analysis.

Echocardiographic parameters

All patients underwent a comprehensive TTE within
the first hours/days of life, in presence of a large PDA,
before starting the prostaglandin infusion. Recordings
were saved on a digital medium and post-processed
on a workstation (IntelliSpace CardioVascular 3.2).

One medical doctor (D.P.), with echocardiographic
experienced and blinded to clinical outcomes, per-
formed an off-line evaluation of the echocardiographic
exams.

Dimensions, the thickness of left and right cardiac
structures, and aortic diameters were measured
according to the ASE/EACVI recommendations [23,24].

Measurements were obtained in end-diastole from
the frame preceding mitral or tricuspid valve closure.

Measurements taken from the four-chamber view
included: LV Volume (using the modified biplane
Simpson method), RV length ad diameters. LV walls
thickness and diameters (LVESD, LVEDD), aortic anulus,
aortic sinuses and ascending aorta (AscAo) diameters
were measured at parasternal long axis view. From
the short axis view RV Outflow Tract, pulmonary artery
(PA) and RV/LV diastolic diameters were obtained.

The aortic arch measurements were taken from the
suprasternal notch view: D1 ¼ arch diameter prior to
Innominate artery (IA), D2 ¼ arch diameter between
IA and LCA, D3 ¼ arch diameter between LCA and
LSA, LCA-LSA Distance¼ length of the distal transverse
arch between the LCA and LSA, D4¼ aortic isthmic
diameter (Figure 1).

The three epiaortic vessels (IA, LCA and LSA)
diameters were measured and the aortic arch branching
pattern was noted. All vessel diameters were measured
in end-systole from the inner edge to inner edge.

Morphological features of the aortic valve and aor-
tic arch as well as the presence of associated minor
CHDs were noted. All measurements were performed
as described by Lang [23].

For every patient, the Body Surface Area (BSA) was
calculated using Haycock formula [25] and correspond-
ing children z-scores for the evaluation of cardiac
chamber dimensions and arterial dimensions were
assessed according to the most appropriate published
guidelines [26,27].

The following measures were calculated: diastolic
left-to-right ventricular diameter (LV/RV), D2/D1, D3/D1,
D4/D1, LCA/D3, D1/Sinuses, D3/Sinuses, D4/Sinuses,
D4/Abdominal Aorta, D3/weight, D4/weight, D3/BSA,
D4/BSA. CSAi index was calculated as ratio of the aortic
arch diameter (D3) at the LSA, to the distance between
LCA and LSA.

Statistical analysis

Categorical variables were expressed as frequency,
continuous variables were presented as mean± stan-
dard deviation if normally distributed. Differences
among categorical variables were analyzed using Chi-
square test and normally distributed continuous varia-
bles with independent samples t test.

Univariable regression analysis was conducted to
identify predictors associated with development of CoA.

Parameters significant on univariable analysis were
then tested in a pairwise fashion, and variables were
excluded when they were no longer significant on
multivariate analysis. Moreover, variables were
excluded when not contributing to the overall area
under the curve (AUC).

We fit a logistic regression model, or coarctation
probability model (CoMOD), to estimate the probabil-
ity of CoA in need of surgical repair in the first weeks
of life, based on significant predictors at univariable
regression analysis. A p Value < .05 was considered
statistically significant. All analyses were performed
using STATA/IC version 15.

Results

Out of the 143 neonates with prenatal suspicion of
CoA, 24 patients were excluded because of major
extracardiac malformation, complex CHD or different
CHD diagnosis at birth and 32 neonates wereFigure 1. Sites of measurements of the aortic Arch.
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removed due to inadequate echocardiographic image
quality.

We enrolled 87 neonates (49 male, 56%), with a
median gestational age of 272 ± 11.4 days and birth
weight 3136 ± 524 grams. Our population was then
divided in two groups No CoA (43 patients, 49%) and
CoA requiring surgical intervention (44 patients, 51%).
There were no statistical significative differences in
prenatal and birth characteristics (Table 1). All
patients presented large PDA with bidirectional shunt
during the echocardiographic exam. Due to PDA
presence and to the increased pulmonary vascular
resistance at birth, we can observe a lower SpO2 in
the inferior limbs in both populations (Table-1a
Supplementary Material), but differential SpO2 and
differential Systolic Arterial Pressure (between the
superior and inferior limbs) were similarly distributed
between CoA and No Coa patients and almost all
neonates in CoA group presented femoral pulses at
birth (Table-1a, Supplementary Material).

Table 2(a) (Supplementary Material) shows the LV
main echocardiographic measures. The only significant
difference between the two populations was the pres-
ence of Ventricular Septal Defect (VSD), which resulted
more frequent in CoA group.

Of the 27 patients with VSD and CoA, 13 had a
hemodynamically significant VSD, which underwent
pulmonary artery banding together with CoA correct-
ive surgery.

The main RV echocardiographic measures are
reported in Table 3(a) (Supplementary Material). None
of these parameters resulted noticeably different
between coarctated and not coarctated neonates, nei-
ther the relation between RV/LV diameters (Table 2(a),
Supplementary Material).

In Table 2 the echocardiographic parameters of the
Aorta are reported. Bicuspid Aortic Valve (BAV) was

more prevalent in CoA population, while Bovine Arch
was more frequently present in No CoA group. The
dimensions D4, D3 and relative z-scores [26] resulted
significantly reduced in CoA group. Also, the D1, D2
and Abdominal Aorta appeared markedly smaller in
CoA group, but this difference was not evident with z-
scores. LCA- LSA distance resulted noticeably longer in
CoA cohort.

We also analyzed the relation between different
parameters of the aortic arch, body weight and BSA
(Table 3). We observed a different distribution of D3,
D4 diameters indexed on weight, BSA and related to
aortic sinuses.

Univariable regression analysis was conducted to
identify variables associated with development of CoA.
Table 4 summarizes the results of univariable regres-
sion analysis.

Parameters significant on univariable analysis
were then tested in a multivariable analysis, fitting a
logistic regression model, named Coarctation Model
(CoMOD) to estimate an index and a probability of
CoA. We selected D3, D4, the presence/absence of
BAV and VSD, LCA-LSA distance to be included in
the model based on clinical relevance. The predic-
tors met statistical significance at an a level of 0,05.

Lower D3 and D4 diameters, higher LCA-LSA dis-
tance and presence of BAV and/or VSD were associ-
ated with increased risk of CoA.

The equation for the model is:

CoMOD ¼ 9:6254 � 1:4697� D3ð Þ � 2:3423� D4ð Þ
þ 1:4493� BAVð Þ þ 0:3669

� LCA� LSA Distanceð Þ þ 1:9040� VSDð Þ

In Figure 2 the ROC Curve obtained with CoMOD
applied to our population is reported. The model

Table 1. Prenatal and birth characteristics.
No CoA
(n¼ 43)

CoA
(n¼ 44) p

Gender (male), n (%) 26 (60) 23 (52) .441
Birth weight (kg), mean ± SD 3.17 ± 0.47 3.10 ± 0.58 .5712
Birth length (cm), mean ± SD 49.3 ± 2.2 48.8 ± 2.4 .442
Weight Pc, mean ± SD 49.7 ± 28.7 44.8 ± 32.2 .4626
Length Pc, mean ± SD 48.6 ± 30.0 45.4 ± 29.5 .6133
BSA Haycock, mean ± SD 0.206 ± 0.038 0.208 ± 0.025 .8051
CHD family history, n (%) 4 (9) 3 (7) .646
Gestational age (days), mean ± SD 272.6 ± 11.5 272.0 ± 11.5 .8037
Maternal diabetes, n (%) 7 (16) 5 (11) .514
Maternal hypertension, n (%) 1 (2) 2 (5) .599
Maternal age (years), mean ± SD 33.9 ± 5.8 32.6 ± 5.8 .2898
Paternal age (years), mean ± SD 37.4 ± 6.2 35.7 ± 7.0 .2464
Parental disease, n (%) 9 (20) 4 (9) .100
Infection in pregnancy, n (%) 1 (2) 3 (7) .353
AHR in pregnancy, n (%) 3 (7) 0 (0) .056

AHR: Assisted Human Reproduction; BSA: Body Surface Area; CHD: Congenital Heart Disease; Pc: Percentile.
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showed an AUC ¼ 0.9382, high sensitivity (90.9%) and
specificity (86.05%) (Table 5).

Inserting each individual measurement into the
CoMOD equation provides an index allowing us to
estimate the risk of CoA: an index >0 (Figure 3) dem-
onstrated a good sensibility and specificity in predict-
ing surgical CoA (Table 6).

Discussion

Even if prenatal diagnostic tools have improved,
antenatal detection of aortic coarctation remains

challenging [28]. Detecting CoA in fetal screening
programs is associated with a high number of false
positive diagnoses because it relies on indirect and
nonspecific signs, especially cardiac asymmetry with
right ventricle dominance. This implies that in many
cases (>50–60%) CoA is postnatally excluded [29].
Our results confirm this tendency and outline the
need to have a reliable system to exclude or confirm
CoA as soon as possible in the neonatal period.

Over the years, the method of diagnosis for CoA
has changed from using clinical data, with or without
preoperative catheter confirmation, to relying almost

Table 2. Echographic aortic parameters.

Aorta
No CoA
(n¼ 43)

CoA
(n¼ 44) p

Bovine arch, n (%) 14 (32.5) 4 (9) .007
Bicuspid aortic valve, n (%) 5 (11.6) 24 (55) <.001
Aoric anulus (mm), mean ± SD 5.6 ± 0.7 5.5 ± 0.6 .3704
Aortic anulus z-score, mean ± SD –4.8 ± 0.2 –4.8 ± 0.2 .8173
Sinuses (mm), mean ± SD 8.5 ± 0.8 8.4 ± 0.8 .4353
Sinuses z-score, mean ± SD –0.55 ± 0.34 –0.58 ± 0.41 .7352
STJ (mm), mean ± SD 5.98 ± 0.75 5.71 ± 0.77 .1118
STJ z-score, mean ± SD –0.70 ± 0.37 –0.81 ± 0.48 .2649
Ascending aorta(mm), mean ± SD 7.15 ± 0.79 7.02 ± 0.92 .4420
Ascending aorta z-score, mean ± SD –0.74 ± 0.36 –0.78 ± 0.42 .6509
D1(mm), mean ± SD 6.39 ± 0.64 6.06 ± 0.98 .0653
D2(mm), mean ± SD 5.12 ± 0.92 4.65 ± 1.07 .0454
D2 z-score, mean ± SD –0.95 ± 0.52 –1.22 ± 0.73 .0743
D3(mm), mean ± SD 4.18 ± 0.68 3.58 ± 0.61 <.001
D3 z-score, mean ± SD –0.96 ± 0.42 –1.39 ± 0.49 <.001
D4(mm), mean ± SD 3.39 ± 0.56 2.56 ± 0.56 <.001
D4 z-score, mean ± SD –0.76 ± 0.49 –1.49 ± 0.56 <.001
LCA- LSA distance(mm), mean ± SD 4.36 ± 1.99 6.24 ± 2.52 .0002
Abdominal aorta (mm), mean ± SD 5.81 ± 0.73 5.46 ± 0.69 .0237
Abdominal aorta z-score, mean ± SD 0.48 ± 0.34 0.34 ± 0.36 .0784
IA(mm), mean ± SD 4.16 ± 0.63 4.28 ± 0.75 .4257
LCA(mm), mean ± SD 3.43 ± 0.41 3.37 ± 0.49 .5412
LSA(mm), mean ± SD 3.51 ± 0.50 3.28 ± 0.60 .0573

IA: Innominate Artery; LCA: Left Common Carotid Artery; LSA: Left Subclavian Artery; STJ: Sinotubular Junction; D1,
D2, D3, D4 diameters as reported in Figure 1. Bold values denote statistical significance at the p < .05 level.

Table 3. Derived parameters for aortic arch evaluation.
No CoA
(n¼ 43)

CoA
(n¼ 44) p

D2/D1(%), mean ± SD 79.13 ± 13.00 76.79 ± 15.49 .4905
D3/D1 (%), mean ± SD 65.72 ± 10.40 60.49 ± 13.67 .0485
D3/D1> 70%, n (%) 11 (26) 7 (16) .265
D3/D1> 60%, n (%) 26 (60.5) 21 (47.7) .233
D4/D1(%), mean ± SD 53.53 ± 9.54 43.54 ± 12.83 .0001
D4/D1> 50%, n (%) 27 (62.7) 10 (22.7) <.001
CSAi, mean ± SD 1.17 ± 0.56 0.70 ± 0.46 <.001
CSAi <0.8, n (%) 12 (27.9) 36 (81.8) <.001
D4/Abdominal aorta, mean ± SD 0.59 ± 0.11 0.52 ± 0.29 .1372
LCA/D3, mean ± SD 0.84 ± 0.16 0.96 ± 0.19 .0017
D1/Sinuses, mean ± SD 0.76 ± 0.09 0.73 ± 0.12 .2323
D3/Sinuses, mean ± SD 0.49 ± 0.09 0.43 ± 0.07 .0007
D4/Sinuses, mean ± SD 0.39 ± 0.08 0.31 ± 0.08 <.001
D1/Weight, mean ± SD 2.04 ± 0.32 2.02 ± 0.54 .8052
D3/Weight, mean ± SD 1.34 ± 0.24 1.19 ± 0.28 .0109
D4/Weight, mean ± SD 1.09 ± 0.23 0.85 ± 0.23 <.001
D4/Weight > 1, n (%) 28 (65) 10 (23) <.001
D3/BSA, mean ± SD 19.95 ± 3.15 17.42 ± 3.24 .0004
D4/BSA, mean ± SD 16.17 ± 2.97 12.43 ± 2.89 <.001
BSA: Body Surface Area; CSAi: Carotid – Subclavian Artery index; LCA: Left Common Carotid Artery; LSA: Left Subclavian Artery; D1,
D2, D3, D4 diameters as reported in Figure 1. Bold values denote statistical significance at the p < .05 level.
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exclusively on echocardiography. This noninvasive
assessment of aortic narrowing and flow measure-
ment, with determination of instant gradient over the
coarctation has become the gold standard but it still
exhibits some limits, especially in neonatal period,

Table 4. Univariate regression Analysis for CoA.
OR 95% CI p AUC

Bicuspid AV 9.12 3.019�27.541 <.0001 0.7146
VSD 7.6 2.519�22.921 <.001 0.6919
D3 0.212 0.091�0.496 <.001 0.7497
D4 0.06 0.0185�0.1954 <.001 0.8753
D4/Sinuses 0.856 0.793�0.926 <.001 0.8030
D4/D1> 50% 0.174 0.0682�0.445 <.001 0.7003
D3/Weight 0.107 0.017�0.664 .016 0.6637
D4/Weight 0.009 0.001�0.103 <.001 0.8009
D4/Weight >1 0.1575 0.061�0.404 <.001 0.7119
D3/BSA 0.745 0.648–0.903 .002 0.7013
D4/BSA 0.625 0.502–0.779 <.001 0.8528
LCA-LSA distance 1.485 1.178�1.872 .001 0.7228
CSAi 0.128 0.041�0.404 <.001 0.7944
LCA/D3 57.646 3.790�876.712 0.004 0.6773

AUC: Area Under Curve; AV: Aortic Valve; CI: Confidence Interval; CSAi: Carotid – Subclavian Artery Index; LCA: Left
Common Carotid Artery; LSA: Left Subclavian Artery; OR: Odds Ratio; VSD: Ventricular Septal Defect. D1, D2, D3, D4 diame-
ters as reported in Figure 1.

Figure 2. Area under ROC curve for CoMOD.

Table 5. Multivariable logistic model estimating the probabil-
ity to develop CoA.

OR 95% CI p

Bicuspid AV 4.259 1.008�17.998 .049
VSD 6.713 1.449�31.077 .015
D3 4.259 0.069�0.769 .016
D4 0.961 0.026�0.354 <.001
LCA-LSA Distance 1.443 1.058�1.969 .021

AV: Aortic Valve; CI: Confidence Interval; LCA: Left Common Carotid
Artery; LSA: Left Subclavian Artery; OR: Odds Ratio; VSD: Ventricular
Septal Defect. D3, D4 diameters as reported in Figure 1.

Figure 3. Box Plot of CoA and No CoA patients distribution
according to CoMOD.
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when ductus arteriosus is patent. In fact, the presence
of PDA may obscure the diagnosis of CoA until it fully
constricts, as aortic flow through the PDA may bypass
the juxtaductal obstruction and supply the lower
body [30].

Numerous previous studies have examined echocar-
diographic findings of patients with a definitive diag-
nosis of CoA and compared them with those subjects
with no evidence of CoA and normal heart, but still,
no definitive parameters allow a certain diagnosis of
CoA prior AD closure.

To our knowledge, this study is the first to use a
logistic regression model to analyze the prognostic
ability of echocardiographic parameters to predict the
development of CoA requiring surgical correction, in
neonates with PDA and prenatal suspicion of this
condition.

Our cohort consisted of term and late pre-term
neonates with an average weight adequate for gesta-
tional age and without adaptation problems to extra-
uterine life. We based our study on previously
published indices and known risk factors associated
with CoA and reached to find out an interesting score
able to help clinicians to be oriented in the diagnosis
and predict the development of the disease.

As attended, BAV and VSD were more frequent in
CoA group, confirming the major prevalence of these
anomalies associated with CoA when compared to the
healthy general population [9,31].

Unexpectedly, bovine arch morphology was signifi-
cantly more present in No CoA group strengthening
the hypotheses of Vigneswaran et al. [32] of the
bovine arch being a confounding factor for CoA suspi-
cion in fetal life. Their hypothesis consisted of the
presence of an underdeveloped distal arch in this
population due to reduced blood flow in utero.

As expected, the dimension of the posterior arch
(D3) and isthmus (D4) and relative z-scores resulted in
significant narrowed in CoA Group, and the LCA-LSA
distance was confirmed to be longer in CoA patients
as previously described [18,21,33]. Nevertheless, the
mean z-score of D3 and D4 resulted superior to �2
SD, bringing into question this threshold as a patho-
logic criterion in CoA and its use in the diagnostic
field.

With regards to aortic arch indexed values, we
noticed some interesting strong differences between
groups. In particular, D4/Weight index and its cutoff
>1 showed a good relation to unobstructed aortic
arches: the higher the value, the less probable the
development of CoA (AUC 0.8009 and 0.7119 for
D4/Weight and D4/Weight >1 respectively). To our
knowledge, it is the first time that D4 (aortic isthmus)
has been related to body weight. This rapid tool could
be employed as the first approximate evaluation of
the aortic arch in newborns. Moreover, based on our
experience, using this ratio could be more helpful in
the arch evaluation than z-score, which we have pro-
ven not to be reliable as an absolute value.

Peng et al. [34] previously showed CSAi to be a
simple and reproducible measure that can identify
neonates at risk for CoA even in the presence of AD.
Despite the high sensitivity and specificity of the CSAi,
they underlined that it should not be applied alone,
but rather in combination with other supportive clin-
ical data before deciding on the need for surgical
intervention.

Soslow et al. fit a regression model comprehensive
of CSAi and LCA/D3 to help identify CoA in neonates
with PDA [22]. When investigated in our population,
and at univariate logistic regression analysis, these
two relations appeared significantly different between
the two groups, with AUC respectively of 0.7944 and
0.6773. In our population, a lower cutoff of CSAi of 0,8
[33] detected 82% of patients with CoA, but still, 28%
of patients in No CoA group were included.

We evaluated the most significant derived parame-
ters (CSAi, LCA/D3, D4/Weight, D4/D1, D4/Sinuses) at
multivariate regression analysis, but we excluded them
from the final regression model because of their loss
of statistical power when compared to integer
parameters.

According to this thought, we decided to include in
the model only linear dimensions and simple anoma-
lies typically associated with the disease object of our
study: D3, D4, LCA-LSA distance, BAV and VSD
presence.

The resulting CoMOD showed good sensitivity
(86.05%) and sensibility (90.9%) in our cohort with a
positive predictive value of 86,9% and a negative pre-
dictive value of 90.2%, when applying a cutoff value
of 0. Therefore, CoMOD allows good risk stratification
in new-borns with prenatal suspicion of CoA in pres-
ence of PDA using five simple echocardiographic
parameters.

Given the dynamic remodeling of aortic isthmus
during ductal closure, close clinical monitoring of

Table 6. Diagnostic accuracy of CoA with CoMOD >0.
CoMOD > 0:

Sensitivity 90.9%
Specificity 86.05%
PPV 86.9%
NPV 90.2%
Correctly classified 88.5%
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impending coarctation is usually recommended in
neonates with prenatal suspicion. Our score, if pro-
spectively validated, may allow better patient stream-
ing, reduce inappropriate neonatal transfer to
intensive pediatric cardiology units, enhance costs
containment, reduce family stress and improve
mother-infant bonding and breastfeeding.

Study limitations

CoMOD was created from a retrospective cohort and
it needs to be validated prospectively. Both cohorts
were relatively small and further validations on a
larger patient population are necessary. Our cohort
consisted of new-borns with prenatal suspicion of CoA
and didn’t include pair-matched normal controls.

Dynamic evaluations such as isthmal and ductal
flow patterns were not studied as they were not
recoverable for all exams.

Conclusions

CoMOD is a new model derived from a retrospective
observation of new-borns with prenatal suspicion of
CoA and PDA. A CoMOD > 0 predicts the onset of
CoA needing neonatal surgery with good sensitivity
and specificity employing 5 simple echocardiographic
items (D3, D4, BAV, VSD, LCA-LSA distance). If the
good reliability of CoMOD will be confirmed, it could
help identify neonates with a high risk of CoA, who
need to be observed in an intensive way versus
patients at low risk of CoA, who can be early dis-
charged or hospitalized in non-intensive settings,
reducing family stress, healthcare-related costs and
improving mother-infant bonding and breastfeeding
in this group of patients.

More rapid tools for a gross evaluation of the
adequacy of D4 in presence of PDA are: D4/Weight
>1, D4/D1> 50%, CSAi >0.8. This is the first time to
our knowledge that the aortic isthmus diameter is dir-
ectly related to body weight.

BAV and VSD are more frequent in patients with
CoA, while the common origin of IA and LCA could be
a confounding factor in fetal life, being more common
in patients not developing CoA.

To conclude, Aortic Coarctation remains an insidi-
ous entity to be detected, both in the antenatal and
post-natal period. Further studies are needed, but our
index CoMOD could be a useful tool in association
with clinical assessment to guide the management of
these patients in the neonatal period.
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