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ABSTRACT

Introduction. Critical congenital heart disease
(CCHD) is a term that refers to ductus-dependent
structural anomalies of the heart that may be
fatal or require invasive management in the first
month of life.

Objective. To know the prevalence and
distribution of CCHD among newborns in
Argentina, compared to other countries, and the
proportion of prenatal detection and perinatal
mortality.

Material and methods. Data provided by the
National Network of Congenital Anomalies
(Red Nacional de Anomalias Congénitas de
Argentina, RENAC) for the 2009-2018 period
and by other surveillance systems in the United
States, Europe, and Colombia were used. For
Argentina, the proportion of prenatal detection,
perinatal mortality, and CCHD prevalence in
newborns by jurisdiction and health system
subsector were analyzed.

Results. The prevalence of CCHD was 11.46
(95% confidence interval: 11.02-11.92) every
10 000 births. Prenatal detection was possible in
43.93% of cases, and perinatal mortality was25%.
Tetralogy of Fallot was the most frequent specific
defect. The prevalence of CCHD and percentage
of prenatal detection was significantly lower in
the publicsubsector, whereas perinatal mortality
was higher in this subsector. The prevalence
of CCHD was lower than in the United States
(NBDPN)and European (EUROCAT)registries.
The Bogota Registry showed different specific
prevalence values.

Conclusion. The prevalence of CCHD islower than
what has been observed in other countries, and
even lower in the public sector of Argentina. The
need toimprove prenatal detectionand implement
pulse oximetry among newborns as a mandatory
and universal screening is emphasized.
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INTRODUCTION

Congenital heart disease (CHD)
is in the group of most frequent
congenital anomalies;! given its
severity, it is the leading cause of
death due to congenital anomalies?
and up to 10% of all infant deaths are
attributed to it.?

Critical CHD (CCHD) is a term
that refers to ductus-dependent
structural anomalies of the heart
that may be fatal or require invasive
procedures (cardiac catheterization
or surgery) in the first 28 days of life.?
Most CCHD cases can be treated,
but a poor clinical condition at the
time of surgery increases mortality.”
Early detection is necessary to reduce
morbidity and mortality; to achieve
this objective there are two possible
interventions: prenatal diagnosis and
screening with pulse oximetry.

In 2018, infant mortality in
Argentina was 8.9 every 1,000 livebirths
and congenital anomalies accounted for
28% of these deaths.* In a prior study,
CHD was the leading cause of death
due to congenital anomalies.?

The objectives of this study were to
know the prevalence of CCHD among
newborns reported by the National
Network of Congenital Anomalies
(Red Nacional de Anomalias Congénitas
de Argentina, RENAC)—at a national
level, by jurisdiction and by type of
institution at birth—and the proportion
of cases detected in the prenatal period
and to compare these results to those
reported in other countries.

MATERIAL AND METHODS
Descriptive, cross-sectional study.
Data from the RENAC corresponding
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to the period between 11-01-2009 and 12-31-
2018 were used. RENAC is the national system
of hospital surveillance for major structural
congenital anomalies, which operates since 2009
in maternity hospitals across the 24 jurisdictions
of Argentina. A total of 161 health institutions
are currently part of the RENAC: 135 from the
public subsector and 26 from the private and
health insurance subsector, with a coverage of
approximately 280 000 births per year, which
accounts for 39% of all births in Argentina. The
representatives of RENAC at each facility are
mostly neonatologists who provide a monthly
report to the coordination area following a
standardized methodology. Reports include a
description of cases and a set of variables, as well
as the total number of births in each hospital.®
Each case is coded by the coordination area based
on the International Classification of Diseases,
10t revision (ICD-10) as modified by the Royal
College of Pediatrics and Child Health. The
RENAC includes all livebirths and stillbirths in
whom a congenital anomaly is detected at the
facility until their discharge, death or referral to
the maternity center.

Livebirths and stillbirths with the following
CCHD were selected for this study: hypoplastic
left heart syndrome (Q23.4), coarctation of aorta
(Q25.1), interruption of aortic arch (Q25.2),
tricuspid atresia (Q22.41), pulmonary atresia
with intact ventricular septum (Q22.00), tetralogy
of Fallot (Q21.3), transposition of great arteries
(Q20.3), common arterial trunk (Q20.0), double
outlet right ventricle (DORV) (Q20.1), total
anomalous pulmonary venous return (Q26.2),
Ebstein’s anomaly (Q22.5), and single ventricle
(Q20.4). The prevalence at birth for the country
and by jurisdiction was estimated. Prevalence was
measured as the proportion of cases out of the
total number of births in participating facilities,
with a 95% confidence interval (CI), based on
the Poisson distribution, using the STATA 12®
software.

In addition, the proportion of cases with CCHD
with prenatal detection (PND) was estimated in
the 2013-2018 period because this variable had not
been initially included in the RENAC reports. The
percentage of perinatal deaths was analyzed, which
was calculated as the sum of all stillbirths and
livebirths with CCHD deceased before discharge
out of the total number of CCHD cases.

The trend in the prevalence of CCHD and
PND was assessed with a x2 test for trend, with
an alpha level = 0.05.

The total number of newborns with CCHD per
year in Argentina was estimated extrapolating the
reported prevalence to the total number of births
in Argentina in 2018 as indicated in vital statistics
reports.*

Based on clinical presentation, cases were
classified as follows: a) isolated: if the patient
had one or more CCHDs not associated with any
other major, extracardiac congenital anomaly;
b) multiple: if the patient had one or more CCHDs
associated with any other major, extracardiac
congenital anomaly or known associated
condition (e.g., VACTER sequence) without a
definite etiology, and c) syndromic: if the patient
had one or more CCHDs with a known, genetic
or environmental, etiology.

Results were compared to data from other
systems for the surveillance of congenital
anomalies: the National Birth Defects Prevention
Network (NBDPN),” the European Surveillance
of Congenital Anomalies (EUROCAT),® and the
Bogota Registry of Colombia.” The NBDPN is a
network of USA state registries. The EUROCAT
is the network of European population registries
of congenital anomalies. The Bogotd Registry
uses the case and control methodology based
on 7 hospitals in that city. To compare the data
provided by the RENAC, the NBDPN, the
EUROCAT, and the Bogotd Registry, prevalence
ratios (PRs) were used, estimated as the ratio
between the prevalence of CCHD according to the
RENAC and the prevalence of CCHD according
to the other registries.

RESULTS

During the period between October 2009 and
December 2018, 2 202 994 newborns from the
participating health care facilities were assessed;
2525 cases of CCHD were detected, thus resulting
in a prevalence of 11.46 per 10 000 births (95% CI:
11.02-11.92). Based on such prevalence, the total
number of newborns with CCHD per year in
Argentina was estimated at 775.

Based on the clinical presentation, 1814
(71.84%) corresponded to isolated cases; 519
(20.55%), to multiple cases; and 192 (7.60%) were
part of a syndrome.

The prevalence of CCHD and PND was
significantly lower in the public subsector,
whereas perinatal mortality was slightly higher
in this subsector, but not statistically significant
(Table 1).

No clear trend was observed in the prevalence
of CCHD at birth (2009-2018 period) in both
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subsectors (x?2 test for trend p > 0.05). The trend in
the percentage of PND (2013-2018 period) in both
the public and private and trade union health
insurance subsectors has increased (x2 test for
trend p < 0.05 (Figure 1).

There was heterogeneity among jurisdictions
in terms of prevalence, perinatal mortality, and
the percentage of PND (Table 2).

Tetralogy of Fallot was the most common
specific CCHD. Ebstein’s anomaly was the most
common specific CCHD observed in isolation,
whereas DORV was the CCHD most frequently
associated with a syndrome or multiple anomalies
(Table 3).

The prevalence of CCHD according to the
RENAC was approximately 50% of that observed
in the United States (NBDPN) and Europe
(EUROCAT) (Table 4). In relation to specific

CCHD, they were also all more common in these
registries, except for Ebstein’s anomaly (higher
than in the EUROCAT) and single ventricle (higher
than in the NBDPN). Compared to the Bogotd
Registry, the RENAC showed a significantly higher
prevalence of hypoplastic left heart syndrome and
a significantly lower prevalence of coarctation of
aorta and pulmonary atresia.

DISCUSSION

This study detected a higher prevalence of
CCHD in the health insurance subsector than in
the public one. The percentage of PND of CCHD
was 43.93%, which is lower than that observed in
other countries; in addition, a higher percentage
of PND was recorded in facilities working with
the private and trade union health insurance
subsector.

TABLE 1. Prevalence, prenatal detection, and perinatal deaths due to critical congenital heart disease by subsector (RENAC,

2013-2018)

Subsector Public Private and TU health insurance Total

Prevalence x 10 000 (95% CI) 11.07 16.53 11.46
(10.56-11.61) (14.83-18.38)** (11.02-11.92)

Prenatal detection (%) 39.82 64.91 43.93

Perinatal deaths (%)* 25.15 24.27 25.03

* Stillbirths + live newborns deceased before discharge from maternity center.

** Statistically significant difference (p < 0.05).

RENAC: National Network of Congenital Anomalies; TU: trade union; CI: confidence interval.

FIGURE 1. Prenatal detection of critical congenital heart disease by subsector (2013-2018)
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TABLE 2. Prevalence, perinatal deaths and prenatal detection of critical congenital heart disease by jurisdiction (RENAC,
2009-2018)

Jurisdiction Cases of Births Prevalence x 10 000 Perinatal PND (%)
CCHD (n) (95% CI) deaths (%)
Buenos Aires 790 673 683 11.73 10.92-12.57 21.65 41.09
CABA 474 303 329 15.63 14.25-17.10 23.63 62.28
Catamarca 22 22 478 9.79 6.13-14.82 18.18 5.56
Chaco 48 78 407 6.12 4.51-8.12 27.08 44.12
Chubut 26 26176 9.93 6.49-14.55 11.54 4.00
Cérdoba 174 111 235 15.64 13.40-18.15 22.99 63.76
Corrientes 39 41 090 9.49 6.75-12.98 38.46 11.43
Entre Rios 47 47 855 9.82 7.22-13.06 19.15 13.16
Formosa 12 32732 3.67 1.89-6.40 41.67 33.33
Jujuy 38 52 558 7.23 5.12-9.92 36.84 29.63
La Pampa 18 13 420 13.41 7.95-21.20 22.22 16.67
La Rioja 24 23020 10.43 6.68-15.51 37.50 18.18
Mendoza 101 86 867 11.63 9.47-14.13 14.85 32.94
Misiones 95 95 386 9.96 8.06-12.18 29.47 34.62
Neuquén 38 36 640 10.37 7.34-14.24 34.21 38.89
Rio Negro 21 20234 10.38 6.42-15.86 9.52 31.25
Salta 102 105738 9.65 7.87-11.71 41.18 40.51
San Juan 55 56 245 9.78 7.37-12.73 29.09 23.91
San Luis 23 27 664 8.31 5.27-12.48 34.78 61.11
Santa Cruz 16 11 240 14.23 8.14-23.12 18.75 7.69
Santa Fe 159 148 183 10.73 9.13-12.53 28.3 45.52
Santiago del Estero 40 51 469 7.77 5.55-10.58 425 19.23
Tierra del Fuego 1 9136 12.04 6.01-21.54 0 33.33
Tucuman 152 128 209 11.86 10.05-13.9 28.95 52.59
Total 2525 2202 994 11.46 11.02-11.92 25.03 43.93

RENAC: National Network of Congenital Anomalies; CABA: Autonomous City of Buenos Aires;
CCHD: critical congenital heart disease; PND: prenatal detection; CI: confidence interval.

TaBLE 3. Prevalence, clinical presentation, and prenatal detection of critical congenital heart disease (RENAC, 2009-2018)

Critical congenital No. of Prevalence x 100 000 Clinical presentation (%) % PND*
heart disease cases (95% CI) Isolated Multiple Syndromic
Tetralogy of Fallot 435 19.75 (17.93-21.69) 64.37 22.76 12.87 32.87
Transposition of great vessels 428 19.43 (17.63-21.36) 80.84 14.95 421 28.97
Coarctation of aorta 417 18.93 (17.16-20.84) 70.98 21.34 7.67 26.62
Hypoplastic left heart syndrome 402 18.25 (16.51-20.12) 76.87 17.41 5.72 53.73
Single ventricle 261 11.85 (10.45-13.38) 68.2 24.90 6.90 44.06
Ebstein’s anomaly 136 6.17 (5.18-7.30) 90.44 5.15 4.41 48.53
Double outlet right ventricle 135 6.13 (5.14-7.25) 50.37 35.56 14.07 42.96
Persistent truncus arteriosus 84 3.81 (3.04-4.72) 65.48 25.00 9.52 29.76
Interruption of aortic arch 77 3.50 (2.76-4.37) 66.23 23.38 10.39 27.27
Pulmonary atresia 77 3.50 (2.76-4.37) 85.71 14.29 0 35.06
Tricuspid atresia 75 3.40 (2.68-4.27) 81.33 17.33 1.33 53.33
Aortic stenosis 68 3.09 (2.40-3.91) 77.94 17.65 4.41 32.35
Tricuspid stenosis 52 2.36 (1.76-3.10) 86.54 11.54 1.92 23.08
Total anomalous pulmonary

venous return 49 2.22 (1.65-2.94) 79.59 20.41 0 22.45

* For the estimation of prenatal detection, available data covered the 2013-2018 period.
RENAC: National Network of Congenital Anomalies; PND: prenatal detection; CI: confidence interval.
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The fact that the prevalence of CCHD reported
by the RENAC was lower than in the United States
and European registries, with differences above
50%, may indicate that a relevant proportion of
CCHD cases in newborns remained undetected
by our surveillance system. Ebstein’s anomaly
showed a higher prevalence in the RENAC
than in the European registries. The etiology of
Ebstein’s anomaly is unknown, although it has
been associated with environmental factors.!*?
When comparing the prevalence of specific CCHD
between the RENAC and the Bogotd Registry, no
statistically significant difference was observed in
most heart diseases.

At this point, it is necessary to underscore that
surveillance systems for congenital anomalies of
different parts of the world have varying case
definitions and work methodologies. One of
the most relevant aspects is the age at the time
of detection. Hospital-based systems like the
RENAC and the Bogotd Registry only detect
anomalies at birth, whereas others include cases
detected subsequently, even until 6 years old.
Most systems that are part of the EUROCAT and
the NBDPN also have multiple sources of data,
not only maternity centers, such as children’s
hospitals, specialty offices, etc. The RENAC works
at a national level and has a broad coverage but

TaBLE 4. Prevalence of critical congenital heart disease per 100 000 births according to different registries and comparison

with the RENAC (2009-2018)

Critical RENAC EUROCAT! PR NBDPN: PR  Bogotd, Colombia® PR
congenital Prevalence (%), Prevalence (%), Prevalence (%), Prevalence (%),

heart disease 95% CI 95% CI 95% CI1 95% CI
Coarctation of aorta 18.93 17.16-20.84 34.8 33.6-35.9 1.84* 55.5 53.4-57.5 2.93* 51.839.84-66.62  2.74*
Hypoplastic left

heart syndrome 18.25 16.51-20.12 23.0 22.1-240 1.26* 26.1 24.7-27.5 1.43* 1.7 0.20-6.06 0.09*
Tetralogy of Fallot 19.75 17.93-21.69 31.0 30.0-32.1 1.57* 46 44.2-479  2.33* 18.411.56-27.92 0.93
Transposition of

great vessels 19.43 17.63-21.36 29.3 28.2-30.3 1.51* 38 36.3-39.8 1.96* 14.2 8.30-22.81 0.73
Persistent truncus

arteriosus 3.81 3.04-4.72 6.5 6.0-7.0 1.7* 6.7 6.0-74 1.76* 25 0.52-7.35 0.66
Single ventricle 11.85 10.45-13.38 6.7 6.2-7.2 1.77* 7.9 7.2-88 0.67* 12.57.04-20.74 1.06
Tricuspid stenosis 236 1.76-3.10 55 51-6.0 2.33* NR NR NR NR NR NR
Tricuspid atresia 3.40 2.68-4.27 5.5 5.1-6.0 1.62* 10.1 9.2-11.0 297 NR NR NR
Aortic stenosis 3.09 2.40-3.91 149 14.2-15.7 4.83* NR NR NR NR NR NR
Ebstein’s anomaly 6.17 5.18-7.30 4.2 3.8-46 0.68" 7.9 7287 1.28 NR NR NR
Interruption

of aortic arch 3.50 2.76-4.37 4.2 3.7-4.7 1.2 6.2 5570 1.77* 1.7 0.20-6.06 0.49
Pulmonary atresia 350 2.76-4.37 92 8.6-9.8 263" 14.3 13.3-154  4.09* 15 8.94-23.84  4.29*
Total anomalous pulmonary

venous return 222 1.65-2.94 5.3 49-5.8 2.38* 13.9 12.9-15.0 6.25* 5.8 2.36-12.09 2.61
Double outlet

right ventricle 6.13 5.14-7.25 12.5 11.8-13.3 2.04* 16.9 5.8-18.1 276 NR NR NR
Total heart diseases 109.4 104.8-114.0 201.0 198.2-203.8 1.75* 199.3197.4-201.3 1.74* NR NR NR

RENAC: National Network of Congenital Anomalies; EUROCAT: European Surveillance of Congenital Anomalies;
NBDPN: National Birth Defects Prevention Network; NR: not reported; PR: prevalence ratio (considering the RENAC as reference);

*p<0.05.

EUROCAT (Europe). Prevalence charts and tables. Data for 2010-2017. [Accessed on: July 8", 2021]. Available at: https:/ / eu-rd-
platform.jrc.ec.europa.eu/eurocat/eurocat-data/ prevalence_en

2 Mai CT, Isenburg JL, Canfield MA, Meyer RE, et al. National population-based estimates for major birth defects, 2010-2014.

Birth Defects Res. 2019;111(18):1420-35.

3 Puentes Mahecha SJ, Zarante I, Madariaga I. Programa de vigilancia de malformaciones congénitas en la ciudad de Bogota
D.C.: estadistica anual 2019. [Accessed on: July 8%, 2021]. Available at: http:/ / www.anomaliascongenitas.org/app/webroot/
blog/wp-content/uploads/2020/04 /Informe-Anual-2019.pdf
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records only identifiable congenital anomalies
until discharge from the maternity ward.

Such methodological aspects partially
explain the differences among the registries.
Particularly, newborns with CCHD may not
show clinical manifestations in the first days
of life and therefore, remained undetected by
the surveillance system. In addition, the lower
prevalence is possibly associated with the low
PND observed here.

In our study, the prevalence across
jurisdictions was heterogeneous, which is
probably associated with a dissimilar availability
of pediatric cardiologists and supplementary
diagnostic methods. In turn, in most cases,
CCHD was isolated, which is consistent with
what has been previously reported.! The CCHD
most commonly associated with syndromic
or multiple conditions was DORV, whereas
Ebstein’s anomaly was the most common isolated
CCHD; both outcomes are consistent with the
bibliography.'?'* Syndromic conditions were more
common in conotroncal heart diseases, which
is explained by the association of such heart
diseases with prevalent entities, such as a 22q11
deletion and Down syndrome, among others.!!

In our study, perinatal mortality was 25%.
The mortality reported in other studies varies
based on different aspects: age of patients,
inclusion of highly lethal conditions, countries
with or without legal abortion laws, etc.'*17 A
study conducted in Texas, that excluded highly
lethal syndromic conditions (trisomy 13 and 18),
detected 2360 newborns with CCHD; of these,
13.18% died in the first month of life.'* A study
conducted in Malaysia between 2006 and 2015 in
newborns with CCHD found that 17% died before
undergoing surgery, and at 1 year old, mortality
increased to 34.8%.7

The early detection of CCHD is key to reduce
morbidity and mortality® and may be done in
the antenatal controls or during the newborn
clinical examination. The search for signs such
as murmur and weak pulse is often not done in
the early postnatal period, and the presence of
cyanosis is frequently not detected during clinical
examination.? It has been estimated that up to 30%
of newborns with CCHD are discharged without
being diagnosed;® in this group of patients,
mortality may reach 50%.'® A delayed diagnosis
of CCHD has been associated with a higher
mortality rate.™*

A measure that would allow the early detection
of CCHD is the universal implementation of

a pulse oximetry in newborns before being
discharged from the maternity ward. Currently,
several countries have implemented CCHD
screening using pulse oximetry,?? a test that has
proven to be cost-effective.” The test to detect a
(ductus-dependent) CCHD consists in measuring
preductal saturation (right hand) and postductal
saturation (foot); when compared, a difference in
saturation may be observed in association with
this type of heart disease. Through a simple and
bloodless method, a high rate of asymptomatic
newborns with CCHD may be detected. The
test has shown to be highly specific, moderately
sensitive, and with a low rate of false positive
results.”

Although a well-known recommendation
is to perform a fetal cardiac assessment during
the routine detailed ultrasound done in all
pregnancies between weeks 20 and 24,7 our
study showed that the percentage of PND of
CCHD cases is still low and that there are big
differences between health system sectors. An
improvement in PND would allow to refer
patients to a facility with a higher level of care;
therefore, it is suggested to promote training
among health care providers who perform
ultrasounds in pregnant women so that they are
able to detect CHD.

In Argentina, the problem caused by CHD
morbidity and mortality has been recognized for
some time now.??3! In 2008, the National Heart
Disease Program® was launched for the purpose
of warranting the surgical resolution of children
with CHD across the country. For some time,
Argentine departments of neonatology have
used pulse oximetry as part of the monitoring
of hospitalized newborns.* In turn, the pulse
oximetry as a screening method for all newborns
has been indicated in 2015 as recommendation
of the National Directorate of Maternity and
Childhood of the Ministry of Health.** More
recently, a draft bill was proposed to make a
pulse oximetry mandatory in newborn screening.
However, to date, it has not been made mandatory
in Argentina. Since asymptomatic newborns may
be discharged from the maternity ward without
being diagnosed, the suggestion is to implement
a postnatal pulse oximetry as a mandatory and
universal screening test for all newborns in
Argentina in order to warrant the timely detection
of CCHD and reduce related morbidity and
mortality.

This study poses certain limitations. The
RENAC is not a population registry; therefore,
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the estimated prevalence of CCHD is the result
of a proportion out of the total number of births
occurred in the country (39% of all newborns).
Such percentage of coverage is higher in public
health care facilities than in those working in the
private and health insurance sectors; therefore,
values across the different country jurisdictions
are heterogeneous. Another limitation of this
study was that it did not include CCHD cases
detected after discharge from the maternity ward.

CONCLUSION

When compared to other countries, the
prevalence of CCHD and PND in Argentina
were both low. Given that prenatal and postnatal
detection of CCHD is a major determinant of
health outcomes among affected subjects, these
findings probably account for the high morbidity
and mortality still persistent in this prevalent
group of congenital anomalies. B
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