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Abstract

Neonatal screening for congenital heart defects 
is a standard procedure. However, its low efficiency 
is being questioned particularly due to the robust 
prenatal screening programs. Nevertheless, some 
cardiac defects, e.g. total anomalous pulmonary venous 
return, have a low rate of prenatal diagnosis. In this 
context, pulse oximetry has an important role in its 
diagnosis. We report the clinical case of a neonate with 
a total anomalous pulmonary venous return and normal 
prenatal scans in which the pulse oximetry positively 
contributed to the diagnosis. In eight years of screening 
with pulse oximetry, this was the only case diagnosed 
at our center.
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Introduction

Congenital heart disease is the most common group 
of malformations, accounting for 1% of all congenital 
malformations. Approximately 25% are critical 
congenital heart diseases.1-3 Neonates with critical 
congenital heart diseases, defined as defects requiring 
surgical or catheter-based interventions within the first 
year of life, are at high risk for early mortality.1-4 
The risk especially increases when the diagnosis is 
not established after birth,3,5 but mortality rates show 
extensive variability worldwide depending on many 
factors, e.g. prenatal care, improvements in neonatal 
cardiac surgery, anesthetic technique, and neonatal and 
pediatric intensive care.2 Prenatal detection enables 
adequate prenatal and preoperative planning as well as 
improves surgical outcomes and neonatal mortality and 
morbidity.6-8

In the past, screening for congenital heart defects relied 
on two strategies, prenatal scans and the postnatal 
physical examination. Despite the advances in fetal scans, 
there is a great asymmetry in the sensitivity of this tool 
in the detection of cardiac anomalies between different 
maternity settings.9,10 Studies have shown a prenatal 
critical congenital heart diseases detection rate ranging 
from 2.4% to 54%.9,11,12 This variability has been related 
to the quality of prenatal care, socioeconomic and 
geographical factors as well as defect type.9,11 In general, 
tertiary centers have the highest fetal detection rates. 
Despite this, some critical congenital heart diseases 
are difficult to diagnose prenatally, as coarctation of 
the aorta, transposition of the great arteries, and 
total anomalous pulmonary venous return, which has 
detection rates of less than 10%, regardless of the 
prenatal diagnosis quality.9,11,13 Physical examination fails 
to detect more than 50% of the critical congenital heart 
diseases.14,15 Hypoxia with pulse oximetry > 80% may not 
be noticeable on physical examination, especially in dark 
skin children.2 Pulse oximetry screening is recommended 
in order to increase the detection of major heart defects 
(Table 1) prior to hospital discharge. It is superior to 
physical examination alone and is increasingly being 
implemented worldwide.1,3,16,17 It has a high specificity 
(99.9%) and moderately high sensitivity (75.6%).1

Pulse oximetry screening for critical congenital heart 
diseases has been used routinely in our tertiary center 
since 2011. We report the only true positive case 
in eight years. Some authors have questioned the 
contribution of neonatal screening in tertiary centers 
with high prenatal diagnostic rates. Our case report 
highlights this issue.

Case Report

A female neonate was born from a 26-year-old healthy 
mother at 38 weeks gestation, after a spontaneous 
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vaginal delivery with an Apgar score of 9/10/10. The 
pregnancy was uneventful and the prenatal scans, which 
were performed at our tertiary center, were described 
as normal. There was no family history of consanguinity, 
heart disease, or early deaths. 
The physical examination was normal, and the baby was 
clinically asymptomatic during the entire hospital stay. 
The pulse oximetry performed at 48 hours of life 
revealed a peripheral oxygen saturation of 88% that 
was unresponsive to oxygen therapy. The neonate 
was admitted to our intensive care unit for clinical 
surveillance and cardiac evaluation. Physical examination 
on admission was normal and at room air the pre- and 
post-ductal pulse oximetry were 81%-85% (fraction 
of inspired oxygen, FiO2, 21%), with a pulse oximetry 
differential of 5%.
The echocardiogram revealed dilated right heart cavities, 
a non-obstructed total anomalous pulmonary venous 
return, with a non-restrictive interatrial communication 
(ostium secundum type) with a right-to-left shunt. 
The computed tomography angiography detailed the 
anomalous drainage, namely the superior and inferior 
left pulmonary veins and inferior right pulmonary vein 
draining to the right atrium via a common trunk and the 
superior right pulmonary vein draining to the superior 
vena cava. She awaits surgical correction. 

Discussion

Pulse oximetry screening has been associated with an 
increase in the diagnosis rate of critical congenital heart 
diseases.1,3,4,17 It is a non-invasive test, easy to perform, 
and widely available. In addition to the fetal scanning 
and the standard neonatal clinical examination, it is a 
useful tool to aid in the detection of critical congenital 
heart diseases. 
Several countries have implemented pulse oximetry 
screening in their clinical practice and the true impact 
of the screening has also been studied.18,19 In Portugal, 
pulse oximetry screening is performed in many centers, 
but there are no national guidelines and the impact 
of its use (e.g. algorithms used, true positive rates) is 
unknown.
At our center, over the past eight years, the present case 
has been the only one detected by pulse oximetry. This 
may reflect our relatively high prenatal diagnosis rate 
(68%). As described in the literature, neonatal critical 
congenital heart diseases screening will identify more 
cases in centers where prenatal detection rates are 
lower.9,11 However, some congenital heart defects whose 
prenatal diagnosis can easily be missed, such as total 

anomalous pulmonary venous return, may be detected 
with pulse oximetry, thus avoiding a less favorable 
postnatal course when undiagnosed.9,11,13 

A point of discussion has been the false positive cases 
(0.3%-2%).3,20,21 A positive result in pulse oximetry 
screening leads to an echocardiogram, consuming 
time and resources. However, the costs derived from 
additional medical and surgical care and the reduced 
survival from a late diagnosis is compensatory. It also 
leads to parental anxiety, but a systematic review 
concludes that parents accept the screening rather 
well, even in the presence of a false positive result.22 

At the same time, pulse oximetry screening allows 
the detection of other hypoxemic conditions, such as 
hemoglobin variants as well as respiratory and infectious 
diseases, which would otherwise go undetected after 
physical examination (Table 1).23,24

Although the positive efficiency is not significant, the low 
cost of pulse oximetry counterbalances the high cost, 
both financially and clinically related to undiagnosed 
critical congenital heart diseases. 
In conclusion, the low costs of pulse oximetry screening 
dictate its maintenance in clinical practice, even in 
tertiary centers where the prenatal diagnosis of critical 
congenital heart diseases is standard.

Table 1. Conditions detected through screening for critical 
congenital heart diseases using pulse oximetry

Primary critical congenital heart diseases screening targets

Hypoplastic left heart syndrome 

Pulmonary atresia with intact ventricular septum 

Total anomalous pulmonary venous return

Tetralogy of Fallot 

Transposition of the great arteries 

Tricuspid atresia 

Truncus arteriosus

Secondary critical congenital heart diseases screening targets

Coarctation of the aorta 

Double outlet right ventricle 

Ebstein’s anomaly

Interrupted aortic arch

Other single ventricles

Secondary non-critical congenital heart diseases screening targets

Hemoglobinopathy 

Hypothermia 

Infection/sepsis

Lung disease

Non-critical congenital heart disease

Persistent pulmonary hypertension

Other hypoxemic condition not otherwise specified 
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WHAT THIS CASE REPORT ADDS

• Pulse oximetry screening increases the diagnostic rate of critical 
congenital heart diseases and is cost-effective even in tertiary 
centers with a high prenatal diagnostic rate of cardiac defects. 

• Some critical congenital heart diseases, as total anomalous 
pulmonary venous return and coarctation of the aorta, have a low 
prenatal detection rate, and they might be detected with pulse 
oximetry screening.

• False positive cases can be an advantage, allowing for the 
detection of other diseases, such as infections, respiratory problems, 
and hemoglobin variants, and they are well tolerated by the parents.
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Resumo 
O rastreio de cardiopatias congénitas críticas complementa 
as ecografias fetais e o exame clínico do recém-nascido no 
diagnóstico de algumas anomalias cardíacas congénitas. 
A importância do rastreio em centros terciários, com altas 
taxas de diagnóstico pré-natal de cardiopatias, tem sido 
questionada. No entanto, é também reconhecido que 
algumas anomalias cardíacas, tais como o retorno venoso 
pulmonar anómalo total, apresentam uma baixa taxa de 
diagnóstico pré-natal. O rastreio com oximetria de pulso 

pode conduzir ao diagnóstico. Relatamos um caso clínico 
de retorno venoso pulmonar anómalo total diagnosticado 
após o rastreio positivo das cardiopatias congénitas críticas 
e cujas ecografias obstétricas foram realizadas no nosso 
centro. Em oito anos de rastreio com oximetria de pulso, 
este foi o único caso verdadeiro positivo no nosso centro.
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