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Abstract

Background: From its first reported use in 2002, the efficiency of 
pulse oximetry (POX) screening in detecting critical and severe congenital 
heart disease (c/s-CHD) in term neonates in early days after delivery has 
been proved by numerous studies. It is low-cost, non-invasive, easy to use, 
repeatable, time-saving, applicable by even less-skilled nursing staff, proven 
to have excellent sensitivity and high specificity. When used in addition to 
the initial physician’s examination before dismissing a newborn home, this 
postnatal test can increase the clinical accuracy of detecting c/s-CHD. In this 
sense, it must be used as an early detecting screening test. Its use is more 
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important during the period in which the patent 
ductus arteriosus (PDA) conceals the signs and 
symptoms of low cardiac output syndrome (LCOs) 
or severe cyanosis that will lead to notably hypoxia 
and acidosis. These free-of-symptoms babies that 
leave maternity units although critically ill, as 
well as those that are born at home and assessed 
by primary care, will benefit the most through a 
compulsory use of this test. Despite the benefits, it 
has failed to become a universal screening test for 
early detection of c/s-CHD, especially in Europe.

Aim: To discuss the existing evidence on safe, 
effective, and efficient screening, using POX in 
combination with initial pre-discharge physical 
examination at the end of its stay under maternity 
services, including births out of medical facilities, 
for every term baby as a compulsory health 
screening test in Greece. 

Methods: The authors, members of the 
Hellenic Society of Perinatal Medicine (HSPM), 
reviewed the existing up-to-date literature and the 
trend of using this test worldwide and especially 
in European countries. They also consulted with 
pioneers and experts in the field.

Results: Based on published data, the authors 
clarify existing policies of using POX and initial 
clinical assessment, aiming to a standardized 
approach of screening and diagnostic follow-up, 
when needed. Key issues for future research and 
evaluation were identified and addressed.

Conclusions: The authors clarify existing 
policies in the use of POX, aiming to suggest 
the most appropriate way of using the test for 
compulsory screening term newborns during 
the early neonatal period in Greece. Special 
conditions of screening are being discussed. Public 
health organizations and private health agencies 
will have an important role in quality assurance 
and surveillance of this screening test aiming to 
significantly reduce morbidity and mortality from 
c/s-CHD in Greece.
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Introduction

Congenital heart diseases (CHD) are among 
the most common malformations. The average 
prevalence reported as 1/100 live births of the 
general population [1, 2] has increased, reaching 
1.2/100 live births or even higher [3, 4]. This 
prevalence increases up to 2/100 live births when 
considering also bicuspid aortic valve among CHD. 
CHD present in any age group with a variety of 
symptoms and signs [2]. They carry a high mortality 
and morbidity rate [2]. Their treatment combines 
medicine, interventional and surgical procedures [2]. 
In complex and severe forms, treatment must start in 
the neonatal period. It can be extremely complicated, 
chronic, expensive, and not applicable in many 
low-middle income countries [2-6]. A specific type 
of them, known in the literature as “critical CHD” 
(c-CHD), are defined as cardiac lesions that require 
surgery or cardiac catheterization within the first 
month of life to prevent death or severe end-organ 
damage [1, 5-6]. Next to them, another subcategory, 
called “severe CHD” (s-CHD), are non-cyanotic, 
mostly severe forms of left-sided heart obstruction 
(LSHO’s) diseases that will soon present with low 
cardiac output syndrome (LCOs) (Tab. 1). These 
seriously ill babies that in many cases can be seen 
clinically as “well term babies” are raffle estimated 
as 25-30% of all CHD [3-7]. Although infant 
mortality has decreased over the past three decades 
in all forms of CHD, many are still diagnosed too 
late to avoid significant morbidity and death [5-
7]. Delayed diagnosis of c/s-CHD is unfortunately 
too common. Up to 25% of infants suffering from 
CHD are missed diagnosed as newborns when the 
identification of CHD is based on clinical assessment 
even in clinics where prenatal echocardiography 
(echo-2D) is offered as a routine [8-11].

Since its first application in the early 1980s [7, 
12], fetal echo-2D screening has been used as a 
universal detecting test. It has failed to diagnose 
all CHD prenatally. This screening method is still 
limited worldwide due to its cost and the need for 
specifically trained physicians to deliver it [2-3, 5]. 
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A recent study shows that, despite the technological 
advances and continuous training of sonographers 
and physicians in the last 40 years, the rate of prenatal 
detection of c/s-CHD increased from 44% in 2007 to 
69% in 2013 [6, 12]. All these facts point to the need 
for preventive measures or screening tests to detect 
early onset of CHD, mostly the c/s-CHD, as this 
would minimize mortality and morbidity [6, 13-14].

During the past years, several pioneering studies 
around the world have provided compelling evidence 
for the addition of pulse oximetry (POX) to routine 
clinical assessment as a complementary method for 
detection of c/s-CHD [2-6, 13-16]. In 2011, POX 
screening for c-CHD was added to the Recommended 
Uniform Screening Panel by the Health and Human 
Services Secretary in the USA, and since 2014 it has 
been suggested as a mandatory screening test for  
c/s-CHD in China [3, 17]. In Europe, large 
prospective, population-based multicenter studies 
from Norway, Sweden, Germany, the United 
Kingdom, and Poland have confirmed POX accuracy 
as a screening test [18]. In 2012, a large meta-
analysis of 13 high-quality studies comprising nearly 
230,000 infants came to the same conclusion [19]. 
Adding the 139,065 Chinese infants of the prospect 
study by Zhao et al. raises the tested population to at 
least 369,069 neonates in which POX has proven to 
be a reliable screening test [3, 17-19]. 

As stated in Tab. 1, 85% of the c-CHD will 
present with cyanosis. In term babies with no 
additional health issues, this amount is based on the 
anatomy of the defect, the hemoglobin (Hb) of the 
neonate, the resistance of the pulmonary vascular 
bed, the altitude at which the baby is born, and the 
time elapsed since its birth [20]. In 1953 Dr. Virginia 
Apgar firstly published the use of five clinical signs 
(skin color, heart rate, respiratory effort, muscular 
tone, and reflex irritability) to evaluate a newborn’s 
condition at birth. She linked skin color with hypoxia 
in the neonate [21]. This was worldwide adopted in 
1966 as a comprehensive screening test to evaluate 
the need for resuscitation after birth. It has also been 
used as an index of possible neurological sequelae 
that can present because of a long resuscitation 
procedure [21]. To determine whether a neonate 
is pink or blue involves examining the face and 
mucous membranes to detect the presence of central 
cyanosis. However, several factors other than oxygen 
saturation (SatO

2
) can influence the neonate’s color. 

Patient factors as skin thickness and color, perfusion, 
and hemoglobin concentration can influence the 
color. Also, environmental factors such as ambient 
light conditions can influence color perception. 
Therefore, a major limitation of the newborn 
physical examination is the inability of the human 
eye to detect important degrees of cyanosis. The 

Defects Cyanotic Non-
cyanotic Low PI

Pulmonary valve atresia with intact ventricular septum (PAvatr/IVS) Yes
Pulmonary valve atresia with ventricular septal defect (PAvatr + VSD) Yes
Tetralogy of Fallot with moderate and/or severe right ventricular outflow tract stenosis (ToF) Yes
Double outlet right ventricle (DORV) Yes
Persistent truncus arteriosus (TA) Yes +/- Low
Total anomalous pulmonary vein drainage (TAPVD) Yes
Tricuspid valve atresia (Tvatr) Yes
Hypoplastic left heart syndrome (HLHS) Yes
Types of single ventricle physiology (SV) Yes
Transposition of the great arteries (d-TGA) Yes +/- Low
Ebstein Anomaly with moderate and/or severe tricuspid valve regurgitation (Ebst.An) +/- Yes
Moderate and/or severe coarctation of the aorta (CoA) Yes Low
Interrupted aortic arch (IAA) Yes Low
Other complex CHD with low systemic perfusion Yes Low
Moderate/severe aortic valve stenosis (AovS)* Yes Low
Moderate/severe pulmonary valve stenosis (PAvS)* Yes
Complete atrio-ventricular septal defect (c-AVSD)* +/- Yes Low

CHD: congenital heart disease; PI: perfusion index.

Table 1. Critical congenital heart diseases (c-CHD’s) as proposed by defects indicated as core targets by the Newborn 
Screening for Critical Congenital Heart Disease Expert Panel (CDC-AAP) and * defects added by the Neonatal Cardiology 
Study Group of the Italian Society of Neonatology and known as serious CHD’s [5, 7].
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gap between normal oxygen saturation and visible 
cyanosis has been described as the “cyanotic blind 
spot” [22]. So, even the best trained clinical skilled 
person can misjudge a SatO

2
 from its normal value of 

95% and above, to 83% or even less, reaching 78% 
in a neonate with a Hb level of 13.5 g/dL [22]. The 
benefit of the use of POX in the early diagnosis of 
c-CHD’s is linked to early detection of subclinical 
cyanosis. Its use surpasses the so-called “blind spot” 
and delivers an accurate detection of cyanosis, even 
when no additional symptom as tachypnoea or 
tachycardia is present [22]. The reported sensitivity 
and specificity of POX vary according to the 
evaluation timing, adopted cut-off value of SatO

2
, 

use of a single or paired measurement site (post-DA 
[ductus arteriosus] only or pre-DA and post-DA), and 
lesion type [3, 5-7]. However, all previous studies 
described a low sensitivity for LSHO’s, including 
coarctation of the aorta (CoA), interrupted aortic 
arch (IAA), critical aortic valve stenosis (AovS), and 
hypoplastic left heart syndrome (HLHS), as the main 
limitation of POX [3, 4-8, 15-19]. These defects, 
which are known as s-CHD, sum up approximately 
15% of all types of CHD, and are the most frequently 
missed by POX and routine physical examinations 
[3, 5-8]. This can explain an increase of unexpected 
neonatal deaths, in which POX was thought to be 
“normal”. To deal with this, a further evaluation by 
echo-2D will be needed to improve our diagnostic 
rates [3, 5-7].

In 2007 de Granelli et al. suggested that 
peripheral perfusion index (PI) can possibly be an 
additional screening tool for LSHO’s. In neonates, 
PI correlates with other measures of peripheral 
and systemic perfusion obtained via functional 
echocardiography or near-infrared spectroscopy [7, 
23-25]. Although promising, the effectiveness of 
the use of PI added on a screening protocol based 
on POX has not yet been studied prospectively in 
depth [7]. The Italian national study suggests that, 
although the use of PI requires further evaluation in 
populations with higher rates of LSHO’s, its use can 
help to identify cases of CoA, missed by POX and 
clinical evaluation [6, 7].

Further, the larger cohort study by Zhao et al., 
as well as the most recent study by the Neonatal 
Cardiology Study Group of the Italian Society of 
Neonatology, stressed the need for a combined 
POX test with a clinical assessment to improve the 
diagnostic value of c/s-CHD [3, 6-7]. All published 
studies on the use of POX, up to date, have 
documented the ability of the test to detect additional 
pathology. These non-c/s-CHD conditions include a 

non-critical CHD, early-onset neonatal sepsis, other 
infections, persistent pulmonary hypertension of the 
neonates, parenchymal or anatomical pulmonary 
disease, transient tachypnea of the newborn, hypo-
thermia, and hemoglobinopathies [3, 5-8, 14-19, 26-
33]. This additional pathology detected by POX is a 
secondary diagnostic gain in neonatal care. Although 
not the primary targets of c/s-CHD screening, these 
secondary conditions can be detrimental to the 
neonate if not diagnosed and treated in a timely 
manner [6, 7]. 

Finally, POX with or without the addition 
of physician’s examination and with or without 
the addition of PI is universally used in the USA, 
China, and many countries worldwide, many 
also represented in the Association for European 
Paediatric and Congenital Cardiology (AEPC). A 
complete approach based on guidelines setting the 
mandatory use of POX as a screening test towards 
early detection of the c/s-CHD’s has not yet been 
achieved. In addition, for countries or centers that 
can add a PI measure and a physician’s examination, 
this will increase their diagnostic ability significantly 
[3, 7]. The aim of this paper is to clarify the optimal 
use of POX in term neonates.

Position statement of the Hellenic Society of 
Perinatal Medicine (HSPM) on the use of POX

Taking into consideration the existing scientific 
published data, the authors, after consulting with 
pioneers and experts in the field, concluded to 
suggest for Greece to adopt the combination of 
POX + physicians’ evaluation. This combined test 
can serve as an early detection/screening test for  
c/s-CHD and additional pathology that can secondari-
ly surface and can be life-threatening for a neonate.

Important elements of our position are:
A. As normal values for term neonates, we adopt: 

1. pre- and post-DA SatO
2
 measurements equal 

to or over 95%, when measured after the first 
day of life; 

2. pre- and post-DA SatO
2
 measurements equal 

to or over 95% with a difference less than 3% 
in an assessment after the first day of birth 
and as later as possible after birth, based 
on discharge from maternal services. The 
accurate time would be after the fourth day 
of life [3-4, 6, 17]. In home births or early 
discharges from maternity service, the test 
must be applicable as above mentioned and 
delivered by a primary healthcare visitor, 
training to deliver it [6].
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B. A suggested double repeated assessment in 30 
minutes intervals with optimal conditions that 
include no crying, warm limbs and a quite but not 
deeply sleeping baby, to the initial intermediate 
measurements. As those, we are describing 
all cases where the initial measurements are 
between 91-94%, but with a pre-/post-DA 
difference less 3%, as well as those whose initial 
measurements are equal to or over 95%, but 
with a pre-/post-DA difference more than 3%  
[5-6, 18].

C. As a high number of CHD or cyanotic c-CHD 
diseases are mostly presenting early after birth, 
we initiate the measurement of POX at the end 
of the first day, aiming to diagnose a mixed sick 
population of neonates, suffering from severe 
forms of cyanotic c-CHD or s-CHD and non-
cardiac conditions mentioned above. All these 
neonates will benefit from early detection and 
treatment [3, 5-7].

D. As many studies [3, 5, 7, 16-18, 28, 29] have 
shown that the detection rate for non-cyanotic 
c-CHD and s-CHD increases with applying the 
test as late as possible during the first few days 
after birth, an additional screening test is offered 
to all neonates with intermediate measurements. 
This test is delivered at the latest time before 
discharging the neonate and preferably after the 
third day of life [3, 6, 7]. If this cannot be achieved 
as an inpatient, the infant must be followed up 
by primary care. These neonates are those that 
have previously scored pre- and post-DA SatO

2
 

measurements equal to or over 95% with a pre- 
to post-DA difference more than 3%. If the new 
scores are with SatO

2
 measurements equal to or 

over 95% and a pre- to post-DA difference less 
than 3%, they are pronounced to have a negative 
test and are discharged. In any other result with a 
pre- to post-DA difference persisting more than 
3%, they are pronounced positive for the test and 
referred immediately to further investigation and 
potential treatment [6]. 

E. In cases of young infants with persisting inter-
mediate measurements, we suggest that these 
neonates undergo further investigation with 
echo-2D. These cases will also serve as a “study 
population” to specify the appropriate cut-off 
of PI in the setting of s-CHD that presents with 
LCOs.

F. All neonates that test positive are immediately 
referred to higher-level care (Neonatal Intensive 
Care Unit) and an urgent cardiology assessment 
is offered. This will initially combine a clinical 

examination and an echo-2D. It can escalate to a 
cardiac CT or cardiac MRI and even a diagnostic 
cardiac catheterization if this is requested. Based 
on the obtained diagnosis, further treatment and 
follow-up will be offered.

Discussion

Any prevention method used in clinical 
practice ought to deliver specific qualities. It must 
be reliable in detecting a common and/or even 
lethal disease with a high level of sensitivity and 
specificity. It needs to be minimally invasive, easy 
to apply and inexpensive worldwide [32]. The 
diagnostic accuracy attenuates when the number of  
independent preventive testing methods increases 
[6, 32]. Therefore, a combination of the best of 
them is needed [32]. 

The c/s-CHD’s address the need for an early 
detective test. When using the general term 
“c-CHD” we need to take into consideration that 
this term addresses two major entities of CHD. The 
first is the so-called “cyanotic” entity that includes 
different severity of hypoxia, for example Ebstein 
Anomaly with a small intra-atrial communication 
shunting right to left to the extreme form of d-TGA 
with both restrictive foramen ovale (FO) and DA in 
which hypoxia and consequent acidosis is severe and 
will present an early life-threatening condition. The 
second entity is the severe LSHO’s; for example, 
either isolated critical – near-atretic aortic valve 
(Aov) disease or a combination of the valve disease 
with at least moderate CoA – or even multiple 
stenoses as seen in Shon’s complex [20]. In these 
conditions, if additional shunts do not exist mixing 
the two circulations, cyanosis is absent. The major 
clinical presentation would be LCOs that will lead 
to low tissue perfusion and through that therefore 
to acidosis and finally to an amount of peripheral 
hypoxia and a low PI. This creates a difference in 
POX between the so-called pre-DA and post-DA 
measurements. This secondary event has permitted 
the detection of this second entity of the c-CHD, 
called LSHO’s or s-CHD, by POX mostly if the 
test is executed as late as possible, far beyond the 
second day of life of these newborns, when the 
physiological closure of the DA mostly happens 
[3, 5-8, 30-33]. As POX has substituted nowadays 
the so-called “color” index of the Apgar score, it is 
easier to establish the full test [33]. The combination 
of POX and PI and a physician’s assessment, as late 
as possible, before discharging the neonate from the 
maternity facilities, seem to be the best preventive/
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early detective method worldwide nowadays [3, 5-7, 
13-17, 19, 20, 27-33]. A very recent study regarding 
the use of POX as an early detective test for c-CHD 
reported the use of the test in 160 centers in 35 
European countries – members of AEPC. More 
than half of the providers in these centers use POX 
screening for c-CHD (68.1%); however, there is no 
consensus regarding oxygen saturation cut-off level 
and the timing of the measurement. Most responders 
(91.3%) are interested in the implementation of 
European guidelines [34].

We propose a normal value cut-off of SatO
2
 ≥ 

95% achieved by a dual simultaneous measurement 
[3, 6-8, 18, 19, 23, 27-29]. The optimal time to 
apply the test would be after the first day of life, and 
to be more beneficial it must be repeated as late as 
possible before discharge from maternal facilities 
for the neonates with intermediate measurements 
persisting after the third day of life. Additionally, a 
physician’s assessment will complete the screening.

These proposed guidelines can be adjusted to the 
specific Health Care Systems of different European 
nations, taking into consideration that by applying 
the test after the first day of life the accuracy of 
detecting non-cardiac early neonatal nosology and 
cyanotic c-CHD increases significantly [3, 5-8, 27-
31, 33]. A further application of the combined POX 
+ PI as late as possible and preferably after the 72 
hours from birth [3, 7] increases the detection rate 
of non-cyanotic CHD and other s-CHD [7].

Two issues that need to be addressed are the 
increasing numbers of deliveries out of maternity 
facilities and deliveries that take place in locations 
with high altitudes. Today screening protocols for 
c-CHD have been published in the Netherlands and 
the USA, addressing these issues [5, 35]. Recent 
studies conclude that POX screening for c/s-CHD 
is feasible after home births and incredibly early 
discharge from the hospital. Important neonatal 
pathology can be detected at an early stage, 
potentially increasing the safety of home births and 
early discharge policy [5, 35]. Due to the lower 
partial pressure of oxygen, neonates at a higher 
altitude typically have a lower SatO

2
 according 

to POX than those at sea level [5, 33, 36]. This 
difference has important implications for c-CHD 
screening, particularly in settings with altitudes 
over 2,250 m [37].

Finally, studies that have estimated the cost for 
POX are based both on equipment use and time 
required. In the USA, the cost estimation ranges 
from approximately $5 to $14 per infant screened, 
with an estimated cost of $40,385 per life-year 

potentially gained through screening. This estimate 
does not include potential life-years gained 
through the diagnosis of secondary conditions; the 
estimated cost per life-year gained will be lower if 
these cases were included. Time and motion studies 
have revealed that point-of-care screening incurs 
approximately 3.5 to 9 minutes per infant [5]. 
Opportunities to reduce costs include using reusable 
pulse oximetry sensors instead of disposable, 
single-use sensors. More comprehensive cost-
effectiveness analyses will become feasible as 
more detailed data collection is implemented by 
each individual country, including analyses of costs 
or savings for a neonate suffering from c-CHD by 
screening and comparing the total costs of human 
life and subsequent offered treatment for cardiac 
and non-cardiac morbidity [5].

Limitations still exist regarding the optimal 
PI [7], applying the combined POX + PI test and 
the basic training that is needed by a physician to 
detect at a higher possible rate c/s-CHD and other 
above-mentioned early neonatal morbidities. As 
future data from public health agencies will be 
known and used in clinical practice, we will be able 
to improve the use of this screening test. Until then, 
these proposed strategies wish to contribute as an 
easy-to-apply screening/early detecting test, in 
both in- and out-of-hospital facilities in minimizing 
the burden of CHD worldwide.

Conclusions

Since the “Holy Grail” of CHD prevention/
early detection has not yet been found and patient 
numbers in the less privileged countries suffering 
from CHD are vastly increasing [2-4], a prevention/
early detection strategy is needed. Additional to 
avoiding the teratogenic elements or conditions 
leading to CHD’s, promoting a healthy pregnancy, 
and offering under indications fetal cardiac 
consultations [6], POX combined with clinical 
assessment (with an accurate PI in the future) is 
a feasible and reliable postnatal early detection 
screening test [3, 5-8, 17-19, 33]. This simple, low-
cost, non-invasive and accurate method must be 
used as a worldwide screening test for c/s-CHD and 
additional specific early neonatal morbidity.

Although it has been adopted in many healthcare 
facilities around the world, we still lack a consensus 
on its use in Greece and Europe. To achieve this, 
specific guidelines are needed to unify its use. The 
essence of this paper is to contribute to this noble 
goal.
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AEPC: Association for European Paediatric and Congenital Cardiology

Aov: aortic valve

AovS: aortic valve stenosis 

c-CHD: critical CHD

c/s-CHD: critical and severe CHD

CHD: congenital heart diseases

CoA: coarctation of the aorta

d-TGA: d-transposition of the great arteries

DA: ductus arteriosus

DORV: double outlet right ventricle

echo-2D: echocardiography

FO: foramen ovale

Hb: hemoglobin

HLHS: hypoplastic left heart syndrome

HSPM: Hellenic Society of Perinatal Medicine

IAA: interrupted aortic arch

LCOs: low cardiac output syndrome

LSHO’s: left-sided heart obstructions

PAvatr + IVS: pulmonary valve atresia with intact interventricular septum

PDA: patent ductus arteriosus

PI: perfusion index

POX: pulse oximetry

Prevention: prevention of cardiovascular diseases 

s-CHD: severe congenital cardiac disease

SatO2
: saturation of oxygen

TA: common truncus arteriosus

TAPVD: total anomalous pulmonary venous drainage

ToF: tetralogy of Fallot

Tvatr: tricuspid valve atresia
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