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The possibility of pulse oximetry screening (POS) for congenital heart defects was first described over 20 years
ago. Since then, an accumulation of research evidence and clinical practice experience has established POS as an
important test to detect critical congenital heart defects (CCHDs). POS meets the criteria for universal screening
and professional bodies around the globe have recommended universal POS. Many countries have already
adopted POS while several others are working towards its implementation. In low and low-middle-income
countries (LLMIC), POS has the additional potential for reducing morbidity and mortality from neonatal

sepsis. This review summarises the evidence for POS and looks at current global uptake and different approaches

to the implementation of POS.

1. Introduction and overview

Congenital hearts defects (CHDs) are the most common group of
congenital malformations and a leading cause of infant death in devel-
oped countries [1]. In 2017, CHDs were responsible for 261,247 deaths
globally, with more than half of these deaths occurring in infants less
than 1 year of age [2].

Critical congenital heart defects (CCHDs) are defined as those defects
that lead to death or require invasive intervention within the first 28
days of life [3] and have an incidence of 2 to 3 per 1000 live births
[1,4,5]. CCHDs include left or right- sided obstructive lesions such as
interrupted aortic arch, critical coarctation of the aorta, critical aortic or
pulmonary stenosis, pulmonary atresia with intact septum, tricuspid
atresia, hypoplastic left heart syndrome or lesions that cause abnormal
drainage and inadequate mixing such as total anomalous pulmonary
venous return and transposition of the great arteries [6]. The obstructive
lesions rely on the presence of a patent ductus arteriosus to maintain
pulmonary or systemic circulation. Lesions with inadequate mixing
sometimes require a balloon atrial septostomy or valvuloplasty soon
after birth [7]. Failure to detect these lesions before closure of the ductus
arteriosus can result in postnatal collapse, shock, acidosis, end organ
damage and sometimes death [3,8,9]. Detection of CCHDs before
decompensation occurs allows prostaglandin infusion to be commenced
to maintain ductal patency and transfer to a cardiac centre for surgical
intervention. However, neonates who undergo operation after cardio-
vascular collapse has already occurred have worse outcomes in terms of
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mortality, length of hospital stay and duration of mechanical ventilation
[3,8,10]. In addition, a further important consequence of haemody-
namic compromise following collapse from undiagnosed CCHDs is
neurological injury. Several studies have reported worse neurological
outcomes in infants when intervention is performed following cardio-
vascular collapse [11-15]. Timely detection is therefore vital to improve
mortality and long-term outcome for babies with CCHDs.

Routine screening for CCHDs is usually by antenatal ultrasound and
postnatal physical examination. Antenatal detection is the preferred
option as this allows optimisation of care in a timely manner, but despite
steady improvement in detection rates, less than half of CCHDs are
diagnosed before birth with wide variation in reported detection rates
depending on population screened, type of defect and examiner exper-
tise [16]. In most developed countries, the antenatal detection rate
varies from 30 to 60% [17,18]. In 2012, The Society of Thoracic Sur-
geons Congenital Heart Surgery Database in United States noted an
average antenatal detection rate of 42% with a variation of 11.8%—
53.4% between different states [16]. Some single centres have reported
higher detection rates following implementation of quality improve-
ment measures and using newer scanning techniques such as outflow
tract imaging and imaging of blood vessels in the upper mediastinum,
however, when applied to larger populations the overall detection rates
remain low [19]. Conditions such as total anomalous pulmonary venous
drainage (TAPVD) and coarctation of aorta remain a challenge to detect
even in the hands of most experienced operators [20]. In the United
Kingdom, mean antenatal detection rate for CHDs has improved from
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28.8% in 2008 to 53.5% in 2017. There are still significant variations
between different regions in England, with lowest reported antenatal
detection rate of 30.2% to highest of 82.5%. [18]

Newborn physical examination relies on the detection of signs of a
heart defect such as murmur, cyanosis and absence of peripheral pulses.
In the immediate neonatal period, presence of patent ductus arteriosus
often masks clinical signs such as cyanosis and weak pulses [21,22]. In
neonates, cyanosis only becomes apparent when the oxygen saturation
falls below 80%, however, those with CCHD often have only a mild
hypoxemia [23]. Heart murmurs are neither sensitive nor specific for the
presence of CHDs [24]. Transitional circulation with high pulmonary
vascular resistance can also lead to a heart murmur. Similarly, small
muscular ventricular septal defects (VSD), which are of no clinical sig-
nificance, often cause a heart murmur [8]. Conversely, a murmur may
be absent in TAPVD or only appear after the pulmonary vascular resis-
tance falls in conditions such as tricuspid atresia with VSD and double
outlet right ventricle [8,24]. No corelation exists between presence of
heart murmur and severity of cardiac condition [25]. Physical exami-
nation is also subject to wide variations, depending on the expertise of
the examiner. Newborn physical examination is often performed by
junior clinicians and studies have noted that physical examination skills
have declined in trainee clinicians. [26-28]. Overall, physical exami-
nation alone fails to identify up to 30% of neonates with a CCHD [3].

2. Pulse oximetry screening (POS) for CCHDs

Pulse oximetry is a simple, non-invasive measure of oxygen satura-
tion. Early proof-of-concept studies showed that infants with CCHD
often have lower oxygen saturation, which doesn't always result in
clinical cyanosis [29,30]. In addition, mild cyanosis is often difficult to
identify clinically, especially in dark-skinned neonates [31]. The use of
POS to identify such babies was further investigated in several large test
accuracy studies [32-37]. A systematic review and meta-analysis pub-
lished in 2012, including over 250,000 screened babies, showed an
overall sensitivity of pulse oximetry for detection of CCHD of 76.5% and
specificity of 99-9% with a false-positive rate of 0-14% and concluded
that POS was a highly specific and moderately sensitive test fulfilling the
criteria for screening test [38]. A further large study from China,
including over 120, 000 screened babies, showed that the addition of
pulse oximetry to clinical assessment increased the sensitivity for
detection of CCCDs to 93-2% [39]. In the subsequent years, further pilot
studies were conducted in Spain, the United Kingdom and Netherlands
[40-43]. In 2018, a Cochrane systematic review analysed data from over
457,202 screened babies from 21 studies replicated the findings of the
previous review reporting a sensitivity of 76.3% a specificity of 99.9%
and a false positive rate of 0.14% [44]. Further investigation of ‘false
positive’ results (i.e., CCHD not present) showed that a significant pro-
portion of these have clinically important non-cardiac conditions, such
as pulmonary disorders and infections. Meberg et al. screened 50,008
neonates with pulse oximetry, 134 (41%) of those that tested positive
had conditions such as pneumonia, sepsis, transient tachypnoea of
newborn (TTN), persistent pulmonary hypertension (PPHN), pneumo-
thorax and meconium aspiration syndrome (MAS) [33]. In a study from
Germany, Riede et al. reported 28 of the 40 (70%) false-positive results
had either PPHN or sepsis [35]. In United Kingdom, Singh et al. screened
25, 859 neonates with POS. Out of 208 positive results, CCHD was
diagnosed in 9 patients, 103 (49.5%) had a respiratory illness such as
congenital pneumonia, meconium aspiration syndrome, TTN requiring
oxygen. 2 babies had culture positive sepsis and 28 babies had evidence
of culture-negative sepsis. 8 neonates had serious congenital heart dis-
ease which did not meet the criteria for CCHD [45]. These findings may
be considered an additional benefit of POS, as many of these conditions
can cause serious illness, including cardiovascular collapse and there-
fore would benefit from early identification and intervention.

The sensitivity and specificity of POS is also affected by the targets
chosen for screening, the timing of screen and the cut-off values of
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oxygen saturation used [46]. POS is highly sensitive for the detection of
CCHDs that lead to hypoxemia, whereas sensitivity is decreased when all
CHDs are taken as a target, as not all CHDs lead to low oxygen satura-
tions. Sensitivity of POS appears highest when screening is done be-
tween 6 and 12 h of birth at the expense of a slightly higher false positive
rate [3]. Delaying screening beyond 24 h reduces the false positive rate,
however, this may miss infants presenting within the first 24 h. More-
over, there is a tendency towards early discharge of otherwise healthy
newborn infants in many countries. For these reasons, an individual
approach based on the perinatal care practices of each country is advised
[47]. As previously stated, when pulse oximetry is added to existing
screening, overall detection of CCHDs increases to 92% [36]. Assuming
a prenatal detection rate of 50% for CCHDs, the addition of POS is likely
to result in the detection of additional 35 neonates with CCHDs per
100,000 live births [36]. When applied to larger populations, this is
likely to result in the detection of a significant number of babies with
CCHD that would otherwise have been missed. The additional benefit of
POS is likely to be greater in areas where antenatal detection rates are
lower.

POS is readily acceptable to parents and widely endorsed by the staff
looking after newborn babies. False-positive results do not appear to
lead to greater parental anxiety, which is consistent with parental
experience from other screening programs such as hearing screening
[37,43,48,49].

3. Global uptake of POS

Switzerland was the first country to have a national recommendation
for POS. The recommendation was put forward by Swiss Societies of
Neonatology and Paediatric Cardiology in 2005 [50].

In the United States (US), POS for CCHDs was added to the recom-
mended uniform screening panel for newborns in 2011 and by July
2018, it was adopted by all US states. A retrospective review of 27
million live births in United States conducted in 2017 showed that state
adoption of POS was associated with a 33% reduction in mortality rates
from CCHDs compared to states where pulse POS had not yet started
[51]. Further studies in US showed that POS is cost effective and is
acceptable to parents [52] and there is no evidence that it resulted in an
increased burden on clinical services [53].

In 2011, The German Society for Paediatric Cardiology supported the
use of POS and formulated guidelines for its implementation in 2013.
The German Society for Neonatology and Paediatric intensive care also
recommended the use of universal POS in 2012 [54] and in 2017, POS
was implemented in routine neonatal care in Germany [54]. In 2014, a
working group of Austrian Society for Pediatrics and Adolescent Medi-
cine recommended POS [55].

The Nordic countries were amongst the first adopters of POS with
over 90% of the births being screened in Sweden, Norway and Finland
by 2014 [56]. The Spanish national neonatal society recommended
universal POS in 2017 [40].

In 2017, a European Pulse Oximetry Screening Workgroup published
their recommendations for the use of POS in neonates for detection of
CCHDs [57]. In the same year, Canadian Cardiovascular Society and
Canadian Pediatric Cardiology Association issued a position statement
endorsing the routine use of POS for detection of CCHDs [58]. Subse-
quent study from the province of Ontario showed that the intervention is
likely to be cost effective [59].

In South America, national recommendations for universal POS are
in place in Brazil and Argentina [60]. In 2017, The Ibero-American
Society of Neonatology issued a consensus statement for adoption of
universal pulse POS in Latin America [61].

In the United Kingdom, the National Screening Committee has
considered POS but recently decided not to introduce universal POS
[62,63]. Despite this, a 2020 survey of the 189 neonatal units in the UK
reported that 96 (51%) were performing routine POS and a further 26
were considering introduction in the near future [64].
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Fig. 1. US algorithm for POS.

In Australia and New Zealand, the implementation of POS has been
on a hospital to hospital and region by region basis [65,66]. A survey of
Neonatal Intensive care units in Australia and New Zealand revealed
that 77% of the neonatal units have implemented POS [65]. A study
funded by Health Research Council of New Zealand has also advocated
nationwide adoption of POS in the country [66].

National recommendation for POS also exists for Ireland, Poland,
Saudi Arabia, Abu Dhabi, Kuwait, Israel, China and Sri Lanka [60].

The majority of the deaths from CHDs occur in LLMICs and the
proportion is also rising in these countries following improvement in the
care of common infectious diseases and malnutrition. While the infant
mortality from CHDs has declined by over 50% in middle, high middle-
and high-income countries, the decline is only 6% in low-income
countries [2]. The World Health Organisation has prioritised reduction
in premature deaths from non-communicable diseases, including CHDs.
It has been argued that significant resources are needed for treatment of
CHD while they still make up a relatively low proportion of disease
burden in low-income countries, however, it has been shown that
development of services for treatment of CHD raises standards of care
across the specialities and improvement in intensive care services
through a ‘towing effect’ [67]. POS is a simple and effective tool for
detection of congenital heart disease and could play an important role in
low-income countries with the potential for a reduction of mortality.
The benefits of POS for detection of CCHDs are greater when the ante-
natal detection rates are low, which is the case with most LLMIC.
Furthermore, the burden of neonatal sepsis is much higher in developing
countries, with neonatal sepsis rates being 1.8 times in middle-income

countries and 3.5 times in low-income countries compared to high-
income countries [68]. Small feasibility studies in LLMIC for detection
of early-onset neonatal sepsis have shown promising results [69,70]. As
POS detects a significant number of neonatal infections, and treatment
of infectious diseases requires relatively fewer resources, POS has the
potential to be an important tool to reduce neonatal morbidity and
mortality in LLMIC.

4. Differences in approach to POS

POS can be undertaken by measuring the post-ductal saturation
alone or by measuring both pre- and post-ductal saturations. The latter
approach takes into account the difference in pre and post ductal satu-
rations, even when both saturations are within the normal limits.
Analysis of raw data from studies has shown that some infants with
CCHDs will be missed when post-ductal saturations alone are used [47].
In coarctation of aorta, there is often a difference between pre and post
ductal saturations, even with otherwise normal saturations. In trans-
position of great arteries (particularly with associated aortic obstruc-
tion), the post-ductal saturation may be normal while pre-ductal
saturations are low [71]. However, post-ductal only screening is rela-
tively simpler and concerns about increasing workload for screeners and
the possibility of misinterpreting the result have led to some countries
recommending post-ductal only screening [54,66].

As previously discussed, the timing of the test also varies with some
algorithms recommending earlier (<24 h) or later (>24 h) screening.
Many newborn infants with transitional circulation in the first few hours
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Fig. 2. UK algorithm for POS.

of life will have some degree of mild hypoxemia that will eventually
resolve without treatment. Thus, earlier POS in the first 24 h of life will
result in more false positive tests.

Based on these considerations, United States adopted a pulse oxim-
etry algorithm (Fig. 1) where screening is performed after 24 h, using
both pre- and post-ductal oxygen saturation [72]. A test is considered as
‘pass’ if both pre and post ductal saturations are above 95% and the
difference between the two is less than 3%. A ‘fail’ test is pre or post
ductal saturation of 89% or less. A retest is advised if the pre or post
ductal saturations are between 90 and 95% or the difference between
the two is 4% or more. The algorithm allows for two more retests at 1 h
interval before referral for clinical assessment.

While earlier screening results in fewer false-positive results, there is
evidence that up to half of the infant with CCHDs would present with
symptoms within the first 24 h of life and over 10% will have a postnatal
collapse [35,56]. Decompensation and acidosis in CCHDs significantly
worsen outcomes and POS is used to identify infants at risk of this [10].
Additionally, early screening is also more likely to detect serious non-
cardiac conditions that require early intervention. [35,47,56]. Peri-
natal care practices also differ between different countries. In many
countries, most otherwise healthy infants would be discharged soon
after birth and there is an increase in the number of home births. POS
would not be feasible in these infants after 24 h without a home visit.

An alternative approach suggested in the UK utilises screening
within 24 h with a slightly different definition of a positive test (Fig. 2)
[36]. In this approach, a positive test is considered a pre or post ductal
saturation of <95% or difference of more than 2% between the two. A
positive test is followed by a clinical assessment. If clinical assessment is
abnormal, admission to the neonatal unit and more detailed assessment
is advised. With normal clinical assessment, a repeat screen is performed
in 1-2 h. Using this approach, the false positive rate was 0.8%, however,
79% of these ‘false positive’ results had significant medical condition.
Only 29% of infants who had a positive test underwent

echocardiography, mainly because an alternative diagnosis was estab-
lished after the initial assessment [45]. Recently, a US expert panel
meeting in 2018 has recommended modifications to this algorithm;
requiring both pre- and post-ductal oxygen saturation of at least 95% for
a ‘pass’ result and including only one repeat screen in case of an inde-
terminate test result [60].

Globally, screening after 24 h is recommended in United States,
Canada, Germany and Austria [54,55,58,72]. Early screening (before 24
h) is being performed or is recommended in United Kingdom, Nordic
countries, Latin America, Saudi Arabia, Spain and Sri Lanka
[36,40,56,61,73,74]. The European consensus statement also recom-
mended screening between 6 and 24 h of life using both pre- and post-
ductal measurements [57,75].

5. Summary

POS is simple, quick, acceptable and effective tool to detect neonatal
hypoxemia. When POS is added to routine screening, the majority of the
neonates with CCHDs will be detected, leading to early intervention and
improved outcomes in these neonates. POS also helps identify several
important non-cardiac neonatal conditions. Routine POS is endorsed by
several neonatal societies and a number of countries have already
adopted POS in their national screening programmes, while many others
have national recommendations in place. There is still debate regarding
the most appropriate screening algorithm and data from national
screening programmes are likely to clarify this. However, the addition of
POS improves detection of CCHD compared to standard screening
regardless of the algorithm used.

References

[1] J.I. Hoffman, S. Kaplan, The incidence of congenital heart disease, J Am Coll
Cardiol 39 (12) (2002) 1890-1900.


http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0005
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0005

A. Abbas and A.K. Ewer

[2]

[3]

[4]

[5

o)

[6]

[7]
[8]

[9

—

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]
[21]

[22]

[23]
[24]

[25]

[26]

[27]

[28]

[29]

M.S. Zimmerman, A.G.C. Smith, C.A. Sable, M.M. Echko, L.B. Wilner, H.E. Olsen, et
al., Global, regional, and national burden of congenital heart disease, 1990-2017: a
systematic analysis for the Global Burden of Disease Study 2017, Lancet Child
Adolesc Heal 4 (3) (2020) 185-200.

A.K. Ewer, A.T. Furmston, L.J. Middleton, J.J. Deeks, J.P. Daniels, H.M. Pattison, et
al., Pulse oximetry as a screening test for congenital heart defects in newborn
infants: a test accuracy study with evaluation of acceptability and cost-
effectiveness, Health Technol Assess 16 (2) (2012) 1-184, v-xiii.

M.K. Bakker, J.E.H. Bergman, S. Krikov, E. Amar, G. Cocchi, J. Cragan, et al.,
Prenatal diagnosis and prevalence of critical congenital heart defects: an
international retrospective cohort study, BMJ Open 9 (7) (2019) (e028139-e).
J.H. Mouledoux, W.F. Walsh, Evaluating the diagnostic gap: statewide incidence of
undiagnosed critical congenital heart disease before newborn screening with pulse
oximetry, Pediatr Cardiol 34 (7) (2013) 1680-1686.

C.T. Mai, T. Riehle-Colarusso, A. O’Halloran, J.D. Cragan, R.S. Olney, A. Lin, et al.,
Selected birth defects data from population-based birth defects surveillance
programs in the United States, 2005-2009: Featuring critical congenital heart
defects targeted for pulse oximetry screening, in: Birth Defects Research Part a:
Clinical and Molecular, John Wiley & Sons, Ltd., Teratology, 2012, pp. 970-983.
C.J. Bruno, T. Havranek, Screening for critical congenital heart disease in
newborns, Adv Pediatr Infect Dis 62 (1) (2015) 211-226.

W.T. Mahle, J.W. Newburger, G.P. Matherne, F.C. Smith, T.R. Hoke, R. Koppel, et
al., Role of pulse oximetry in examining newborns for congenital heart disease: a
scientific statement from the American Heart Association and American Academy
of Pediatrics, Circulation. 120 (5) (2009) 447-458.

Hoffman JIE, It is time for routine neonatal screening by pulse oximetry, in:
Neonatology, Karger Publishers, 2011, pp. 1-9.

K.L. Brown, D.A. Ridout, A. Hoskote, L. Verhulst, M. Ricci, C. Bull, Delayed
Diagnosis of Congenital Heart Disease Worsens Preoperative Condition and
Outcome of Surgery in Neonates, BMJ Publishing Group Ltd., Heart, 2006,

pp. 1298-1302.

Velzen CLv, M.C. Haak, G. Reijnders, M.E.B. Rijlaarsdam, C.J. Bax, E. Pajkrt, et al.,
Prenatal detection of transposition of the great arteries reduces mortality and
morbidity, in: Ultrasound in Obstetrics & Gynecology, John Wiley & Sons, Ltd.,
2015, pp. 320-325.

C. Limperopoulos, A. Majnemer, M.I. Shevell, C. Rohlicek, B. Rosenblatt,

C. Tchervenkov, et al., Predictors of developmental disabilities after open heart
surgery in young children with congenital heart defects, J Pediatr (2002) 51-58.
Elsevier.

W.T. Mahle, F. Tavani, R.A. Zimmerman, S.C. Nicolson, K.K. Galli, J.W. Gaynor, et
al., An MRI study of neurological injury before and after congenital heart surgery,
Circulation. 106 (12 Suppl 1) (2002) 1109-1114.

D. Bonnet, A. Coltri, G. Butera, L. Fermont, J. Le Bidois, J. Kachaner, et al.,
Detection of transposition of the great arteries in fetuses reduces neonatal
morbidity and mortality, Circulation. 99 (7) (1999) 916-918.

D.E. Fixler, P. Xu, W.N. Nembhard, M.K. Ethen, M.A. Canfield, Age at Referral and
Mortality from Critical Congenital Heart Disease, American Academy of Pediatrics,
Pediatrics, 2014, pp. €98-e105.

M.D. Quartermain, S.K. Pasquali, K.D. Hill, D.J. Goldberg, J.C. Huhta, J.P. Jacobs,
et al., Variation in Prenatal Diagnosis of Congenital Heart Disease in Infants,
American Academy of Pediatrics, Pediatrics, 2015, pp. e378-e385.

G. Sharland, Fetal cardiac screening and variation in prenatal detection rates of
congenital heart disease: why bother with screening at all? Futur Cardiol 8 (2)
(2012) 189-202.

National Congenital Heart Disease Audit 2019 summary report (2017/18 data). htt
ps://www.hgip.org.uk/wp-content/uploads/2019/09/Ref-129-Cardiac-NCHDA-
Summary-Report-2019-FINAL.pdf.

S. Corcoran, K. Briggs, O.C. H, S. Mullers, C. Monteith, J. Donnelly, et al., Prenatal
detection of major congenital heart disease - optimising resources to improve
outcomes, Eur J Obstet Gynecol Reprod Biol 203 (2016) 260-263.

L.E. Hunter, A.N. Seale, Educational series in congenital heart disease: prenatal
diagnosis of congenital heart disease, Echo Res Pract 5 (3) (2018) R81-R100.
D.A. Danford, Sorting through the haystack-decision analysis and the search for
heart disease among children with murmur, J Pediatr 141 (4) (2002) 465-467.

1. Griebsch, R.L. Knowles, J. Brown, C. Bull, C. Wren, C.A. Dezateux, Comparing
the clinical and economic effects of clinical examination, pulse oximetry, and
echocardiography in newborn screening for congenital heart defects: a
probabilistic cost-effectiveness model and value of information analysis, Int J
Technol Assess Health Care 23 (2) (2007) 192-204.

M.S. Engel, L.K. Kochilas, Pulse oximetry screening: a review of diagnosing critical
congenital heart disease in newborns, Med Devices (Auckl) 9 (2016) 199-203.

S. Richmond, C. Wren, Early diagnosis of congenital heart disease, in: Seminars in
Neonatology: W.B, Saunders, 2001, pp. 27-35.

C. Wren, S. Richmond, L. Donaldson, Presentation of congenital heart disease in
infancy: implications for routine examination, Arch Dis Child Fetal Neonatal Ed 80
(1) (1999) F49-F53.

S.S. Gidding, P. Anisman, What pediatric residents should learn (or what
pediatricians should know) about congenital heart disease, Pediatr Cardiol 24 (5)
(2003) 418-423.

P.R. Gaskin, S.E. Owens, N.S. Talner, S.P. Sanders, J.S. Li, Clinical auscultation
skills in pediatric residents, Pediatrics. 105 (6) (2000) 1184-1187.

S. Mangione, L.Z. Nieman, Cardiac auscultatory skills of internal medicine and
family practice trainees. A comparison of diagnostic proficiency, Jama. 278 (9)
(1997) 717-722.

S. Richmond, G. Reay, M. Abu Harb, Routine pulse oximetry in the asymptomatic
newborn, Arch Dis Child Fetal Neonatal Ed 87 (2) (2002) F83-F88.

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

Early Human Development xxx (xxxx) Xxxx

R.I. Koppel, C.M. Druschel, T. Carter, B.E. Goldberg, P.N. Mehta, R. Talwar, et al.,
Effectiveness of pulse oximetry screening for congenital heart disease in
asymptomatic newborns, Pediatrics. 111 (3) (2003) 451-455.

C.P.F. O'Donnell, C.O.F. Kamlin, P.G. Davis, J.B. Carlin, C.J. Morley, Clinical
assessment of infant colour at delivery, Arch Dis Child Fetal Neonatal Ed 92 (6)
(2007) F465-F467.

D.M. Sendelbach, G.L. Jackson, S.S. Lai, D.E. Fixler, E.K. Stehel, W.D. Engle, Pulse
oximetry screening at 4 hours of age to detect critical congenital heart defects,
Pediatrics. 122 (4) (2008) e815-e820.

A. Meberg, S. Briigmann-Pieper, R. Due Jr., L. Eskedal, I. Fagerli, T. Farstad, et al.,
First day of life pulse oximetry screening to detect congenital heart defects,

J Pediatr 152 (6) (2008) 761-765.

A. de-Wahl Granelli, M. Wennergren, K. Sandberg, M. Mellander, C. Bejlum,

L. Inganas, et al., Impact of pulse oximetry screening on the detection of duct
dependent congenital heart disease: a Swedish prospective screening study in
39,821 newborns, BMJ. 338 (2009) a3037.

F.T. Riede, C. Worner, 1. Dahnert, A. Mockel, M. Kostelka, P. Schneider,
Effectiveness of neonatal pulse oximetry screening for detection of critical
congenital heart disease in daily clinical routine-results from a prospective
multicenter study, Eur J Pediatr 169 (8) (2010) 975-981.

AK. Ewer, L.J. Middleton, A.T. Furmston, A. Bhoyar, J.P. Daniels,

S. Thangaratinam, et al., Pulse oximetry screening for congenital heart defects in
newborn infants (PulseOx): a test accuracy study, Lancet. 378 (9793) (2011)
785-794.

A. Turska Kmie¢, M.K. Borszewska Kornacka, W. Btaz, W. Kawalec, M. Zuk, Early
screening for critical congenital heart defects in asymptomatic newborns in
Mazovia province: experience of the POLKARD pulse oximetry programme 2006-
2008 in Poland, Kardiol Pol 70 (4) (2012) 370-376.

S. Thangaratinam, K. Brown, J. Zamora, K.S. Khan, A.K. Ewer, Pulse oximetry
screening for critical congenital heart defects in asymptomatic newborn babies: a
systematic review and meta-analysis, Lancet. 379 (9835) (2012) 2459-2464.
Q.M. Zhao, X.J. Ma, X.L. Ge, F. Liu, W.L. Yan, L. Wu, et al., Pulse oximetry with
clinical assessment to screen for congenital heart disease in neonates in China: a
prospective study, Lancet. 384 (9945) (2014) 747-754.

M. Sénchez Luna, A. Pérez Munuzuri, E. Sanz Lopez, J.L. Leante Castellanos,

1. Benavente Fernandez, C.W. Ruiz Campillo, et al., Pulse oximetry screening of
critical congenital heart defects in the neonatal period, in: The Spanish National
Neonatal Society Recommendation, Engl ed. vol. 88(2), An Pediatr, 2018, pp. 112.
el-112.e6.

A.J. Jones, C. Howarth, R. Nicholl, E. Mat-Ali, R. Knowles, The impact and efficacy
of routine pulse oximetry screening for CHD in a local hospital, Cardiol Young 26
(7) (2016) 1397-1405.

J.L. Oakley, N.B. Soni, D. Wilson, S. Sen, Effectiveness of pulse-oximetry in
addition to routine neonatal examination in detection of congenital heart disease in
asymptomatic newborns, J Matern Fetal Neonatal Med 28 (14) (2015) 1736-1739.
1.C. Narayen, N.A. Blom, M.S. Verhart, M. Smit, F. Posthumus, A.J. van den Broek,
et al., Adapted protocol for pulse oximetry screening for congenital heart defects in
a country with homebirths, Eur J Pediatr 174 (1) (2015) 129-132.

M.N. Plana, J. Zamora, G. Suresh, L. Fernandez-Pineda, S. Thangaratinam, A.

K. Ewer, Pulse oximetry screening for critical congenital heart defects, Cochrane
Database Syst Rev 3 (3) (2018), Cd011912.

A. Singh, S.V. Rasiah, A.K. Ewer, The impact of routine predischarge pulse
oximetry screening in a regional neonatal unit, Arch Dis Child Fetal Neonatal Ed 99
(4) (2014) F297-F302.

1.C. Narayen, A.B. Te Pas, N.A. Blom, M.E. van den Akker-van Marle, Cost-
effectiveness analysis of pulse oximetry screening for critical congenital heart
defects following homebirth and early discharge, Eur J Pediatr 178 (1) (2019)
97-103.

AK. Ewer, G.R. Martin, Newborn pulse oximetry screening: which algorithm is
best? Pediatrics 138 (5) (2016), e20161206.

R. Powell, H.M. Pattison, A. Bhoyar, A.T. Furmston, L.J. Middleton, J.P. Daniels, et
al., Pulse oximetry screening for congenital heart defects in newborn infants: an
evaluation of acceptability to mothers, Arch Dis Child Fetal Neonatal Ed 98 (1)
(2013) F59-F63.

A.K. Ewer, Review of pulse oximetry screening for critical congenital heart defects
in newborn infants, in: Current Opinion in Cardiology, 2013, pp. 92-96.

R. Arlettaz, C. De, D. Zurich, Recommandations concernant le screening néonatal
des cardiopathies congénitales, Pediatrica (2005) 38-41.

R. Abouk, S.D. Grosse, E.C. Ailes, M.E. Oster, Association of US state
implementation of newborn screening policies for critical congenital heart disease
with early infant cardiac deaths, JAMA - Journal of the American Medical
Association (2017) 2111-2118.

C. Peterson, S.D. Grosse, M.E. Oster, R.S. Olney, C.H. Cassell, Cost-effectiveness of
routine screening for critical congenital heart disease in US newborns, Pediatrics.
132 (3) (2013) e595-e603.

R. Sakai-Bizmark, H. Kumamaru, E.J. Webber, D. Estevez, L.A. Mena, E.H. Marr, et
al., Effect of newborn screening for critical CHD on healthcare utilisation, Cardiol
Young 30 (8) (2020) 1157-1164.

F.-T. Riede, C. Paech, T. Orlikowsky, Pulse oximetry screening in Germany-
historical aspects and future perspectives, Int J Neonatal Screen 4 (2) (2018) 15.
M. Fritz, P. Fritsch, M. Foramitti, B. Simma, Pulsoxymetriescreening bei
Neugeborenen auf kritische angeborene Herzfehler, Monatsschrift Kinderheilkunde
162 (7) (2014) 638-643.

A. de-Wahl Granelli, A. Meberg, T. Ojala, J. Steensberg, G. Oskarsson,

M. Mellander, Nordic pulse oximetry screening—implementation status and
proposal for uniform guidelines, Acta Paediatr 103 (11) (2014) 1136-1142.


http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0010
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0010
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0010
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0010
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0015
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0015
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0015
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0015
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0020
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0020
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0020
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0025
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0025
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0025
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0030
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0030
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0030
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0030
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0030
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0035
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0035
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0040
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0040
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0040
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0040
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0045
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0045
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0050
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0050
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0050
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0050
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0055
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0055
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0055
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0055
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0060
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0060
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0060
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0060
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0065
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0065
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0065
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0070
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0070
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0070
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0075
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0075
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0075
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0080
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0080
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0080
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0085
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0085
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0085
https://www.hqip.org.uk/wp-content/uploads/2019/09/Ref-129-Cardiac-NCHDA-Summary-Report-2019-FINAL.pdf
https://www.hqip.org.uk/wp-content/uploads/2019/09/Ref-129-Cardiac-NCHDA-Summary-Report-2019-FINAL.pdf
https://www.hqip.org.uk/wp-content/uploads/2019/09/Ref-129-Cardiac-NCHDA-Summary-Report-2019-FINAL.pdf
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0095
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0095
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0095
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0100
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0100
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0105
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0105
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0110
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0110
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0110
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0110
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0110
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0115
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0115
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0120
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0120
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0125
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0125
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0125
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0130
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0130
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0130
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0135
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0135
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0140
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0140
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0140
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0145
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0145
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0150
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0150
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0150
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0155
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0155
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0155
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0160
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0160
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0160
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0165
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0165
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0165
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0170
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0170
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0170
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0170
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0175
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0175
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0175
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0175
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0180
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0180
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0180
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0180
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0185
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0185
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0185
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0185
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0190
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0190
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0190
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0195
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0195
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0195
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0200
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0200
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0200
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0200
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0200
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0205
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0205
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0205
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0210
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0210
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0210
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0215
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0215
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0215
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0220
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0220
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0220
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0225
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0225
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0225
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0230
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0230
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0230
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0230
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0235
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0235
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0240
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0240
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0240
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0240
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0245
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0245
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0250
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0250
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0255
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0255
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0255
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0255
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0260
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0260
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0260
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0265
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0265
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0265
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0270
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0270
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0275
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0275
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0275
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0280
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0280
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0280

A. Abbas and A.K. Ewer

[57]

[58]

[59]

[60]

[61]

[62]

[63]
[64]
[65]

[66]

P. Manzoni, G.R. Martin, M. Sanchez Luna, J. Mestrovic, U. Simeoni,

L. Zimmermann, et al., Pulse oximetry screening for critical congenital heart
defects: a European consensus statement, Lancet Child Adolesc Health 1 (2) (2017)
88-90.

K.K. Wong, A. Fournier, D.S. Fruitman, L. Graves, D.G. Human, M. Narvey, et al.,
Canadian cardiovascular society/Canadian pediatric cardiology association
position statement on pulse oximetry screening in newborns to enhance detection
of critical congenital heart disease, Canadian Journal of Cardiology: Canadian
Cardiovascular Society (2017) 199-208.

A. Mukerji, A. Shafey, A. Jain, E. Cohen, P.S. Shah, B. Sander, et al., Pulse oximetry
screening for critical congenital heart defects in Ontario, Canada: a cost-
effectiveness analysis, Can J Public Health 111 (5) (2020) 804-811.

G.R. Martin, A.K. Ewer, A. Gaviglio, L.A. Hom, A. Saarinen, M. Sontag, et al.,
Updated strategies for pulse oximetry screening for critical congenital heart
disease, Pediatrics. 146 (1) (2020).

A. Sola, S.G. Golombek, Early detection with pulse oximetry of hypoxemic neonatal
conditions. Development of the IX clinical consensus statement of the Ibero-
American Society of Neonatology (SIBEN), Int J Neonatal Screen 4 (1) (2018) 10.
Recommendation to the UK National Screening Committee (UK NSC) for
population screening for critical congenital heart disease and significant non-
cardiac conditions using pulse oximetry screening in addition to current routine
screening https://legacyscreening.phe.org.uk/documents/pulse-oximetry/PO%
20Research%20Review.pdf.

Pulse oximetry screening — saving babies's life. https://www.birmingham.ac.uk/
research/metabolism-systems/pulse-oximetry-screening-saving-babies-lives.aspx.
S. Brown, S. Liyanage, P. Mikrou, A. Singh, A.K. Ewer, Newborn pulse oximetry
screening in the UK: a 2020 survey, Lancet 396 (10255) (2020) 881.

M. Kluckow, Barriers to the implementation of newborn pulse oximetry screening:
a different perspective, Int J Neonatal Screen 4 (1) (2018) 4.

E. Cloete, T.L. Gentles, J.M. Alsweiler, L.A. Dixon, D.R. Webster, D.L. Rowe, et al.,
Should New Zealand introduce nationwide pulse oximetry screening for the

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

Early Human Development xxx (XxXxX) XXX

detection of critical congenital heart disease in newborn infants? N Z Med J 130
(1448) (2017) 64-69.

Jivanji SGM, S. Lubega, B. Reel, S.A. Qureshi, Congenital Heart Disease in East
Africa, Front Pediatr 7 (250) (2019).

C.R. Popescu, Cavanagh MMM, B. Tembo, M. Chiume, N. Lufesi, D.M. Goldfarb, et
al., Neonatal sepsis in low-income countries: epidemiology, diagnosis and
prevention, Expert Rev Anti-Infect Ther 18 (5) (2020) 443-452.

R. Swamy, A. Razak, P. Mohanty, P. Venkatagiri, H. Venkatesh, N.K. Nagesh, et al.,
Pulse oximetry as screening test for early-onset sepsis in newborns in tertiary
hospitals in India, Journal of Neonatology 29 (4) (2015) 1-3.

E.M. King, C. Lieu, A. Kasasa, A.K. Ewer, S. Thangaratinam, Pulse oximetry as a
screening tool to detect hypoxia associated with early-onset sepsis in asymptomatic
newborns: a feasibility study in a low-income country, JAMMR 4 (5) (2013)
1115-1128.

S.H. Yap, N. Anania, E.T. Alboliras, L.D. Lilien, Reversed differential cyanosis in the
newborn: a clinical finding in the supracardiac total anomalous pulmonary venous
connection, Pediatr Cardiol 30 (3) (2009) 359-362.

A.R. Kemper, W.T. Mahle, G.R. Martin, W.C. Cooley, P. Kumar, W.R. Morrow, et
al., Strategies for implementing screening for critical congenital heart disease,
Pediatrics 128 (5) (2011) e1259-e1267.

F. Al Aql, H. Khaleel, V. Peter, Universal Screening for CCHD in Saudi Arabia: The
Road to a ‘State of the Art’ Program, Int J Neonatal Screen 6 (1) (2020) 6-11.
C.R. Gunaratne, I. Hewage, A. Fonseka, S. Thennakoon, Comparison of pulse
oximetry screening versus routine clinical examination in detecting critical
congenital heart disease in newborns, Sri Lanka Journal of Child Health 50 (1)
(2021) 04-11.

A.K. Ewer, A.D. Granelli, P. Manzoni, M. Sanchez Luna, G.R. Martin, Pulse
oximetry screening for congenital heart defects, Lancet 382 (9895) (2013)
856-857.


http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0285
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0285
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0285
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0285
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0290
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0290
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0290
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0290
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0290
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0295
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0295
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0295
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0300
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0300
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0300
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0305
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0305
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0305
https://legacyscreening.phe.org.uk/documents/pulse-oximetry/PO%20Research%20Review.pdf
https://legacyscreening.phe.org.uk/documents/pulse-oximetry/PO%20Research%20Review.pdf
https://www.birmingham.ac.uk/research/metabolism-systems/pulse-oximetry-screening-saving-babies-lives.aspx
https://www.birmingham.ac.uk/research/metabolism-systems/pulse-oximetry-screening-saving-babies-lives.aspx
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0310
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0310
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0315
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0315
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0320
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0320
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0320
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0320
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0325
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0325
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0330
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0330
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0330
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0335
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0335
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0335
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0340
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0340
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0340
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0340
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0345
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0345
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0345
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0350
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0350
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0350
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0355
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0355
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0360
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0360
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0360
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0360
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0365
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0365
http://refhub.elsevier.com/S0378-3782(21)00156-0/rf0365

	New born pulse oximetry screening: A global perspective
	1 Introduction and overview
	2 Pulse oximetry screening (POS) for CCHDs
	3 Global uptake of POS
	4 Differences in approach to POS
	5 Summary
	References





Accessibility Report





		Filename: 

		Reference 1.pdf









		Report created by: 

		



		Organization: 

		







[Enter personal and organization information through the Preferences > Identity dialog.]



Summary



The checker found problems which may prevent the document from being fully accessible.





		Needs manual check: 3



		Passed manually: 0



		Failed manually: 0



		Skipped: 2



		Passed: 24



		Failed: 3







Detailed Report





		Document





		Rule Name		Status		Description



		Accessibility permission flag		Passed		Accessibility permission flag must be set



		Image-only PDF		Passed		Document is not image-only PDF



		Tagged PDF		Passed		Document is tagged PDF



		Logical Reading Order		Needs manual check		Document structure provides a logical reading order



		Primary language		Passed		Text language is specified



		Title		Failed		Document title is showing in title bar



		Bookmarks		Passed		Bookmarks are present in large documents



		Color contrast		Needs manual check		Document has appropriate color contrast



		Page Content





		Rule Name		Status		Description



		Tagged content		Failed		All page content is tagged



		Tagged annotations		Failed		All annotations are tagged



		Tab order		Passed		Tab order is consistent with structure order



		Character encoding		Passed		Reliable character encoding is provided



		Tagged multimedia		Passed		All multimedia objects are tagged



		Screen flicker		Passed		Page will not cause screen flicker



		Scripts		Passed		No inaccessible scripts



		Timed responses		Passed		Page does not require timed responses



		Navigation links		Needs manual check		Navigation links are not repetitive



		Forms





		Rule Name		Status		Description



		Tagged form fields		Passed		All form fields are tagged



		Field descriptions		Passed		All form fields have description



		Alternate Text





		Rule Name		Status		Description



		Figures alternate text		Passed		Figures require alternate text



		Nested alternate text		Passed		Alternate text that will never be read



		Associated with content		Skipped		Alternate text must be associated with some content



		Hides annotation		Passed		Alternate text should not hide annotation



		Other elements alternate text		Skipped		Other elements that require alternate text



		Tables





		Rule Name		Status		Description



		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot



		TH and TD		Passed		TH and TD must be children of TR



		Headers		Passed		Tables should have headers



		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column



		Summary		Passed		Tables must have a summary



		Lists





		Rule Name		Status		Description



		List items		Passed		LI must be a child of L



		Lbl and LBody		Passed		Lbl and LBody must be children of LI



		Headings





		Rule Name		Status		Description



		Appropriate nesting		Passed		Appropriate nesting










Back to Top



