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First Day of Life Pulse Oximetry Screening to Detect Congenital
Heart Defects

ALF MEBERG, PHD, SABINE BRÜGMANN-PIEPER, MD, REIDAR DUE JR, MD, LEIF ESKEDAL, MD, INGEBJØRG FAGERLI, MD,
TERESA FARSTAD, PHD, DAG HELGE FRØISLAND, MD, CATHARINA HOVLAND SANNES, MD, OLE JAKOB JOHANSEN, MD,

JASMINA KELJALIC, MD, TROND MARKESTAD, PHD, EGIL ANDRE NYGAARD, MD, ALET RØSVIK, MD, AND INGER ELISABETH SILBERG, MD

bjective To evaluate the efficacy of first day of life pulse oximetry screening to detect congenital heart defects (CHDs).

tudy design We performed a population-based prospective multicenter study of postductal (foot) arterial oxygen satura-
ion (SpO2) in apparently healthy newborns after transfer from the delivery suite to the nursery. SpO2 < 95% led to further
iagnostic evaluations. Of 57,959 live births, 50,008 (86%) were screened. CHDs were
rospectively registered and diagnosed in 658 newborns (1.1%), of whom 35 (5%) were
lassified as critical (ductus dependent, cyanotic).

esults Of the infants screened, 324 (0.6%) failed the test. Of these, 43 (13%) had
HDs (27 critical), and 134 (41%) had pulmonary diseases or other disorders. The
emaining 147 infants (45%) were healthy with transitional circulation. The median age
or babies with CHDs at failing the test was 6 hours (range, 1-21 hours). For identifying
ritical CHDs, the pulse oximetry screening had a sensitivity rate of 77.1% (95% CI,
9.4-89.0), specificity rate of 99.4% (95% CI, 99.3-99.5), and a false-positive rate of
.6% (95% CI, 0.5-0.7).

onclusions Early pulse oximetry screening promotes early detection of critical
HDs and other potentially severe diseases. The sensitivity rate for detecting critical
HDs is high, and the false-positive rate is low. (J Pediatr 2008;152:761-5)

eemingly healthy newborn babies may be admitted to the nursery with hidden
malformations or unrecognized symptoms of disease. Despite looking pink to
health workers observing them, the babies may have low arterial oxygen saturation,

 sign of disease. Studies have focused on congenital heart defects (CHDs) because a
ubstantial percentage of severe CHDs are missed in the clinical screening of newborns
efore discharge home.1-4 Screening with pulse oximetry has been put forth as a useful
trategy for detecting defects with decreased arterial oxygen saturation (SpO2) before heart
ailure and circulatory collapse develops.5-11 Pulmonary diseases and other disorders may
lso be detected.5 In editorial comments,12,13 metanalyses,14,15 and recent studies,16 the
eed for more extensive studies of the potential benefits of pulse oximetry screening
rograms has been emphasized.

The aim of this study was to evaluate the efficacy of a first day of life pulse oximetry
creening program in detecting disorders with subnormal arterial oxygen saturation, especially
HDs, in apparently healthy babies after transfer from the delivery unit to the nursery.

METHODS
14 Norwegian hospitals with obstetric departments and pediatric services and

eonatal special or intensive care units participated in the study during the years 2005 to
006. These hospitals cover approximately 50% of all deliveries in Norway.

Postductal (probe on the foot) SpO2 was consecutively measured when apparently
ealthy babies were admitted to the nursery from the delivery unit. Babies transferred

See editorial, p 747 and
related article, p 756
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irectly to a special or intensive care unit from the delivery
uite or from the nursery before SpO2 was measured or who
ad CHDs detected prenatally, were not included in the
creening program. The algorithm for actions according to
egistered SpO2 is shown in Figure 1.

The cutoff for SpO2 (�95%) was based on measure-
ents in 1000 consecutively admitted babies showing an

pO2 of 95% to represent the 2.5 percentile for distribution of
he measurements. This cutoff is also chosen in other studies
hat use the same technology in identifying infants with
HDs.5,8,9,11 Further investigations, such as echocardiogra-
hy, radiographic studies, blood samples, and bacterial cul-
ures were performed according to local routines and at the
iscretion of the pediatrician. Infants with SpO2 � 95% on
e-testing who were judged to be healthy and subsequently
ad normal SpO2-measurements, were diagnosed as having a
rolonged transitional circulation.

A pulse oximeter type RAD-5v (Masimo Corporation,
rvine, Calif) with a multi-site reusable sensor (LNOP YI)
as used for the SpO2 measurements. This new generation

echnology secures reliable oxygen saturation values in new-
orn infants, overcoming earlier limitations related to low
erfusion states and motion artifacts.17 The probe was at-
ached for at least 2 minutes, until a stable value was obtained.

CHDs in the populations were registered prospectively,
ntil at least 6 months after the last infants were born.
renatally diagnosed CHDs (routine fetal ultrasound screen-

ng at approximately week 18 of pregnancy) were verified with
arly postnatal echocardiography, invasive procedures, or
oth. Infants with syndromes or chromosomal disorders were
outinely referred for echocardiography, preferentially before
ischarge. The same applied for babies with persistent mur-
urs, cyanosis, or symptoms compatible with heart failure,

ither detected in the routine pediatric examination of babies
n the nursery (undertaken the first or second day after birth)
r after transfer to a neonatal unit. After discharge, infants
ith findings suggestive of heart disease were referred for

ardiologic examinations at the local pediatric department.
ll CHDs were verified with echocardiography. Excluded

rom the series were: 1) children with bicuspid aortic valve
nly (with no aortic stenosis or regurgitation); 2) children
ith cardiac arrythmia only; 3) patent ductus arteriosus in all
reterm infants, and in term infants unless the duct stayed
pen after 6 months of age; and 4) infants with isolated left to

outine clinical examination

SpO2  95%

Call pediatrician

Clinical symptoms

Routine clinical examination

SpO2  95%

Call pediatrician

SpO2 < 95%

Retesting 2-3 hours later

No clinical symptoms

Call midwife

SpO2 < 95%

Postductal SpO2 in nursery

igure 1. Algorithm for pulse oximetry screening of newborn infants in
he nursery.
ight interatrial shunt not present after the age of 6 months. (

62 Meberg et al
The study was approved by the Regional Committee for
edical Research Ethics.

Statistical analyses were performed with the �2 test. A
value � .05 was regarded as significant.

RESULTS
Of 57,959 live births, 50,008 newborns (86%) were

creened. In the first test, 1360 newborns (3%) had SpO2 �
5%. Of these cases, 324 (0.6%) were classified as patholog-
cal, either because of symptoms of disease when first tested
3 CHD, 29 other disorders) or because of persistent SpO2 �
5% when re-tested (292, all perceived as asymptomatic). Of
nfants not passing the screening, 43 (13%) had CHDs (trans-
osition of the great arteries, 11; atrioventricular septal defect,
; ventricular septal defect, 6; total anomalous pulmonary
enous return, 5; coarctation of the aorta, 4; pulmonary atre-
ia, 3; aortic stenosis, 2; pulmonary stenosis, 1; common
rterial truncus, 1; tetralogy of Fallot, 1; single ventricle,
). In 134 cases (41%), other disorders were diagnosed.
he remaining 147 cases (45%) were classified as healthy
ewborns with prolonged transitional circulation. Table I
hows the number and SpO2 values in the different groups
hen failing the test.

In the 43 infants with CHDs who did not pass the pulse
ximetry screening, 40 CHDs (93%) were diagnosed before
he infants were discharged. The median age when a low
pO2 initiated further investigations was 6 hours (range, 1-21
ours). In 39 of 43 babies (91%), the procedures were initi-
ted within 12 hours after birth. Echocardiography was un-
ertaken in 99 of 324 babies (31%) who did not pass the
creening (40/43 [93%] with CHDs and 59/281 [21%] with
ther conditions; P � .0001).

658 cases (1.1%) of CHDs were diagnosed in the
7,959 live-born infants. Of these, 46 cases (7%) were de-
ected prenatally, 40 cases (6%) were detected before dis-
harge with the pulse oximetry screening program, 320 cases

able I. Disorders in newborns who failed the
rst day of life pulse oximetry screening (postductal
pO2 < 95%), n � 324

Condition n

Median
SpO2

(%)

SpO2

range
(%)

SpO2

interquartile
range (%)

ongenital heart defects 43 88 47-94 9.8
neumonia/septicemia 55 90 75-94 8
ransient tachypnoea 54 91 70-94 7
ersistent pulmonary
hypertension

6 83 75-94 15

neumothorax 6 79 70-94 10
mniotic fluid aspiration 5 91 88-93 3.5
iscellaneous* 8 88 72-93 10
ransitional circulation 147 93 82-92 3

Hypoglycemia (3), pulmonary atelectasis (1), polycythemia (1), infantile pulmonary
bromatosis (1), respiratory distress syndrome (1), and cardiomyopathy (1).
49%) were detected with routine clinical examination of a

The Journal of Pediatrics • June 2008
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ediatrician in the nursery, 178 cases (27%) were detected
fter admission to a neonatal special or intensive care unit,
nd 74 cases (11%) were detected during infancy after dis-
harge. In the latter group, 3 patients had SpO2 � 95%, also
hen re-tested, but CHD was not recognized until readmis-

ion with clinical symptoms (heart failure, murmur). Echo-
ardiography had not been performed before discharge. 1 of
hese patients had critical aortic stenosis/coractation of the
orta, 1 patient had total anomalous pulmonary venous re-
urn, and 1 patient had pulmonary stenosis.

In CHDs detected prenatally, 34 of 46 cases (74%) had
pO2 � 95% when tested after transfer to a neonatal intensive
are unit. 5 of the 74 cases of CHD that were detected after
ischarge passed the pulse oximetry screening in the nursery
SpO2 � 95%) but were hypoxic when readmitted (SpO2 �
0%). 2 of these patients had coarctation of the aorta, 1 had
n interrupted aortic arch, 1 had a transposition of the great
rteries with ventricular and atrial septal defects, and 1 had
trioventricular septal defect. No deaths from unrecognized
HD were observed.

Of the 324 patients not passing the screening, 27 (8%)
ere diagnosed with critical CHD (ductus dependent left
entricle outflow obstruction [hypoplastic left heart syn-
rome, severe aortic stenosis, coarctation of the aorta or

nterrupted aortic arch], ductus dependent pulmonary flow
bstruction [tricuspid atresia, pulmonary atresia], or other
omplex CHDs [d-transposition of the great arteries, total
nomalous pulmonary venous return, single ventricle, double
utlet right ventricle, common arterial truncus, Ebstein
nomaly]). Of the 49,684 patients who passed the screening,
(0.2%) had critical CHDs (P � .0001), 4 of which were

etected in the clinical routine examination before discharge.
able II shows the accuracy of pulse oximetry in diagnosing
HDs in total and for the subgroup of critical CHDs and for
ulse oximetry combined with clinical routine examination.

Figure 2 summarizes the main findings in the study. In
he group that did not undergo screening (transferred to a
eonatal special or intensive care unit after birth, including
renatally detected CHDs), 224 of 7,951 babies (3%) had
HDs, compared with 434 of 50,008 apparently healthy
abies (0.9%) screened in the nursery (relative risk, 3.2; 95%

able II. The accuracy of first day of life pulse oxime
ongenital heart defects in apparently healthy babies

Puls

Critical CHD

umber of patients with CHDs detected 27/35
ensitivity rate, % (true-positive rate; 95% CI) 77.1 (59.4-89.0
pecificity, % (95% CI) 99.4 (99.3-99.5
ositive predictive value, % (95% CI) 8.3 (5.7-12.0)
egative predictive value, % (95% CI) 99.98 (99.97-99.

alse-positive rate, % (95% CI) 0.6 (0.5-0.7)
I, 2.8-3.8). In the group that did not pass the screening a

irst Day of Life Pulse Oximetry Screening to Detect Congenital Heart
SpO2 � 95%), 43 of 324 babies (13%) had CHDs, compared
ith 391 of 49,684 babies (0.8%) who passed the screening

relative risk, 16.9; 95% CI, 12.5-22.5).

DISCUSSION
In this large prospective multicenter study, first day

ulse oximetry screening of apparently healthy babies admit-
ed to the nursery alerted the staff to a considerable number of
otentially severe disorders. CHDs and pulmonary diseases
ere the most common conditions detected. Most of the
HDs that were discovered might have been life-threatening

f left undiagnosed. A low SpO2 prompted early cardiologic
xamination. Valuable time thus may have been gained com-
ared with detection with the pediatric routine examination
r from later symptoms recognized clinically, in some infants
robably after discharge from the hospital.

Among infants in need of cardiac surgery before 2
onths of age, Mellander and Sunnegårdh3 found that 4%
ith CHDs with ductus dependent pulmonary circulation

nd 30% with CHDs with ductus dependent systemic circu-
ation were missed and had to be readmitted. An even higher
ercentage (38%) of ductus independent severe CHDs was
ot detected before the infants were discharged. Reinhardt
nd Wren reported that as many as one third of babies with
potentially life-threatening CHD may leave the hospital
ith it undiagnosed.4 Among these are CHDs with critical
bstruction for blood flow to the lungs (eg, atresia of the
ulmonary or tricuspid valves) or systemic circulation (eg,
ypoplastic left heart syndrome, severe aortic stenosis, co-

screening (postductal SpO2 < 95%) for detecting
he nursery (n � 50,008)

imetry
Pulse oximetry � clinical

examination

CHDs in
total Critical CHDs CHDs in total

43/434 31/35 363/434
9.9 (7.3-13.2) 88.6 (72.3-96.3) 83.6 (79.7-86.9)

99.4 (99.3-99.5) 99.4 (99.3-99.5) 99.9 (99.8-99.9)
13.3 (9.9-17.6) 9.6 (6.7-13.4) 83.6 (79.7-86.9)
99.2 (99.1-99.3) 99.99 (99.98-100) 99.86 (99.82-99.89)
0.6 (0.5-0.6) 0.6 (0.5-0.7) 0.1 (0.1-0.2)

Heart defect
(n = 224; 3%)

Not screened
n = 7,951; 14%)

Heart defect
(n = 391; 0.8%)

Normal (SpO2   95%)
(n = 49,684; 99%)

Detected
(n = 40; 93%)

Missed
(n = 3; 7%)

Heart defect
(n = 43; 13%)

Other disorders
(n = 134; 41%)

Transitional circulation
(n = 147; 45%)

Pathological (SpO2 < 95%)
(n = 324; 0.6%)

Screened
(n = 50,008; 86%)

Live births
(n = 57,959)

≥

igure 2. Results of pulse oximetry screening of newborn infants in the
ursery.
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HDs depend on a patent ductus arteriosus for pulmonary
nd systemic perfusion, and severe hypoxia, acidosis, cir-
ulatory collapse, and possibly death will occur when the
rterial duct closes.18 The risk of collapse and death may be
articularly high with today’s common practice of early
ischarge, which may result in ductal closure outside the
ospital.

Despite not passing the pulse oximetry screening, a few
atients had CHDs that were not detected before discharge,
nderscoring that scrupulous diagnostic procedures should be
ndertaken, including extensive use of echocardiography, in
abies with persistent subnormal SpO2.

Some infants who passed the SpO2-screening were
ypoxic when readmitted with CHD. They had large left-to-
ight shunts or left-sided outflow obstructions. Coarctation or
nterruption of the aorta may especially be at risk for being
verlooked,5,14 as was also found in this study.

Fetal ultrasound scanning screening programs improve
etection of complex CHDs.19 However, in routine screening
f large populations, the detection rate may be low.20 This
ay also be the case in our study, although we did not have

ccess to data on pregnancies terminated because of malfor-
ations. However, the high prevalence of CHDs (1.1%) in

he population of live-born infants suggests that few preg-
ancies were terminated because of CHD. When complex
HDs are unrecognized at birth, pulse oximetry screening
ay represent a complementary strategy for early diagnosis

ecause a low SpO2 was found in most cases that were
etected prenatally.

The largest group that did not pass the SpO2 screening
as infants with prolonged transitional circulation. The speed
ith which the physiologically high pulmonary arterial pres-

ure decreases after birth because of decreasing pulmonary
ascular resistance varies considerably in healthy babies.21

hus, a right-to-left or bi-directional shunt through a patent
uctus arteriosus may persist for some hours and cause a
ransiently low postductal SpO2. We have found that the
edian time to reach postductal SpO2 �95% is 20 minutes in

ealthy babies, but has a range of 3 to 90 minutes.22 This is
n accordance with other studies.23-25 To avoid too many
alse-positive results from babies with a prolonged phase of
ransitional circulation, it may be reasonable to perform the
ulse oximetry screening when the baby arrives in the nursery
couple of hours after birth. Then the basic routines in the
elivery room and the first undisturbed period of parent-

nfant attachment have taken place.
In a metanalyses of 8 studies, most with a SpO2 cutoff

95%, Thangaratinam et al15 found pulse oximetry to be a
ighly specific tool in detecting critical CHDs, with very low
alse-positive rates. The mean summary estimates of sensitiv-
ty and specificity rates were 63% and 99.8%, respectively,
ielding a false-positive rate of 0.2%. Our data showed a
omewhat higher sensitivity rate (77%) and a higher false-
ositive rate (0.6%). However, in half the studies in the
etanalyses, the infants were screened 24 hours after birth or
ust before discharge, thus avoiding many of the transitional r

64 Meberg et al
henomena of this study. We suggest, however, that the
otential advantage of early detection of hypoxemic CHDs
nd severe extracardiac disorders with first day testing may
utweigh the disadvantage of a somewhat increased false-
ositive rate.

Shifting the cutoff point of SpO2 from �95% to higher
evels (eg, 96% as used in the study by Koppel et al)7 will
ossibly increase sensitivity, but at the expense of a lower
pecificity. Other studies have indicated that SpO2 � 95% is
n appropriate cutoff in screening for CHDs.11,14,26 Increased
ensitivity may also be obtained by measuring the SpO2 both
reductally and postductally, emphasizing the hand-foot dif-
erence in saturation.26 The simplicity of postductal measure-
ent is, however, an advantage when screening large popu-

ations. Because right-to-left shunting through a patent
uctus arteriosus characterizes the important group of ob-
tructive left heart malformations, of which coarctation of the
orta and interruption of the aortic arch are most likely to
emain undiagnosed at discharge,4 postductal measurements
ay be preferred for screening.

In apparently healthy babies who did not pass the SpO2

creening, the risk for CHD was 17-times higher than that of
he group that passed. However, nearly 60% of all CHDs
ccurred in babies with a normal SpO2 in the nursery. Most
f these acyanotic CHDs were detected at the routine clinical
creening before discharge, underscoring the importance of
his examination. For detecting CHDs in general the sensi-
ivity of pulse oximetry is low, because most CHDs present
ith a normal SpO2. For detecting critical CHDs, however,

he sensitivity is high and further improved when combined
ith clinical routine examination.

Until now pulse oximetry screening has focused on
etecting CHDs. However, in this study, pulmonary diseases
nd other disorders were detected in a substantial number of
ases. Lowest SpO2 values were found with pneumothorax
nd persistent pulmonary hypertension. Although respiratory
istress or depression might have been present from birth, the
ymptoms may have been subtle and first recognized when a
ow SpO2 called attention to the disorder. Detecting such
isorders may be a major added advantage of the screening
rogram, possibly as important as detecting CHDs. The low
ate of babies failing the SpO2 screening, of whom more than
alf had CHDs or extracardiac disorders, indicates that this
rogram does not generate a marked increase in consumption
f healthcare resources.

The sensitivity rate for detecting critical CHDs is
igh, and the false-positive rate low. A confirmed SpO2 �
5% must lead to scrupulous diagnostic investigations.
ome complex CHDs, however, may still be missed. The
ase of performing the pulse oximetry measurements, the
inimal discomfort for the baby, low costs,7 and the sig-

ificance of a low SpO2 in alerting the staff of potentially
evere diseases, are strong arguments for implementing
ulse oximetry screening of newborn babies as a basic

outine in the nursery.

The Journal of Pediatrics • June 2008
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