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Abstract
Delayed diagnosis of critical congenital heart disease (CCHD) 
contributes to increased morbidity and mortality. Pulse oxi-
metry screening method has been evaluated extensively and 
has been found to be an effective complement to prenatal 
ultrasound and physical examination in the detection of CCHD 
in healthy-appearing newborns. In addition to CCHD, pulse 
oximetry screening also detects other significant illnesses such 
as sepsis and pulmonary pathologies that require immediate 
treatment. Factors affecting the accuracy of pulse oximetry 
screening include screening age (before vs after 24 h of age), 
screening site (both pre- and postductal vs postductal alone), 
cut-off criteria, and clinical setting. In this article, various bar-
riers and limitations of pulse oximetry screening are discussed. 
The first-year results of pulse oximetry screening program in the 
setting of good prenatal detection are also presented.
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Introduction
Congenital heart disease (CHD) is one of the 
commonest structural abnormalities found in newborns 
and remains a leading cause of morbidity and mortality. 
The birth prevalence of CHD is estimated to be 9.1 per 
1000 live births with significant geographical differ-
ences. Asia reported the highest prevalence, that is 
9.3 per 1000 live births compared with 8.2 and 6.9 
per 1000 live births in Europe and North America,  
respectively.1

Critical congenital heart disease (CCHD) is a subset 
of CHD that requires invasive intervention or results 
in death within the first month (or first year by some 
definitions) of life. This definition is rather arbitrary 
because some cases of CCHD may be diagnosed or 
require intervention only after the first year. In the liter-
ature, CCHDs have also been categorized as serious and 
life threatening or major CHD. In general, these are 
cardiac defects that are dependent on the ductus arte-
riosus for pulmonary or systemic circulation, or are 
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mixing lesions. CCHD occurs in 1 to 3 per 1000 live 
births, and comprises up to a third of all CHDs.2-5

Timely diagnosis of CCHD contributes favorably to 
morbidity and mortality. Even with diagnostic capa-
bilities improving over time, not all CCHDs can be 
diagnosed prenatally or presymptomatically. Universal 
echocardiographic screening for all newborns is not 
practical or cost-effective.6 In recent years, pulse 
oximetry has been evaluated extensively as a screening 
tool for detecting CCHD and many centers world-
wide have included pulse oximetry in their newborn 
screening programs. 

In this article, we will review the accuracy of pulse 
oximetry screening across various settings and its limi-
tations, as well as report our experience with pulse 
oximetry screening in a tertiary-care hospital setting 
in a developed country with good access to prenatal 
screening.

Magnitude of CCHD
Interestingly, population studies show that later diag-
nosis of CCHD is associated with improved survival. 
This could be explained by the assumption that less 
severe cardiac defects are more likely to present later, 
therefore diagnosed later.2,7 However, it is crucial to 
diagnose and treat CCHD in the presymptomatic 
stage because infants who present with cardiovascular 
compromise due to unrecognized CCHD have worse 
perioperative outcomes, including prolonged ventila-
tion, postoperative mortality, and long-term neurologic 
sequelae.8

Approximately a quarter of all newborns with CCHD 
are diagnosed late or only after hospital discharge and 
5% would have died in the community before diag-
nosis.3,9-12 The overall mortality for the missed cases of 
CCHD has been reported to be 51.3%.13

Ideally, CCHD should be diagnosed prenatally and 
be referred to tertiary-care centers with capabilities 
to manage such conditions. Prenatal detection rate is 
generally 50% to 60%, although there is a wide vari-
ation.14,15 Prenatal detection rate varies with the type 
of defect, with hypoplastic left heart syndrome being 
detected most often (53%–100%), and total anoma-

lous pulmonary venous return having the lowest detec-
tion rate (1%–25%).15,16 Apart from the defect type, 
the diagnostic accuracy of fetal ultrasound screening is 
also influenced by different echo-views used, timing of 
screening during gestation, and risk level.17 Moreover, 
access to prenatal ultrasound screening and availability 
of the technology and personnel with technical skills 
vary worldwide. 

Routine postnatal newborn physical examination may 
not always detect CCHD. The signs of some CCHD 
may not be clinically obvious prior to the closure of the 
ductus arteriosus early in the postnatal period. Cardiac 
murmurs are often not present in CCHD, particularly 
early on. The clinical detection of cyanosis in neonates 
may not always be possible or reliable.18

Pulse oximetry screening has been shown to be effec-
tive in narrowing this diagnostic gap in CCHD. In a 
multicenter study in Germany, 60% of CCHDs were 
diagnosed prenatally, 20% by postnatal physical exam-
ination and clinical observation, and a further 15.6% 
by pulse oximetry screening.14 In a community hospital 
in India where most pregnancies were without prenatal 
follow-up, physical examination detected 11.5% of 
CCHDs, but the majority (84.6%) were detected by 
pulse oximetry screening alone.19 This implies that 
pulse oximetry screening may be even more important 
in settings where periodical prenatal follow-up or fetal 
ultrasound screening is lacking.

Rationale and 
Recommendations for 
Pulse Oximetry Screening
Pulse oximetry screening for CCHD is safe, noninva-
sive, and simple to perform and has been studied exten-
sively across various clinical settings. Many of these 
studies are large population studies and have consist-
ently shown pulse oximetry screening to be beneficial 
and cost-effective in diagnosing CCHD. In 2011, pulse 
oximetry screening was included in the US Recom-
mended Uniform Screening Panel for newborns. 

Pulse oximetry screening helps detect clinically unap-
preciable hypoxia in healthy-appearing newborns. 
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Following 7 specific lesions have been identified as 
primary targets for pulse oximetry screening because 
they are consistently associated with some degree of 
hypoxia in the neonatal period20:

1.  Hypoplastic left heart syndrome

2.  Pulmonary atresia

3.  Tetralogy of fallot

4.  Total anomalous pulmonary venous return

5.  Transposition of the great arteries

6.  Tricuspid atresia

7.  Truncus arteriosus

Other defects that may also cause hypoxia in newborns, 
although not consistently, such as interrupted aortic 
arch, coarctation of aorta, aortic atresia, Ebstein’s 
anomaly, double outlet right ventricle, and single 
ventricle physiology are also considered screenable and 
have been detected through pulse oximetry screening.21 
Defects that do not cause hypoxia in the newborn 
period cannot be detected by pulse oximetry screening. 

Following are some of the recommendations for pulse 
oximetry screening made by the US Secretary of Health 
and Human Services Secretary’s Advisory Committee 
on Heritable Disorders in Newborns and Children in 
collaboration with the American College of Cardiology, 
the American Academy of Pediatrics, and the American 
Heart Association (AHA)22,23:
•	 Screening should be targeted at well-infant and 

intermediate care nurseries where infants may be 
discharged in the first week of life

•	 Use of Food and Drug Administration–approved 
motion-tolerant pulse oximeters that report func-
tional oxygen saturation and are usable in low 
perfusion states, with neonatal sensing probes

•	 Screening age between 24 and 48 hours of life, or 
as late as possible if discharge prior to 24 hours of 
life is planned

•	 Two screening sites comprising the right hand 
(preductal) and one foot (postductal) either in 
parallel or in direct sequence

•	 A “pass” or “negative” screening result refers to 
oxygen saturation ≥ 95% in either extremity with  
≤ 3% absolute difference between the 2 sites

•	 A “fail” or “positive” screening result refers to:
 – Any oxygen saturation < 90%, or
 – Oxygen saturation < 95% in both sites on 3 

measures with 1 hour between each measure, 
or

 – Absolute difference in oxygen saturation > 3% 
between the 2 sites on 3 measures with 1 hour 
between each measure

Accuracy of Pulse 
Oximetry Screening for 
CCHD
A systematic review published in 2012 analyzed data 
from 13 studies with almost 2,30,000 newborns 
reports the sensitivity of pulse oximetry for the detec-
tion of CCHD to be 76.5% and specificity 99.9%, 
with a false positive rate of 0.14%.24 Similar results are 
reported in more recent studies. A Polish study which 
screened 51,698 asymptomatic newborns reports sensi-
tivity of 78.9% and specificity 99.9%, with a false posi-
tive rate of 0.026%.25 The largest single study to date 
from China which screened 120,707 asymptomatic 
newborns reports sensitivity and specificity of 77.4% 
and 97.1%, respectively, with a 0.3% false positive rate. 
When combined with clinical examination, the sensi-
tivity improved to 93.2%.26 This emphasizes the role of 
pulse oximetry screening as a complement to physical 
examination in detecting CCHD postnatally. 

Although some of the false positive cases are due to 
transitional circulation and technical factors such as 
motion artifact, crying infants, acrocyanosis, external 
light source interference, or partial probe detach-
ment, a proportion are infants actually unwell due 
to other diseases (Table).3,4,14,27-29 Between 27% and 
77% of all false positive cases have significant non-
CCHD pathologies requiring immediate treatment or 
follow-up.3,4,14,26,28 In a study conducted in a middle-
income country, all the false positive cases (0.24% of 
the screening cohort) were found to have significant 
illnesses requiring immediate treatment.29
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Table. Significant Non-CCHD Pathologies Detected 
During Pulse Oximetry Screening

Pulmonary Pathologies

Persistent pulmonary hypertension of 
newborn

Congenital pneumonia

Transient tachypnea of newborn

Pneumothorax

Meconium aspiration syndrome

Significant But Noncritical 
Congenital Heart Disease

Complete atrioventricular septal defect

Coronary artery fistula

Ventricular septal defect

Patent ductus arteriosus

Others Sepsis

The detection of these false positive cases allows early 
management to be instituted, prior to the deteriora-
tion of infants’ condition, and therefore they are some-
times regarded as secondary targets of pulse oximetry 
screening. Pulse oximetry should thus be viewed as 
a screening test for ensuring the well-being of the 
newborns before they are discharged home.

When interpreting studies that evaluated the accuracy 
of pulse oximetry screening, it is important to note 
that different centers have adopted different screening 
practices and protocols according to their individual 
settings. Some of these variations include the use of 
different cut-off criteria, age at the time of screening, 
and site of screening (postductal only instead vs pre- 
and postductal measurements).

The largest study from India which screened 19,009 
infants reports similar sensitivity of 84.6% but much 
lower specificity of 68.3%.19 It was noted that a nonmo-
tion–tolerant pulse oximeter was used and a single post-
ductal reading of < 95% was taken as abnormal with no 
repeat testing done. The authors also cited high prev-
alence of infections and respiratory problems in their 
population, along with low prenatal follow-up rates and 
socioeconomic status as contributing reasons for the 
much higher false positive rate of over 30%.

When comparing age at the time of screening, the false 
positive rate was significantly lower at 0.05% when 
screening was done after 24 hours of age compared with 
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0.5% when screening before 24 hours.24 Results from 
more recent large studies are mixed. The Polish study 
with a median screening age of 5 hours reports false 
positive rate of 0.026%, whereas the largest study from 
China that performed screening at a median age of 43 
hours reports false positive rate of 0.3%.25,26 Although 
performing pulse oximetry screening early in the first 
few hours of life is likely to result in more false posi-
tive rates, it helps detect other significant non-CCHD 
pathologies earlier. On the other hand, performing 
pulse oximetry screening after 24 hours may reduce 
false positive rates, but this has to be balanced against 
the risk of some infants with CCHD or other signifi-
cant pathologies deteriorating before screening. This 
is particularly important in settings where the trend is 
toward earlier discharge from hospital after birth.

When comparing pre- and postductal screening with 
postductal measurements alone, there was no signifi-
cant difference in sensitivity or false positive rates in 
the meta-analysis.24 However, the authors comment 
that the studies which used both pre- and postductal 
saturations detected certain defects (eg, interrupted 
aortic arch, coarctation of aorta, hypoplastic left 
heart syndrome, truncus arteriosus), which would not 
have been detected by postductal saturations alone.3,4 
The convenience of a simpler algorithm and shorter 
screening time with only postductal measurement 
needs to be balanced against the possible risk of missing 
certain CCHD.

Screening in Neonatal 
Intensive Care Setting
The use of pulse oximetry screening in neonatal inten-
sive care unit (NICU) also has been evaluated. It has 
been found that screening in NICU is feasible but 
may be associated with high false positive rates.30,31 
Infants in NICU are usually already on continuous 
pulse oximetry monitoring and can have very hetero-
geneous underlying conditions. They remain hospital-
ized for longer and any CCHD would have already 
been either diagnosed or excluded prior to pulse 
oximetry screening. Current evidence suggests that 
there is no significant difference in oxygen saturation 
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between term and preterm infants during screening.30-32 
Taking all these factors into consideration, options for 
screening protocol in NICU have been suggested but 
they need to be tailored to individual clinical settings.33

Screening in Community 
Setting
Pulse screening in infants born outside of hospitals and 
those discharged very early from hospitals has been 
found to be feasible with the availability of healthcare 
home visitors.34,35 Narayen et al34 report that 2 screen-
ings per infant at median ages of 1.8 and 37 hours 
yielded false positive rate of 1% overall. No CCHD was 
detected but important non-CCHD pathologies were 
detected in 62% of the false positive cases.

Screening at High Altitudes
The recommended screening protocols have been estab-
lished using oxygen saturation values at sea level. Infants 
at high altitudes are expected to have low oxygen satu-
ration levels. Wright et al36 report that using sea-level 
screening protocol at an altitude of 1694m resulted in 
significantly high failure rate. Therefore, an alternative 
algorithm needs to be developed for screening at high 
altitudes.23,36

Barriers to Pulse Oximetry 
Screening
The cost of pulse oximetry screening would be a 
concern, particularly in resource-limited settings and 
nontertiary hospitals. The cost of screening includes 
that of the purchase and maintenance of the screening 
equipment, personnel for screening and tracking of 
results, follow-up costs of additional investigations, and 
costs of possible interhospital transfers for test-positive 
cases.

Existing nursing staff can easily be trained to perform 
pulse oximetry screening during routine care giving. 
The average time taken for screening is reported to be 
from 3.5 to 9.1 minutes, mostly around 6 minutes.37-40 
In practice, a positive screen result is not an automatic 
trigger for referral for echocardiogram. It merely indi-

cates that the infant should be observed at a higher level 
nursery, undergo a thorough physical examination, 
and have investigations and treatment targeted at the 
likely cause(s) of hypoxia. Echocardiogram should be 
performed if the suspicion of CCHD is high or if there 
is no alternative explanation for the hypoxia. Singh  
et al28 report only 29% of their test positive cases even-
tually undergoing echocardiogram. de-Wahl Granelli 
et al3 report there were 2.3 normal echocardiograms 
for every true positive case of CCHD detected. The 
acceptance among staff performing screening as well 
as parents has generally been good with no increased 
parental anxiety in cases with false positive results.38,41

A study conducted by de-Wahl Granelli et al3 estimates 
that the introduction of pulse oximetry screening would 
be cost-neutral and would likely be cost-effective in the 
long run. Cost-effectiveness analyses have suggested 
that routine pulse oximetry screening, as an adjunct to 
prenatal screening and physical examination, is likely to 
be cost-effective.38,42

Most studies report missed screens and misinterpre-
tation of screening results also. The interpretation of 
screening results manually based on an algorithm may 
be susceptible to human error. The implementation 
of computer-based flowsheets and interpretation may 
improve accuracy and quality.43,44

Limitations of Pulse 
Oximetry Screening
It is well-established that left heart obstructive lesions 
are the most commonly missed CCHD with or without 
pulse oximetry screening.3,26,28,45 Although data on 
hundreds of thousands of infants who underwent 
screening are available in the literature, the number of 
infants with each individual CCHD screened remains 
relatively small. However, it is evident even from the 
small amount of data that pulse oximetry screening 
does not detect coarctation of aorta/aortic arch inter-
ruption (95% CI [confidence interval]: 24%–50%) and 
tetralogy of fallot (95% CI: 24%–58%) as well as other 
CCHD.46 It has also been found that current pulse 
oximeters may overestimate oxyhemoglobin values, 
thereby contributing to some false negative CCHD 
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screens.47 It is thus important that parents of neonates 
who screen negative are counseled appropriately that 
pulse oximetry screening does not detect all types of 
CCHD and certainly not all CHD.

Most new-generation pulse oximeters are able to 
measure perfusion in addition to oxygen saturation. 
The peripheral perfusion index (PPI) reflects real-time 
changes in peripheral blood flow. Infants with left 
heart obstructive lesions have been found to have PPI 
values less than normal newborns. The odds ratio of 
a PPI value < 0.7 for left heart obstructive disease was 
23.75 (95% CI: 6.36–88.74).48 The addition of PPI 
measurement may be a promising way of improving 
the sensitivity of pulse oximetry screening for left heart 
obstructive lesions. 

Implementation and 
Observation of Pulse 
Oximetry Screening
At KK Women’s and Children’s Hospital, Singapore, 
pulse oximetry screening was implemented in June 
2014. This is a tertiary referral center and has the largest 
perinatal and neonatal unit in the country with 12,000 
deliveries happening annually. In this hospital, asymp-
tomatic infants born in ≥ 35 weeks and weighing ≥ 2 
kg at birth admitted to the well-baby nurseries were 
screened between 22 and 36 hours of age, after which 
most of them were discharged. Screening was repeated 
on the day of discharge if they stayed beyond 48 hours 
of life. Newborns admitted to the NICU and special 
care nursery (SCN) were excluded from the screening 
as they were already on continuous pulse oximeter 
monitoring. 

Motion-tolerant pulse oximeters with reusable probes 
were used, and the screening algorithm recommended 
by AHA (Figure) was adapted to analyze the results. 

In the first year of screening between June 2014 and 
May 2015, 10,295 infants were screened, of whom 
10,133 passed on first screening and 7 passed on repeat 
screening after a “rescreen” result. Protocol violations 
occurred in 16 infants in whom “rescreen” results 
were interpreted as “pass” at the start of the screening 
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program. However, all 16 infants remained well and 
were not diagnosed to have CCHD. Reinforcements 
of the screening algorithm greatly improved adherence. 
The data in 139 infants were missing. No infants failed 
the screening test in the first year. There was 1 infant 
who passed screening but was diagnosed with coarcta-
tion of aorta on physical examination on the same day.

We postulate that no positive cases of CCHD were 
detected on pulse oximetry screening at our center 
because of our effective and accessible prenatal ultra-
sound screening as well as good postnatal care and 
monitoring. The prenatal detection rate of major CHD 
in this hospital has been estimated to be 88.5%.49 All 
high-risk newborns were monitored closely at the nurs-
eries and were transferred to the SCN or NICU if they 
showed signs of being unwell even before they had 
undergone pulse oximetry screening. Johnson et al50 
similarly report no CCHD detection by pulse oximetry 
screening at their tertiary care hospital which had 
prenatal detection rate of 99%.

The false negative rates were not ascertained because of 
lack of data on readmissions, presentation to other insti-
tutions, and death in the community. Moving forward, 
the establishment of a national registry of CCHD 
will provide access to data on diagnosis, therapy, and 
mortality, enabling us to evaluate the impact of pulse 
oximetry screening in Singapore better. 

Figure. Pulse Oximetry Screening Algorithm 

NICU, neonatal intensive care unit; SCN, special care nursery. 

Check SpO2 in right hand (RH) and either foot (F)

Home if otherwise fit
• Inform doctor 
• Admit to SCN/NICU for further evaluation

≥ 95% in both RH and F 
AND 

≤ 3% difference between 
RH and F

≥ 95% in both RH and F 
AND 

≤ 3% difference between 
RH and F

90%–94% in RH or F 
OR 

≥ 4% difference between 
RH and F

90%–94% in RH or F 
OR 

≥ 4% difference between 
RH and F

< 90% in RH or F

< 90% in RH or F

PASS

PASS

RESCREEN

FAIL

FAIL

FAIL
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Conclusion
Pulse oximetry screening is a beneficial and cost-effec-
tive adjunct to prenatal ultrasound and postnatal phys-
ical examination to detect CCHD. Pulse oximetry can 
also detect significant non-CCHD conditions that 
require treatment in the newborn period; therefore, it 
should be regarded as a screening test for neonatal well-
being in apparently healthy-looking infants.

Prior to the implementation of pulse oximetry 
screening, prenatal screening and detection rates, ante-
natal care, access to cardiology service, and exper-
tise in performing echocardiograms in each individual 
setting should be considered. Areas requiring further 
research include the optimal age of screening, especially 
when the current trend is toward earlier discharge from 
hospital, improvement in screening technology to better 
detect left heart obstructive defects, as well as alterna-
tive screening algorithms for infants in NICU, out-of-
hospital births, and infants at high altitudes. The full 
impact of pulse oximetry screening on the long-term 
morbidity and mortality in CCHD can only be evalu-
ated when screening becomes universal. 
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