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ABSTRACT
Congenital heart disease is the most common congenital malforma-
tion and approximately 3 in 1000 newborns have critical congenital
heart disease (CCHD). Timely diagnosis affects morbidity, mortality,
and disability, and newborn pulse oximetry screening has been studied
to enhance detection of CCHD. In this position statement we present
an evaluation of the literature for pulse oximetry screening. Current
detection strategies including prenatal ultrasound examination and
newborn physical examination are limited by low diagnostic sensitivity.
Pulse oximetry screening is safe, noninvasive, easy to perform, and
widely available with a high specificity (99.9%) and moderately high
sensitivity (76.5%). When an abnormal saturation is obtained, the
likelihood of having CCHD is 5.5 times greater than when a normal
result is obtained. The use of pulse oximetry combined with current
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R�ESUM�E
La cardiopathie cong�enitale qui constitue la malformation cong�enitale
la plus fr�equente compte environ 3 nouveau-n�es sur 1000 atteints
d’une cardiopathie cong�enitale grave (CCG). Son diagnostic pr�ecoce
influence la morbidit�e, la mortalit�e et l’incapacit�e. De ce fait, le
d�epistage par oxym�etrie de pouls chez le nouveau-n�e a fait l’objet
d’une �etude afin d’am�eliorer la d�etection de la CCG. Dans le pr�esent
�enonc�e de position, nous pr�esentons une �evaluation de la litt�erature
sur le d�epistage par oxym�etrie de pouls. Les strat�egies de d�etection
actuelles, dont l’examen pr�enatal par �echographie et l’examen
physique du nouveau-n�e, sont limit�ees par leur faible sensibilit�e
diagnostique. Le d�epistage par oxym�etrie de pouls est sûr, non
effractif, facile à r�ealiser et largement accessible, et montre une
sp�ecificit�e �elev�ee (99,9 %) et une sensibilit�e mod�er�ement �elev�ee
Congenital heart disease (CHD) is the most common
congenital malformation with a prevalence of approximately
12 per 1000 in Canada, and approximately 25% have
critical CHD (CCHD).1 CCHD includes severe lesions
that require intervention early in life to optimize health
outcomes, and are commonly duct-dependent.2 Although a
reduction of 67% in mortality has been shown for children
with severe forms of CHD in Quebec from 1987 to 2005,
CHD remains a leading cause of infant death.3,4 It has been
reported that 30% of cases of CCHD are diagnosed more
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strategies has shown sensitivities of up to 92% for detecting CCHD.
False positive results can be minimized by screening after 24 hours,
and testing the right hand and either foot might further increase
sensitivity. Newborns with abnormal screening results should undergo
a comprehensive assessment and echocardiography performed if a
cardiac cause cannot be excluded. Screening has been studied to be
cost neutral to cost effective. We recommend that pulse oximetry
screening should be routinely performed in all healthy newborns to
enhance the detection of CCHD in Canada.

(76,5 %). Lorsqu’une saturation anormale est obtenue, la probabilit�e
de CCG est 5,5 fois plus �elev�ee que lorsqu’un r�esultat normal est
obtenu. Il a �et�e d�emontr�e que la combinaison de l’utilisation de l’ox-
ym�etrie de pouls et des strat�egies actuelles avait une sensibilit�e de
d�etection de la CCG allant jusqu’à 92 %. Le d�epistage après 24 heures
peut minimiser les r�esultats faux positifs, et les mesures r�ealis�ees à la
main droite et à un pied augmenteraient davantage la sensibilit�e. Les
nouveau-n�es montrant des r�esultats anormaux au d�epistage devraient
subir une �evaluation exhaustive et une �echographie si une origine
cardiaque ne peut être exclue. L’�etude a montr�e que le d�epistage �etait
neutre par rapport au coût à rentable. Nous recommandons que le
d�epistage par oxym�etrie de pouls soit syst�ematiquement r�ealis�e chez
les nouveau-n�es en sant�e afin d’am�eliorer la d�etection de la CCG au
Canada.
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than 3 days after birth in the United States and 25% are
diagnosed after discharge in Northern England.5,6 In
addition, deaths from unrecognized CCHDs accounted for
4.6 per 100,000 live births in Sweden.7 The burden of
disease in Canada should be similar to these countries. Early
diagnosis of CCHD continues to be important because
delay in diagnosis increases morbidity, mortality, and
disability,7 and emphasizes the need to improve the process
for timely diagnosis.

Pulse oximetry has been studied as a newborn screening
test to enhance the detection of CCHD (Table 1).2,7-11

Although many programs and groups around the world
have recommended and adopted this screening, newborn
pulse oximetry is not currently routine practice in Canada.
The aim of this Position Statement is to present an evaluation
of the literature for pulse oximetry screening and determine a
best practice in Canada.
Methods
Expert representatives from the Canadian Cardiovascular

Society (CCS) and Canadian Pediatric Cardiology Associa-
tion (K.K.W., A.F., D.S.F., D.G.H., J.L.R.), Canadian Pe-
diatric Society (M.N.), and College of Family Physicians of
Canada (L.G.) were identified and made up the primary
writing panel, with additional representation from nursing,
midwifery, and rural physicians in the secondary writing
panel (see the Acknowledgements section). Relevant literature
Table 1. Examples of CCHD lesions detectable using pulse oximetry
screening

Most consistently cyanotic
Hypoplastic left heart syndrome
Pulmonary atresia with intact ventricular septum
Total anomalous pulmonary venous return
Tetralogy of Fallot
Transposition of the great arteries
Tricuspid atresia
Truncus arteriosus

Might be cyanotic
Coarctation of the aorta
Double outlet right ventricle
Ebstein anomaly
Interrupted aortic arch
Other single ventricles

CCHD, critical congenital heart disease.
was identified by searching Ovid MedLine and then
EMBASE with MeSH headings “congenital heart,”
“neonatal screening,” and “oximetry” by a research coordi-
nator starting in June 2015. The co-chairs assessed all titles
and abstracts for relevance and 2 members of the primary
writing panel using the Grading of Recommendations
Assessment, Development and Evaluation system for evi-
dence classification reviewed pertinent articles and published
guidelines. The primary writing panel wrote the document,
followed by peer review from the secondary writing panel
with combined expertise to address our recommendations in
the Canadian context that affects urban and rural births in
and out of hospital. The CCS Guidelines Committee
reviewed and approved the statement. There are no ran-
domized controlled trials for this topic, but high-quality
observational studies formed the basis of our recommenda-
tions. Grading the quality of evidence for each recommen-
dation was on the basis of whether we believed that further
research was very unlikely (high quality), likely (moderate
quality), or very likely (low quality) to have an important
effect on our confidence in the estimate of effect. The rec-
ommendations represent the consensus opinion of the pri-
mary writing panel authors, endorsed by the CCS/Canadian
Pediatric Cardiology Association, and the Canadian Pediatric
Society.
Assessment of Current Detection Strategies
Current screening for CCHD includes offering all preg-

nant women a prenatal ultrasound examination between 18 to
22 weeks’ gestation followed by newborn physical
examination.

Prenatal ultrasound examination

The prenatal ultrasound examination can be limited by low
diagnostic sensitivity. In Alberta between 2007 and 2010,
only 50% of newborns with CHD requiring surgery by 1 year
of age were diagnosed prenatally.12 There was significant
variation in detection rates depending on the type of CHD:
85% if the abnormality is easily noted on a standard
4-chamber view such as a hypoplastic ventricle, down to 29%
for transposition of the great arteries.12 Detection rates were
also influenced by ultrasound expertise.6,12,13 The Society of
Thoracic Surgeons Congenital Heart Surgery Database noted
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an average prenatal detection rate of only 42% for infants
operated on at � 6 months of age in 2012 with significant
variation between states (11.8%-53.4%).13 In the United
Kingdom (UK), the average detection rate among regions
ranged from 20% to 55%.6

More contemporary prenatal detection rates are likely
higher with routine imaging of the outflow tracts and other
quality improvement practices. In 2016, a single tertiary
perinatology referral centre in Ireland showed that a 91%
prenatal CCHD detection rate can be achieved14; however,
there appears to be a ceiling in prenatal detection when
applied to the larger population because the necessary
knowledge, expertise, and experience has yet to be optimally
regionalized. Continued efforts to improved prenatal detec-
tion are encouraged because this is the preferred method for
detecting CCHD, but until prenatal detection rates improve
significantly, there is a role for additional strategies to enhance
the detection of CCHD.

When prenatal ultrasound examination is used to detect or
raise suspicion for CHD, this should lead to a detailed fetal
echocardiogram with very high accuracy in the diagnosis of
CCHD. This then allows for delivery and management of the
newborn at an appropriate centre.
Newborn physical examination

Critics of pulse oximetry screening argue that important
hemodynamic lesions will present clinically before
discharge, and question the value added with screening.
However, some types of CCHD might not present with
abnormal clinical findings before decompensation while the
ductus arteriosus remains patent. There are also limitations
related to expertise, confidence, and experience of the in-
dividual who performs the newborn physical examination.2

A study from Norway by Meberg et al. showed that hos-
pitals without pulse oximetry screening were only able to
diagnose 77% of CCHD according to clinical features
before discharge, and another study showed that 7 of 24
newborns with CCHD (including 2 with hypoplastic left
heart syndrome and 2 with transposition of the great ar-
teries) had a normal examination at the time of screening,
highlighting these limitations.9,15 In one study, the false
positive detection rate for CCHD was 10 times higher for
physical examination alone compared with pulse oximetry
(1.91% vs 0.17%; P < 0.0001), and was associated with a
larger number of referrals for echocardiogram examinations
(729 vs 69, respectively).7
Newborn echocardiography

When CHD is suspected, newborn echocardiography is
the gold standard for diagnosis, but applying this as a
screening test is neither cost effective nor feasible in a
geographically large country like Canada. It has been esti-
mated that using echocardiography as a screening tool would
cost 10 million dollars per additional timely detection of a
serious CCHD case.4
Assessment of Pulse Oximetry to Screen for
CCHD

Pulse oximetry provides the ability to screen for levels of
hypoxemia otherwise undetectable on clinical examination.
Most studies define an oxygen saturation � 95% as normal,
with 95% representing the 2.5 percentile (�2 SD) in a study
of 1000 newborns, supported by an analysis of distributions
from another study.7,16,17
Pulse oximetry as a screening test

Pulse oximetry is safe, noninvasive, easy to perform, and
widely available. Early studies using pulse oximetry were too
small to define the benefits of screening, but this evolved as
larger studies were performed. In a systematic review by
Thangaratinam et al., which included 13 studies and 229,421
newborns, pulse oximetry screening for CCHD had a high
specificity (99.9%; 95% confidence interval [CI], 99.7%-
99.9%) and a moderately high sensitivity (76.5%; 95% CI,
67%-83.5%). With an abnormal saturation, the likelihood of
having CCHD was 5.5 times higher than a normal result.11

Increasing the saturation cutoff to above 95% to increase
the detection of cyanotic cases (higher sensitivity) also in-
creases the false positive rate (lower specificity). One challenge
to achieving higher sensitivity is the varying degrees of severity
within the same type of CCHD, which might influence the
degree of cyanosis. Studies using the lower abnormal satura-
tion limit of 92%-95% have been reported, and are limited by
further decreasing the sensitivity and increasing the false
negative rate.11

Pulse oximetry screening has features comparable with
current established newborn screening practices. The prev-
alence of CCHD is similar to that of cystic fibrosis (CF)
(0.5/1000), and hypothyroidism (1/3000-4000). There are
challenges in comparisons of sensitivity and specificity for
CF and thyroid screening because of different cutoffs for
abnormal results and second-line testing that is performed.
The sensitivity for CF screening (95%) is higher than for
pulse oximetry with comparable specificity (CF, 99.5%).
The false positive rates are also comparable for pulse ox-
imetry (0.05%-0.5%) and newborn thyroid screening
(0.3%).
Value added with pulse oximetry testing

Pulse oximetry screening for CCHD, in isolation, should
not be considered a replacement for current detection
methods. Alone, pulse oximetry identified only 66% (12 of
29) of CCHDs in 1 study7; the concept of a “diagnostic gap,”
introduced by Riede et al., describes pulse oximetry as an
adjunct to the current practice of prenatal ultrasound exami-
nation and newborn physical examination, to enhance the
detection of CCHD.18 The use of pulse oximetry in addition
to these current practices has shown sensitivities of
82.8%-92% (Fig. 1).7,15,18 The positive predictive value for
pulse oximetry has been shown to be 7 times greater than for
newborn physical examination in a large multicentre Swedish
study (20.69% vs 3.06%, respectively) and provides a
significantly greater likelihood ratio for detecting CCHD
(344.8 vs 32.4, respectively).7
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Figure 1. Reducing the diagnostic gap for detecting critical congenital
heart disease with the addition of pulse oximetry screening (POS).
Reproduced from Reide et al.18 under the Creative Commons Attri-
bution Noncommercial License.

RECOMMENDATION

2. We recommend that the optimal screening for CCHD
includes prenatal ultrasound examination, physical ex-
amination, and pulse oximetry screening (Strong
Recommendation; Moderate-Quality Evidence).

Values and preferences. This recommendation
places emphasis on the use of pulse oximetry screening
in addition to prenatal ultrasound and physical exam-
ination to achieve the highest detection rates for
CCHD in all newborns. The value added from
screening is influenced by current detection methods.
Regions with very high prenatal detection rates might
find fewer additional cases from screening and benefit
less than the average centre in Canada.
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If the prenatal detection rate ofCCHD is assumed tobe 50%,
information from a large prospective observational study sug-
gests that pulse oximetry would detect an additional 35 per
100,000 newborns with CCHD.15 Applying this to the total
annual births in Canada of 388,729 (2014-2015 Statistics
Canada) and an incidence for CCHDof 3 per 1000, 583 infants
with CCHD would be born without prenatal diagnosis; 136
additional cases of CCHDper year could be detected earlier with
routine newborn pulse oximetry screening in Canada.
RECOMMENDATION

1. We recommend that pulse oximetry screening should
be routinely performed in all newborns to enhance the
detection of CCHD in Canada (Strong Recommen-
dation; Moderate-Quality Evidence).

Values and preferences. This recommendation
places emphasis on achieving timely detection of
CCHD through the use of pulse oximetry screening,
thereby avoiding newborn discharge before diagnosis
and later presentation in circulatory shock.
Practical tip. With a normal saturation, health care pro-
viders should not ignore other important signs of CCHD or
CHD. Some types of CCHD, in particular left heart
obstructive lesions, remain a challenge to diagnosis even with
the use of pulse oximetry screening. The presence of weak or
absent femoral pulses, abnormal auscultation findings, or
respiratory distress might also point to a cardiac abnormality
that requires further evaluation.
Effect on Families
In a questionnaire to 119 mothers in Birmingham, UK

whose newborn had a false positive pulse oximetry screening
result, reported anxiety levels were not significantly different
from those with true negative results, and both groups had
anxiety scores within the normal range for women.19 Pulse ox-
imetry screening was perceived as quick, safe, noninvasive,
painless, and nondistressing for the newborn, and reassuring for
the parents. Many parents reported newborn screening to be
acceptable, and placed high importance on the potential for
earlier detection of CCHD. Participants with false positive pulse
oximetry results reported less satisfaction with the screening,
which likely reflected uncertainty when given a positive result
and the need for further testing. Improved prescreening educa-
tion would address this issue, because better understanding of the
screen correlated with higher satisfaction.19 This study did not
involve long distance transport of newborns for cardiac assess-
ment, which might further affect anxiety levels and be a very
important issue for families, which needs further study.
Addressing False Positive Results
There might be important regional challenges to providing

diagnostic testing with pediatric cardiology consultation and
newborn echocardiography for abnormal screening results.
Accessing these resources, because of distance from the
delivery hospital, might necessitate patient transport and
might be facilitated using telehealth for live remote viewing
and interpretation of an echocardiogram performed by a local
pediatric and/or adult sonographer.

The transitional fetal circulation with elevation of the
pulmonary vascular resistance can result in varying degrees of
right to left shunting at the ductus arteriousus and foramen
ovale causing desaturation, despite a structurally normal heart.
The duration of this transition varies in newborns and is a
common cause of false positive results. Studies have identified
several strategies to decrease the false positive rate.
The Timing of Screening Matters
Pulse oximetry screening can be performed any time after

birth. Earlier screening has the benefit of detection before any
signs or symptoms develop. A large multicentre prospective
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study in China screened 122,738 newborns and showed that
screening at 6-24 hours had 10% higher sensitivity compared
with after 24 hours,10 but a higher false positive rate.9,10 A
meta-analysis showed that detection of CCHD using pulse
oximetry screening after 24 hours was associated with a 10-
fold reduction in false positive rate (0.05%; 95% CI,
0.02%-0.12%) compared with earlier screening (0.50%; 95%
CI, 0.29%-0.86%), without a significant effect on screening
sensitivity.11 This information suggests that 2-12 per 10,000
newborns would have a false positive pulse oximetry screen for
CCHD if performed after 24 hours. For smaller or remote
centres in Canada, on the basis of their birth rate, this might
result in 1 false positive result every couple of years.

All studies report screening time interval rather than
screening at an exact time from birth. Screening between 24
and 36 hours allows for flexibility in the timing of screening
so that screening can become part of a daily schedule for
appropriate utilization of resources. Some centres coordinate
pulse oximetry screening with newborn hearing assessment,
the first bath, or other routinely scheduled evaluations.

Pulse oximetry screening protocols for hospital discharges
occurring before 24 hours, or freestanding birthing centres
and births occurring at home, require additional consider-
ation. Accommodations made to manage early discharges for
existing newborn screening tests could apply to pulse ox-
imetry screening. Screening before 24 hours, which is asso-
ciated with higher false positive rates, is preferable to no
screening. A normal screen at any time is normal even if it
occurs before 24 hours. In-hospital reassessment or assess-
ment by public health nurses at 24-36 hours for newborns
discharged early would be an acceptable alternative. Simi-
larly, midwives could screen at the time of the routine home
visit at approximately 24 hours. It is critical whatever the
locally approved practice, that it be consistent, well
communicated, and have a tracking system in place to ensure
no loss to follow-up screening.
RECOMMENDATION

3. We recommend that pulse oximetry screening should
be performed between 24 to 36 hours of age (Strong
Recommendation; Moderate-Quality Evidence).

Values and preferences. This recommendations
places emphasis on reducing false positive rates by
performing screening after 24 hours compared with
screening before 24 hours.
Practical tip. For early discharges and home births,
consider applying accommodations for existing newborn
screening tests.

Pulse Oximetry Enhances Detection of Other
Disease States

An abnormal pulse oximetry screen might detect other
causes of hypoxemia, including important infections and
respiratory disorders that require intervention. Pulmonary
pathology has been identified in 39% of abnormal CCHD
screen results,16 and 29% of false positive results have required
further follow-up and neonatal intensive care admission.7 It is
estimated that pulse oximetry could detect 199 per 100,000
newborn cases of respiratory or infective illness that require
treatment.15
Addressing False Negative Results
Newborns with normal screening results at any time in

testing, and therefore negative pulse oximetry screening, are
unlikely to have one of the 12 types of CCHD (Table 1). It is
important to recognize that pulse oximetry screening does not
exclude all forms of CCHD or CHD. Because of the varying
severity within a particular type of CCHD, the degree of
cyanosis might be variable or even absent. For example, a
newborn with hypoplastic left heart syndrome could have an
initial foot saturation of 84% or 100% on the basis of vari-
ations in the pulmonary vascular resistance and anatomy
(aortic and mitral atresia vs stenosis).15 Severe cases of
coarctation might present with right to left ductal shunting
resulting in abnormal screening results, but some cases of
coarctation with or without associated defects like a ventric-
ular septal defect might have normal screening results and not
decompensate until the ductus closes. Although screening can
detect some cases of coarctation, studies have shown that
coarctation and other left heart obstructive lesions remain a
challenge to diagnose.7 Although the false negative rate is low,
ongoing assessment of femoral pulses and signs of cardiac
disease should continue as part of the normal newborn care.11

Additionally, pulse oximetry will not detect a ventricular
septal defect that is of no hemodynamic significance in a
newborn, but could cause congestive heart failure during the
first few weeks of life as the pulmonary vascular resistance
decreases.

Testing the Right Hand and Either Foot
Studies have used protocols that test 1 foot alone or

sequentially the right hand and either foot. Differences in
saturations of > 3% between the right hand and either foot is
also abnormal (> 2 SD of measurement variability).17

Many types of CCHD require a patent ductus arteriosus to
secure adequate systemic or pulmonary blood flow, and the
degree of right to left shunting across the ductus arteriosus will
result in different saturations in preductal (right hand) and
postductal (either foot) sites. Use of the left hand for pulse
oximetry is not recommended because of its proximity to the
ductus arteriosus. Because both feet are postductal, checking
either foot is adequate. Although a meta-analysis did not show
a significant difference in sensitivity (P ¼ 0.22) or false pos-
itive rates (P ¼ 0.66), regardless of the site tested, other
studies have shown that CCHD would have been missed with
screening the foot alone: 4 newborns in one study with 2
newborns with hypoplastic left heart syndrome, 1 with
coarctation, 1 with truncus arteriosus, and 1 newborn in
another study with interrupted aortic arch.7,11,15 The number
of additional cases detected by checking the right hand and
either foot is small for each reported series, but might be
significant when applied across a population. The additional
time to obtain the pulse oximetry result from the right hand is
estimated to take < 1 minute.



RECOMMENDATION

5. We recommend that newborns with an abnormal
screening result should undergo a comprehensive
evaluation by the most responsible health care provider.
If a cardiac diagnosis cannot be confidently excluded,
referral to a pediatric cardiologist for consultation and
echocardiogram is advised (Strong Recommendation;
Moderate-Quality Evidence).

Values and preferences. This recommendation
places emphasis on ruling out noncardiac causes of
cyanosis to further decrease the number of false positive
results that might require transportation for cardiology
consultation and echocardiography.

RECOMMENDATION

4. We recommend that pulse oximetry screening should
be performed using the right hand and either foot
(Strong Recommendation; Moderate-Quality
Evidence).

Values and preferences. This recommendation
places emphasis on increasing screening sensitivity by
performing pulse oximetry on the right hand and either
foot rather than the foot alone.
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Review of the Pulse Oximetry Screening
Protocol

The American Academy of Pediatrics protocol should be
used.20 Studies report a median of 5 minutes to perform and
document screening using this protocol.7,21 The protocol with
modifications is summarized in Figure 2, and presents a
management plan for newborns screened between 24 and 36
hours of age on the basis of pulse oximetry results. Newborns
with pulse oximetry � 95% in the right hand OR foot and
� 3% difference between the right hand AND either foot at
any time of testing have a normal result, and require no
further testing.

A failed pulse oximetry screen is a saturation in any
limb < 90%, and requires evaluation for CCHD. The 90%
threshold is supported by data showing a median postductal
saturation of 90% in the CCHD group.7,17

A borderline screening result is a saturation in the right hand
AND foot of 90%-94% or > 3% difference between the right
hand and either foot, and has greater potential to be a false
positive than do saturations< 90%, and therefore benefit from
rescreening. Studies that used repeat screening usually allowed 1
hour between screens to provide more time for the transitional
circulation to adapt and decrease false positive results. The
optimal timing between screening and frequency of rescreening
has not been studied, but a 1-hour interval is practical. After the
third screen, a persistently borderline result is considered a
failure, because continued rescreening or longer intervals be-
tween screening might prolong the screening process and there
might be clinical decompensation. A group in Wisconsin has
coined the phrase “2 sites/3 strikes” to help people remember
this part of the protocol.22

For the newborn population, taped or wrap-on probes
allow closer skin contact, and are more effective than clamp-
on probes.20 The largest pulse oximetry studies used wrap-
ped probes around the palm of the hand and the foot.
Saturations obtained when babies were quiet or sleeping were
slightly higher than when babies were fussy or crying
(by 0.44%, P ¼ 0.0001 and 0.98%, P ¼ 0.001, respec-
tively).23 Local expertise should guide the use of pulse ox-
imetry equipment and practices.

A newborn who develops clinical signs of cardiorespiratory
decompensation during the protocol should be considered to
have failed screening and undergo further evaluation.

Protocol interpretation

Limitations of this multistep protocol include inaccurate
documentation and misinterpretation. Oster et al. asked
clinical staff to interpret a series of right hand and foot pulse
oximetry results; staff who used a paper-based protocol made
more errors than those who used a computer-based tool
(81.6% vs 98.3% correct; P < 0.001). Failed screen results
were correctly identified 96.7% of the time using the com-
puter and only 65.4% using the paper flow chart, and
increased the false negative rate. Interpreting the difference
between extremities and management after the third screen
were additional sources of error. To minimize these errors, a
computer-assisted Web-based program was developed (www.
pulseoxtool.org).24 In Appendix 1 an alternative method for
the interpretation of pulse oximetry results is presented. The
benefits of other technologies that integrate the screening
protocol into the software of the pulse oximetry machine have
not been determined.

Managing abnormal results

The management of failed screen results require a
comprehensive assessment by the most responsible health care
provider, which could be midwives, nurses, nurse practi-
tioners, or physicians. Echocardiography is required as the
gold standard for diagnosing CCHD in these cyanotic new-
borns, and many studies used echocardiography as the next
test to assess newborns after an abnormal screening result.
This process might be efficient and cost effective in a tertiary
centre with on-site pediatric cardiology and echocardiography
services from a work flow perspective. However, in many
centres in Canada without these cardiac services, the practi-
cality of requiring ground or air transport to obtain an
echocardiogram examination warrants additional evaluation in
an attempt to further reduce the false positive results. Further
consultation between the most responsible health care pro-
vider and local expertise (a more experienced health care
provider, pediatrician, or neonatologist) to exclude noncardiac
causes might be helpful. A comprehensive evaluation,
including upper and lower limb blood pressures, electrocar-
diogram, and chest x-ray, might be beneficial. If the most
likely cause remains cardiac or unclear, consultation with
pediatric cardiology followed by an echocardiogram is
required to rule out CCHD. After consultation with pediatric
cardiology, it might be reasonable to keep a newborn in
hospital for further observation and retesting rather than
immediately initiate a long distance transport to further
reduce false positive results.

http://www.pulseoxtool.org
http://www.pulseoxtool.org
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Practical tip. For centres without cardiology or echocar-
diography services, consultation with local expertise (a more
experienced provider, pediatrician, or neonatologist) and
additional testing (electrocardiogram, chest radiography)
might be helpful to further reduce false positive screening
results.

Pulse Oximetry Equipment Selection
Studies have evaluated a variety of devices for pulse

oximetry screening; there is no clear distinction in superiority
according to manufacturer. All equipment should meet
relevant Health Canada and/or US Food and Drug
Administration approval for clinical use and have the latest
firmware updates. The use of oximeters that measure func-
tional oxygen saturations, are motion-tolerant, accurate, and
function well in lower perfusion conditions is recommended.
Cost Considerations
In a time of limited health care resources, there are

challenges to implementing a new screening program.
However, this should be paired against evidence that shows
that pulse oximetry screening can enhance detection of
CCHD, and the cost savings associated with decreasing
morbidity and mortality with earlier diagnosis. There is
no Canadian data regarding costs with pulse oximetry
screening. The 2011 Neonatal Resuscitation Program
guidelines states that a pulse oximeter should be available for
every birth so equipment and expertise for performing pulse
oximetry is already available. The implications related to
false positive results has already been discussed, and the use
of pulse oximetry screening does not change the current
practice that all newborns found to be cyanotic are thor-
oughly evaluated, which might include consultation with
cardiology and the potential need for transportation for
further testing.

Studies from the United States and the UK report that
pulse oximetry screening for CCHD is cost neutral to cost
effective.7,21,25,26 Costs for screening are variable, with
potential costs associated with equipment (pulse oximetry
machines, probes), personnel (nursing and physician time),
transportation, and additional testing. Net estimated costs



206 Canadian Journal of Cardiology
Volume 33 2017
including equipment and labour have been reported to be
from $14.09 per newborn screened in New Jersey to $5.10
in Minnesota.25,26 Estimated costs with reusable probes
were considerably less than for use of disposable
probes.25,26

In New Jersey, pulse oximetry screening costs less than the
$20 for newborn metabolic screening and $36-$39 for hear-
ing screening.26 The estimated cost of a false positive screen
requiring transport and echocardiogram examination added
only 3% to the cost per newborn, because false positive rates
are low.27 The estimated cost to detect 1 newborn with
CCHD was $20,862, and a favourable cost effectiveness of
$42,385 per life year gained was estimated if 20 infant deaths
were prevented in the New Jersey region per year.26

Generalization of the cost benefit of pulse oximetry
screening across all regions of Canada is challenging because
of varying prenatal ultrasound detection rates and access to
newborn echocardiography. Regions with very high prenatal
detection rates will benefit less from pulse oximetry
screening. One study that applied a cost effectiveness deci-
sion analysis model estimated that costs increase steeply
when the prenatal ultrasound detection rates reach 85%-
90%; this level of detection and cost assessment has yet to be
widely reported in clinical practice.28 Future studies are
required to refine the cost effectiveness of screening in
Canada.
Pulse Oximetry Screening in Different Settings

Out of hospital screening

Lhost et al. studied the application of pulse oximetry
screening to out of hospital births with only 37.5% (449 of
1196) screened. In some communities, only 13% of pregnant
women had prenatal ultrasound examinations, highlighting an
opportunity for enhanced detection with pulse oximetry.
Screening between 24 and 48 hours of age occurred in only
77% of newborns and showed a higher false positive rate of
0.9%.22 This highlights a need for closer study of factors that
limit screening in out of hospital births and a greater aware-
ness of screening protocols.

A survey conducted with licensed midwives in Washington
state indicated that 98% were aware of screening recom-
mendations, 52% were currently performing screening, and
21% were in the process of implementing a program. Of those
who used screening, 94% did so between the local protocol
recommendation at 24-48 hours as opposed to < 24 hours,
leading the authors to hypothesize that current midwifery
practice for routine follow-up of newborns at 24-48 hours of
life allows for this timely assessment.29 The cost effectiveness
of equipping midwives with pulse oximetry equipment has
not been studied.

Screening at altitude

With increasing altitude, there is less available oxygen,
which results in generally lower mean oxygen saturations.
Bakr and Habib30 reported a mean oxygen saturation of
95.4% at 24 hours in healthy newborns at 1640 m (5380
feet).2 Altitude might also delay the natural decrease in
pulmonary vascular resistance, and lead to lower saturation
levels in healthy newborns, and a higher false positive rate;
these differences might require modifications to the stan-
dard protocols. At 806 m (2643 feet), Han et al. screened
1069 newborns using the standard protocol and identified
no significant increase in the false positive rate (0.094%).31

At 1694 m (5557 feet), Wright et al. observed abnormal
screen results in 1.1% of newborns, but did not correlate
with echocardiogram data to define true and false positive
rates.32 Pulse oximetry screening can be applied at altitude,
accepting higher false positive rates until further studies
define the normal saturation threshold at different
altitudes.
Implementation Priorities
Successful implementation of pulse oximetry screening

requires an organized education program for families and
health care providers. Family education should focus on the
benefits and limitations of screening, including what to expect
if the screen is positive, and signs and symptoms of CCHD to
observe for in the case of a false negative result. Health care
provider education should be aimed at achieving a high up-
take of the screening as well as ensuring correct performance,
interpretation, and recording of the screen results. Online
education modules have been developed and used with suc-
cess. Education materials are required to be culturally
competent and available in languages that meet the needs of
the population.

Successful national implementation of pulse oximetry
screening will also depend on the appropriate capture of
screening results on a population basis. In the Canadian
context, this is best achieved using the provincial newborn
screening program resources that are currently in place. The
recorded information will need to be sufficient to determine
whether all eligible infants are screened and the outcome
associated with the screen result, and allow appropriate
determination of true and false positive rates. Information
about requirements for infant transfer for evaluation and/or
treatment should also be collected to evaluate the effect on
families and the costs of the program, and to guide imple-
mentation of telehealth or related solutions. For negative
screen results, it will be essential to capture any subsequent
diagnosis of CCHD and the outcomes for such cases to
examine the false negative rate and the consequences.

Summary
Pulse oximetry screening has been shown to enhance the

detection of CCHD. Pulse oximetry is widely available,
noninvasive, easy to perform, and should be viewed as another
vital sign. The use of pulse oximetry screening in addition to
prenatal ultrasound examination and the newborn physical
examination provides optimal screening and best practice for
detecting CCHD. Although the false negative rate is very low,
with a normal saturation, health care providers should not
ignore other signs of CCHD or CHD that require further
evaluation. The timing of screening should occur between 24
and 36 hours to decrease false positive results that might have
significant implications if transport is required for further
evaluation. A rigourous system should be in place to ensure
that newborns are screened, and that follow-up occurs for
positive or borderline screening results. Pulse oximetry
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screening removes the subjective assessment for cyanosis and
should be part of newborn screening in Canada. We wish to
raise awareness and advocate for the implementation of
routine pulse oximetry screening.
Summary of Recommendations

1. We recommend that pulse oximetry screening should be
routinely performed in all healthy newborns to enhance the
detection of CCHD in Canada (Strong Recommendation;
Moderate-Quality Evidence).

2. We recommend that the optimal screening for CCHD
should include prenatal ultrasound, physical examination,
and pulse oximetry screening (Strong Recommendation;
Moderate-Quality Evidence).

3. We recommend that pulse oximetry screening should be
performed between 24 and 36 hours of age (Strong
Recommendation; Moderate-Quality Evidence).

4. We recommend that pulse oximetry screening should be
performed in the right hand and either foot (Strong
Recommendation; Moderate-Quality Evidence).

5. We recommend that newborns with an abnormal
screening result should undergo a comprehensive evalua-
tion by the most responsible health care provider. If a
cardiac diagnosis cannot be confidently excluded, referral
to a pediatric cardiologist for consultation and echocar-
diogram examination is advised (Strong Recommendation;
Moderate-Quality Evidence).
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Appendix 1. Chart to aid in the interpretation of pulse oximetry results from

RIGHT H

O
N

E 
FO

O
T

100 99 98 97 96 95
100 PASS PASS PASS PASS REPEAT REPEAT
99 PASS PASS PASS PASS PASS REPEAT
98 PASS PASS PASS PASS PASS PASS
97 PASS PASS PASS PASS PASS PASS
96 REPEAT PASS PASS PASS PASS PASS
95 REPEAT REPEAT PASS PASS PASS PASS
94 REPEAT REPEAT REPEAT PASS PASS PASS
93 REPEAT REPEAT REPEAT REPEAT PASS PASS
92 REPEAT REPEAT REPEAT REPEAT REPEAT PASS
91 REPEAT REPEAT REPEAT REPEAT REPEAT REPEAT
90 REPEAT REPEAT REPEAT REPEAT REPEAT REPEAT
89 FAIL FAIL FAIL FAIL FAIL FAIL
28. Griebsch I, Knowles RL, Brown J, et al. Comparing the clinical and
economic effects of clinical examination, pulse oximetry, and echocar-
diography in newborn screening for congenital heart defects: a probabi-
listic cost-effectiveness model and value of information analysis. Int J
Technol Assess Health Care 2007;23:192-204.

29. Evers PD, Vernon MM, Schultz AH. Critical congenital heart disease
screening practices among licensed midwives in Washington state.
J Midwifery Womens Health 2015;60:206-10.

30. Bakr AF, Habib HS. Normal values of pulse oximetry in newborns at
high altitude. J Trop Pediatr 2005;51:170-3.

31. Han LM, Klewer SE, Blank KM, Seckeler MD, Barber BJ. Feasibility of
pulse oximetry screening for critical congenital heart disease at 2643-foot
elevation. Pediatr Cardiol 2013;34:1803-7.

32. Wright J, Kohn M, Niermeyer S, Rausch CM. Feasibility of critical
congenital heart disease newborn screening at moderate altitude. Pedi-
atrics 2014;133:e561-9.
the right hand and one foot.
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