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Abstract

Approximately 9 of 1000 live births have congenital heart disease, of these ~25%

have critical congenital heart disease (CCHD). Delayed or missed diagnosis of CCHD

may result in acute cardiovascular collapse. Echocardiography is a necessary

diagnostic tool but it’s cost is a severe limitation as a universal screening tool. Clinically

undetectable hypoxemia is present to some degree in most CCHD and this technique

can be used as a screening method for early detection. In 2012, a systematic review

involving over 300,000 babies reported that pulse oximetry test is highly specific

(99.9%) and moderately sensitive (76.5%) with a low false positive rate (0.05%). The

test is simple, feasible, cost effective, highly specific and sufficiently sensitive to

qualify for screening test. Parents and caregivers should be informed that pulse

oximetry cannot detect all cases of CCHD. A positive test result needs to be confirmed

by echocardiography, which is considered as the definitive diagnostic modality.

Whenever possible, the echocardiogram should be interpreted by pediatric

cardiologists.
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Introduction

Congenital heart disease (CHD) is the most common
cause of infant death associated with congenital
malformation in developed world.1 Approximately 9 of
1000 live births have congenital heart disease.2 Of
these ~25% have critical congenital heart disease
(CCHD), defined as a condition requiring surgical or
catheter intervention in the first year of life.3 Early
detection of CCHD might improve the outcome through
timely appropriate treatment4 while delayed or missed
diagnosis may result in acute cardiovascular collapse,
acidosis and death corresponding to changes in
pulmonary vascular resistance and closure of ductus
arteriosus.5 Unrecognized CCHD in turns leads to a
huge medical burden, economic burden and mental
burden for the family and for society.4 It accounts for
1-2 deaths per 100,000 livebirths.5

Bangladesh is well ahead in the management of
congenital heart defects despite scarcity of precise
disease burden. Two hospital based study findings
are suggestive of variable prevalence of congenital
heart disease (7.8 and 25/1000 live births respectively)
among Bangladeshi population which mandated to
carry out heart defects related documentation.6,7

Contemporary routine screening for congenital heart
disease depends on a mid-trimester anomaly scan,
involving imaging of the heart chambers, and a
postnatal cardiovascular system examination.8 The
sensitivity of CHD detection by anomaly scan is highly
variable, depending on operator expertise, gestational
age, fetal position, and the type of cardiac defect.9

Even when foetal ultrasound is routinely performed,
fewer than 50% of cases of CCHD are identified.
Detection rate by postnatal clinical examination alone
is also low leaving up to one-third of babies
undiagnosed at the time of discharge with critical heart
defects.8 Echocardio-graphy is an obligatory
diagnostic tool but the cost is a severe limitation as a
universal screening tool. Moreover, echocardiography
has a high frequency of false positive results usually
related to the transitional circulation and there may
be inadequately trained personnel to perform the test
with reasonable accuracy.10
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Neonates with CCHD can be diagnosed on the basis
of physical findings. These findings are not always
evident before hospital discharge. A recent study from
the United Kingdom suggested that 25% of infants
with CCHD were not diagnosed with heart disease
until after discharge from the newborn nursery.11

Newborns with CCHD are susceptible to profound,
sudden worsening in clinical status in the first days
and weeks of life.12 The newborn hospitalization
provides a potential scope for caregivers to identify
CCHD lesions hence to avoid hemodynamic
embarrassment.12

Pulse oximetry screening for early detection of CCHD
was first reported more than a decade back with the
principle that some degree of clinically undetectable
hypoxemia is present in most of the CCHD. Children
with mild hypoxemia, with arterial oxygen saturation
of 80% -95% may not have visible cyanosis. Moreover
identification of cyanosis is particularly problematic
in dark skinned baby. Pulse oximetry is considered a
vital sign equivalent in importance to pulse, respirations
and blood pressure. Contemporary use of pulse
oximetry contributes to heightened recognition of
congenital heart disease in neonate.13

In current era, congenital heart surgery allows for repair
or palliation of nearly all types of congenital heart
malformation.14,15 Intervention is typically performed
in the first weeks of life to optimize hemodynamic
and prevent end-organ injury associated with delayed
diagnosis.12 There is a wide gap between the
developed and developing countries regarding pediatric
cardiac care. Without early recognition, diagnosis and
treatment, a majority of infants and children with
congenital heart disease die in their first month of life
in developing countries.16 This review will document
the most recent data regarding pulse oximetry as
universal screening for early detection of CCHD.

Recent evidences

Challenges were remaining regarding potential role of
pulse oximetry screening for detection of CCHD until
past few years. According to a scientific statement
from the American Heart Association (AHA) and
American Academy of Pediatrics more researches
were encouraged to carry out to establish pulse
oximetry screening performance involving larger
populations and across a broad range of newborn
delivery systems.12 Recently, several large European
studies13,14,16-18  have strengthened the case and
demonstrated that pulse oximetry as an adjunct to
existing screening can increase CCHD detection rates
to well over 90%.19 Importantly, most studies also
report detection of non-critical congenital heart defects

(CHD) or serious non-cardiac illness such as
congenital pneumonia, early-onset sepsis and
pulmonary hypertension. As some of these conditions
are potentially as lethal as a CCHD if undiagnosed
(eg, group B streptococcal pneumonia), this is a key
additional advantage of the pulse oximetry.19

In 2009, a Swedish prospective study published a test
accuracy involving about 40,000 babies including an
assessment of both preductal and postductal
saturation. They reported the sensitivity of 62% and
specificity of 99.8%. Screening was performed at a
median age of 38 hours with a low false positive rate
of 0.17%. They also found pulse oximetry as an
effective adjunct to clinical examination and the
combined detection rate of CCHD was 92%.18

In the subsequent year, a German study by Riede et
al19 screened over 40,000 babies using only postductal
saturations between 24 hrs and 72 hrs of age. They
reported the sensitivity of 78% and specificity of 99.9%
and a false positive rate of 0.1%.

Pulse oximetry study from the United Kingdom in the
year 2011 has enrolled more than 20,000 babies to
establish accuracy, acceptability and cost
effectiveness of pulse oximetry screening for detection
of CCHD. Reported sensitivity for detecting CCHD was
75%, specificity 99.1% and false positive rate 0.8%.3

A recent systematic review and meta-analysis of
previous good quality 13 studies in 2012 involving a
large cohort of 2,30,000 babies have reinforced the
existing evidence regarding accuracy of the pulse
oximetry as an effective adjunct to existing screening.
They concluded that it is highly specific (specificity
99.9%, 95% CI 99.7 to 99.9), moderately sensitive
(sensitivity 76.5%, 95% CI 67.7 to 83.5) test with a
low false positive rate (0.14%) which can be reduced
more (0.05%) if the test is done after 24 hrs of age. All
these findings suggested that pulse oximetry met the
criteria for universal screening. They also concluded
that, in view of number of babies studied over series
of researches, it is unlikely that any further work would
demonstrate substantially different results.1

Screening approach

Currently, children with CCHD are diagnosed usually
on physical examination findings (e.g. heart murmur,
tachypnoea, cyanosis). Chest X-ray, ECG, Color
Doppler echocardiogram, Arterial Blood Gas analysis,
pulse oximetry are only done if the baby is symptomatic
or has increased risk of CCHD (positive family history,
chromosomal anomaly etc). In USA, delayed or
missed diagnosis of CCHD may occur in 7/1000 live
births results in sudden and profound worsening of
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clinical status, and increase in morbidity and
mortality.12

 As one of the most important non-invasive advances
of clinical examination in recent year’s pulse oximetry
screening is being adopted by individual hospitals and
as national policy. It has been recommended as
uniform screening panel in year 2011 by US Health
and Human services secretary. Most infants in
Switzerland, Abu Dhabi and Ireland are also routinely
screened.20-23

Some degree of heterogeneity exists between the
screening pathways in published studies, particularly
in timing of the screening , postductal or preductal
and postductal saturation measurement  ; saturation
threshold for a positive test.21

Recent studies showed that later screening (> 24 h)
has a lower false positive results than early screening
(< 24 h).1,12  Although later testing may miss the
opportunity for intervention before spontaneous closing
of the ductus arteriosus4. Approximately half of the
babies with CCHD screened after 24 hr present with
symptoms prior to screening. And up to 10% of them
may present with collapse in hospital.24 Taking
circulation collapse and clinical deterioration in
consideration ,pulse oximetry screening test should
be completed between 24 and 48 hrs of age or shortly
before discharge if <24 hrs of age.4

Pulse oximetry screening is recommended to be
conducted with motion-tolerant pulse oximeters4.that
report functional oxygen saturation. No standards have
been developed yet regarding motion tolerance. A new
guidance document on the safety and effectiveness
of pulse oximeters is being developed by FDA. Having
specific FDA-cleared labeling and conformance to the
relevant standard will be an important strategy for
ensuring that appropriate devices are used for
screening.25

Screening should be done in a quite room, while the
infant is awake and calm because low oxygen
saturation caused by hypoventilation during sleep may
lead to false positive results4.  Infant’s right hand and
both feet should be clean and dry, as dried blood can
affect the pulse oximetry reading. Probe should be
placed on the outside fleshy part of the infant’s hand
and foot. Probes with close coupling to skin (ie, taped
rather than clamped) provide better performance for
oximetry monitoring in newborns. Furthermore, to
optimize valid screening, manufa-cturer recommended
pulse-oximeter-probe combinations should be used.25

Position of pulse oximetry probe with respect to the
right hand and either foot is another point of variation
among published studies which reflects preductal and

postductal measurement of oxygen saturation
respectively.4,12  In some situations as transposition
of great arteries with right to left shunting at the level
of ductus arteriosus, cyanosis present in the upper
part of body. So, its more accurate to measure it both
preductally and postductally; although most studies
measured saturation on either foot.4 Two recent studies
showed that if only post-ductal measurement is used
instead of both pre-ductal and post-ductal
measurements, there is risk of missing babies with
CCHD.3,18 It is possible that the inclusion of both upper
and lower Spo2 measurements would result in a
significant higher false positive rate. Moreover it would
be more time consuming to screen a single neonate.
Therefore, a single lower extremity reading would
appear to be most appropriate for the purpose of large-
scale screening.12

It is important to establish a cutoff threshold for an
abnormal Spo2.Other factors being constant a high
threshold will increase sensitivity and at the same
time decrease specificity. Whereas, setting the Spo2
cutoff value closer to the normal value will decrease
the number of false negative screening results at the
cost of increasing the number of false positive
screening results.12 The limit for a positive test varies
between 92-95% with the majority of studies using
less than 95%.21

On the basis of new data from the large population
based screening activities in Sweden and England,
the work group developed a recommendation for
screening that was based on what was shown to be
effective in those studies. A screen result would be
considered positive if -1) Any oxygen saturation
measure is <90%, 2) oxygen saturation is <95% in
both extremities on three measures, each separated
by 1 hour, or 3) There is a >3% absolute difference in
oxygen saturation between the right hand and foot on
3 measures, each separated by 1 hour. Any screening
that is ≥95% in either extremity with ≤3% absolute
difference in oxygen saturation between upper and
lower extremity would be considered a “pass” result
and screening would end.25 Figure -1. Additionally,
the threshold for a  positive pulse-oximetry screening
result should be lower in the plateau environments at
different altitude areas. But the normal values of Spo2
at different altitudes have not been established. If the
pulse oximetry screening for CCHD would be carried
out in the plateau areas, the normal values should be
established first.4

Cost-effectiveness

Implementation of universal pulse oxymetry screening
is feasible and achievable because screening can be
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Algorithm for Pulse Oximetry Screening for CCHD:25

Fig.-1: Pulse oximetry monitoring protocol based on results from the right hand and either foot.

achieved without additional staff and without over
burdening clinical services. Care of a case of circulatory
collapse resulting from an undiagnosed CCHD may
exceed the cost of screening of two thousand
newborns.26  Addition of pulse oximetry screening with
clinical examination is cost effective with no risk of
harm, and diagnostic echocardio-graphy should be

performed in all test positive cases. In situation with a
lower false positive rate and a lower antenatal
detection, the cost effectiveness is likely to improved.27

In Minnesota, USA, implementation of Critical
Congenital Heart disease screening reported mean
nursing time for screening was 5.5 minute (range 1-
40 minutes), and cost of reusable probe was $ 0.30 /
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screen (probe price is $ 300.00, that can be used for
up to 1000 screens) and cost of straps was $0.12 /
patient ($ 0.06 per strap * 2). The cost of each neonatal
echocardiogram was $ 1300 at that period of time.28

Limitations

The sensitivity of pulse oxymetry test is around 75%,
it means that about a quarter of babies with CCHD
may not be detected by using this screening test.
The commonest lesions missed are those causing
obstruction to aortic flow (e.g. coarctation of aorta
and interrupted arch), which are not necessarily be
associated with hypoxemia. Surprisingly, this
screening test may miss transposition of great arteries
occasionally, which is usually presented with
cyanosis.3,18,26 Both the parents and clinical staffs
should be aware of the limitations of this screening
test. Parents and caregivers should be informed that
pulse oximetry cannot detect all cases of CCHD, and
hence a negative test result does not exclude the
possibility of heart disease.

Conclusion

The pulse oximetry test is simple, feasible, cost
effective, highly specific and sufficiently sensitive to
qualify for screening test. It is also acceptable to
parents and clinical staffs. A recent Lancet editorial
described the technique as “a new milestone in the

history of congenital heart disease”.29 A positive test
result need to be confirmed by echocardiography,
which is considered as the definitive diagnostic
modality. Whenever possible, the echocardiogram
should be interpreted by pediatric cardiologists as
accuracy of pediatric echocardiograms by adult
cardiologists is low.30

Pulse oximetry improves detection rates of critical
CHDs. The majority of critical cases missed by pulse
oximetry (and by other screening methods) are
associated with obstruction of the aortic arch as these
conditions are often not associated with hypoxemia.
Further investigation of other oximetry techniques,
such as perfusion index, may enhance the detection
rates for these lesions. Further research should be
conducted with mothers of different ethnicities to gain
a greater understanding of factors limiting participation
and satisfaction with testing. Research should also
be conducted with mothers given false positive results
at the time of discharge from hospital to verify whether
they experience heightened anxiety at this point.
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