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Background: Congenital heart disease is one of the most common birth defects. It is not
detected in some newborns until after their hospital discharge. Pulse oximetry (SpO2)
screening for critical congenital heart disease (CCHD) is practiced in some settings, mainly
based on evidence derived from studies done in lowland areas. This study aimed to assess the
role of SpO2 screening performed before discharge in detecting CCHD in our setting (Addis
Ababa) which is located at high altitude.
Methods: Oxygen saturation of 941 apparently healthy term newborns in the nursery unit of
St Paul’s Hospital Millennium Medical College located in Addis Ababa, was measured
before discharge during the period from January 2018 to July 2018. SpO2 reading ≥95%
was taken as a negative screening result. Positive SPO2 was deﬁned as SpO2 <90% in any
extremity, or a persistent SpO2 of 90%–94% in both right arm and lower extremity sites on
three measurements or a persistent right arm to lower extremity SpO2 difference of >3%.
Subsequent conﬁrmatory echocardiography examination was done for those who tested
positive during the SpO2 screening test. Data were analyzed using Statistical Package for
Social Sciences version 20.0.
Results: A total of 56/941 (6.0%) newborns tested positive during the screening test. Of
those 56 cases, subsequent echocardiography examination detected persistent pulmonary
hypertension of the newborn (PPHN) in ten (17.9%) cases (subsequently two of them were
found to have sepsis), patent ductus arteriosus in eleven (19.6%) cases, and atrial septal
defect in two (3.6%) cases. No case of CCHD was detected among the screened newborns.
Conclusion: SpO2 screening detected non-cardiac causes of hypoxemic illnesses (sepsis
and PPHN) which otherwise would have been missed. However, we recommend a larger
sample size study to assess the efﬁcacy of SpO2 screening in detecting CCHD in our setting.
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Approximately 1% of newborns have congenital heart disease which is responsible
for 30%–50% of infant mortality due to birth defects.1,2 Of those infants with
congenital heart disease, a quarter of them are assumed to have critical congenital
heart disease (CCHD), which by deﬁnition is a lesion that needs corrective treatment within 1 year of life.3,4 But population-based studies in the US showed that
CCHD was detected at a late stage in 29.5% of infants.5,6 Due to the persistence of
fetal circulation in the ﬁrst few days of life, physical ﬁndings like murmur,
cyanosis, and tachypnea may not be detected before the newborn is discharged
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from the hospital, which may occur before 48 hours of life.
This decreases the effectiveness of clinical examination as
a screening method for CCHD in newborns.7,8 The decline
of physical examination skill among the current trainees
should also be taken into consideration.9 Because timely
recognition of CCHD could improve outcomes, it is
important to identify and evaluate strategies to enhance
early detection. Pulse oximetry (SpO2) has been proposed
as one such strategy, and in 2011 SpO2 screening for
CCHD was added to the “Recommended Uniform
Screening Panel for Newborns in the United States”.10
Subsequently, individual states in the US started to implement the legislation.11–13
Several studies reported SpO2 screening of CCHD at
discharge to be feasible and cost-effective and to have comparable cost with the existing newborn screening tests.14–16
Implementing SpO2 screening in the newborn nursery
prior to discharging newborns was found to reduce missed
diagnosis of CCHD by 30%.4,17
Based on this evidence, it appears that CCHD represents a newborn condition that could be detected through
screening in many settings. However, altitude affects oxygen saturation and high altitude is associated with low
oxygen saturation.18 Hence, it is important to assess
whether oximetry screening of CCHD is effective in a
setting at high altitude (2,600 m above sea level). This
study assessed the role of oximetry screening in detecting
CCHD in a high altitude setting.

Methods
The study was conducted in the nursery unit of St Paul’s
Hospital Millennium Medical College in Addis Ababa,
Ethiopia, located at 2,600 m above sea level. Every
month 600 newborns are delivered in the hospital. Data
were collected prospectively from January 2018 to July
2018. As shown in Figure 1, 941 apparently healthy term
neonates were included in the study. Consecutive cases
who were asymptomatic at time of discharge from the
nursery unit of the hospital were included. SpO2 screening
was done for those who fulﬁlled the inclusion criteria as
deﬁned by: 1) normal vital signs (respiratory rate 30–60
breaths/min, pulse rate 100–160 beats/min, temperature
36.5–37.5°C), 2) no signs of respiratory distress, 3) baby
was active and feeding normally, and 4) no murmur or
diminished pulses. Newborns who were discharged from
the hospital before 6 hours of age and those who had
antenatal diagnoses of cardiac disease were excluded
from the study. Gestational age was determined based on
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last menstrual period and Ballard Score was used in case
of unreliable last menstrual period. Term gestation was
deﬁned as gestational age ≥37 completed weeks.
Two trained data collectors did the screening and SpO2
measurement. SpO2 measurement was done after 24 hours
of delivery or before hospital discharge. The PC-66B
Handheld Pulse Oximeter (Shenzhen Creative Industry
Co., Ltd. Shenzhen GD, People's Republic of China) was
used for the study using a neonatal probe. The probe was
cleaned with an alcohol swab before each use to prevent
cross-infection. The probe was placed on either foot and
on the right hand ﬁnger for 30 seconds and reading was
recorded when a good and stable waveform was observed.
Second and/or third SPO2 measurement was done after 1
hour for those newborns who tested positive during the
initial screening test.
SPO2 reading ≥95% was taken as a negative screening
result. For those who had positive SPO2 screening test
result, a certiﬁed pediatric cardiologist performed echocardiography examination on the same day. Echocardiography
was done if the newborn met the following criteria: SPO2
<90% in any extremity, or a persistent SPO2 of 90%–94%
in both preductal (right arm) and post-ductal (lower extremity) sites on three measurements or a persistent preductal
to post-ductal SPO2 difference of >3%.10,19 Patent ductus
arteriosus (PDA) was diagnosed when the defect size was
>2 mm and had notable hemodynamic effect (like dilated
left ventricle and left atrium). Atrial septal defect (ASD)
was diagnosed when the defect size was >8 mm (since such
defect size has less chance of spontaneous closure).20
Newborns with normal echocardiogram ﬁndings were
evaluated and/or treated for non-cardiac causes of hypoxemia according to the hospital’s guideline.
Data were analyzed using Statistical Package for Social
Sciences (SPSS) version 20.0 software. Data were
reported as mean ± SD or median with interquartile
range (IQR) for continuous variables and frequencies for
categorical variables.
This study was conducted in accordance with the
Declaration of Helsinki. Ethical approval was obtained
from the Institutional Review Board of St Paul’s Hospital
Millennium Medical College. Written informed consent
was also obtained from the parent of each child.

Results
Nine hundred and forty-one asymptomatic term newborns
were included in the study. The mean gestation age and
birth weight of the study subjects were 39.4 weeks (SD 1.6)
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Apparently healthy term newborns
fulfilling the inclusion criteria=941 cases

Pediatric Health, Medicine and Therapeutics downloaded from https://www.dovepress.com/ by 3.223.3.101 on 02-Apr-2020
For personal use only.

(SPO2 measured)

SPO2≥95%
SPO2<95% or >3% difference
between pre and post-ductal
SPO2=56 cases

=885 cases

Echocardiography

Postnatal care
advised

done
=56 cases

CCHD=0 case

Non-CCHD hypoxemia
=56 cases

Diagnosis of specific problems
and management was done=56
cases

Figure 1 Schematic ﬂow diagram of the study.
Abbreviations: SpO2, pulse oximetry; CCHD, critical congenital heart disease.

and 3,076.8 g (SD 490.5) respectively. Three quarters of the
screened newborns (74.2%) were born at gestational age
between 37–40 weeks and the remaining were born
between 41–44 weeks. The birth weight of the study subjects ranged from 1,400 g to 4,600 g. Cesarean section was
the mode of delivery for 484 (51.4%) of the study subjects.
Age at screening was < 24 hours for 633 (67.3%) newborns
with the median age being 8 hours (IQR 6, 24) (Table 1).
Of the 941 study subjects, 123 (13.1%) and 70 (7.4%)
of them had foot and right arm SPO2 readings <95%
respectively, during the initial screening. The mean foot
and right arm SPO2 readings of the study population were
95.8% (SD 2.3) and 96.0% (SD 2.2) respectively. One
hundred and forty-two (15.1%) study subjects had either
initial foot/right arm SPO2 reading <95% or foot to right
arm SPO2 reading difference of >3%. Repeat second and/
or third SPO2 measurement was done for those 142 study
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subjects and only 56 (39.4%) of them tested positive
(having a persistent SPO2 of <95% or having arm to
foot SPO2 difference >3% (Table 2).
Echocardiography examination was done for those
56 newborns who had a positive SPO2 screening
test result. The echocardiographic ﬁndings were:
PDA: eleven (19.6%), PPHN: ten (17.9%), ASD: two
(3.6%), and no abnormality was detected in 33
(58.9%). No case of CCHD was detected among the
screened newborns. Those newborns who had a positive SPO2 screening test result and echocardiographic
ﬁnding suggestive of PPHN were admitted to the neonatal intensive care unit of the hospital. Two of the ten
cases with PPHN were later diagnosed to have sepsis
and managed according to the hospital’s guideline. The
remaining eight cases of PPHN were also treated
according to the hospital’s treatment guideline and the
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<24

633 (67.3)

≥24
Median (IQR)

308 (32.7)
8.0 (6, 24)

Those newborns who tested positive based on SPO2
screening test but who were subsequently found to have a
negative echocardiographic examination result (33/56)
were carefully re-evaluated by a pediatrician. They all
had unremarkable clinical ﬁndings and were sent home
with advice to parents after the SPO2 reading was
normalized.

284 (30.2)

Discussion

Table 1 Demographic and clinical characteristics of the newborns, Saint Paul’s Hospital Millennium Medical College, July 2018
Characteristics

N (%)/median (IQR)
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Age at screening in hours

Gestational age in weeks
37–38
39–40
41–44

414 (44.0)
243 (25.8)

Birth weight in grams
1,400–2,700

226 (24.0)

2,701–3,000

228 (24.2)

3,001–3,500
3,501–4,600

331 (35.2)
156 (16.6)

Mode of delivery
Spontaneous vaginal delivery

346 (36.8)

Instrumental delivery

111 (11.8)

Cesarean section delivery

484 (51.4)

Table 2 Pulse oximeter reading characteristics of the study population, Saint Paul’s Hospital Millennium Medical College, July 2018
Characteristics
First foot SPO2
<95%

123 (13.1)

≥95%

818 (86.9)

Mean ± SD
Minimum

95.8%±2.3%
80%

Maximum

100%

First right arm SPO2
<95%

70 (7.4)

≥95%
Mean ± SD

871 (92.6)
96.0%±2.2%

Minimum value

81%

Maximum value

100%

Second and third foot SPO2
<95%
≥95%

56 (39.4)
86 (60.6)

Echocardiography screening needed?
Yes
No

56 (39.4)
86 (60.6)

PPHN resolved. Other causes of hypoxemia were ruled
out among the cases with PDA and ASD, and patients
were monitored until their SPO2 was normalized and
then discharged with advice to parents to have them
followed up.
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This study aimed to assess the role of SPO2 in detecting
CCHD and other hypoxemic neonatal illnesses in a setting
which is located at high altitude (2,600 m above sea level).
Approximately 1% of newborns are expected to have
congenital heart disease and cardiac lesion is responsible
for 50% of mortality due to birth defects.1,2 The chance of
detecting cases with cardiac disease through postnatal
screening was reported to be higher in a setting where
prenatal screening is not in place.21 However, implementing SPO2 screening in the newborn nursery prior to discharging newborns was reported to reduce missed
diagnosis of CCHD by 30%, even in a setting where
prenatal ultrasound screening is in place.4,17 In general,
oximetry screening can reduce the chance of discharging
apparently healthy infants with unknown CHD by 5.9
times.22 In the current study we found that among the
941 babies who underwent SPO2 screening, 56 (6.0%) of
them failed the screening test. The fact that 6% of the
screened newborns tested positive was an expectedly high
ﬁgure as compared to the 1% expected prevalence of
CHD, which could reﬂect the high false positive rate of
SPO2 as a screening tool for CHD in our setting (2,600 m
altitude). This was evidenced by the subsequent unremarkable echocardiography ﬁndings of the 33/56 (58.9%) cases
who initially had a positive SPO2 screening test result.
The high rate of false positive SPO2 screening result in
our study can be explained by the high altitude where the
setting is located. Altitude affects oxygen saturation and
high altitude is associated with low oxygen saturation.18
The inherent limited sensitivity of SPO2 screening test,
especially in detecting those cardiac lesions which do not
affect oxygenation,22 could also have contributed to the
high false positive rate.
On the other hand, in the current study, 10/56 (17.9%)
cases initially tested positive with SPO2 screening but
with subsequent echocardiography examination, they
were found to have non-cardiac hypoxemic condition
namely PPHN/sepsis. Basically, routine SPO2 screening
targets primarily seven types of CCHD, namely common
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truncus, d-transposition of the great arteries, tetralogy of
Fallot, pulmonary valve atresia, tricuspid valve atresia,
hypoplastic left heart syndrome, and total anomalous pulmonary venous return.4,10 However, studies have shown
that SPO2 screening which was applied for CCHD is also
helpful in detecting life-threatening non-cardiac causes of
hypoxemia like sepsis and PPHN.11,22 To this end, the fact
that 10/56 (17.9%) of the cases who initially tested positive by SPO2 and were then found to have non-cardiac
hypoxemic illness, can be taken as an additional beneﬁt of
the screening test and it can be useful in a setting like ours
where sepsis is a common cause of neonatal morbidity and
mortality.
Several other studies demonstrated that use of SPO2
for screening for CCHD at discharge was effective, feasible, and had comparable cost with the existing newborn
screening tests. It has also been reported that it can easily
be integrated with the existing referral system if community-based screening has to be implemented,14–16 with
negligible increment of service burden to the hospital
because of implementation.23 However, in our study no
case of CCHD was detected by using the SPO2 screening
test. The high false positive rate of the screening test leads
to increased cost incurred due to the need for subsequent
echocardiography imaging and increased service burden to
the hospital. In our setting, a single echocardiography
procedure was estimated to cost 500–700 Ethiopian birr
(USD18–25 at the time of the data collection), which is
expensive for ordinary citizens. The unnecessary parental
anxiety because of false positive test results could also be
a concern.
The mean post-ductal SPO2 and preductal SPO2
values of our study population were almost the same
(95.8% and 96.0% respectively). Nevertheless, the mean
SPO2 value of our study population was lower than the
97.4% mean SPO2 value reported by another study,24 and
this can be explained by the high altitude location of our
study setting.
The lower cut-off screening age in our study was 6
hours with the median screening age being 8 hours. This is
lower than the 24 hours screening age recommended by
the American Academy of Pediatrics. We took 6 hours
postnatal age as the minimum age to be included in the
study because our study setting allows discharge from the
hospital 6 hours after delivery, as long as the mother and
the baby are in good condition due to shortage of hospital
beds. SPO2 tends to stabilize after 1–2 hours postnatal age
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at about 98%21 and hence, the 6 hours postnatal age that
we took as a cut-of age for screening was acceptable.
A sizeable number of PPHN cases were detected in our
study. This can be explained by the direct relationship of
PPHN and altitude, since high altitude is associated with
low oxygen saturation.18
The main limitation of our study was the inclusion of a
smaller sample size of study subjects which was due to
logistical reasons. The inclusion of cases <24 hours old,
and the lack of follow-up for those study subjects who
tested negative during the SPO2 screening were also a
limitation of the study. The absence of follow-up may
have caused failure to detect cases of CCHD which can
manifest a few days after delivery.

Conclusion
In conclusion, we found a high false positive rate of SPO2
screening for CCHD that could lead to increased cost and
service burden to the hospital. The unnecessary parental
anxiety because of the false positive test result could be a
concern. However, its ability to detect non-cardiac
hypoxemic conditions like sepsis and PPHN can be taken
as an advantage. Hence, further studies should be carried
out before implementing SPO2 as a screening method to
detect CCHD at high altitude settings like ours.
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