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Objectives: Infant screening for congenital heart disease (CHD) includes a straightforward
bedside test called pulse oximetry. Low degrees of oxygen in the blood can be an indication of
a critical CHD. The aim of the present study was to evaluate the role of pulse oximetry in the
early detection of asymptomatic CHD in new borns before discharge from Hospital.
Methodology: This cross-sectional study conducted on 3151 term neonates first stage of SPO2
was performed 2-12 hours after birth. If SPO2 was < 95%, premeasured within the first 12 to
24 hours of life. If the neonates maintained their SPO2 <95, they shifted to pediatric
cardiologist for echocardiography. For the statistical analyses, SPSS 18.0 (SPSS Inc., Chicago,
IL) was used. The significant level considered less than 0.05.

Results: From 3151 neonates, 29 individuals had SPO2<95% in which 26 went under
echocardiography and 3 missed. In these neonates 22 had CHD. The SPO2 had a diagnostic
value of 85%. Maternal age and neonates’ height at birth not changed based on healthy status
and SPO2 levels. Gestational age had no association with healthy status and SPO2 levels, when
maternal Diseases and weight at birth had a significant association with SPO2 levels at the
second stage and health status.

Conclusion: From the present study concluded that a high and acceptable diagnostic value of
85% found for SPO2 to detect CHD in neonates in the first 24 hours of life. The factors of

maternal diseases and weight at birth had a significant effect in this issue.
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INTRODUCTION

Congenital heart disease (CHD) is a set of heart
structural  abnormalities occurring during fetal
development and is the most common type of birth
defect leading death.® CHD can be subdivided in non-
cyanotic and cyanotic. The cyanotic sometimes called
critical CHD (CCHD) and in other side, can be further
classified into 3 different types of lesions: right heart
obstructive lesions, left heart obstructive lesions, and
mixing lesions.'* Most newborns are born with
healthy heart and have enough oxygen in their blood.
However, about 1% of newborns are born with a CHD
in which a quarter of them are with CCHD.® Has been
reported that newborns with CCHD are most at risk of
death if not recognized and treated early.® The etiology
of CHD is still unknown but recognized many cases
are mufti-factorial and resulted from a combination of
genetic predisposition and environmental risk factors.”
At the same time, the CCHD is a high risk factor that
threating neonates’ life and is associated with systemic
low cardiac output (LCO) requiring surgery or
catheter-based intervention in the first year of life.?

Critical CHD included of; HLHS, coarctation of the
aorta (COA) / interrupted aortic arch (IAA), TGA,
TAPVR, critical aortic stenosis (AS), pulmonary
atresia (PA) and tricuspid atresia (TA).°

Pulse oximetry is a simple, fast, inexpensive, and
noninvasive method which can be used to show
oxygen saturation in blood® and in this regards, has
been reported that it is highly specific for detection of
CCHD with moderate sensitivity.'! The rationale and
the main reason of using this method is that most
CCHDs have a degree of hypoxaemia that would not
necessarily produce visible cyanosis and therefore
might not be clinically detectable. Although health-
care systems and governments around the world are
considering pulse oximetry as a screening strategy for
newborn babies’, but uncertainty exists about false-
positive rates and test accuracy.?? Strong evidence
exists for health-care systems to consider pulse
oximetry as a screening test for CCHD in
asymptomatic newborn babies.*
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Recently, several large European studies have
strengthened and demonstrated that pulse oximetry as
an adjunct to existing screening can increase CCHD
detection rates to over 90%.'% Notably, many studies
also have reported detection of secondary targets, that
is, test positive babies who have either non-critical
CHD or serious non-cardiac illness such as congenital
pneumonia, early-onset sepsis and pulmonary
hypertension. In recent studies, between 30% and 70%
of the false positives fell into this category.** As some
of these conditions are potentially as deadly as a
CCHD, this is a key and additional advantage of the
test.!® A recent systematic review and meta-analysis of
13 studies on 230 000 babies concluded that pulse
oximetry is a highly specific (specificity 99.9%),
moderately sensitive (sensitivity 76.5%, to 83.5%) test
that meets the criteria for universal screening.*

Considering the matters mentioned above, the present
study aimed to evaluate the role of pulse oximetry in
the early detection of asymptomatic CHD in newborns
before discharge from Hospital.

METHODOLOGY

According to the hospital birth registration system,
7272 neonates were delivered in the Ali Ebne Abitalib
Hospital during the year of 2019. From these neonates,
5912 were term with gestation age higher than 37
weeks. From these term neonates, 3151 entered to the
study because of inclusion and exclusion criteria. The
study included consecutive infants born at our
hospital, irrespective of mode of delivery, newborns
with lung diseases or whose parent or guardian did not
sign the informed consent excluded. Newborns with a
gestational age < 37 weeks, sick babies admitted to
neonatal units also were excluded from the survey.
Due to a policy of early discharge in our hospital, the
maximum age at pulse oximetry screening was 24
hours. Therefore, this cross-sectional study, conducted
on 3151 term neonates. For the subjects, some
measures recorded in a check list after birth such as
sex, weight at birth, height at birth, gestation age,
maternal diseases and age. First stage of pulse
oximetry was performed 2-12 hours after birth by the
well-experienced nursery personnel. Whether arterial
oxygen saturation (SPO2) was < 95%, the measure
rechecked after 12 to 24 hours (second phase). In the
second phase, if the measure of SPO2 persisted to
remain < 95% considered abnormal, shifted to
pediatric cardiologist for electrocardiograph and more
detailed examinations on the same day.

Saturation of peripheral oxygen (SPO2) was measured
using a portable Rad-5™ handheld pulse oximeter
with multisite sensor that prevents the pulse wave
from hanging with the neonate’s movements. This

pulse oximeter signal is obtained by subtraction,
making it more reliable than other equipment (Nellcor
N-395, Nova Metrix MARS, and Philips Viridia 24C
Rev BO), and has higher sensitivity and specificity.
The measurement was taken during two minutes in the
left lower extremity (post-ductal) until the reading
remained the same in two determinations; the
measurement was performed under physiological
sleep and by only one member of the study team.

After the second phase screening, if the neonates had
SPO2<95% referred to the cardiac center for
echocardiography. An expert and experienced
pediatric cardiologist performed the echocardiography
to detect CHD.

The study approved by research committee of Zahedan
University of medical sciences and coded as
ir.zaums.rec.1398.067.

For the statistical analyses, SPSS 18.0 (SPSS Inc.,
Chicago, IL) used. The categorized variables are
expressed as counts (percentages) and the continuous
variables as means + SD. The continuous variables
were compared using the Mann-Whitney U test
because data distribution were free, and the
association between two categorized variables tested
using non-parametric Chi-square test. The significant
level considered less than 0.05.

RESULTS

The study aimed to diagnose CHD among neonates
during the first 24 hours of life by pulse oximetry. In
the first stage of measuring SPO2, the neonates
categorized based on SPO2 < 85%, Between 86%-
90%, 91%-94% and > 95% frequented of 5 (0.2%),
14(0.4%), 89(3.00%) and 3039 (96.4%) respectively.
For those neonates with SPO2 <95%, the Pulse
oximetry measuring repeated after 12 hours (The
second step). In the second step of SPO2 measuring,
from 5 neonates who had SPO2 < 85%, an increase
observed in 3 neonates to the level of 86-90%. From
14 neonates with SPO2 between 86-90%, an increase
observed in 7 neonates to the level of 91-94% and one
neonate had a jump to the normal level of SPO2. From
93 neonates that their SPO2 was between 90-94%
levels, 82 had an increase to the normal status (> 95%).
Therefore, in the second stage of SPO2 measuring, 2
neonates had SPO2 < 85%, 9 neonates had PSO2
between 85-90%, 18 neonates had SPO2 between 90-
94% and remained neonates (3122) had PSO2 >95%.
From those 29 neonates with SPO2<95% that went
under echocardiography, two were in SPO2< 85%
level such that one had tricuspid atresia and one had
transposition of the great arteries with intact
ventricular septum (TGA+IVS). From those 9
neonates with SPO2 between 85-90%, one had
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complete atrioventricular septal defect (AVSD), 4 had
TGA, 3 had TOF and 1 missed echocardiography.
From those 18 neonates with PSO2 between 90-94%,
4 were free of CHD and 2 missed echocardiography, 3
had AVSD, 2 had TOF, one had coarctation of aorta
the remained (6 neonates) had VSD. In total, from 29
neonates  with  SP0O2<95%, three  refused
echocardiography and from those 26 neonates that
went under echocardiography, 22 neonates had CHD.
It shows that Pulse oximetry can diagnose 86% of
heart diseases.

Table 1 showed that from 3151 neonates, about 50.5%
were boys. About 48.8% had gestation age of 37-38
weeks. About 59 (1.9%) and 60 (1.9%) and 7 (0.2%)
of the mothers had diabetes mellitus, systemic
hypertensions and diabetes mellitus with systemic
hypertensions respectively. In total 22 (0.7%) of the
neonates had heart diseases. About 184 (5.8%) were in
low birth weight. Mother mean age at birth was
27.90+6.65 years. The mean weight at birth was
3086.63+£384.34g. the mean of height at birth was
49.83+1.80 cm. Gestation age mean was 38.60+1.15
weeks.

Table 1: Descriptive statistics of the study variables
based on their categorization

Statistics Summary
Total (N) 3151
Sex

Boys 1592 (50.5%)
Girls 1559 (49.5%)
Gestation Age (week) 38.6 £1.15
37-38 weeks 1538 (48.8%)
38-40 Weeks 1404 (44.6%)
>40 Weeks 209 (6.6%)
Mother diseases during pregnancy

Diabetes mellitus 59 (1.9%)
Hypertension 61 (1.9%)
Diabetes mellitus and Hypertension 7 (0.2%)

Type of CHD in Neonate with SPO2<95%
Healthy

3126 (99.21%)

Tetralogy of Fallot (TF) 5 (0.16%)
Tricuspid atresia (TA) 1 (0.03%)
Coarctation of the aorta 1 (0.03%)
Ventricular septal defect (VSD) 6 (0.19%)
Refused to do Echocardiography 3 (0.1%)
Weight at Birth (g) 3086.63 + 384.34
<2500g 184 (5.8%)
2500-3000g 1181 (37.5%)
3000-4000g 1760 (55.9%)
>4000 26 (0.8%)
Mother age at Birth (years) 27.9 £ 6.65
Height at birth (cm) 49.83+1.8
SPO2 (2-12 h) % 96.86 + 1.73
SPO2 (12-24 h) % 97.98+1.11

Table 2 showed a comparison of maternal age and
height at birth in health and CHD neonates as well as
SPO2 levels. Resulted that maternal age and neonates’
height at birth not changed based on healthy status and
SPO?2 levels.

Table 2: Maternal Age and height at birth
comparison in neonates based on healthy status
and SPO2 levels

Participants SPO2

Healthy | CHD <95% | >95%
Maternal Age
Mean 27.8881 28.7097 28.38 27.89
Standard
deviation 6.63972 7.60786 7.6 6.64
P-value 0.603 0.846
Height at Birth
Mean 49.8171 50.7419 50.28 49.82
Standard
deviation 1.79079 2.12866 1.75 1.8
P-value 0.039 0.846

Table 3 showed the association of maternal diseases,
weight at birth and gestational age in healthy status
and SPO?2 levels. Resulted that gestational age had no
association with healthy status and SPO2 levels, when
Maternal diseases and weight at birth had a significant
association with SPO2 levels at the second stage and

Atrioventricular septal defect (AVSD) 4 (0.13%) health status.
D-Transposition of the Great Arteries
(dTGA) 5 (0.16%)
Table 3: Maternal Disease, weight at birth and Gestational Age association with healthy status and SPO?2 levels
in neonates
Participants SPO2
Statistics Total Healthy CHD II\E/I és;%i <05% >05%
Total (N) 3151 3126 22 3 29 3122
Maternal Diseases
Diabetes mellitus 59 (1.9%) 56 (1.8%) 3 (13.6%) 0 (0%) 3 (10.3%) 56 (1.8%)
Hypertension 61 (1.9%) 61 (2%) 0 (0%) 0 (0%) 1 (3.4%) 60 (1.9%)
Free of illness 3024 (96%) 3004 (96.1%) | 17 (77.3%) 3 (100%) 23 (79.3%) 3001 (96.1%)
Diabetes mellitus and
Hypertension 7 (0.2%) 5 (0.2%) 2 (9.1%) 0 (0%) 2 (6.9%) 5 (0.2%)
P-value <0.001 <0.001
Weight at Birth
<2500g 184 (5.8%) 184 (5.9%) 0 (0%) 0 (0%) 0 (0%) 184 (5.9%)
2500-3000g 1181 (37.5%) | 1176 (37.6%) 5 (22.7%) 0 (0%) 7 (24.1%) 1174 (37.6%)
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3000-4000g 1760 (55.9%) 1742 (55.7%) | 15 (68.2%) 3 (100%) 20 (69%) 1740 (55.7%)

>4000 26 (0.8%) 24 (0.8%) 2 (9.1%) 0 (0%) 2 (6.9%) 24 (0.8%)

P-value - 0.001 0.001

Gestation age

37-38 1538 (48.8%) 1527 (48.8%) | 10 (45.5%) 1(33.3%) 13 (44.8%) 1525 (48.8%)

38-40 1404 (44.6%) 1392 (44.5%) | 10 (45.5%) 2 (66.7%) 14 (48.3%) 1390 (44.5%)

>40 209 (6.6%) 207 (6.6%) 2 (9.1%) 0 (0%) 2 (6.9%) 207 (6.6%)

P-value - 0.92 0.91
DISCUSSION were normal. In overall, 9 neonates had CHD that

Congenital heart diseases (CHD) are the leading
causes of infant deaths in the world such that delay in
diagnosis is associated with a worse preoperative
condition®® such that their early diagnosis and timely
intervention can significantly reduce the likelihood of
an adverse outcome.’

The present study aimed to detect CHD in new borns
baby by screening pulse oximetry and resulted that in
the first phase SPO2 (within 2-12 hours after birth),
3.4% of the neonates had SP0O2<95%. In the second
phase, 22(0.70%) of neonates had SPO2<95%. These
neonates were referred to the cardiac center to assess
their probable CHD and found that from them, 6
neonates had VSD, 5 neonates had TOF, 4 neonates
had AVSD, 5 neonates had dTGA, and from 2
remained neonates, one had coarcation and one had
TA.

Movahedian et al.'°, conducted a study on 3,846
newborns to detect CHD by screening SPO2. They
resulted that at the first phase (at least 2 hours after
birth) measuring SPO2, 7.9% (384) had SPO2< 95%.
For every neonate, the second saturation measurement
performed 2 hours later that neonates with SPO2 <
95% decreased to 2.7% (104). In their study, from
these 104 neonates with SPO2<95%, 14 neonates had
CHD, 67 were free of CHD when 23 neonates missed
the study due to unknown reasons. This pattern
showed, a prevalence of 3.6 in 1000 live birth. Of 14
CHD neonates 11 had critical CHD with the
prevalence of 2.86 in 1000 live birth.

Taksande et al.’, led a study on 2110 neonates to
detect CCHD by pulse oximetry. They measured the
SPO2 in two phases, the first phase performed within
first 4 hours of life and resulted that 8 neonates had
SP0O2<90% and 102 had 90-95%. The second phase of
SPO2 measured on 102 neonates such that, 98
neonates had an increase in SPO2 to 95% and 4
neonates had SP0O2<95%. Overall, 12 neonates
referred to cardiologist. Of 8 neonates from the first
phase, one had TAPVC, one had TOF, 3 had dTGA, 2
had TA and one was free of CHD. Of 4 neonates from
the second phase, one had VSD, one had PDA and two

shows the prevalence of 4.3 in 1000 live births.

Slitine et al.*8, measured pulse oximetry to find CHD
on 10451 live birth. From 8013 eligible neonates, 15
had SPO2<95% in which 5 had CCHD, 5 had other
types of CHD with the prevalence of 1.25 in 1000 live
birth. The 5 remained neonates had other type of
diseases such as persistent pulmonary hypertension
and sepsis. Campbell et al.'s, measured pulse oximetry
to evaluate the CCHD and concluded that mandatory
pulse oximetry screening legislation did not change
the late CCHD postnatal diagnosis rate in their cohort.
The vast majority of newborns with CCHD were
diagnosed prenatally. Of those diagnosed postnatal,
most were diagnosed early postnatal. a small number;
three subjects were diagnosed with dTGA, four with
total anomalous pulmonary venous return, one with
aortic coarctation and one with interrupted aortic arch.

In the Tekleab et al.!®, study, during the initial
screening, from all neonates that entered to the study,
13.1% and 7.4% had foot and right arm SPO2
<95%respectively. In the second or third phase,
39.4% had SPO2 of <95%. Echocardiography
examination was done for those newborns and resulted
that 11 neonates suffered from PDA, 10 with
Persistent pulmonary hypertension of the newborn
(PPHN), 2 with ASD and 33 were free of CHD. No
case of CCHD was detected among the screened
newborns in this study. In a systematic review study
by Liu et al.?%, shown that the CHD prevalence was
9.41 in 1000 live birth. Similar to the present study, it
seems that in the majority of studies, SPO2 screening
performed in two phases. And after the second phase,
if the SPO2 was lower than 95% referred to
cardiologist. The present study resulted that after the
second phase SPO2 screening, the number of neonates
with CHD were 22 that shows a prevalence of 6.98 In
1000 live births and the number of neonates with
CCHD were 11 with the prevalence of 2.86 in 1000
live births. The difference between the mentioned
above literatures and the present study probably is due
to the time duration between the first and the second
phase of the SPO2 measuring. Gopalakrishnan et al.?t,
studied SPO2 to detect critical CHD in asymptomatic
newborns. They considered echocardiography as a
gold standard in competition with SPO2 screening.
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They found that the sensitivity, specificity of pulse
oximetry screening to detect CHD was 75% and
99.29% respectively. From the late study that
mentioned here, a fact confirmed about the ability of
SPO2 to detect heart diseases. In the other side, CCHD
may not be apparent at the time of early discharge
examination, post-ductal arterial pulse oximetry
screening during the first 24 hours of life has been put
forth as the most useful strategy to prevent circulatory
collapse or death.’®* Most of the mentioned studies
have suggested that performing pulse oximetry on all
neonates before hospital discharge is an effective
screening tool for detection of CHD. Mostly in
medical care centers, SPO2 not performed routinely
prior to discharge and it is a reason for rising
prevalence of CHD in infancy. Taksande et al.*®, found
that based on SPO2>90% and SP0O2<90% mean
gestation age was 38.6 and 38.2 weeks, mean weight
at birth was 2700 and 2300 gram, respectively. Purkey
et al.??, study noted maternal age had a significant
association with CHD such that, the majority of
mothers with age >35 at delivery time had neonates
with CHD. Neonates birth weight was associated with
CCHD such that the percentages of low birth
weight(<2500g) neonates were significantly more in
CCHD neonates compared with those who neonates
were free of CCHD. In addition, they found a
significant association between gestational age and
CHD. They also found that most of the neonates with
CCHD had lower gestational age compared to healthy
children and preterm neonates were more at risk of
CHD compared to term neonates. Steurer et al.?, in
the study resulted that male neonates were more at
CHD risk that issued due to SPO2 in the second phase.
They also did not find any risk of CHD due to
differences in weight and height at birth. They also
found that maternal age at childbirth >34 was a cause
of an increase in CHD risk in neonates. Maternal
diseases such as diabetes mellitus and systemic
hypertension showed to have a positive effect of
CCHD in neonates. In this regards, the results from the
mentation study are similar to our findings. Despite the
ability of SPO2 to detect most cases of CCHD, it is not
without limitation. The commonest lesions missed by
pulse oximetry are those causing obstruction to the
aorta. they are even frequently missed by prenatal
ultrasound and routine physical examination.
Therefore, pulse oximetry may be used as an adjunct
to other screening methods rather than as a substitute.

An important limitation in the present study was long
time interval between the first and the second phase of
SPO2 measuring (12 hours).

CONCLUSION

From the present study concluded that a high and
acceptable diagnostic value of 85% found for SPO2 to
detect CHD in neonates in the first 24 hours of life. The
factors of maternal diseases and weight at birth had a
significant effect in this issue. It is suggested that to early
CCHD identification in neonates, SPO2 screening is a
toll with high sensitivity and is necessary to be performed
before health care centre discharge after delivery.
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