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INTRODUCTION

Critical congenital heart defects (CCHD) occur in 2–3 per 
1000 live births, usually require invasive medical interven-
tion within the first month of life and can lead to death or sig-

nificant morbidity if not diagnosed in a timely manner.1 Early 
detection is important for reducing mortality and improving 
the postoperative outcome.2 In United States, a survey by 
American Heart association found congenital cardiovascular 
defects were the most common cause of infant death.3 Criti-
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ABSTRACT
Introduction: Early diagnosis of critical congenital heart defects (CCHD) may be missed both during prenatal echocardiography 
and the short stay in the neonatal nursery, leading to circulatory collapse or death of the newborn before readmission to hospital. 
Pulse oximetry screening (POS) has been proposed as an effective, non-invasive, inexpensive tool allowing earlier diagnosis of 
critical congenital heart disease (CCHD). 
Objective: This study was conducted to find out the role of pulse oximetry as a screening tool for early detection of critical con-
genital heart disease in newborn. 
Methodology: This prospective study was conducted in department of Neonatology and department of Obstetrics & Gynaecol-
ogy, Bangabandhu Sheikh Mujib Medical University, Shahbag, Dhaka, Bangladesh a tertiary care hospital over one year. All 
inborn and outborn newborns stayed in hospital within 24 hours of age were included in this study. After taking written informed 
consent from parents, a thorough history was taken by investigator. Then pulse oximeter was used in standard way to measure 
reading from arms and legs. Interpretation and follow-up by Echocardiogram was done in pre-designed criteria. Data were cal-
culated manually.
Results: During the study period a total of 1033 newborn babies were screened. Among screened newborn positive screening 
rate was found 16(1.5%) cases. Newborns with positive screening were advised to do echocardiographic evaluation. Echocar-
diography was done in all 16 babies and 4 newborn babies were having critical congenital heart diseases. This present study 
found sensitivity, specificity, PPV and NPV of pulse oximetry screening 100%, 99.6%, 25% and 100% respectively. On echocar-
diography critical congenital heart diseases were double outlet right ventricle, tetralogy of fallot, pulmonary stenosis and d-TGA. 
Conclusion: The present study concluded that with this high sensitivity, specificity and negative predictive value Pulse oximetry 
is safe, feasible and may be wont to screen for critical congenital heart condition. It would be an attainable noninvasive method 
to detect the congenial heart disease along with the physical examination in newborn.
Key Words: Pulse Oximetry Screening, Critical Congenital Heart Disease, PPV, NPV Of Pulse Oximetry, Tetralogy Of Fallot, Pulmo-
nary Stenosis And D-TGA
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cal Congenital Heart Disease in neonate may present with 
cyanosis, respiratory distress, poor peripheral perfusion, 
difference in pulses (arm vs. leg), hyperactive precordium, 
abnormally heart sound, prominent heart murmur, Shock 
and unexplained metabolic acidosis and often these features 
are difficult to identify underlying cause.4Several tools are 
regularly used to identify infants who have heart defects. 
Prenatal ultrasounds performed at 18-20 weeks of pregnancy 
can reveal anatomical abnormalities. After birth, Physical 
examination by clinician helps to diagnose CHD along with 
additional tests like chest radiographs, echocardiograms and 
pulse oximetry.5Although prenatal ultrasounds and postnatal 
physical exams successfully detect many heart defects, they 
are not sufficient to diagnose all cases of CCHD. Postnatally, 
20–30% of CCHD are still missed by physical examination, 
as symptoms often occur later, when the ductus arteriosus 
closes.6 Murmurs are not always present with CCHD, and 
may occur in up to 60% of healthy newborns.7 Also, it has 
been shown that assessment of cyanosis is unreliable for 
detecting hypoxaemia.8 So screening is necessary for early 
detection and early treatment of these conditions. New re-
search suggests that when all infants are screened using 
pulse oximetry in conjunction with routine practices, CCHD 
can be detected in over 90% of newborns (American Heart 
Association updates 2013).3 Pulse oximetry (PO) is a widely 
available, accurate method to objectively quantify oxygen 
saturations (SpO2), and thereby identify the clinically unde-
tectable hypoxaemia that occurs in the majority of neonates 
with CCHD.9 Pulse oximetry is a low-cost, non-invasive and 
painless bedside diagnostic test that can be completed by in 
as little as 45 to 60 seconds.  It can detect mild hypoxemia, 
which is characteristic for many forms of CCHD, and those 
may not be recognized by clinical examination.10 When the 
screening is suggestive of having possibility of  CCHD ad-
ditional testing can be completed.11 The American Heart 
Association (AHA), the American Academy of Pediatrics 
(AAP), and the American College of Cardiology Foundation 
(ACCF) recently outlined commendations for a standardized 
pulse oximetry screening approach and diagnostic follow-up 
for CCHD (American Heart Association Fact Sheet 2013).3 

Due to variation in presentation of CCHD, many defects may 
not be identified and infants may be discharged from the hos-
pitals before signs of disease are detected. So pulse oxime-
try screening may be helpful for early detection of CCHD. 
But there is paucity of this type of study in Bangladesh. So 
the study was conducted to see the role of pulse oximeter as 
early screening tool for diagnosing CCHD in newborns.

MATERIALS AND METHODS

This Prospective study was conducted at the department of 
Neonatology and Department of Obstetrics and Gynecology, 
Bangabandhu Sheikh Mujib Medical University, Shahbag, 

Dhaka, Bangladesh from May 2016 to May 2017 after ap-
proval from institutional review board. Neonates were ex-
cluded with life-threatening congenital anomalies other than 
cardiac disease, severe cardio-respiratory depression and re-
quired surgical management other than cardiac disease. After 
taking written informed consent from the parents/guardians, 
there was a face-to-face interview with the mother or car-
egivers. A thorough history of these newborn including gen-
eral information, demographic and socioeconomic informa-
tion as well as information to facilitate follow-up contact was 
taken. The infant’s medical records was reviewed to identify 
the risk factors of CHD and recorded in a data collection 
form. Pulse oximetry screening was conducted by a team of 
investigators (doctors) in postnatal ward, labor room, post-
operative ward and neonatal intensive care unit. 

All investigators were demonstrated properly for screening 
and they were blinded regarding antenatal Echocardiography 
report. Pulse oximetry testing of the right hand and either 
any of one foot was performed by investigator in all infants 
by using pulse oximeter (model- OxiMax N-560 Guide, Ko-
rea). Proper care was taken to rule out any interference with 
pulse oximetry like agitation of the infant, proper placement 
the probe, human error or equipment malfunction. The test 
was performed in infant less than 24 hours of age. If the new-
born’s oxygen saturation is >95% in either extremity, with 
a <3% difference (Upper and lower extremity), he or she 
was considered to pass the screening test (Negative Screen-
ing) and due to unavailability of bedside Echocardiography 
machine no additional evaluation was done unless signs or 
symptoms of CHD were presented. If the newborn’s oxygen 
saturation is <90% irrespective of gestational age in either 
the hand or foot, and the oxygen saturations are 90 - <95% in 
both the hand and foot or there is a >3% difference between 
the two on three measurements each separated by one hour 
the newborn was referred for additional evaluation (Positive 
screening) by Echocardiography. After collection, Data were 
calculated manually. Ethically approved by the department 
and ethical clearance number BSMMU-2017/3370. 

Figure 1: Flow chart of early detection of Critical Congenital 
Heart Disease in Newborn patients.
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RESULTS

Among 1033 screened babies, male babies were 504 (48.7%) 
and female babies were 529 (51.2%). Most of them were de-
livered by lower uterine caesarean section 756 (73.1%). Cat-
egorical distributions of gestational age showed two-third of 
newborn were term 479 (46.4%). In birth weight category 
503 (48.6%) had birth weight between 2500g-<4000g (Table 
-1). In this study 572 (55.2%) mothers were between 20-30 
years of age. Parental consanguinity was present in 26 (2.5%) 
cases. Maternal diabetes mellitus were found in 265 (25.6%) 
of mothers and family history of heart diseases was found in 
219 (21.2%) cases (Table –2). Among screened 1033 new-
borns abnormal screening rate was found 16 (1.5%) cases 
and 4 (25%) newborn babies were having critical congenital 
heart diseases out of 16 abnormal screened babies and there 
is no (100%) CCHD diagnosed cases who passed screening 
(Table –3). On Echocardiographic findings, among 16 posi-
tive screened babies there were 4 (25%) Critical congenital 
heart diseases, 2 (12.5%) were non-critical congenital heart 
diseases, 7 (43.75%) were PPHN, 3 (18.75%) had no abnor-
mality (Table –4). The present study found the sensitivity, 
specificity, positive predictive value, negative predictive 
value of the Pulse Oximetry screening was 100%, 98.8%, 
25%, 100% respectively (Table – 5).

DISCUSSION

Congenital heart diseases are fatal if prompt medical or sur-
gical intervention is not provided. Early detection of con-
genital heart disease enables for prompt intervention which 
may save patient’s life. Pulse oximetry (PO) screening for 
critical congenital heart defects (CCHD) has been studied 
extensively and is being increasingly implemented world-
wide. In this study, we examined the utility of pulse oxime-
try as a screening test for the detection of critical congenital 
heart disease in newborns. An ideal screening test should 
detect the latent or early symptomatic period of a disease 
when early treatment can prevent progression and better 
outcome. Present study was carried out with screening time 
within 24 hours of age, on a total of 1033 neonates in depart-
ment of neonatology and department of Obstetrics and Gy-
necology, Bangabandhu Sheikh Mujib Medical University, 
Dhaka, Bangladesh.  A meta-analysis demonstrated a sig-
nificantly lower false positive rate when the screening was 
performed ≥24 h after birth than when it was done before 
24 h; this reduction did not compromise test sensitivity; the 
sensitivity of the test was moderate overall.12 Ewer et al.13 

showed the highest sensitivity if screening took place 6–12 
h after birth, but specificity was the highest at 0–6 h after 
birth. In a large Chinese study, the false positive rate was 
higher when screening was performed at 6–24 h after birth 
(0.55%) compared with 25–48 (0.29%) and 9–72 (0.26%) 

h after birth, but sensitivity was 10% higher at 6–24 h.14In 
this study we documented both preductal and postductal 
measurement. The meta-analysis showed no difference in 
accuracy between only post-ductal versus combined meas-
urements, but certain left outflow tract obstructions might 
be missed with post-ductal measurements alone.12 However, 
Ewer et al.13 and de-Wahl Granelli et al.15 observed that add-
ing a pre-ductal measurement also increased the false posi-
tive rate. 95% oxygen saturation level was used as a cut-off 
value in this study, at which pulse oximetry screening has the 
best overall performance and >3% difference of saturation 
between both limbs. Arlettaz et al.15 showed the sensitivity 
and specificity remained quite stable using a cut-off ranging 
from 92% to 95%, whereas a cut-off below 92% led to a rap-
id decrease of sensitivity. Ewer et al.13 defined SpO2 <95% 
in either limb or a difference of >2% between the limbs as 
abnormal. In their study, the false positive rate would have 
been reduced from 0.8% to 0.5% if they had used a differ-
ence of >3% in both limbs.15 In this study we found posi-
tive screening case 16 (1.2%) out of 1033 cases and 4(25%) 
cases had CCHD of that positive screening case. Ewer et 
al.13 got 0.97% positive screening and out of them 10.16% 
CCHD, Arlettaz et al.16 found 0.7% positive screening cases 
and 63% CCHD among positive screening,  Hoke et al.17 got 
1.9% failed screening among them 7%  had CCHD. Rich-
mond et al.18 found 1.13% positive screening and of them 
12.5% had CCHD.In this study, the positive cases were di-
agnosed as double outlet right ventricle (DORV), Tetralogy 
of fallot (TOF), pulmonary stenosis (PS) and Transposition 
of great arteries (TGA). Arlettaz et al.16 found TGA, HLHS, 
DORV, critical PS; Hoke et al.17 found CoA, TGA, PS, TOF; 
Bakr et al.19 found TAPVR, PA, TA where we found DORV, 
TGA, which is quite similar to our study. Pulse oxymetry 
can also detect other causes of hypoxaemia, including in-
fections and pulmonary/respiratory disorders. Although de-
tection of these conditions is currently considered as false 
positives, it is important to detect them early, so treatment 
can be started before deterioration occurs with increased 
risk of death, morbidity and longer hospitalization. Narayen 
IC, et al.20 showed PPHN is the most common differential 
diagnosis of positive screening which similar to our finding 
where PPHN was diagnosed in 7 cases out of 16 positive 
cases. In the present study, Pulse oxymetry screening in or-
der to detect cyanotic CHD shows a very good sensitivity 
(100%), specificity (96.8%) and NPV (100%), but the PPV 
(25%) is less than optimal. A sensitivity of 100% in the de-
tection of cyanotic CHD has been previously reported by 
others Arlettaz et al.16, Hoke et al.17, Bakr et al.19 Sendelbach 
et al.21 In our study, PPV (25%) is not optimal. Richmond 
et al.18   and Reich22  found almost similar PPP to our study 
15% and 33.3% respectively. In this study there were some 
limitations as it was conducted in single center, cases were 
taken before 24 hours of age, and due to resource limitation 
Echocardiography cannot be done in all negative screening 
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cases. We recommend for further prospective studies with 
larger sample size and Echocardiography for true diagnosis.

 CONCLUSION

The present study concluded that with this high sensitivity, 
specificity and negative predictive value Pulse oximetry is 
safe, feasible and can be used to screen for critical congenital 
heart disease. It would be an attainable noninvasive method 
to detect the congenial heart disease along with the physical 
examination in newborn.
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Table 1: Baseline characteristics of the study group (N=1033)
Characteristics Frequency Percent 

Sex

Male 504 48.7

Female 529 51.2

Gestational Age

Term 479 46.4

34-<37 weeks 218 21.1

32-<34 weeks 254 24.5

28-<32 weeks 69 6.7

<28 weeks 13 1.2

Mode of Delivery

LUCS 756 73.1

NVD 277 26.8

Birth weight

<1500g 214 20.7

1500g-<2500g 308 29.8

2500g-<4000g 503 48.6

>4000g 8 0.7

Table 2: Baseline Characteristics of the Mothers (N=1033)
Characteristics Frequency Percent

Maternal Age

<20 years 238 23

20-< 30 years 571 55.2

30-<40 years 221 21.3

>40 years 3 0.3

Consanguinity

Present 26 2.5

Absent 1007 97.5

Maternal Diabetes mellitus

Present 265 25.6

Absent 768 74.4

Family H/O Heart Disease

Present 219 21.2

Absent 814 78.8

H/O Maternal Lupus

Present 8 0.8

Absent 1025 99.2

H/O Radiation exposure

Present 240 23.2

Absent 793 76.7
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Table 3: Pulse oximetry screening findings (N=1033)
Screening Frequency Percent CCHD No CCHD

Frequency Percentage Frequency Percentage

Positive 16 1.5 4 25 12 75

Negative 1017 98.5 0 0 1017 100

Table 4: Echocardiography findings of Positive screening (N=16)
Diagnosis Numbers

Tetralogy of fallout 1

CCHD
Double outlet right ventricle 1

Pulmonary stenosis 1

Transposition of great arteries 1

AVSD 1
Non-CCHD

VSD 1

PPHN 7

No abnormality 3

Table 5: Sensitivity, specificity, positive predictive value and negative predictive value (N=1033)
Test Disease (CCHD) No Disease

Positive True positive = 4 False positive = 12 Total test positive = 16

Negative False negative = 0 True negative = 1017 Total test negative = 1017

Total disease = 4/1033 (1.04%) Total normal = 1029 Total population = 1033

Sensitivity = true positive / (true positive + false negative) = 4/4+0=1 (100%), Specificity = true negative / (true negative + false 
positive) = 369/369+12=0.988=98.8%, PPV = true positive / (true positive + false positive) =4/4+12=0.25=25%, NPV = true negatives 
/ (false negative + true negative) =369/369+0=1=100%.


