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Abstract
Background

Pulse oximetry screening (POS) is acknowledged globally as a noninvasive method to detect critical
congenital heart diseases (CCHDs) and respiratory illnesses. However, its value for early diagnosis and
treatment remains unrecognized in many hospitals with limited resources around the world. This study
aimed to evaluate POS’s application in CCHDs, persistent pulmonary hypertension (PPHN), and respiratory
distress syndrome (RDS) for early diagnosis and its influence on clinical procedures in rural areas.

Methods

This prospective observational study included all eligible newborn infants in the regional neonatal unit of a
community healthcare center. Their peripheral oxygen saturation was assessed at <24 hours and >24 hours
after birth, in the right upper limb and either lower limb. An oxygen saturation of <95% or >3% difference
between pre-ductal and post-ductal circulations was considered abnormal. All neonates with abnormal
oxygen saturations at >24 hours after birth were subjected to another POS test within two hours of the last
test. If the oxygen saturation was still abnormal, it was considered a positive POS test. The POS results were
classified as oxygen saturation abnormal (<90%), abnormal (90-94%), and normal (>95%). All neonates with
a positive POS test were referred for echocardiography.

Results

Overall, 440 infants had documented POS results. A total of 65 (14.77%) infants had a positive POS test
result, out of which 39 (8.86%) cases were diagnosed on further evaluation. Four neonates had CCHD
(positive predictive value (PPV) = 6.15%), 26 had RDS (PPV = 40%), and nine had PPHN (PPV = 13.85%).
Without any further delay, the doctor directed them all to a more advanced facility.

Conclusion

Our research showed that, in large-scale clinical settings, the addition of pulse oximetry to routine cardiac
auscultation could be a reliable and feasible method to screen newborns for CCHD, PPHN, and RDS early on.
Our research underscores the importance of implementing routine POS to detect CCHD, RDS, and PPHN in
clinical practice.

Categories: Pediatrics, Pediatric Surgery, Cardiology
Keywords: congenital heart disease (chd), pulse oximetry screening, persistent pulmonary hypertension, respiratory
distress syndrome (rds), critical congenital heart disease

Introduction

Pulse oximetry is extensively utilized in critical care settings due to its ability to promptly detect severe
hypoxemia, enabling timely intervention and mitigating potential risks [1]. The application of pulse
oximetry in neonatal care has expanded over recent years, with a growing body of contemporary research
highlighting its relevance and limitations. Numerous studies have explored its efficacy in detecting critical
congenital heart diseases (CCHDs) [2], its role in assessing preterm infants’ respiratory status [3], and its use
in guiding oxygen therapy for neonates with respiratory distress [4].

Globally, neonatal mortality is predominantly attributed to congenital heart disease, sepsis, and lower
respiratory tract infections [5]. The incidence of congenital heart defects (CHDs) stands at approximately
seven to nine per 1,000 live births [6,7]. Neonates are routinely screened with pulse oximetry in various
countries across the world [8]. CHDs account for nearly half of all deaths resulting from congenital anomalies
and up to 10% of all infant fatalities in Western countries [8,9]. Mortality rates associated with CHDs range
from 3% to 7% in industrialized nations to as high as 20% in developing regions [4]. Critical CHD results in
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death within the first month after birth [10]. Timely diagnosis and intervention can often correct most of
these defects, while late detection can lead to complications, including acute cardiovascular collapse upon
closing of the duct-dependent circulation. Additionally, poor clinical conditions at the time of surgery can
exacerbate outcomes and increase mortality [11,12]. There are discrepancies in the current screening
protocols for CHDs, and many newborns with CCHD go undetected before being released from the hospital
[13,14]. Antenatal ultrasound screening at 20 weeks of pregnancy, aimed at fetal anomaly detection, can
identify only approximately 50% [15,16]. Postnatal clinical examinations, involving assessments of heart
sounds and visible cyanosis, are similarly inadequate, detecting only 31% of critical CHDs [17-19]. The
incorporation of pulse oximetry screening (POS) can significantly enhance the detection of these distresses
(CCHD, persistent pulmonary hypertension (PPHN), and respiratory distress syndrome (RDS)), increasing the
rate to around 75-90% [17,18]. Prior studies have demonstrated that POS is accurate, cost-effective, and well
received by both parents and healthcare staff [8,17-19].

RDS is a common and life-threatening condition in neonates, particularly premature infants. It results from
a deficiency of pulmonary surfactant, which leads to inadequate lung expansion and oxygen exchange. RDS
predominantly affects premature infants, with incidence rates varying according to the gestational age at
birth. It is particularly prevalent in infants born before 28 weeks of gestation. The diagnosis of RDS typically
involves clinical assessment, radiographic imaging (such as chest X-rays), and arterial blood gas analysis to
assess oxygenation and acid-base status [20]. Treatment for RDS often includes providing supplemental
oxygen and administering exogenous surfactant to improve lung function. Mechanical ventilation may be
necessary in severe cases [4].

PPHN in newborns is a complex and potentially life-threatening condition characterized by elevated
pulmonary vascular resistance, resulting in impaired blood flow to the lungs and inadequate oxygenation.
PPHN is relatively rare but can occur in both term and preterm infants. The incidence can vary, and it often
arises as a secondary condition to other neonatal issues [21]. The diagnosis of PPHN involves clinical
assessment, echocardiography to evaluate pulmonary pressures, and monitoring of oxygenation and blood
gases [22]. Treatment strategies may include supplemental oxygen, mechanical ventilation, inhaled nitric
oxide therapy, and extracorporeal membrane oxygenation in severe cases [21].

This study meticulously outlines three distinct medical conditions in a neonatal population of 440, detailing
the prevalence and characteristics of CCHD, RDS, and PPHN, and is dedicated to assessing the accuracy of
POS and its implications for clinical practice, encompassing an evaluation of CCHD, RDS, and PPHN
diagnosed after birth that POS did not initially detect.

Materials And Methods

The current investigation was carried out at Punyashlok Ahilyadevi Holkar Government Medical College
(PAHGMC), Baramati, India, in the Department of Pediatrics. This was a prospective observational study
involving all 440 newborn infants born and admitted to the postnatal ward or NICU in Women Hospital,
Baramati, India (a community healthcare center) between September 2023 and February 2024. The data was
retrospectively analyzed.

Inclusion criteria and exclusion criteria

All the newborn infants born in the hospital whose parents consented to pulse oximetry and
echocardiography (if necessary) were included. Neonates whose parents refused to give consent and those
whose prenatal sonography detected CHD before birth were excluded. Moderate to late preterm (32-37
weeks) neonates were included. Others (<32 weeks) were excluded as they were extremely unstable at birth.
All the post-term neonates were included.

Study tool

The pulse oximeter used for this study was the Masimo Rad-67® Pulse CO-Oximeter (Masimo Corporation,
Irvine, California, United States; Figure I). It is a noninvasive handheld device intended to measure
functional oxygen saturation of arterial hemoglobin (Sp0O2), pulse rate, and perfusion index, along with an
optional noninvasive measurement of total hemoglobin (SpHb).
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FIGURE 1: Study tool (Masimo Rad-67® Pulse CO-Oximeter)

The general principle of a pulse oximeter is to determine blood oxygen saturation by measuring the amount
of light absorbed by the oxygenated and deoxygenated hemoglobin in the blood under illumination by red
and infrared light. The general principle of a pulse oximeter is to determine blood oxygen saturation by
measuring the amount of light absorbed by the oxygenated and deoxygenated hemoglobin in the blood
under illumination by red and infrared light [1].

Methodology

Parents received a pre-drafted written informed consent form. The screening was routinely conducted by
researchers in the postnatal ward, or NICU, following the steps shown in Figure 2. All babies were screened
twice, at <24 hours and >24 hours after birth. Records were taken for at least two minutes. Pulse oximeter
oxygen saturation (SpO2) was measured from the right hand (pre-ductal) and on either foot (post-ductal).
SpO02 levels were recorded on the neonatal registration sheet.
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FIGURE 2: Steps of screening

A saturation of 295% was classified as a screening test negative. A reading of <95% in either the pre- or post-
ductal circulations or a difference of more than 3% between pre- and post-ductal oxygen saturations was
considered abnormal. All neonates with an abnormal reading on the second screening >24 hours after birth
were subjected to another POS test within two hours of the last test. If the oxygen saturation was still
abnormal, it was classified as a screening test positive. All newborns who tested positive on the screening
test were referred for a two-dimensional echocardiography.

Results

We analyzed 440 neonatal individuals in the present study. It is organized based on gender, delivery method,
weight categories, and hemoglobin levels (Table ), while Table 2 presents a comprehensive overview of
oxygen saturation levels (Sp02) at different times and ductal locations.

Delivery Weight (kg) Hb (g/dL)

Female Natural Cesarean Below 2.5kg 25-4kg Abovedkg Below14 14-18 Above 18

Gender
Male

34 28
196 180
1 1
231 209
N =440

30 32 43 19 0 19 35 8
237 139 33 340 3 72 243 61
1 1 1 1 0 0 2 0
268 172 7 360 3 91 280 69

TABLE 1: Presentation of demographic characteristics of neonates

Hb, hemoglobin
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SpO2 level <24 hours <24 hours >24 hours >24 hours Within two hours last Within two hours last
5 pre-ductal post-ductal pre-ductal post-ductal check pre-ductal check post-ductal
Abnormal 15(3.4%) 17 (3.9%) 1227%) 19 (4.3%) 9 (2.0%) 13 (3.0%)
(be|ow 90%) . (] . 0 . 0 . 0 . (' . (]
Abnormal
48 (10.9%) 57(13.0%) 37 (8.4%) 47 (10.7%) 36 (8.2%) 42 (9.5%)
(90-94%)
Normal 377 (85.7%) 366 (83.2%)  391(88.9%) 374 (85.0%) 33 (7.5%) 23 (5.2%)
(above 95%) . (] . (] . (] . 0 . (] . (]
N = 440 Done for neonates with abnormal results >24 hours after
birth

TABLE 2: Oxygen saturation levels (SpO2) at different time points in pre-ductal and post-ductal
circulation

The data is categorized into three SpO2 levels: abnormal (<90%), abnormal (90-94%), and normal (295%).

After the test, 65 neonates (15%) had a screening test-positive result, and 375 neonates (85%) had a negative
result (Figure 5). Among the cases that were screening test positive, 39 cases were diagnosed with a disease,
making them the true positive cases, while the remaining 26 cases were false positive, giving a positive
predictive value (PPV) of 60% for all diagnosed cases (Figures 4, 5). Among the true positive cases, four
neonates were diagnosed with critical CHD (PPV = 6.15%), nine had a diagnosis of PPHN (PPV = 13.85%),
and 26 had an RDS diagnosis (PPV = 40%), as shown in Figure 4.

65
(15%)

B Screening Test Positive
B Screening Test Negative

= N=440

FIGURE 3: Results of the POS test

POS, pulse oximetry screening
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= False Positive

® True Positive (RDS)

= True Positive (CCHD)
= True Positive (PPHN)

FIGURE 4: True and false positive cases

CCHD, critical congenital heart disease; PPHN, persistent pulmonary hypertension; RDS, respiratory distress

syndrome
60.00%
50.00%
40.00%
30.00%
20.00%
0.00%

CCHD PPHN RDS POS Test

PPV 6.15% 13.85% 40.00% 60.00%

FIGURE 5: PPV for diagnosed cases

CCHD, critical congenital heart disease; PPHN, persistent pulmonary hypertension; PPV, positive predictive value;
RDS, respiratory distress syndrome

A comparison of the different perinatal variables and physiological measurements in newborns diagnosed
with CCHD, PPHN, and RDS is shown in Figure 6. Considering the gestational age in CCHD, preterm and
full-term pregnancies were evenly divided. Preterm instances made up only 22.2% of PPHN patients, with
the majority (77.8%) being full-term cases. Preterm patients (65.4%) had a higher prevalence of RDS than
full-term cases (34.6%).
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FIGURE 6: Perinatal factors and physiological measures in CCHD,
PPHN, and RDS in infants

CCHD, critical congenital heart disease; PPHN, persistent pulmonary hypertension; RDS, respiratory distress
syndrome

In CCHD, there was no significant difference in the mode of delivery between cesarean and natural. In
contrast, PPHN and RDS display a preponderance of cesarean births (77.8% and 80.8%, respectively),
compared to natural births (22.2% and 19.2%, respectively).

Both lower and normal birth weight cases of PPHN had a somewhat balanced distribution. Three CCHD cases
had lower birth weights, compared to one with a normal birth weight. A total of 34.6% of RDS cases had
normal birth weights, while 65.4% had lower birth weights. Given the distribution of genders, male children
were more likely to have CCHD, RDS, and PPHN. The distribution of hemoglobin was balanced between
levels below 14 and 14-18 g/dl.

Regardless of the condition, it is evident from the bar graph analysis (Figure 7) that there were more
abnormal post-ductal SpO2 readings than pre-ductal.
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FIGURE 7: Comparative analysis of SpO2 levels in CCHD, RDS, and
PPHN

CCHD, critical congenital heart disease; PPHN, persistent pulmonary hypertension; RDS, respiratory distress
syndrome

Throughout the study, all neonates with a CCHD diagnosis exhibited only abnormal readings, with SpO2
values ranging from 83% to 94%. Throughout the timeline, there was an increase in the number of normal
pre-ductal SpO2 values in the babies with PPHN. The pre-ductal and post-ductal readings showed a 3-7%
difference. With each screening test, the percentage of normal pre-ductal SpO2 readings decreased for
neonates with RDS, with values often <90%.

Of the 12 cases involving newborns with a difference of >3% between pre-ductal and post-ductal Sp0O2, eight
cases were found to have a disease (CCHD = one case, PPHN = six cases, and RDS = one case) (Figure 8).
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B Diseased ™ Not Diseased M Total=12

FIGURE 8: Diseased and non-diseased neonates with >3% difference in
pre-ductal and post-ductal SpO2

CCHD = one case; PPHN = six cases; RDS = one case

CCHD, critical congenital heart disease; PPHN, persistent pulmonary hypertension; RDS, respiratory distress
syndrome

Discussion

In India and many other nations, including the USA, China, and several European countries, pulse oximetry
is routinely used for screening neonates for CCHD [23-25]. A pulse oximeter is more than just a screening
tool; it is also used to evaluate how well disorders like RDS and PPHN are responding to treatment [26,27].

By the end of the study, 440 neonates had undergone POS tests before and after 24 hours. Not a single baby
was examined precisely at 24 hours. As seen in Table 1, the study population exhibits a near-even gender
distribution of males (52.5%) and females (47.5%), with natural deliveries (60.9%) being more prevalent than
cesarean deliveries (39.1%). The majority of infants weigh between 2.5 and 4 kg with a median weight of 2.8
kg, and the distribution of hemoglobin levels and gestational ages provides a nuanced understanding of the
health profile of the participants.

After thoroughly reviewing Table 2, it is evident that the majority of cases exhibit normal SpO2 levels
(>95%), with more cases on the POS test >24 hours than <24 hours after birth. Data reveals neonates have a
greater number of normal pre-ductal values than post-ductal SpO2 values. This emphasizes the prevalence
of normal oxygen saturation in the given population, irrespective of ductal location or time after the last
test. A similar finding was seen in a study done by Said Habib [28].

In the category of SpO2 levels between 90 and 94% (Table 2), the distribution is roughly comparable,
consisting of about 10.7-13% of the given population. The data reveals a similar pattern across different time
points, except that there are more post-ductal abnormal SpO2 values as compared to the pre-ductal. For
SpO02 levels below 90%, the distribution is consistent across all time intervals and ductal locations, with
about 2.7-4.3% recorded cases in the given population. Throughout the screening period, SpO2 values were
below 90% in two out of four CCHD, seven out of 26 RDS, and one out of nine PPHN patients. This data
shows the same trend at various time points and pre-ductal and post-ductal locations. This suggests a
persistent abnormality in oxygen saturation in these cases.

In reference to the SpO2 test performed on newborns showing abnormal results >24 hours after birth (Table
2), the screening test-positive cases again show a similar trend in the pre-ductal and post-ductal SpO2. It can
also be seen that some cases show better SpO2 results post-test, making the screening test negative.

2024 Gaonkar et al. Cureus 16(4): €58398. DOI 10.7759/cureus.58398 9of 12


https://assets.cureus.com/uploads/figure/file/978555/lightbox_921a8aa0f28111ee982cd704fd3f50bc-3-difference.png
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

Analyzing Table 2 also reveals that there are more normal cases when testing occurs after 24 hours of birth,
indicating reduced false positive screens when testing is done >24 hours after birth. Additionally, several
other studies found that screening within 24-48 hours of birth reduces the number of false positives [23,29].
In summary, the table highlights the distribution of SpO2 levels in different scenarios, providing valuable
insights into oxygen saturation patterns that may aid in clinical assessments and interventions. The
consistent findings underscore the importance of monitoring and addressing variations in oxygen saturation
to ensure optimal patient health.

Those with abnormal SpO2 readings before 24 hours followed by normal SpO2 readings during the second
assessment after 24 hours were categorized as screening test negative. Nevertheless, they received ongoing
monitoring and evaluation from doctors and nurses to ensure their well-being before being discharged. It is
routine practice in our hospital to follow up on the neonate up to one week after discharge. Other neonates
did not show any distress, and they were normal.

In India, the incidence of CHD is seven to nine per 1,000 live births. After echocardiography, four neonates
out of 65 cases who tested positive for hypoxemia were found to have CCHD, yielding an incidence of 9.09%
and a PPV of 6.15%. A similar study by Jain et al. reported a PPV of 12.2% [30]. Out of the four CCHD patients
with diagnostic echocardiography, two had tetralogy of Fallot, one had transposition of great arteries, and
the other had total anomalous pulmonary venous return.

Neonates diagnosed with CCHD and PPHN after echocardiography were promptly referred to higher medical
centers for further treatment. In cases of mild to moderate RDS, symptoms typically manifest within 24
hours, often going unnoticed by parents, and peak around 48 hours. Our study’s timeframe of 48 hours
ensured the safety of all neonates involved. When neonates consistently tested positive in our screening
method, we promptly referred them for X-rays, echocardiography, and Silverman-Anderson scoring.
Subsequently, they received immediate treatment, starting with admission to the NICU, followed by either
humidified oxygen therapy or continuous positive airway pressure.

We utilized pulse oximetry as a screening tool for neonates with respiratory distress rather than for
diagnostic purposes. The study excluded neonates who were extremely preterm (<32 weeks) and unstable at
birth. Although the hospital advises a minimum stay of three to five days for neonates, some parents opt for
early discharge. Once neonates are taken home, they start developing distress, and parents face limited
options for treatment due to the scarce health resources in many Indian villages. Unfortunately, this has led
to fatal outcomes for many neonates in India. Our test functions as a screening measure and does not replace
the necessity of an X-ray for RDS diagnosis. Through our study, we were able to encourage parents to
consider prolonging their hospital stay with compelling evidence of suboptimal SpO2 levels.

Despite the poor PPV for CCHD detection, the PPV for RDS and PPHN detection (PPV = 40% and 13.85%,
respectively) by the POS test is relatively high, resulting in a combined PPV of 60% for the detection of
CCHD and respiratory diseases. Because of this, the POS test is an excellent instrument for early detection
and prompt referral for such severe illnesses. Some other studies also came to similar conclusions [8,30]. In
addition to screening, pulse oximetry is an essential assessment for monitoring the prognosis of newborns
receiving care for any of these conditions [20,22].

Strengths

The Masimo Rad-67® Pulse CO-Oximeter’s precision and portability are two key advantages for this
research project. Although there may not be a portable pulse oximeter available in rural areas, traditional
pulse oximeters used in rural community healthcare centers also produce equivalent results. In India, pulse
oximeters come in a range of brands and are reasonably priced [30]. Additionally, this study offers a
comparison of the POS values obtained less than 24 hours and more than 24 hours after birth.

Limitations

The study’s brief duration and the fact that medical students are conducting it under the supervision of an
MD pediatrics professor mean that there are slightly fewer cases than expected. Not all research participants
could have an echocardiogram performed to evaluate false negatives and true negatives due to resource
limitations. Therefore, we are unable to remark on the test’s negative predictive value, specificity, or
sensitivity. As the research is carried out in a remote community health center, the findings are limited to
other rural populations with comparable healthcare environments.

Conclusions

This in-depth analysis highlights the distinctive characteristics and trends associated with each neonatal
condition within the study population, providing valuable insights for clinical understanding and
management. These findings serve as a baseline for further research, contribute to our knowledge of
neonatal health, and inform clinical approaches for these conditions.

Our study emphasizes the significance of conducting routine POS in conjunction with appropriate clinical
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examination in low-resource rural healthcare settings to identify and refer cases of CCHD, PPHN, and RDS
early on.
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