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ABSTRACT

Objective: To report the results of pulse oximetry screening for congenital heart diseases in
healthy newborns during the transitional period between birth and discharge. Those with positive
screening results were referred for echocardiographic evaluation aimed at a specific diagnosis.
Materials and methods: A retrospective, descriptive, observational, cross-sectional study. Data
were obtained from screening 4,897 newborns who were admitted to the rooming-in area of
the Obstetrics and Gynecology Unit at Hospital Universitario de Guayaquil, within the first 24
hours of birth, all diagnosed as healthy newborns. As part of the protocol, cardiac screening was
performed on all newborns at admission and discharge. Newborns with saturation levels below
95 % on pulse oximetry underwent consecutive measurements at one-hour intervals, with a total
of three readings. Additionally, those with more than a 3 % difference in saturation between
preductal and postductal readings were also monitored. Newborns with positive screening results
underwent transthoracic echocardiography to evaluate for heart defects. Results: Among the
4,897 newborns, 626 (12.8 %) had a positive neonatal cardiac screening, out of which 497 (79.4 %)
were diagnosed with some form of structural heart defect. Patent ductus arteriosus was the most
frequent finding, with 127 cases (25.55 %). Critical malformations such as aortic aneurysms and
coarctation of the aorta were reported in 0.8 % and 1.6 %, respectively. Conclusions: Screening for
congenital heart diseases using pulse oximetry during the transitional period prior to discharge is
essential for the early detection of congenital heart diseases in healthy newborns.

Keywords: Congenital Abnormalities; Heart Defects, Congenital; Neonatal Screening; Oxygen
Saturation; Oximetry (Source: MeSH NLM).

INTRODUCTION and murmurs—may develop after discharge, even
within 48 hours of birth. Consequently, performing
pulse oximetry screening before discharge
increases the detection rate of cardiac defects,

including potentially complex abnormalities ©¢7).

Congenital heart diseases (CHDs) are the most
common type of congenital malformation.
Structural defects occur in 1 % of newborns

and are associated with high morbidity and
mortality rates after birth, mainly due to
delayed diagnosis, which adversely affects
neonatal outcomes .

In 2019, Armas Lopez et al. reported a global
incidence of 8 per 1,000 live births with
CHD and a high associated mortality rate @.
According to Instituto Nacional de Estadisticas
y Censos (INEC - Ecuador’s National Institute of
Statistics and Census), the birth rate in 2020
was 15.2 per 1,000 inhabitants; moreover,
fetal deaths due to unspecified congenital
malformations ranked seventh, a category that
includes complex or critical CHDs (CCHDs) #4,

Multiple studies underscore the importance of
screening for CHDs ®. Clinical manifestations
of critical CHDs—such as cyanosis, tachypnea,
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A positive pulse oximetry result—defined as
preductal oxygen saturation < 90 % and/or a 3 %
difference between preductal and postductal
saturation—and prenatal ultrasound diagnosis,
although generally effective, identify only about
30 % of structural defects. This underscores the
critical role of pulse oximetry at birth &,

The Advisory Committee on Heritable Disorders
in Newborns and Children (ACHDNC) recommends
pulse oximetry screening for CCHDs, in
conjunction with laboratory tests during the
first 24 hours after birth, to rule out major
cardiovascular diseases such as patent ductus
arteriosus, transposition of the great arteries,
hypoplastic left heart syndrome, and tetralogy
of Fallot. These procedures are endorsed by
several organizations, including the ACHDNC,
the American Academy of Pediatrics (AAP), the


https://orcid.org/0000-0001-9394-4032
https://orcid.org/0000-0002-1922-8983
https://orcid.org/0000-0003-0438-6097
https://orcid.org/0000-0003-1632-7350
https://orcid.org/0000-0003-1640-4520
https://orcid.org/0000-0002-2950-6801

Thzuska Pico Mawyin; Ramon Miguel Vargas-Vera; Giomar Viteri Gomez;
Jonathan Jaramillo Valarezo; Aischa Castro Gavino; Edison Burgos Coxx

American Heart Association (AHA), and the American College
of Medical Genetics (ACMG), prior to hospital discharge ("3),

In Ecuador, no studies have evaluated CHD diagnosis using
pulse oximetry, nor has a national algorithm for cardiac
screening been established. This gap increases the risk of
discharging apparently healthy newborns with asymptomatic
cardiovascular diseases. The objective of the present study
is to report the results of CHD screening evaluated by
echocardiography for definitive diagnosis.

MATERIALS AND METHODS

Study design and population

This was a retrospective, descriptive, observational,
cross-sectional study. The study population comprised
4,897 full-term newborns admitted to the Neonatology
Department of Hospital Universitario de Guayaquil (HUG),
Ecuador, between July 1 and November 31, 2020. Data were
obtained from medical records and the vital signs logbook,
where screening results and cardiology assessments are
documented.

Inclusion criteria were live, full-term newborns hospitalized
in the rooming-in area from June to November 2020.
Exclusion criteria were newborns with prenatally diagnosed
cardiovascular diseases or congenital disorders requiring
intensive or intermediate care.

Variables and measurements

Healthcare staff were trained in the correct procedure for
obtaining vital signs. Cardiac screening was performed upon
admission and again prior to discharge from the rooming-in
area. Newborns with positive screening results were evaluated
by a cardiologist and underwent echocardiography.

Pulse oximeters use an infrared light beam directed at the
skin to measure oxygen saturation. These battery-operated
devices—from the brands PushMed, ChoiceMMed, and Hylogy—
were calibrated by trained technicians and equipped with a
neonatal sensor for measurement. Waveform stability was
verified to ensure accurate readings of both oxygen saturation
and heart rate, thereby confirming the plethysmographic
waveform displayed on the monitor.

Statistical analysis

Screening was conducted according to the AAP algorithm for
the early detection of CHDs. Pulse oximetry measurements
were obtained from the right hand and either foot. An oxygen
saturation < 94 % or a > 4 % difference between hand and foot
readings on repeated measurements at one-hour intervals was
considered a positive screening result. Conversely, an oxygen
saturation > 94 % or a < 3 % difference between hand and foot
readings was classified as a negative result (Table 1) (19,

Table 1. Interpretation of preductal and postductal oxygen saturation in newborns

Oxygen saturation criteria Interpretation

Saturation < 94 % on the right hand and left foot;

measurement repeated once or if a 4 % difference

between extremities was observed.

Saturation > 95 % on the right hand and left foot;

measurement repeated once.

Source: AAP, 2014.

Ethical considerations

As this was a retrospective study with no manipulation of
variables and no collection of personally identifiable data,
informed consent was not required. HUG Ethics and Research
Committee approved this research on September 19, 2021.

Table 2. Pulse oximetry screening results

Screening results
Positive pulse oximetry screening result
Negative pulse oximetry screening result
Total

Source: HUG Statistics Department, 2022

Positive

Negative

RESULTS

In this study, pulse oximetry was performed according to the
AAP algorithm. A total of 626 newborns (12.78 %) had oxygen
saturation values < 94 % within the first 24-48 hours prior
to discharge, whereas 4,271 newborns (87.21 %) had values
> 94 % (Table 2).

Number of cases %
626 12.78
4,271 87.21
4,897 100.00
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Echocardiography results for positive pulse oximetry screenings
are presented in Table 3. Among the 626 positive screenings,

Table 3. Echocardiogram results

Echocardiogram result

Number of cases

497 cases (79.40 %) had a positive echocardiogram, while the
remaining 129 (20.60 %) showed negative findings.

% of positive cases (n = 626)

Positive echocardiogram 497
Negative echocardiogram 129
Total 626

Source: HUG Statistics Department

79.40
20.60
100.00

Table 4 shows the distribution of echocardiographic diagnoses. Patent foramen ovale (54.70 %) and patent ductus arteriosus

(25.50 %) were the most common findings.

Table 4. Echocardiographic diagnoses

Diagnosis
Patent ductus arteriosus
Ventricular septal defect
Atrial septal defect
Secondary pulmonary hypertension
Patent foramen ovale
Aortic aneurysm
Coarctation of the aorta
Heart rhythm disorders
Total

Source: HUG Statistics Department
Note (*): Newborns were discharged early, between 24 and 48 hours.

DISCUSSION

CHDs occurin 0.8-1 % of newborns and are frequently associated
with comorbidities that can worsen the clinical course, such
as low birth weight and extracardiac anomalies (4. Although
some centers provide prenatal diagnosis, postnatal assessment
remains essential for detecting these malformations (>17,

Structural defects of the heart and great vessels represent the
most common congenital malformations, with an incidence of
2.5-3 per 1,000 live births (®, This group includes conditions
characterized by decreased pulmonary blood flow or right-sided
heart obstruction, which allow admixture of oxygenated and
deoxygenated blood, as well as conditions that prevent normal
mixing between the systemic and pulmonary circulations (),
These features correspond to the typical presentation of
right-to-left shunts caused by septal defects, in contrast to
acyanotic CHDs, where the shunt is left-to-right as a result of
left-sided obstructions ?%2Y, Notably, our screening detected
structural heart defects in 12.78 % of newborns.

The most frequent CHD in our study was patent ductus
arteriosus, identified in 127 patients (25.60 %), which is
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Number of cases %
127 (%) 25.50
34 6.84
25 5.00
23 4.60
272 54.70
0.80
8 1.60
0.80
497 100.00

consistent with the findings of Mendoza et al., who reported
this malformation in 19.00 % of cases . We also identified 25
cases (5.0 %) of atrial septal defect and 34 cases (6.84 %) of
ventricular septal defect, results comparable to those reported
by Herrera Morban et al. ??. Some atrial and ventricular septal
defect cases manifested after hospital discharge and were
therefore not included in our dataset. Although asymptomatic
CHDs may appear clinically insignificant at birth, they often
have significant repercussions during the first years of life 2223,

Patent foramen ovale was among the most frequently detected
abnormalities by echocardiography (127 cases) and represented
one of the most common findings in this study. Early diagnosis is
crucial, as some defects, although not classified as critical, are
clinically relevant because of their association with pulmonary
hypertension @425, Although atrial and ventricular septal
defects were not the most prevalent findings, their detection
was nonetheless conclusive in our study.

With regard to the ChoiceMMed oximeter, a higher number of
false positives was observed compared with other brands, such
as Masimo SET, which has been reported to achieve a sensitivity
of 100 % and a specificity of 93.90 %; however, both devices
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demonstrated a negative predictive value of 100 % @27, In this
study, the quality of saturation readings was assessed every
8-hour shift, alongside evaluation of the patient’s clinical
condition and existing risk factors. Pulse oximetry and screening
together enabled the identification of critical cardiovascular
diseases, including four cases of aortic aneurysm and eight
cases of coarctation of the aorta. Nevertheless, sensitivity and
specificity could not be specifically assessed, consistent with
the conclusions of Riede et al. (228,

It is also noteworthy that early fetal echocardiography has a
high rate of both false negatives and false positives because
cardiac structures are not yet fully developed at that stage.
Furthermore, its use is limited in routine prenatal care due to
constraints in first-line equipment and trained personnel %39,

In conclusion, pulse oximetry screening for CHD is essential for
the early diagnosis of newborns.
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