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Abstract

Background: Congenital heart disease (CHD) is the major congenital anomalies, representing for one - third
of all congenital anomalies and also leading cause of death in infants. Asia reported the highest CHD birth
prevalence with 9.3 per 1,000 live births. Delayed diagnosis of congenital heart disease worsens preoperative
condition and outcome of surgery in neonates, increased rates of cardiovascular compromise and end organ
dysfunction the later CHD was recognized. Early detection of major congenital heart disease might improve
the outcome of newborn babies

Objective: To determine the congenital heart disease (CHD) by pulse oximetry with clinical assessment
screening in asymptomatic term neonates at Mother and Newborn Hospital in Vientiane Capital, Lao PDR.

Methodology: During the cross-sectional study, from July 1st, 2023 to August 30th, 2023 to investigate pulse
oximetry with clinical assessment screening in newborn 24-72 hours of life at OPD nursery Unit, at Mother
and Newborn Hospital in Vientiane Capital, Lao PDR from July 1st, 2023 to August 30th, 2023.

Results: A cross-sectional study involving 600 asymptomatic term newborn babies. The diagnosis congenital
heart disease 11 of 600 cases (1.83%), 3 cases were critical congenital heart disease. Median age screening
was 24 hours (ranged 24-72 hours) and the mean +/- SD was 31.80 +/- 11.18. Normal delivery was 80.5%.
The median birth weight was 3000 grams (2100-4200). The gender was 50.3% female. Pulse oximetry with
clinical assessment screening in positive was 1%, pulse oximetry alone was 0.5% and clinical assessment was
0.33%. Pulse oximetry with clinical assessment was detected 5 of 11 cases (45.45% sensitivity) of all
congenital heart disease and 3 of 3 cases (100% sensitivity) of critical congenital heart disease, pulse oximetry
alone was detected 3 of 11 cases (27.27% sensitivity) of all CHD and two of three cases (66.67% sensitivity)
of critical CHD, clinical assessment alone was detected 2 of 11 cases (18.18% sensitivity) of all CHD and one
of three cases (33.33% sensitivity) of critical CHD. The specificity of using pulse oximetry with clinical
assessment was 99.83% for all CHD and 99.50% for critical CHD, pulse oximetry alone was 99.83% for both
all CHD and critical CHD, and clinical assessment was 99.83% for all CHD and 99.50% for critical CHD.

Conclusion: Pulse oximetry with clinical assessment screening is more effective at early detection of critical
congenital heart disease in asymptomatic term newborns. It has good sensitivity and specificity for both critical
and non- congenital heart diseases, including challenging cases that required urgent intervention. These
findings suggest that pulse oximetry with clinical assessment screening should be used routinely to screen all
newborns for congenital heart disease.
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provided the original author and source are credited.
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Introduction

Congenital heart disease (CHD) is the major
congenital anomalies, representing for one - third of all
congenital anomalies and also leading cause of death in
infants. Total prevalence of major congenital anomalies
of 23.9 per 1,000 hirths, 80% was livebirths. 2.5% of
livebirths with congenital anomaly died in the first week of
life. 2.0% were stillbirths or fetal deaths from 20 weeks
gestation. 17.6% of all cases were terminations of pregnancy
due to fatal anomaly (TOPFA). Reported birth prevalence
of CHD varies widely among studies worldwide. Asia
reported the highest CHD birth prevalence, with 9.3 per
1,000 live births, with relatively more pulmonary
outflow obstructions and fewer left ventricular outflow
tract obstructions. Reported total CHD birth prevalence
in Europe was significantly higher than in North
America, with 8.2 per 1,000 live births compare with 6.9
per 1,000 live births [5].

Delayed diagnosis of congenital heart disease
worsens preoperative condition and outcome of surgery
in neonates, increased rates of cardiovascular
compromise and end organ dysfunction the later CHD
was recognized. Furthermore, for individual CHD types,
there was a significant trend towards a higher rate of
cardiovascular compromise with later CHD recognition
for left heart obstruction (LHO), transposition of great
arteries (TGA) and single ventricle (SV) lesions.
Neonatal CHD is first recognized has an impact on
preoperative condition, which in turn influences
postoperative progress and survival after surgery.
Optimal screening procedures and access to specialist
care will improve outcome for neonates undergoing
cardiac surgery [1]. Early detection of major congenital
heart disease might improve the outcome of newborn
babies; particularly for critical congenital heart disease
such as ductal dependent lesions in which closure of the
ductus arteriosus can result in acute cardiovascular
collapse, acidosis, and death [1][2][4].

Congenital heart diseases screening relies on mid-
trimester ultrasound to scan the fetal heart chambers and
postnatal physical examination that includes assessment
of pulses and heart sounds and inspection for cyanosis.
These two screening methods have a low detection rate
and a substantial number of babies are discharged from
hospital before congenital heart defects are diagnosed:;
some of these babies die or present in such a poor
clinical state that the outcome, despite treatment, is
compromised. Routine neonatal examination fails to
detect greater than 50% of infants with CHD. One in 10
infants with CHD who died in the first year did not have
a diagnosis made of the malformation before death, and
of those who died in the first week, 25% did not have
the diagnosis identified before death. The average length
of stay of asymptomatic newborns reduced to 48 hours,
many of these infants will already be discharge to home
at the time of onset of clinical signs of CHD [3][6].

Material and Methods
Study design

This study is a descriptive cross-sectional study
with continuously data collection for 2 months among
term newborn babies with asymptomatic aged 24-72
hours at Mother and Newborn Hospital.

Study site
Nursery unit, outpatient department, Mother and
Newborn Hospital, Vientiane Capital, Lao PDR

Duration of study
Duration of study from 1%t June to 30" July 2023

Study population
All asymptomatic term newborn babies aged 24-72
hours
» Inclusion criteria
All asymptomatic term newborn babies aged 24-72
hours with agree of consent form to join research project
» Exclusion criteria
- All term newborn babies with symptomatic
(tachypnea and/or cyanosis)
- All preterm newborn babies
- Prenatal diagnosed CHD
- Lack of consent form to join research project

Sampling method

This research study has not sampled sample size
due to we will do a pilot study in asymptomatic newborn
at nursery unit in Mother and Newborn Hospital.

Tools and Material

- Questionnaires form

- Stethoscope (Spirit Deluxe Series)

- Oximeter (a new generation RAD-5v pulse
oximeter (Masimo, Irvine, CA, USA) with a
multisite reusable sensor (LNOP Y1, Masimo)

- Echocardiogram machine (GE Vivid S60 and E9),
(Samsung Accuvix V10), (TOSHIBA Viamo).

- Telephone call to the family of the patients for
follow up the patients.

Data collection

- First, training of using pulse oximeter screening
and clinical assessment for the team project at
Mother and Newborn hospital.

- Second, we do the questionnaires form test and
edit forms.

- Third, before screening we will explain to parents
for benefit and harm of project then consent form
will be done. For prenatal diagnosed CHD,
symptomatic (tachypnea, central cyanosis) term
newborn, preterm babies and lack of consent form
will be excluded from the study.

- Then the information including of general
information, family history, prenatal history, birth
history we will interview the parents, look for the
mother lock book and delivery document.
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- Fourth, all asymptomatic term newborn at nursery
unit or obstetric ward who delivery 24-72 hours of
age will be screening with pulse oximetry by
nurses or paediatric resident/staff and clinical
assessment (history taking and physical exam) by
only staff doctors or paediatric resident before
babies take a bath and vaccination apply and
discharge to home.

- Fifth, paediatric cardiologist will be blind the all
result of screening

- Sixth, the all positive and negative screening
babies will be referral to do echocardiogram with
paediatric cardiologist then record the result of
echocardiogram into questionnaires form.

- Finally, make the overall evaluation, conclusion,
decline all result to parents, and give health
education, advice and plan to parents.

Data management and analysis
- Statistical analysis was complete using by SPSS
software version 23.
- Used descriptive statistics such as: frequency,
percentage, mean, and standard deviation

Ethical clearance

This study will obtain ethical approval from Human
Research Ethic Committees, Ministry of Health before
commencing the study.

Results

During the cross-sectional study, conducted from
July 1% to August 30", 2023, 600 asymptomatic term
newborn babies were screened at the mother and
Newborn Hospital nursery unit based on the following
inclusion criteria: age 24-72 hours. The median age of
screening was 24 hours (ranged 24-72 hours) and the
mean +/- SD was 31.80 +/- 11.18. Normal delivery was
80.5% and caesarean section was 19.5%. The median
birth weight was 3000 grams (2100-4200). The gender
was 50.3% female and 82.7% of the babies lived in
Vientiane Capital. 96.8% of the babies were Buddhist
and 94.5% were of the Lao-loum ethnic group. Pulse
oximetry with clinical assessment screening was
positive in 1% (6 of 600) of the babies, while pulse
oximetry alone was positive in 0.5% (3 of 600), clinical
assessment alone was positive in 0.3% (2 of 600) of the
babies and both in 0.2% (1 of 600) (Table 1).

Table 1: General characteristics of 600 term newborns
screened by pulse oximetry with clinical assessment for
congenital heart disease (CHD)

Variables Number=600 (%)
Gender
Male 298 (49.7)
Female 302 (50.3)
Gestational age (week)
37-38 219 (36.5)
39-40 355 (59.2)
>40 26 (4.3)

Mean + SD: 38.77 + 0.952
Type of delivery

Normal delivery 483 (80.5)
Cesarean section 117 (19.5)
APGAR score, median (range)
1 min 8 (5-8)
5 min 9 (6-10)
10 min 10 (9-10)
Birth weight (g)
Median: 3000, Min-Max: 2100 - 4200
Postnatal age at screening (hour)
24 - 48h 428 (71.3)
49 - 72h 172 (28.7)
Mean + SD: 31.80 + 11.18, Min-Max: 24-72
Right hand SpO2 (%), median 98 (85-100)
Right or left foot SpO2 (%), median 99 (86-100)
POS summary
POS negative (normal) 594 (99.0)
POS positive 6 (1.0)
Clinical assessment alone 2(0.3)
Pulse oximetry alone 3(0.5)
Both pulse oximetry and 1(0.2)
clinical assessment
Diagnosis by Echocardiogram
No CHD 589 (98.2)
Non-significant CHD 6 (1.0)
Significant CHD 2(0.3)
Critical CHD 3(0.5)

Pulse oximetry with clinical assessment detected 5
of 11 cases (45.4% sensitivity) of all congenital heart
disease (CHD) and 3 of 3 cases (100% sensitivity) of
critical CHD. Pulse oximetry alone detected 3 of 11
cases (27.3% sensitivity) of all CHD and 2 of 3 cases
(66.7% sensitivity) of critical CHD. Clinical assessment
alone detected 2 of 11 cases (18.2% sensitivity) of all
CHD and 1 of 3 cases (33.3% sensitivity) of critical
CHD. The specificity of pulse oximetry with clinical
assessment was 99.8% for all CHD and 99.5% for
critical CHD. The specificity of pulse oximetry alone
was 99.8% for both all CHD and critical CHD, and the
specificity of clinical assessment was 99.8% for all CHD
and 99.5% for critical CHD (Table 2).
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Table 2: Accuracy of screening methods for detection of congenital heart disease and critical congenital heart disease in
asymptomatic newborn babies (n=600)

All congenital heart disease Critical congenital heart disease

Pulse Clinical Pulse oximetry Pulse Clinical Pulse oximetry

oximetry assessment with clinical oximetry assessment with clinical

alone alone assessment alone alone assessment
True positives 3

False negatives

False positives 3
True negatives 588 588 588 596 594 594
Sensitivity 27.3% 18.2% 45.4% 66.7% 33.3% 100%
(95%Cl) (6.0-61.0) (2.3-51.8) (16.7-76.6) (9.4-99.2) (0.8-90.6) (29.2-100)
Specificity 99.8% 99.8% 99.8% 99.8% 99.5% 99.5%
(95%Cl) (99.1-100) |  (99.1-100) (99.1-100) (99.1-100) | (98.5-99.9) (98.5-99.9)
Positive predictive 61.9% 51.9% 73.0% 80.1% 40.1% 66.8%
value (95%Cl) (15.5-93.5) (9.6-91.7) (25.6-95.5) | (32.6-97.1) (8.6-82.6) (39.4-86.1)
Negative predictive 99.3% 99.2% 99.4% 99.7% 99.3% 100%
value (95%Cl) (98.9-99.5) |  (98.9-99.4) (99.1-99.7) | (98.4-99.9) |  (98.5-99.7) (99.4-100)
Accuracy 99.1% 99.0% 99.3% 99.5% 98.8% 98.5%
(98.0-99.7) | (97.9-99.6) (98.2-99.8) | (98.5-99.9) | (97.6-99.5) (98.5-99.9)
All participants asymptomatic term babies were right ventricle, large ventricular septal defect,

referred to a pediatric cardiologist for echocardiograms.
Eleven of the 600 cases (1.83%) were diagnosed with
congenital heart disease, including three cases of critical
congenital heart disease: First, single atrium, single
ventricle, common atrioventricular valve, double outlet
right ventricle, transposition of great arteries, pulmonary
artery stenosis, and patent ductus arteriosus (SA, SV,
CAVV, DORV, TGA, PS, PDA). Second, hypoplastic
left heart syndrome (HLHS) and third, double outlet

pulmonary artery stenosis, and patent ductus arteriosus
(DORYV, VSD, PS, PDA). Two cases of significant

congenital

heart

disease

were

diagnosed:

perimembranous ventricular septal defect and inlet
ventricular septal defect. Six cases of non-significant
congenital heart disease were diagnosed, including five
cases of patent ductus arteriosus (PDA) and one case of
patent ductus arteriosus and patent foramen ovale with
pulmonary hypertension (Table 3).

Table 3: Clinical characteristics of newborns with all congenital heart diseases

No Sex Postnatal age GA BW (g) Oxygen Diagnosis by Pulse Heart
(M/F) (H) (W) Saturation (%) echocardiography rate murmur
1 M 32 39 2900 90-92 PFO3mm, 156 -
PDA3.5mm, PHT
2 F 26 40 3700 98-99 PDA 3mm 110 -
3 M 24 38 2560 98-100 PDA 2.8mm 125 -
4 F 24 40 2600 98-99 PDA 3.3mm 131 -
5 M 31 40 2540 97-98 PDA 2.8mm 117 -
6 F 24 38 2700 97-98 PDA 3mm 137 -
7 M 30 39 2720 98-99 VSD 4.5mm 145 +
8 F 24 37 2400 98-99 VSD 3.5mm 115 -
9 M 24 40 3200 86-88 SA,SV,CAVV, 153 -
DORV,TGA,PS,
PDA or MAPCAS
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No Sex Postnatal age GA BW (g) Oxygen Diagnosis by Pulse Heart
(M/F) (H) (W) Saturation (%) echocardiography rate murmur
10 F 35 37 2400 87-91 HLHS 146 -
11 M 55 40 3050 95-97 DORYV, Large VSD, 157 +
PS, PDA
Discussion was 82.3% vs 100% at Maharat Nakhon Ratchasima

Many studies have shown that pulse oximetry
screening combined with routine physical exams can
effectively detect congenital heart disease (CHD),
especially critical congenital heart diseases (CCHD). In
developed countries, prenatal ultrasound can detect
CCHD in 60% of cases, clinical assessment (physical
exam and clinical observation in the first 24 hours of
life) can detect CCHD in up to 80% of cases, and pulse
oximetry screening after 24 hours of life can detect
CCHD in up to greater than 90% of cases [2].

Lao PDR is a low-income country with limited
healthcare resources, including a shortage of pediatric
cardiologists and echocardiogram machines. Health
workers such as obstetricians and pediatricians may not
have much experience in the fetal and postnatal
diagnosis of CHD.

This was the first study of screening for congenital
heart disease (CHD) using pulse oximetry with clinical
assessment in 600 asymptomatic term newborn babies
at the Central Hospital in Lao PDR. The study found that
the sensitivity for detecting all CHD was 45.45% for
pulse oximetry with clinical assessment, 27.27% for
pulse oximetry alone, and 18.18% for clinical
assessment alone. These results are lower than those of
a similar study in China, which found sensitivities of
90.2%, 81.3%, and 58.7% for pulse oximetry with
clinical assessment, pulse oximetry alone, and clinical
assessment alone, respectively [7].

For critical CHD, the sensitivity was 100% for pulse
oximetry with clinical assessment, 66.67% for pulse
oximetry alone, and 33.33% for clinical assessment
alone. For both all CHD and critical CHD, the
specificity was 99.50% and 99.83%, respectively.

This study has similar results to a prospective study
in China, which found that the sensitivity for detecting
critical CHD was 93.2% for pulse oximetry with clinical
assessment, 83.6% for pulse oximetry alone, and 77.4%
for clinical assessment alone. The specificity for major
CHD and critical CHD in the Chinese study was 97.3%
and 99.7%, respectively [7].

Another similar study in Thailand found that pulse
oximetry screening (POS) could detect three newborns
who would have had a missed diagnosis. The sensitivity
of POS for critical CHD at Ramathibodi Hospital (RH)

Hospital (MH). Overall specificity was 99.9%, and the
combination of POS and physical examination (PE)
enhanced detection ability to 100% at both hospitals.

In our study, all 600 asymptomatic term newborn
babies were diagnosed with congenital heart disease
(CHD) in 11 cases (1.8%) by echocardiogram. Three
cases were critical CHD (0.5%), and only two cases
(hypoplastic left heart syndrome [HLHS] and single
atrium, single ventricle, common atrioventricular valve,
double outlet right ventricle [DORV], transposition of
the great arteries [TGA], pulmonary stenosis [PS],
patent ductus arteriosus [PDA] or multiple
aortopulmonary collateral arteries [MAPCASs]) were
detected by pulse oximetry screening with low oxygen
saturation of 86-87% preductal (right hand) and 88-91%
postductal (right or left foot). One case (DORV, large
VSD, PS, PDA) had normal saturation of 95-97% but
was detected with a heart murmur by physical exam.
Two significant cases were VSD (0.3%). Six non-
significant cases (1%), five cases were PDA, and one
case was PFO and PDA with mild pulmonary
hypertension. This study showed that using pulse
oximetry with clinical assessment was more effective at
detecting critical congenital heart disease (CHD) than
pulse oximetry alone or clinical assessment alone,
consistent with other previous studies.

Of the three critical cases, one case of hypoplastic
left heart syndrome (HLHS) died at 15 days of age due
to cardiogenic shock. The other two critical cases
continue to receive palliative care and follow-up and
have not yet undergone any intervention. Of the two
cases of ventricular septal defect (VSD), both continue
to be followed up. Of the five cases of patent ductus
arteriosus (PDA) and one case of patent foramen ovale
(PFO) and PDA with mild pulmonary hypertension, all
underwent repeat echocardiography at 1 month of age
and the defects had spontaneously closed

Limitations of this study

This study has several limitations. First, the sample
size is small, which may limit the generalizability of the
results. Second, the screening team had limited training
and experience in measuring pulse oximetry. Third,
some babies were crying or moving during the
screening, which could have affected the accuracy of the
results. Finally, we were unable to intervene in any cases
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of critical CHD due to financial constraints and the lack
of available treatment in our country.

Conclusion

Pulse oximetry with clinical assessment screening
is more effective at early detection of critical congenital
heart disease in asymptomatic term newborns. It has
good sensitivity and specificity for both critical and non-
congenital heart diseases, including challenging cases
that required urgent intervention. These findings suggest
that pulse oximetry with clinical assessment screening
should be used routinely to screen all newborns for
congenital heart disease.

Recommendation

The results of this study suggest that pulse oximetry
screening and routine physical examination are more
effective for early detection of critical congenital heart
disease in asymptomatic newborns. This provides a
strong argument for the implementation of congenital
heart disease screening as a basic routine.

We recommend that all newborn babies be screened
for congenital heart disease after birth for early detection
and management. Further studies with larger sample
sizes are needed to better understand the increasing
prevalence of CHD in neonate babies.

Additionally, we recommend that pulse oximetry
machines be available in nurseries and that nursery staff
be trained in their use.
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J0s10ME)
Uum:‘)’oﬂmucﬂnm' weoaofoladnauuagariaclo (Congenital heart disease) LLJJlmmuﬁmﬂnnaE”wﬂLcdzﬁmasﬁozﬁig
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(&9 9.3/1000 Haed &Endosiisso. mnugugmwammmanaﬁquw‘fzn.ueﬁmuaumswccsgmum Koz Buiosy
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geunaudyuEBiStorUusansesouBuessnautiudoureandonaot d88y.
F0UrS9: muccznné‘né’ccauﬁaec%sg Pulse oximeter Sufiusfiunaunoosagnae Lz‘h’eﬁmnegmwa:mozﬁa“i@iﬁmumLwi
AacSoludndiolutouSoy fidSemnavsrioy glulsgluy wae @ndiolu
Sthdnzea: mu%n&ﬂLcuué’oamg‘tawcomgo%v&ﬁg (cross-sectional study), G9xcdui 1 Seu Havdo ma Sull
30 dou d9ma T 2023.
Sunaudngs: (EnFolwiidSeanansauay 600 Raed, Gndyuediduwraaofoladinauuacaradocsy 11 faed
Tu 600 Paed (1.83%), T 3 :’mwLﬁuwsmoma%wmumccmmmoawoswccsg, 29I (RAUUUY 31.08 +/- 11.18.
Hoguvgiawegaociu 80.5%, Yarindiose ey 3000 nau (2100-4200), L?jmzumygcwu 50.3%. NIUND0HONDY
oounaudocnndnduguludsodufviiunaunoonagdaveanaugin couln@uuon 1%, nwdocnndndugulu
(Ie0ga9070u0 0.5% €as Nawnoonagnaueanaugincuvgasnjotuu 0.33%. naunoodonegnosnauSoLnn
sn8uguludeodufviiunaunoonagoaueanaugin suunoofvwzeaafolaiinauuacariabo 5 Aaed Tu 11
Pl (9090%0 45.45%) war noodiu 3 Tu 3 Haed (@o90to 100%) Fvwreaofioladnauuvacoriaosedo
SIULSY, mumoé’ocnmné‘né’cnaw?mLé’songéJﬂgoJomJunaoz‘IIU 3 A2 Tu 11 Azl (@0a0to 27.27%) «aw
noodiu 2 Tu 3 Aaed (a0awto 66.67%) HidvwzsaofiolalinauuacoriaBogefosavusy, naudsiSunagaa
mmuaunwpsﬁgmac;uumowu 2 Aaed v 11 N2 (@oauto 18.18%) uar noodu 1 1w 3 Nazl (aoawio
33.33%) Suwreaofiola@nauuacoraogefosae tsg.noausawareagnanlsnaudocondndeguludeo
Sufufiunaunaonagoavganauginlunaudoneguuy 98.83% Sadvwreaafioladinavuacariabofigulo tax
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