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ABSTRACT
Background: Early detection of critical congenital Heart diseases(CCHD) can 
improve clinical management with a good clinical outcome. Pulse oximetry is 
cost-effective instrument for detection of CCHD. It can be good an instrument 
for detection of CCHD. In this study we aimed to see the performance of pulse 
oximetry by meta-analysis of Meta-analytic studies.
Methods: we included relevant citations by the search engine, Medline, Google 
Scholar and Cochrane Library. We selected meta-analytic studies that assessed 
the accuracy of pulse oximetry for the detection of CCHD in asymptomatic 
newborn. We calculated pooled sensitivity and specifi city and corresponding 
95% CIs for individual studies.
Result: We screened 465 individual studies and identified 10 meta-analytic 
studies. Of the 10 meta-analytic studies 4 eligible studies with data for 1121912 
newborn babies were analyzed . The Pooled Sensitivity of pulse oximetry for 
detection of critical congenital heart defects was 89 % (95% CI 87%–97%) 
and pooled specificity was 100% (95% CI 100%–100%). Diagnostic odd ratio 
of pulse oximetry was 2180.3 and symmetric summary area under curve 
(SAUC) was 99%.
Conclusion: Our study concluded that Pulse oximetry is 100 % specific for 
detection on of critical congenital heart defects with moderate sensitivity.
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Introduction

Congenital heart disease (CHD) contributing a major 
part of birth defect and CHD is the main cause of infant 
death. The prevalence of definite CHD ranging from 
5-15 per 1000 live births.1 The death from CHD is nearer 
to 40%.2 Ante-natally these CHD can be diagnosed by 
feotal echocardiography with color Doppler and post 
natally by measuring oxygen saturation by pulse 
oximeter and by echocardiography. After birth delayed 
diagnosis leading worse medical and surgical outcome 
with long duration of hospital stay and consequences of 
these increasing the cost of treatment.3 On the other 
hand timely diagnosis improves outcome.4,6 The Pulse 
oximetry is handy point of care screening method to 
detect the those newborn with CHD and it has very 
low false positive rate.5,7 Several meta-analytic studies 
showed a wide range of sensitivity and specificity 
both for CHD and CCHD. In this study we pooled data 
from only meta-analytic studies for CCHD to see the 

performance of pulse oximeter by calculating the 
pooled sensitivity and specificity.

Methods

In this study we followed the criteria for reporting 
systematic literature reviews and meta-analysis as 
defined by the PRISMA strategy.8 we included those 
studies that included asymptomatic neonate who 
were screened for CCHD by pulse oximetry. Three 
independent reviewers gone through electronic 
databases search and obtained the full version of all the 
articles. From the selected articles only meta-analytic 
studies were extracted. Disagreement was resolved 
by consensus.

Literature search we used the following databases: 
PubMed, Science Direct and Google scholar, with the 
following keywords: Newborn pulse oximetry, oximetry 
screening, congenital heart disease, critical congenital 
heart disease, newborn, oximetry screening, heart 
defects and meta-analysis. Of the searched articles 
we included only meta-analytic studies with English 
language only. (Figure 1)
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Selection of studies and quality assessment as we 
included only met analytic studies, we did not assess 
the quality of the studies as all were met-analytic 
studies, but heterogeneity and publication bias as 
described by the authors of the included studies are 
formulated in the tabulated form.

Statistical analysis Data were extracted from the 
4 meta-analytic studies with following with the 
characteristics of the studies: author, year, sample 

size, screening age, cut-off point of Spo2, true positive, 
false positives, false negative, true negative rate, 
sensitivity and specificity. The characteristics of the 
studies described in Table 1. We used RevMan 5.3 
(Review Manager, Computer program Version 5.3) and 
MetaDisc 1.4 for data analysis. True positive and false-
positive rate at various level of cutoff were presented 
in summary receiver operating characteristics curve 
(SROC).

Figure 1. Flow of studies through the screening process of the article with CCHD.

Table 1. Characteristics of the included studies.

Authors Year Number 
of 

included 
study

Sample 
size

Screening 
age 

(range)

Cut off 
value 

(range)

Pooled 
Sensitivity 
(95% CI)

Pooled 
Specificity

Heterogeneity Publication 
Bias

Hernan 
C [9]

2019 6 404 
735

6-48 hours O2sat  
90-95%

0. 92 
(0.87-0.95)

0.98 
(0.89-1)

85.9% Low

Plana 
MN[11]

2018 21 436 
758

Both <24 
hours and 
=24 hours

<or=95% 0.76 
(0.69-0.82)

0.99 
(0.99-0. 99)

Variable for 
sensitivity and 

specificity

Low

Shakila 
T[5]

2012 13 229 
421

Both< 24 
hours and 
= 24 hours

-- 76.5% 
(67.7–83.5)

99.9% 
(99.7–99.9)

98.5%-25%, Low

William 
[10]

2009 10 123 
955

<24 hrs-72 
hrs

92-96% 75 (95% not 
found)

99.3 (95% 
not found)

Not mentioned Not 
mentioned
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Results

Article selection and quality assessment

A total of 465 papers were identified from the database 
PubMed, Science Direct and Google scholar .We 
selected for full-text version by their title and abstract 
review. Out of these, 95 papers were excluded due to 
duplication, 355 were not meta-analytic studies. Out 
of 15 meta-analyses we included those 4 studies that 
mentioned true positive (TP), false positive (FP), true 
negative (TN), false negative (FN) data. For quality 
assessment, risk bias was observed in individual studies 
(Table 1).

Data extraction and pooled data

Of the 4 included studies, a total of 1121912 newborn 
babies were analyzed. Our Pooled sensitivity of pulse 
oximetry for detection of CCHD is 89% (95%CI, 92-
96%) and pooled specificity was 100% (95%CI, 100% 
-100%) Figures 2 and 3. But there is substantial 
heterogeneity in the studies (I2 92.9%). We found that 
Diagnostic Odd ratio for pulse oximetry screening was 
2180.3 (95% CI 777.99 -1738%) Figure 4. Figure 5 
showed Summary ROC and area under curve is 99.1%. 
Pooled Positive and negative likelihood ratio were 
249.7(95% CI 119.8-520.30) and 0.13(0.07-0.24) 
respectively (Figure 6, 7).

Figure 2. Pooled sensitivity of Pulse oximetry In CCHD.

Figure 3. Pooled specificity of Pulse oximetry in CCHD.

Figure 4. Pooled Diagnostic odd ratio of Pulse oximetry in CCHD.
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Figure 5. Summary ROC curve of Pulse oximetry in detecting CCHD.

Figure 6. Pooled positive likelihood ratio of Pulse oximetry in CCHD.

Figure 7. Pooled negative likelihood ratio of Pulse oximetry in CCHD.
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Discussion

Our study estimated that pulse oximetry is highly 
specific for detection of CCHD and moderate high 
sensitivity. The Sensitivity of the individual meta-
analytic studies ranging from 75-92%.5,9,10,11 Our Pooled 
data increases the sensitivity 87-91% and specificity 
up to 100%. Various non-meta-analytic studies showed 
the sensitivity ranges from lowest 60-to highest 95.2% 
but specificity nearer to 100%.12,13,14,15,16,17

Among the included studies timing of pulse oximetry 
varies from <24 hours up to 72 hours. Some studies 
mentioned that false-positive rate for detection of CCHD 
was low when newborn pulse oximetry was done after 
24 hours of birth than when it was done before 24 
hours of birth but this timing of pulse oximetry does 
not compromise sensitivity.5,11

We did not do any subgroup analysis on timing of 
oximetry, pre-ductal post-ductal SPo2, this is the 
main limitation of our study and there was significant 
heterogeneity was found during analysis .Within 
these 4 meta-analytic studies, individual 9 studies are 
commonly included.12,14,15,18,20,21,22,23,24,25,26 The main 
strength our studies was only meta-analytic articles 
were included with low variability of sensitivity and 
specificity and low risk bias.

The disease specific sensitivity were not shown in any 
study and definition of severity of CCHD disease varies 
in different published articles and the presence of 
multiple defects can influence study findings. Despite 
of some limitations we recommend pulse oximetry as 
point of care screening method in clinical practice.

Conclusion

Pulse oximetry is excellent screening tool with high 
specificity and sensitivity in detecting CCHD.
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