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Executive summary

Background

Congenital heart defects (CHDs) are the most common group of congenital malformations 
and one of the leading causes of infant death in the developed world. Early detection of major 
CHDs – which cause death or require invasive intervention before 1 year of age – may improve 
outcome. Current routine screening for CHDs relies on a mid-trimester anomaly ultrasound 
scan in pregnant women, involving imaging of the heart chambers, and a postnatal clinical 
examination involving assessment of the cardiovascular system. Both of these have a relatively 
low detection rate and a number of babies are discharged from hospital before a CHD is 
diagnosed. A proportion of these may die or present in such a poor clinical condition that the 
outcome, despite treatment, is compromised.

This report assesses the accuracy, acceptability to both parents and clinical staff, and the cost-
effectiveness of an alternative approach, based on pulse oximetry screening, to determine the 
value of this method in diagnosing those CHD lesions that are potentially life-threatening.

Objectives

This health technology assessment completed three distinct pieces of work, the objectives of 
which were to determine:

■■ the accuracy of pulse oximetry against the composite reference standard of 
echocardiography, clinical follow-up and interrogation of regional and national clinical 
databases, and to determine the added value of pulse oximetry over routine antenatal 
ultrasound screening

■■ the acceptability of pulse oximetry testing to parents and health-care staff
■■ the cost-effectiveness of pulse oximetry testing compared with existing strategies for 

CHD screening.

Methods

A test accuracy study was performed in six large maternity units with delayed verification in test 
negatives. The index test of pulse oximetry testing was performed in 20,055 eligible newborns 
prior to discharge from hospital. Those not achieving predetermined oxygen saturation 
thresholds underwent the reference standard of echocardiography. All other infants were 
followed up to 12 months of age through the interrogation of regional and national congenital 
anomaly and cardiac registries and clinical follow-up. The study compared the accuracy of the 
index test in detecting major CHDs subdivided into critical (causing death or requiring invasive 
intervention before 28 days) and serious (causing death or requiring invasive intervention 
between 1 and 12 months of age).

Acceptability of testing to participants was evaluated through a structured questionnaire 
completed after testing and again at 1 year in a subsample. The characteristics of those who 
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declined to take part in the study when first approached were also analysed. Acceptability of 
testing to clinical staff was evaluated through focus groups and e-mail surveys with those who 
had taken part in the study.

For the economic evaluation, resource usage data were collected alongside the test accuracy 
study to establish the cost of pulse oximetry testing. A decision-analytic model was constructed 
to estimate the cost-effectiveness of various screening and prevention strategies, using an NHS 
perspective and an outcome of cost per case of timely diagnosis of major CHDs.

Results

Main findings of test accuracy study
There were 53 cases of major CHDs (24 critical and 29 serious) within the study cohort of 20,055 
babies. Of those with an abnormal result following pulse oximetry testing, 26/195 [13.33%; 95% 
confidence interval (CI) 8.9% to 18.92%] had major CHDs (18 critical and 8 serious). Of the 
babies who had a normal pulse oximetry result, 27/19,860 (0.14%; 95% CI 0.09% to 0.20%) had 
major CHDs (6 critical and 21 serious).

For the full cohort, pulse oximetry had a sensitivity of 75.0% (95% CI 53.3% to 90.2%) for critical 
cases and 49.1% (95% CI 35.1% to 63.2%) for critical plus serious cases combined. For the cohort 
in which CHDs had not been suspected following antenatal ultrasound, pulse oximetry had a 
sensitivity of 58.3% (95% CI 27.7% to 84.8%) for critical cases (12 babies) and 28.6% (95% CI 
14.6% to 46.3%) for critical plus serious cases combined (35 babies). One in 119 babies (0.84%) 
without serious or critical CHDs had a false-positive (FP) result (specificity 99.16%, 95% CI 
99.02% to 99.28%). In addition, in the FP cohort, 6/169 (3.5%) of babies had CHDs defined 
as significant but not major, and 40/169 (24%) had a respiratory or infective illness requiring 
hospital treatment. Thus, in the test-positive cohort, in total, 72/195 (37%) had a condition 
requiring medical intervention.

Main findings of acceptability studies
Across all parts of the study, parent and staff participants were predominantly satisfied with 
pulse oximetry screening, perceiving it to be an important and valuable test to detect unwell 
babies. There was no evidence that mothers given FP results were more anxious after taking 
part in the screening processes than those given true-negative (TN) results, although the former 
were less satisfied with the test and gave higher depression scores (a small, but statistically 
significant difference). In multivariate analyses, higher anxiety and depression was predicted by 
lower optimism, lower overall satisfaction and ethnicity (white British/Irish participants being 
less anxious). Satisfaction with screening was predicted by higher perception of the treatment’s 
ability to control heart disease, comprehensibility of heart disease, and lower stress, anxiety and 
depression. White British/Irish participants were more satisfied than those of other ethnicities. 
Indian mothers were less satisfied overall with screening and Pakistani mothers were more 
stressed during screening than white British/Irish mothers. Communication problems were 
indicated as a cause of worry by participants, and staff identified a need for further training in 
communicating with parents about the study and for giving results, especially where a positive 
result is found. Malfunctioning equipment could increase anxiety for parents and staff alike.

Despite creating an additional workload in testing babies, the test was seen as reassuring for staff, 
and positively impacted on the roles of those caring for ill babies as they could be treated while in 
a less critical condition.
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Main findings of health economics
The pulse oximetry test took on average 6.9 minutes (median 5 minutes, range 1 to 30 minutes) 
to be completed. Taking into account equipment costs, the procedure is estimated to cost £6.24 
per test. The additional cost of including pulse oximetry as an adjunct to the current practice of 
clinical examination of the newborn was estimated to be approximately £24,900 per additional 
case of timely diagnosis. This estimate was shown to be robust in an extensive sensitivity analysis.

Conclusions

Implications for health care
Pulse oximetry is a safe, simple, non-invasive, feasible and reasonably accurate test that is 
acceptable to parents and clinical staff, and has a sensitivity that appears to be superior to that 
of antenatal screening and clinical examination. The use of both pre- and postductal saturations 
compared with postductal alone appears to be advantageous and, in practice, does not take 
significantly longer to perform.

Pulse oximetry adds value to existing screening procedures and is likely to identify cases of 
critical CHD that would otherwise go undetected. The detection of other pathologies, such as 
significant CHDs and respiratory and infective illnesses, is an additional advantage.

Pulse oximetry as an adjunct to clinical examination is twice as costly, but will detect more babies 
with CHDs.

Recommendations for research
Pulse oximetry improves detection rates of critical CHDs. The majority of critical cases missed 
by pulse oximetry (and by other screening methods) are associated with obstruction of the aortic 
arch as these conditions are often not associated with hypoxaemia. Further investigation of other 
oximetry techniques, such as perfusion index, may enhance the detection rates for these lesions.

Further research should be conducted with mothers of different ethnicities to gain a greater 
understanding of factors limiting participation and satisfaction with testing. Research should 
also be conducted with mothers given FP results at the time of discharge from hospital to verify 
whether they experience heightened anxiety at this point.
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