
64 NZMJ 13 January 2017, Vol 130 No 1448
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

Should New Zealand 
introduce nationwide pulse 

oximetry screening for 
the detection of critical 

congenital heart disease in 
newborn infants?

Elza Cloete, Tom Gentles, Jane Alsweiler, Lesley Dixon, Dianne Webster, 
Deborah Rowe, Frank Bloomfield

Pulse oximetry has been utilised interna-
tionally as a screening tool for the detection 
of congenital heart defects in newborn 
infants for more than a decade.1–4 In recent 
years this practice has been introduced in 
various jurisdictions as it became evident 
that the number of late-diagnosed infants 
can be reduced signifi cantly when pulse 
oximetry is used in conjunction with other 
screening strategies, namely antenatal 
ultrasound and newborn physical exam-
ination.5 –8 In New Zealand, there currently 
is no national approach to newborn pulse 
oximetry screening for critical congenital 
heart disease (CHD). However, some district 
health boards have begun screening led at 
hospital level. Given the existing regional 
and demographic variation in maternity 
care,9,10 hospital-led approaches to screening 
are unlikely to improve health outcomes in 
an equitable way. 

Congenital heart defects are the most 
common group of congenital malformations, 
with an incidence of between four and 10 
per 1,000 live-born infants. Surgery and 
cardiac catheter interventions have resulted 
in marked improvements in survival, partic-
ularly for those infants with life-threatening 
conditions.11–13 Successful intervention is 
dependent on timely diagnosis; if such 
defects are not detected early, severe 
hypoxaemia, shock, acidosis and death are 
potential sequelae. Detecting infants with 
severe cardiac malformations before or 

immediately after birth is therefore of the 
utmost importance. 

A recent population-based study found 
that only 46% of New Zealand-born infants 
with critical CHD are diagnosed in the 
antenatal period. Twenty percent of critical 
cardiac defects are currently diagnosed after 
discharge from hospital. It is estimated that 
four babies die each year in New Zealand as 
a result of late-diagnosed CHD.14 The impact 
on permanent disability, especially neuro-
developmental defi cit, is likely to be greater, 
as late diagnosis of CHD is associated with 
a greater risk of hypoxaemia and acidosis, 
both of which are associated with neuro-
logical damage.15,16

Researchers are in agreement that 
the question no longer is whether pulse 
oximetry screening should be performed 
on newborn infants, but rather how best 
to deliver the test.17–19 Pulse oximetry 
screening for critical CHD is highly specifi c, 
moderately sensitive and meets criteria 
for universal screening.20 Various factors 
can impact on the sensitivity and speci-
fi city of this screening tool. Recent studies 
have demonstrated that test accuracy 
varies according to the healthcare setting in 
which screening is undertaken. Screening 
performed at tertiary centres located in fi rst 
world settings is associated with sensitivity 
greater than 80%.21,22 Conversely, regional 
hospitals and those in developing coun-
tries often report lower test sensitivity.7,23–25 
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The cost-effectiveness of pulse oximetry 
screening has been demonstrated in the 
US26,27 and the UK,28 but a recent study eval-
uating screening in Chinese regions with 
diverse socioeconomic status demonstrated 
cost-effectiveness only in affl  uent regions.29 
A cost-effective analysis is currently being 
undertaken in the Netherlands where 18% 
of births occur at home. A Dutch national 
screening programme would warrant the 
provision of pulse oximeters to each of 
the country’s 1,800 community midwives, 
adding to the cost in this setting.30 

The importance of considering region-spe-
cifi c factors is evident when international 
studies are reviewed. The American 
Academy of Pediatrics recommends that 
screening should be performed after 24 
hours of age, thereby minimising the 
number of false-positive results. In a large 
Chinese study involving 122,738 newborn 
infants, the false-positive rate was 0.55% 
when screening was performed 6–24 h after 
birth compared to 0.29% when screening 
was done 25–48 h after birth.6 However, 
in countries where newborn babies and 
their mothers are discharged home prior 
to 24 hours, a late screening strategy will 
not be feasible. Furthermore, it is crucial to 
detect critical CHD prior to cardiovascular 
compromise. Early screening strategies can 
enable early diagnosis and treatment that 
can ultimately result in better outcomes for 
these infants. The potential harm caused by 
false-positive results has to be weighed up 
against the benefi ts associated with early 
diagnosis and treatment.

The Dutch recently investigated the feasi-
bility and accuracy of a very early screening 
strategy, which was necessitated by the 
large number of community births and 
early discharges from hospital following 
uncomplicated births in this country. 
In order to minimise the impact pulse 
oximetry screening has on the workload 
of community midwives, the screening 
protocol was designed to fi t in with the times 
midwives are routinely present following 
a birth. Measurements were obtained at 
approximately one hour after birth and 
again on day two or three. Higher screening 
rates were achieved in the community (97%) 
than in hospitals (70%). This study demon-
strated that it is feasible to incorporate pulse 
oximetry screening into the daily routine 

of midwives attending home births and 
that very early screening does not result in 
signifi cantly high false-positive rates (0.6%).30 

It is important to appreciate that New 
Zealand will face unique challenges when 
implementing a new screening practice for 
newborn infants. The country’s dispersed 
rural populations will pose a variety of 
challenges. We have a largely midwifery-led 
model of maternity care with the majority 
of primary maternity care provided by 
self-employed community midwives 
also known as the Lead Maternity Carer 
(LMC). The majority of women give birth 
at either tertiary or secondary facilities 
(with their midwife LMC in attendance) and 
may transfer either home or to a primary 
maternity facility for postnatal care. Many 
of these transfers occur between two and 
six hours following the birth provided 
that the mother and baby are well. The 
proportion of home births ranges from 
1.3% to 7.6% (mean 3.4%) across New 
Zealand’s 20 district health boards, and 9% 
of women are giving birth in one of many 
primary facilities predominantly located in 
rural settings.9 According to a ministerial 
report on maternal health, over a quarter 
of all women giving birth live in the most 
socioeconomically deprived areas of New 
Zealand.9 Furthermore, New Zealand has 
only one cardiac intervention centre located 
at Starship Children’s Hospital in Auckland. 
Lack of availability and access to specialist 
centres can be perceived as barriers to 
the implementation of a nationwide pulse 
oximetry screening programme. Lack of 
availability of echocardiography services 
and concerns about the potential increase 
in workload for midwives and paediatric 
cardiology services have been named as the 
main barriers to implementation at tertiary 
Australasian hospitals.21

Midwives’ involvement with the care of 
women and their babies at birth and in 
the fi rst few days after birth would place 
them in the ideal position to carry out 
the screening test. A pragmatic approach 
would be to incorporate screening into the 
midwives’ routine newborn health assess-
ments. The place of birth and time at which 
screening is undertaken, which will be 
guided by the screening protocol, will likely 
dictate whether hospital-based midwives or 
self-employed community midwives are in 
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the best position to perform the screening 
test. Several groups have investigated the 
time taken to perform the screening process 
and consistently reported that approxi-
mately fi ve minutes are required.8,21,22,31 
These studies were done in various coun-
tries with differing models of care, and all 
reported that no extra staff members were 
needed to perform pulse oximetry screening. 

Failure to reach predetermined oxygen 
saturation targets should prompt clinicians to 
do a careful clinical examination and should 
not necessarily result in an echocardiogram 
or referral to specialist cardiac services. 
Approximately two-thirds of positive 
screening results will yield an alternative 
diagnosis.6,8,21,32–36 Persistent hypoxaemia 
can be the result of other important pathol-
ogies such as sepsis, pneumonia, pulmonary 
hypertension or metabolic disorders. If 
undetected, these pathologies may also 
result in death that could otherwise have 
been prevented. An Australian review of 
Sudden Unexpected Early Neonatal Death 
and Acute Life Threatening Events found 
that persistent pulmonary hypertension 
and infection were responsible for many of 
these events along with cardiac disease and 
accidental asphyxia. The majority of infants 
collapsed on the fi rst day.37 Transient hypox-
aemia can be seen in newborn infants with 
transitional circulation. False-positive results 
should be minimised and therefore screening 
protocols should recommend repeating the 
test in infants with borderline low oxygen 
saturation levels. It is expected that 4–5% of 
newborns screened on day one of life will 
require repeat testing in order to exclude 
healthy infants with transitional circulation.32 

The majority of hypoxaemic infants can be 
managed at their local hospital. Echocardiog-
raphy will only be warranted in infants with 
signs and symptoms suggestive of cardiac 
disease or in infants with persistent abnormal 
oxygen saturation levels in the absence of a 
non-cardiac diagnosis. An Australian study 
reported only fi ve unnecessary echocardio-
grams over a 42-month period, during which 
18,801 infants were screened.21 Similarly, a 
Swedish study that screened 39,821 infants 

reported that three unnecessary echocardio-
grams, demonstrating no cardiac anomaly, 
were performed.8

Interventions designed to improve popu-
lation health can ultimately lead to greater 
inequality in society. Adaptation and change 
often occur more rapidly among groups that 
already have better than average health 
status, and although the overall health of 
the population improves, the gap between 
the affl  uent and deprived widens.38 Pulse 
oximetry screening may, however, be most 
valuable in populations where the antenatal 
detection rate of CHD is low. Implementing 
a national screening programme will 
likely have the greatest benefi t to the most 
deprived communities of New Zealand. 

To date, there have been no reports in 
the literature of New Zealand-specifi c 
data relating to pulse oximetry that can 
contribute to building a business case for 
the implementation of a national screening 
programme. Undertaking a research study 
exploring the feasibility of pulse oximetry 
screening in the New Zealand maternity 
setting can provide valuable information in 
support of national implementation. Making 
an assessment of local patient demographics 
and the impact of universal pulse oximetry 
screening on maternity, paediatric and 
cardiac services in New Zealand will be an 
essential step towards achieving this goal. 

A uniform screening programme that 
is governed by the country’s National 
Screening Unit will be superior to hospi-
tal-led initiatives. First, a screening 
programme should be funded suffi  ciently 
to ensure the availability of resources to 
all regions and services involved with the 
screening and subsequent care of newborn 
infants so screening can be offered to 
every baby regardless of place of birth. 
Secondly, central governance and moni-
toring of the programme will enable quality 
improvement initiatives, further promoting 
equity for all New Zealand-born infants. 
Thirdly, the morbidity and mortality related 
to congenital heart disease can be reduced 
when pulse oximetry screening is offered to 
all New Zealand-born infants.
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