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ABSTRACT

Objectives The aim of this study was to conduct New
Zealand-specific research to inform the design of a pulse
oximetry screening strategy that ensures equity of access
for the New Zealand maternity population. Equity is an
important consideration as the test has the potential to
benefit some populations and socioeconomic groups more
than others.

Setting New Zealand has an ethnically diverse population
and a midwifery-led maternity service. One quaternary
hospital and urban primary birthing unit (Region A), two
regional hospitals (Region B) and three regional primary
birthing units (Region C) from three Health Boards in New
Zealand’s North Island participated in a feasibility study

of pulse oximetry screening. Home births in these regions
were also included.

Participants There were 27 172 infants that satisfied

the inclusion criteria; 16 644 (61%) were screened. The
following data were collected for all well newborn infants
with a gestation age >35 weeks: date of birth, ethnicity,
type of maternity care provider, deprivation index and
screening status (yes/no). The study was conducted over a
2-year period from May 2016 to April 2018.

Results Screening rates improved over time. Infants born
in Region B (adjusted OR=0.75; 95% Cl 0.67 to 0.83) and
C (adjusted 0R=0.29; 95% Cl 0.27 to 0.32) were less likely
to receive screening compared with those born in Region
A. There were significant associations between screening
rates and deprivation, ethnicity and maternity care
provider. Lack of human and material resources prohibited
universal access to screening.

Conclusion A pulse oximetry screening programme that
is sector-led is likely to perpetuate inequity. Screening
programmes need to be designed so that resources

are distributed in the way most likely to optimise health
outcomes for infants born with cardiac anomalies.

Ethics approval This study was approved by the Health
and Disability Ethics Committees of New Zealand (15/
NTA/168).

INTRODUCTION

Pulse oximetry has been used to detect
critical congenital heart disease (CHD) in
newborns for more than a decade. The test

Strengths and limitations of this study

» This study was conducted in a socioeconomic and
culturally diverse setting.

» Demographic information was obtained from nation-
al data sets.

» This study highlights the potential to create greater
inequity if screening programmes are not universal.

» |Institutional constraints can prevent hospitals from
introducing screening.

» Low engagement with self-employed maternity care
providers in this midwifery-led maternity setting
was a significant factor affecting screening rates.

is non-invasive, safe and easy to perform, and
has been well-received by consumers.'™ Pulse
oximetry screening has been introduced
successfully into many healthcare settings
around the world using approaches ranging
from ad hoc implementation to mandatory
policies.*™ New Zealand is an ethnically
diverse country with a midwifery-led model
of maternity care and policies that strive to
deliver health services in a way that recognises
the connexions between health and other
aspects of people’s lives, including culturally
appropriate approaches to healthcare.
Inequities in health have been defined as
differences in health that are unnecessary,
avoidable, unfair and unjust.” Screening
programmes have the potential to benefit
some population groups more than others.
Equity has, therefore, been an important
consideration in the design and delivery of
screening programmes. The aim of this study
was to conduct New Zealand-specific research
to inform the design of a pulse oximetry
screening strategy that ensures equity of access
for the New Zealand maternity population.
The design and implementation of screening
programmes that are people-centred and that

BM)

Cloete E, et al. BMJ Open 2019;9:030506. doi:10.1136/bmjopen-2019-030506 1


http://bmjopen.bmj.com/
http://orcid.org/0000-0003-2190-0959
http://orcid.org/0000-0002-0874-6654
https:// orcid. org/ 0000- 0001- 6424- 6577
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2019-030506&domain=pdf&date_stamp=2019-08-17

Open access

Scale
0 20 40 60 80 100km

0 40 80 120 160miles

Birthing centres

@ Quaternary Hospital
Tertiary Hospital

@ Level 2 Hospital

@ Level 1 Hospital

@ Primary Maternity Unit

Region C
Live births: ~ 8,250 per year
Ethnic composition:

Figure 1 Participating regions.

result in equitable outcomes for all population groups is
at the centre of the New Zealand Ministry of Health’s
National Screening Unit quality framework."’

METHODS

This intervention study of pulse oximetry screening in
the newborn was conducted over a 2-year period. One
quaternary hospital, one tertiary hospital, two regional
hospitals and five primary maternity units from three
Health Boards (Region A, B and C) in New Zealand’s
upper North Island and the maternity carers affiliated
with these centres were invited to participate in the study
(figure 1). The implementation was staged with the first
centres initiating screening in May 2016 and the final
centre joining 6 months later. Although invited, Region
C’s tertiary hospital did not participate in the study due
to resource constraints. Nevertheless, several infants
born at this hospital had the opportunity to be screened
if they transferred to a participating primary maternity
unit for postnatal care. Equipment, consumables and
ongoing support were provided by the research team for
the duration of the study. Study guidelines and informa-
tion resources were developed prior to the introduction
of screening and were available online."" The screening
tests were primarily performed by community midwives
or self-employed midwives. In some cases, nurses working
on postnatal wards undertook the screening test. Well
newborn infants with a gestational age of 235 weeks were
eligible for inclusion. An electronic database was designed
to store participating infants’ test results.

Region A
Live births: ~ 5,700 per year

Ethnic composition:
Ethnicity

@ European

® Maori

® Pacific Peoples
® Other

Region B
Live births: ~ 1,525 per year

Ethnic composition:

Hospitals and birthing units keep a record of all births
and were requested to provide the National Health Index
(NHI) number of all infants born alive at their facility during
the study period with a gestational age of 235 weeks. Infants
with a prenatal diagnosis of a congenital cardiac anomaly
and other unwell infants admitted to a newborn unit shortly
after birth were ineligible for the study and were excluded
from the lists. Home birth data were retrieved from the
Ministry of Health’s National Maternity (MAT) collection.
All births (including home births) are reported to this
body. Birth data were merged and the following demo-
graphic information was extracted from the MAT collection
for each infant: (a) prioritised ethnicity, (b) maternity care
provider, (c) deprivation index and (d) date of birth.

a. Prioritised ethnicity
New Zealand has an established practice for the col-
lection and reporting of ethnicity data in the health-
care sector. For the purposes of data analysis, a single
ethnicity is assigned when an individual identifies with
more than one ethnicity. Priority is given to Maori fol-
lowed by Pacific Peoples, Indian and then Asian. All
other ethnic groups receive priority over European.

b. Maternity care provider
Maternity care is coordinated by the lead maternity
carer (LMC) chosen by a pregnant woman. The LMC
can be a self-employed midwife, obstetrician or general
practitioner and is contracted through the Ministry of
Health, and thus not employed by the Health Board,
to provide a complete maternity service from enrol-
ment until 6 weeks postpartum. In some regions, there
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are insufficient LMCs to provide care, and community
midwifery teams are employed directly by the Health
Boards.

c. Deprivation index (NZ Dep)
The deprivation index is a measure of socioeconomic
deprivation in New Zealand. It estimates the relative
deprivation of an area and does not directly relate to
individuals. The index groups deprivation scores into
deciles, where 1 represents the least deprived scores
and 10 the most deprived scores. A value of 10, there-
fore, represents the most deprived 10% of areas in
New Zealand. The postal code of a healthcare consum-
er’s home address is used to assign a score.'” The 10
deprivation scores were grouped into 5 quintiles.

d. Date of birth
Participants’ birth dates were used to divide the study
period into three epochs to evaluate whether the
screening rate changed over time. Region A and B
participated for 24 months—for these regions, each
epoch represents an 8-month period. Region C joined
the study 6 months later and was, therefore, divided
into three 6-month epochs.
The NHI numbers on the births list were matched with

data entries made to the pulse oximetry screening study

database to determine screening rates.

Patient and public involvement

This study was designed and overseen by a multidisci-
plinary steering committee with representation from
consumer groups. Written informed consent was obtained
from the parents of newborn infants prior to enrolment
into the study. Consumer satisfaction with the screening
procedure was assessed throughout the course of the
study. Survey results are described elsewhere.”

Statistical analysis

Categorical variables are summarised as percentages
and compared with the %” test. To identify factors asso-
ciated with pulse oximetry screening rates, ORs and
95% CIs were calculated using multivariable logistic
regression. Unadjusted and adjusted ORs and CIs are
presented. All variables were included in the analysis
model to obtain adjusted ORs and CIs. Demographic
features were compared with a multivariable logistic
regression model to determine participants’ proba-
bility of receiving a pulse oximetry screening test. A
p value <0.05 was considered statistically significant.
Data were analysed using statistical software (JMP,
V.14.0; SAS Institute, Cary, North Carolina, USA).

RESULTS

During the course of the study, there were 27172 live-
born infants in participating regions that satisfied the
study’s inclusion criteria. The largest number of births
occurred in a hospital setting (24 826; 91.4%). A total of
413 (1.5%) births took place at home and 1812 (6.7%) at
a primary birthing unit. A total of 16644 (61%) infants

Table 1 Screening rates
Births, n Screened, n (%)

27172 16644 (61) P value
Birth setting <0.0001
Quaternary hospital 12908 10501 (81)
Tertiary hospital 9313 3228 (35)
Regional hospitals (x2) 2605 1741 (66)
Primary Birthing Units 1812 1053 (58)
(x4)
Home 412 26 (6)
Unknown 122 95 (78)
Maternity care provider <0.0001
LMC midwife 16738 9754 (58)
Obstetrician 3841 3190 (83)
Community midwife 2689 2232 (83)
General practitioner 40 30 (75)
No provider 2164 653 (30)
Unknown 1700 785 (46)
Ethnicity <0.0001
Maori 5682 3031 (53)
European 7386 5402 (73)
Pacific Peoples 5310 2201 (41)
Asian 4687 3449 (74)
Indian 3140 1885 (60)
MELAA 802 544 (68)
Other/unknown 165 132 (80)
Deprivation quintile* <0.0001
One 3416 2608 (76)
Two 4379 3123 (71)
Three 4010 2902 (72)
Four 4252 2716 (64)
Five 10954 5169 (47)
Unknown 161 131 (81)

P values are comparing all known entities.

*One=least deprived; Five=most deprived.

LMC, lead maternity carer; MELAA, Middle Eastern, Latin
American and African.

received pulse oximetry screening. The screening rate
was significantly influenced by the place of birth, with the
highest rate achieved among those born at a quaternary
hospital and the lowest rate recorded for home births
(81% and 6%, respectively; table 1). Infants born in
Region B (adjusted OR=0.75; 95% CI 0.67 to 0.83) and C
(adjusted OR=0.29; 95% CI 0.27 to 0.32) were significantly
less likely to receive pulse oximetry screening compared
with those born in Region A (table 2).

The number of births in the most deprived areas was three
times higher than births in the least deprived areas (table 1).
There was a significant association between screening rates
and deprivation, with higher odds of screening recorded
for babies born to families living in the least deprived areas
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Table 2 Factors influencing screening rates

All regions
Unadjusted OR (95% CI) P value Adjusted OR (95% CI) P value

Region

Region A 1 1

Region B 0.50 (0.46 to 0.55) <0.0001 0.75 (0.67 to 0.83) <0.0001

Region C 0.16 (0.15t0 0.17) <0.0001 0.29 (0.27 t0 0.32) <0.0001
Ethnicity

Maori 1 1

European 2.38 (2.21 to 2.56) <0.0001 1.44 (1.32 to 1.57) <0.0001

Pacific Peoples 0.62 (0.57 to 0.67) <0.0001 0.77 (0.70 to 0.84) <0.0001

Asian 2.43 (2.24 to 2.65) <0.0001 1.46 (1.32 to 1.61) <0.0001

Indian 1.31 (1.20 to 1.43) <0.0001 1.21 (1.10 to 1.34) 0.0002

MELAA 1.84 (1.58 to 2.16) <0.0001 1.17 (0.98 to 1.40) NS
Maternity care provider

LMC midwife 1 1

Obstetrician 3.50 (3.20 to 3.84) <0.0001 1.42 (1.28 to 1.58) <0.0001

Community midwife 3.50 (3.15 to 3.89) <0.0001 2.02 (1.79 to 2.27) <0.0001

General practitioner 2.15 (1.05 to 4.40) 0.04 1.01 (0.49 to 2.09) NS

No provider 0.31 (0.28 to 0.34) <0.0001 0.61 (0.55 to 0.68) <0.0001
Deprivation quintile

Five 1 1

Four 1.98 (1.84 t0 2.13) <0.0001 1.13 (1.04 to 1.23) 0.004

Three 2.93 (2.71 t0 3.17) <0.0001 1.30 (1.18 to 1.42) <0.0001

Two 2.78 (2.58 to 3.00) <0.0001 1.34 (1.22 to 1.46) <0.0001

One 3.58 (3.28 to 3.91) <0.0001 1.39 (1.25 to 1.54) <0.0001
Study time epoch

First 1 1

Second 1.24 (1.17 10 1.32) <0.0001 1.38 (1.29 to 1.48) <0.0001

Third 1.28 (1.21 to 1.36) <0.0001 1.44 (1.35 to 1.55) <0.0001

For adjusted OR, all variables are included in the model.

LMC, lead maternity carer; MELAA, Middle Eastern, Latin American and African; NS, not significant.

(NZ Dep quintile 1) compared with those living in the most
deprived areas (NZ Dep quintile 5); adjusted OR=1.39;
95%CI 1.25 to 1.54 (table 2). Regional analyses demon-
strated that this variable had independent significance in
Region C alone (table 3).

The majority of women had a midwife LMC (16 738;
62%). Obstetricians were the appointed LMC for 3841
(14%) of the births and general practitioners for 40 (0.1%).
A further 2689 (10%) were provided with pregnancy
and postnatal care from a team of community midwives.
Community midwives provided services in Region A, but
not Region B or C. There were 2164 (8%) babies born
to mothers who were not registered with a maternity care
provider. Failure to register with a maternity care provider
was associated with lower odds of infant screening (table 2).
Screening rates of 275% were achieved for babies under
the care of the community midwifery team, obstetricians
and general practitioners (table 1).

Only approximately half of Maori and Pacific Peoples
babies were screened compared with three-quarters of
Asian and European babies (p<0.0001, table 1). Ethnic
variation in screening rates was most pronounced in
Region C (table 3). In Region A, there was a little vari-
ation in screening rates with the lowest screening rate
recorded for European infants (78%) and the highest for
Asian infants (81%).

Screening rates improved over time. Birth in the first
time epoch was associated with lower odds of screening
compared with birth in the second (adjusted OR=1.38;
95% CI 1.29 to 1.48) and third epoch (adjusted OR=1.44;
95% CI 1.35 to 1.55) (table 2). The improvement was
related to results achieved in Region A and C alone
(table 3). In the third epoch, the probability of receiving
a pulse oximetry test based on demographic charac-
teristics ranged from 0.27 to 0.90. The highest proba-
bility was associated with the following combination of
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characteristics: European or Asian ethnicity, community
midwifery care, Region A and residence in a deprivation
quintile 1 area. Pacific infants from a deprivation quintile
5 area in Region C, whose mothers were not registered
with a maternity carer, were least likely to receive pulse
oximetry screening.

DISCUSSION

This study has addressed the feasibility of introducing an
equitable pulse oximetry screening programme within a
midwifery-led maternity sector. The findings demonstrate
that screening rates varied significantly across regions
and reveal ethnic and socioeconomic disparities in the
delivery of healthcare services.

Screening programmes in New Zealand have been less
successful in engaging with Maori and Pacific Peoples
compared with Europeans. This disparityis most evidentin
the adult healthcare sector with lower breast and cervical
cancer screening rates recorded among New Zealand’s
minority groups.'” Screening rates >95% have been
achieved for the National Newborn Metabolic Screening
Programme since its introduction in 1969.' In 2017, a
national coverage rate of 99% was recorded with only
minor variance among ethnic groups; 98% for Maori and
Pacific Peoples, and 99.6% for other ethnicities. Within
regions, rates ranging from 94% to 100% have, however,
been recorded. In August 2010, the national implemen-
tation of the Universal Newborn Hearing Screening and
Early Intervention Programme was completed. The most
recent monitoring report stated that 91.5% of newborns
were screened in 2015."° The success of these screening
programmes is likely due to a variety of factors, such as
their national governance, length of time since the incep-
tion of the programme and consumer acceptance of the
programme. It may also be in part related to the care and
oversight provided by LMCs during pregnancy and the
first 6 weeks postpartum. Indeed, this study showed that
failure to register with an LMC is associated with lower
pulse oximetry screening rates.

In New Zealand, >90% of pregnant women appoint a
midwife as their LMC.'"® LMCs are expected to initiate
discussions with parents about screening programmes
during pregnancy.'” This provides parents with an
opportunity to ask questions and to consider participa-
tion in the programme. The advice that parents receive
from their midwife and trust in the midwife can lead
to acceptance of the test that is offered to them.' '
Midwives’ involvement with intrapartum care and their
ongoing involvement in the care of newborn babies on
the first day postpartum also puts them in an optimal
position to conduct the pulse oximetry screening test.
Pulse oximeters are portable, and therefore can be used
equally effectively in a hospital setting, maternity unit
or at home. Performing a screening test at the place
of birth eliminates potential barriers to screening, such
as travel time and cost to consumers. Delivering equi-
table screening requires that all consumers are offered

the test regardless of where they birth. In this study, the
place of birth had a significant impact on screening
rates with <10% of those born at home receiving the
test. This highlights the importance of obtaining the
support of LMC midwives and ensuring that they are
supported with access to education and supplied with
the resources to perform the screening test. The New
Zealand Ministry of Health is committed to providing
healthcare ‘closer to home’ and to invest in health
and well-being early in life as defined in the Health
Strategy.”’ Therefore, access to services is an important
consideration when determining how a screening
programme should be delivered.

The impact on workload is a vital factor that will
determine the success of a pulse oximetry screening
programme in a midwifery-led setting, such as New
Zealand. Management at one large tertiary hospital
deemed that it was not possible for that hospital to
participate in the study due to midwifery staff short-
ages and other institutional barriers. This had an
ongoing impact on equity of access to the screening
test for infants born in that region, which is ethnically
diverse and characterised by high levels of depriva-
tion. Region C is home to the largest population of
Pacific People and the second-largest Maori popula-
tion. More than 50% of women giving birth in this
region are from the most deprived (NZ Dep quintile 5)
communities in New Zealand.?! In addition, the New
Zealand maternity setting is characterised by a short
duration of hospital stay following birth. Mothers and
babies are often discharged home or transferred to a
primary maternity unit within 4-6 hours after birth.
Some infants may not be offered screening as a direct
result of short hospital stays. Maori culture regards
childbirth as a time of spiritual significance when
extended family is important; some hospital environ-
ments are not conducive to supporting cultural needs
and Maori, therefore, often choose to return home as
soon as able. This may put them at particular risk of
not being offered the test. Maori and Pacific mothers
often have extended family present at birth. Elders
in these extended communities often take on leading
roles in decision-making. Large numbers of people
around the parents and lack of a clear decision-maker
may impact on the ease of obtaining consent. Reassur-
ingly both consumers and midwives reported that pulse
oximetry is important. The simplicity and non-inva-
sive nature of the test meant that it was well-received.
Obtaining consent was not regarded as a barrier to
screening.” ** The relatively low screening rates can
be attributed primarily to institutional constraints
and difficulty accessing equipment when attending a
home birth, which prevented midwives from offering
the test to consumers.*

Quality improvement initiatives have the potential to
benefit some population groups more than others. In
this study, equal support and resources were offered to
all maternity care providers and birthing units that were
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invited to partake in the study. Participation was, however,
voluntary and dictated by individual perceptions as well
as institutional constraints. This resulted in inequitable
service delivery with lower screening rates achieved
for Maori and Pacific Peoples, those living in the most
deprived areas, and those born at home or primary
maternity units. No ethnic or socioeconomic disparity
was evident in Region A, where a screening rate of 80%
was achieved. If equal participation in screening can be
reached, pulse oximetry screening will likely result in
greater health gains for Maori, Pacific Peoples and those
living in the most deprived areas of New Zealand. This
relates to the lower LMC registration rates reported
among women living in the most deprived areas as well
as Pacific women. Maori women are also less likely to
register with a maternity care provider compared with
European women.'® Engagement with antenatal mater-
nity care providers is directly related to the likelihood
of detecting abnormalities during pregnancy. Crucially,
failure to obtain a midtrimester fetal anatomy scan elimi-
nates the possibility of making the diagnosis of a congen-
ital anomaly before birth.

This study demonstrated that there is the poten-
tial to create greater inequity if newborn pulse oxim-
etry screening is not universal. Standardising care
can reduce this risk by enabling fair access to quality
services. A study conducted in the USA showed a signif-
icant reduction in infant cardiac deaths following the
implementation of state-wide policies mandating pulse
oximetry screening. In contrast, there was no signifi-
cant reduction in deaths in states with non-mandatory
screening policies.’ The decision on whether newborn
pulse oximetry screening should be sector-led or nation-
ally governed is, therefore, important and one that will
impact on outcomes.

In addition to social justice and ethical rationale for
health equity, the economic consequences of health ineq-
uities are important to consider. Maori children access
primary healthcare at a lower rate than non-Maori and
potentially avoidable hospitalisation rates are greater for
Maori children and people living in the most deprived
areas.”* Mills et alinvestigated the cost of health inequal-
ities in New Zealand and concluded that eliminating
inequities could result in significant economic benefits.”
A late diagnosis of CHD can result in significant health-
care costs with a higher demand on hospital resources
compared with timely detected anomalies.® ? The
human cost measured in avoidable mortality is, however,
a greater cost to society.

Study limitations

The Health and Disability Ethics Committees of New
Zealand required that written parental consent be
obtained prior to enrolling an infant in the study to
ensure that parents were aware that personal informa-
tion will be collected and that they agree that the data
can be stored and used. As a result, it was not possible
to establish how many parents declined participation

after they were offered screening, as failure to obtain
consent prevented us from collecting and storing
personal data.

CONCLUSION

Equity in health means equal opportunity to be healthy,
for all population groups. A pulse oximetry screening
programme that is sector-led is likely to perpetuate
inequality as human and material resource constraints
may prohibit access to the test. Programmes need to be
designed so that resources are distributed in the way
most likely to optimise health outcomes for infants
born with critical cardiac anomalies.

Author affiliations

'Liggins Institute, University of Auckland, Auckland, New Zealand

%Paediatric and Congenital Cardiac Service, Starship Children’s Health, Auckland,
New Zealand

*New Zealand College of Midwives Inc, Christchurch, New Zealand

“*Newborn Metabolic Screening Unit, Auckland District Health Board, Auckland, New
Zealand

SDepartment of Paediatrics, Tauranga Hospital, Tauranga, New Zealand
%Department of Paediatrics, Rotorua Hospital, Rotorua, New Zealand

"Pagdiatrics: Child and Youth Health, University of Auckland Faculty of Medical and
Health Sciences, Auckland, New Zealand

Acknowledgements We acknowledge the New Zealand Ministry of Health and
the participating Health Boards for the use of their data. We would like to thank the
parents and infants that participated in this study, and the midwives, nurses and
research assistants that made it all possible.

Collaborators Non-author contributions were made by Helen Wihongi who
reviewed the manuscript from a Maori cultural perspective. Julena Ardern, Nikki
Edwards, Donna Foote, Rob Lutter, Chris McKinlay and Kelly Richards are members
of the Pulse Oximetry Screening Steering Committee.

Contributors EC conceptualised and designed the study, drafted the initial
manuscript, collected data, analysed data, and reviewed and revised the
manuscript. FHB and TLG assisted with the study design, supervised data collection
and analysis, and reviewed and revised the manuscript. SD assisted with the study
design, supervised and assisted with regional data collection, and reviewed and
revised the manuscript. DRW, JMA and LAD contributed to the study design and
critically reviewed the manuscript. JDA and JR contributed to the study design and
critically reviewed the manuscript from a Pacifica and Maori perspective. All the
authors approved the final manuscript as submitted and agree to be accountable
for all aspects of the work.

Funding This work was supported by the Health Research Council of New
Zealand (17-391), the Starship Foundation (SF1126), the Green Lane Research
and Education Fund (16/29/4124), the Gravida National Centre for Growth and
Development, the Middlemore Foundation and the A+ Trust Fund (A6886).

Map disclaimer The depiction of boundaries on the map(s) in this article do not
imply the expression of any opinion whatsoever on the part of BMJ (or any member
of its group) concerning the legal status of any country, territory, jurisdiction or
area or of its authorities. The map(s) are provided without any warranty of any kind,
either express or implied.

Competing interests None declared.
Patient consent for publication Obtained.
Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement All data relevant to the study are included in the
article or uploaded as supplementary information.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is

Cloete E, et al. BMJ Open 2019;9:e030506. doi:10.1136/bmjopen-2019-030506



properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

https://www.nsu.govt.nz/system/files/page/newborn-metabolic-
screening-programme-annual-report-jan-dec-2017-jun18_0.pdf
[Accessed 3 Oct 2018].

15. Ministry of Health. Universal newborn hearing and early intervention
programme: monitoring report January to December 2015

REFERENCES Wellington: Ministry of health, 2016. Available: https:/www.nsu.

1. Narayen IC, Kaptein AA, Hogewoning JA, et al. Maternal govt.nz/health-professionals/universal-newborn-hearing-screening-
acceptability of pulse oximetry screening at home after home birth or programme/procedures-guidelines-and-repor-4. [Accessed 8 Oct
very early discharge. Eur J Pediatr 2017;176:669-72. 2018].

2. Powell R, Pattison HM, Bhoyar A, et al. Pulse oximetry screening 16. Ministry of Health. Report on maternity 2015: Ministry of health,
for congenital heart defects in newborn infants: an evaluation 2017. Available: https://www.health.govt.nz/publication/report-
of acceptability to mothers. Arch Dis Child Fetal Neonatal Ed maternity-2015 [Accessed 4 Apr 2018].
2013;98:F59-F63. 17. Ministry of Health. Guidelines for practitioners providing services

3. Cloete E, Gentles TL, Lutter RA, et al. Consumer satisfaction with within the newborn metabolic screening programme in New Zealand
newborn pulse oximetry screening in a midwifery-led maternity Wellington: national screening unit, 2010. Available: https://www.nsu.
setting. Int J Neonatal Screen 2018;4:38. govt.nz/system/files/page/metabolic_screening_guidelines_final_

4. de-Wahl Granelli A, Meberg A, Ojala T, et al. Nordic pulse oximetry february_2010.pdf [Accessed 8 Oct 2018].
screening - implementation status and proposal for uniform 18. Nicholls SG, Southern KW. Parental decision-making and
guidelines. Acta Paediatr 2014;103:1136-42. acceptance of newborn bloodspot screening: an exploratory study.

5. Zhao Q-ming, Ma X-jing, Ge X-ling, et al. Pulse oximetry with clinical PL0S One 2013;8:679441.
assessment to screen for congenital heart disease in neonates in 19. Moody L, Choudhry K. Parental views on informed consent for
China: a prospective study. The Lancet 2014;384:747-54. expanded newborn screening. Health Expect 2013;16:239-50.

6. Abouk R, Grosse SD, Ailes EC, et al. Association of US state 20. Ministry of Health. New Zealand health strategy: future direction
implementation of newborn screening policies for critical Wellington: Ministry of health, 2016. Available: https://www.health.
congenital heart disease with early infant cardiac deaths. JAMA govt.nz/publication/new-zealand-health-strategy-2016 [Accessed 22
2017;318:2111-8. Sept 2018].

7. Turska Kmiec A, Borszewska Kornacka MK, Blaz W, et al. Early 21. Counties Manukau District Health Board. Women's Health and
screening for critical congenital heart defects in asymptomatic Newborn Annual Report 2017 - 2018 2018. Available: https://
newborns in Mazovia Province: experience of the POLKARD countiesmanukau.health.nz/assets/Our-services/attachments/CM-
pulse oximetry programme 2006-2008 in Poland. Kardiol Pol Health-Womens-Health-and-Newborn-Annual-Report-2017-2018-
2012;70:370-6. v15-HR-final-digital.pdf [Accessed 6 Jun 2019].

8. Schelp J, Arlettaz Mieth R, Hug MR, et al. Neonatal pulse oximetry 22. Ward K, Cloete E, Dixon LA. Health professional's views of
screening for congenital heart defects in Switzerland: range of newborn pulse oximetry screening in a midwifery-led maternity
pathology in screening-positive individuals. Cardiovasc Med setting: "It's a good thing to do, but fund it!". J Paediatr Child
2012;15:198-201. Health 2019;55(S1):110. Abstracts of the 23rd Annual Congress of

9. Whitehead M. The concepts and principles of equity and health. Int J the Perinatal Society of Australia and New Zealand, Gold Coast,
Health Serv 1992;22:429-45. Australia.

10. National Screening Unit. National screening unit quality framework 23. Mills C, Reid P, Vaithianathan R. The cost of child health inequalities
2015: delivering screening programmes Wellington: Ministry of in Aotearoa New Zealand: a preliminary scoping study. BMC Public
health, 2015. Available: https://www.nsu.govt.nz/system/files/page/ Health 2012;12:384.
nsuqualityframework201514dec15.pdf. [Accessed 4 Jan 2019]. 24. Craig E, Jackson C, Han DY, et al. Monitoring the health of New

11. Starship Clinical Guidelines. Pulse oximetry screening in the newborn Zealand children and young people. Auckland: Paediatric Society
Auckland: Starship child health, 2016. Available: https://www. of New Zealand, New Zealand child and youth epidemiology
starship.org.nz/for-health-professionals/starship-clinical-guidelines/ service, 2007. Available: https://www.ecald.com/assets/
p/pulse-oximetry-screening-in-the-newborn/. [Accessed 10 Apr Resources/Monitoring-the-Health-of-NZ-Children.pdf [Accessed
2019]. 30 Dec 2018].

12. Atkinson J, Salmond C, Crampton P. NZDep2013 index of 25. Jackson G, Tobias M. Potentially avoidable hospitalisations in New
deprivation user's manual. Wellington: Department of Public Health, Zealand, 1989-98. Aust N Z J Public Health 2001;25:212-21.
University of Otago, 2014. 26. Peterson C, Dawson A, Grosse SD, et al. Hospitalizations, costs, and

13. National Screening Unit. Strategic plan 2010 to 2015 Auckland: mortality among infants with critical congenital heart disease: how
Ministry of health, 2010. Available: https://www.nsu.govt.nz/system/ important is timely detection? Birth Defects Res A Clin Mol Teratol
files/page/nsu_strategic_plan_2010-2015.pdf. [Accessed 17 Sept 2013;97:664-72.

2018]. 27. Cloete E, Bloomfield FH, Sadler L, et al. Antenatal detection of

14. Ministry of Health. Newborn metabolic screening programme annual treatable critical congenital heart disease is associated with lower
report 2017 Wellington: national screening unit, 2018. Available: morbidity and mortality. J Pediatr 2019;204:66-70.

8 Cloete E, et al. BMJ Open 2019;9:e030506. doi:10.1136/bmjopen-2019-030506


http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1007/s00431-017-2883-2
http://dx.doi.org/10.1136/fetalneonatal-2011-301225
http://dx.doi.org/10.3390/ijns4040038
http://dx.doi.org/10.1111/apa.12758
http://dx.doi.org/10.1016/S0140-6736(14)60198-7
http://dx.doi.org/10.1001/jama.2017.17627
http://dx.doi.org/10.2190/986L-LHQ6-2VTE-YRRN
http://dx.doi.org/10.2190/986L-LHQ6-2VTE-YRRN
https://www.nsu.govt.nz/system/files/page/nsuqualityframework201514dec15.pdf.
https://www.nsu.govt.nz/system/files/page/nsuqualityframework201514dec15.pdf.
https://www.starship.org.nz/for-health-professionals/starship-clinical-guidelines/p/pulse-oximetry-screening-in-the-newborn/.
https://www.starship.org.nz/for-health-professionals/starship-clinical-guidelines/p/pulse-oximetry-screening-in-the-newborn/.
https://www.starship.org.nz/for-health-professionals/starship-clinical-guidelines/p/pulse-oximetry-screening-in-the-newborn/.
https://www.nsu.govt.nz/system/files/page/nsu_strategic_plan_2010-2015.pdf.
https://www.nsu.govt.nz/system/files/page/nsu_strategic_plan_2010-2015.pdf.
https://www.nsu.govt.nz/system/files/page/newborn-metabolic-screening-programme-annual-report-jan-dec-2017-jun18_0.pdf
https://www.nsu.govt.nz/system/files/page/newborn-metabolic-screening-programme-annual-report-jan-dec-2017-jun18_0.pdf
https://www.nsu.govt.nz/health-professionals/universal-newborn-hearing-screening-programme/procedures-guidelines-and-repor-4.
https://www.nsu.govt.nz/health-professionals/universal-newborn-hearing-screening-programme/procedures-guidelines-and-repor-4.
https://www.nsu.govt.nz/health-professionals/universal-newborn-hearing-screening-programme/procedures-guidelines-and-repor-4.
https://www.health.govt.nz/publication/report-maternity-2015
https://www.health.govt.nz/publication/report-maternity-2015
https://www.nsu.govt.nz/system/files/page/metabolic_screening_guidelines_final_february_2010.pdf
https://www.nsu.govt.nz/system/files/page/metabolic_screening_guidelines_final_february_2010.pdf
https://www.nsu.govt.nz/system/files/page/metabolic_screening_guidelines_final_february_2010.pdf
http://dx.doi.org/10.1371/journal.pone.0079441
http://dx.doi.org/10.1111/j.1369-7625.2011.00710.x
https://www.health.govt.nz/publication/new-zealand-health-strategy-2016
https://www.health.govt.nz/publication/new-zealand-health-strategy-2016
https://countiesmanukau.health.nz/assets/Our-services/attachments/CM-Health-Womens-Health-and-Newborn-Annual-Report-2017-2018-v15-HR-final-digital.pdf
https://countiesmanukau.health.nz/assets/Our-services/attachments/CM-Health-Womens-Health-and-Newborn-Annual-Report-2017-2018-v15-HR-final-digital.pdf
https://countiesmanukau.health.nz/assets/Our-services/attachments/CM-Health-Womens-Health-and-Newborn-Annual-Report-2017-2018-v15-HR-final-digital.pdf
https://countiesmanukau.health.nz/assets/Our-services/attachments/CM-Health-Womens-Health-and-Newborn-Annual-Report-2017-2018-v15-HR-final-digital.pdf
http://dx.doi.org/10.1186/1471-2458-12-384
http://dx.doi.org/10.1186/1471-2458-12-384
https://www.ecald.com/assets/Resources/Monitoring-the-Health-of-NZ-Children.pdf
https://www.ecald.com/assets/Resources/Monitoring-the-Health-of-NZ-Children.pdf
http://dx.doi.org/10.1111/j.1467-842X.2001.tb00565.x
http://dx.doi.org/10.1002/bdra.23165
http://dx.doi.org/10.1016/j.jpeds.2018.08.056

	Feasibility study assessing equitable delivery of newborn pulse oximetry screening in New Zealand’s midwifery-led maternity setting
	Abstract
	Introduction﻿﻿
	Methods
	Patient and public involvement
	Statistical analysis

	Results
	Discussion
	Study limitations

	Conclusion
	References


