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Use of evidence based practices to improve survival
without severe morbidity for very preterm infants:
results from the EPICE population based cohort
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Abstract
Objectives To evaluate the implementation of four high evidence
practices for the care of very preterm infants to assess their use and
impact in routine clinical practice and whether they constitute a driver
for reducing mortality and neonatal morbidity.
Design Prospective multinational population based observational study.
Setting 19 regions from 11 European countries covering 850 000 annual
births participating in the EPICE (Effective Perinatal Intensive Care in
Europe for very preterm births) project.

Participants 7336 infants born between 24+0 and 31+6 weeks’ gestation
in 2011/12 without serious congenital anomalies and surviving to neonatal
admission.
Main outcome measures Combined use of four evidence based
practices for infants born before 28 weeks’ gestation using an “all or
none” approach: delivery in a maternity unit with appropriate level of
neonatal care; administration of antenatal corticosteroids; prevention of
hypothermia (temperature on admission to neonatal unit ≥36°C);
surfactant used within two hours of birth or early nasal continuous positive
airway pressure. Infant outcomes were in-hospital mortality, severe
neonatal morbidity at discharge, and a composite measure of death or
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severe morbidity, or both. We modelled associations using risk ratios,
with propensity score weighting to account for potential confounding
bias. Analyses were adjusted for clustering within delivery hospital.
Results Only 58.3% (n=4275) of infants received all evidence based
practices for which they were eligible. Infants with low gestational age,
growth restriction, low Apgar scores, and who were born on the day of
maternal admission to hospital were less likely to receive evidence based
care. After adjustment, evidence based care was associated with lower
in-hospital mortality (risk ratio 0.72, 95% confidence interval 0.60 to 0.87)
and in-hospital mortality or severe morbidity, or both (0.82, 0.73 to 0.92),
corresponding to an estimated 18% decrease in all deaths without an
increase in severe morbidity if these interventions had been provided to
all infants.
Conclusions More comprehensive use of evidence based practices in
perinatal medicine could result in considerable gains for very preterm
infants, in terms of increased survival without severe morbidity.

Introduction
Very preterm infants—those born before 32 weeks’
gestation—represent fewer than 2% of all births but up to half
of infant deaths.1 For survivors, the risks of cerebral palsy, visual
and auditory deficits, cognitive impairments, psychiatric
disorders, and behavioural problems are much higher than for
children born at term.2 Ensuring the best outcomes for very
preterm infants is essential for their future health and
development and for reducing the burden for families and
healthcare and social systems.

Wide disparities in the risk adjusted mortality and morbidity of
very preterm infants across countries and neonatal units suggests
that substantial gains are possible using current medical
knowledge.3-7 Research comparing the care of very preterm
infants across countries and units supports this assertion, as
practices are not always consistent with the latest scientific
evidence, including non-use of treatments shown to be effective
and safe and use of others for which evidence is limited or where
safety is of concern.8-13

The promotion of applied evidence based care may thus be an
important driver for achieving better outcomes in this high risk
population, as shown in other areas of medicine.14-17 Research
from many medical specialties has highlighted the challenges
of translating even convincing scientific knowledge into practice
because of organisational, cultural, or personal barriers.18-20
Moreover, although evidence based interventions are shown to
be effective in clinical trials, the selection criteria applied to
achieve equipoise and ensure rigorous implementation of the
protocol may limit the generalisability of results to the overall
population of patients. It is thus necessary to improve knowledge
on the use of interventions by clinicians and health planners
and their impact in unselected populations.
The EPICE (Effective Perinatal Intensive Care in Europe)
project established a population based cohort of very preterm
infants in 19 regions in 11 European countries to investigate
the use of evidence based practices and their association with
outcomes in real life clinical settings. We investigated the use
of four practices that have a high level of evidence for the care
of very preterm infants and measured their association with
mortality or neonatal morbidity, or both.

Methods
Study design

The EPICE cohort is a geographically defined prospective study
of all very preterm stillborn and liveborn infants from 22+0
weeks to 31+6 weeks of gestation, delivered in all public and
No commercial reuse: See rights and reprints http://www.bmj.com/permissions

private maternity hospitals in 19 regions in 11 European
countries covering over 850 000 births annually: Belgium
(Flanders), Denmark (eastern region), Estonia (entire country),
France (Burgundy, Ile-de-France, and the northern region),
Germany (Hesse and Saarland), Italy (Emilia-Romagna, Lazio,
and Marche), the Netherlands (central and eastern region),
Poland (Wielkopolska), Portugal (Lisbon and northern region),
Sweden (greater Stockholm), and the United Kingdom (East
Midlands, northern, and Yorkshire and Humber regions).
Regions were selected for geographical and organisational
diversity, feasibility (on-site infrastructure and expertise for
implementing the protocol), and sample size considerations.
Data were collected on births occurring between April 2011
and September 2012; in each region inclusions occurred over
12 months, except in France (six months).

Investigators abstracted data from medical records in obstetrical
and neonatal units using a pretested standardised questionnaire
with common definitions. Gestational age was defined as the
best obstetric assessment based on information on last menstrual
period and antenatal ultrasound examinations, which are part
of routine obstetrical care in all regions. When there were several
estimates, we used the following hierarchy to determine
gestational age for the study: in vitro fertilisation treatment,
ultrasound result based on earliest estimate, last menstrual
period, fundal height measurement, and neonatal assessment at
birth. We cross checked inclusions against delivery ward
registers or another external data source. Infants were followed
up until discharge home from hospital or into long term care or
death.

Patient involvement
The EPICE study included a European parent organisation in
stakeholder meetings about the project’s preliminary results and
analyses, including this study. EPICE maintains contact with
parents in the cohort through regional newsletters, letters, and
its website. A European parent organisation is part of our
consortium for follow-up studies of the cohort.

Study population
The study population comprised all infants without severe
congenital anomalies born at 24+0 to 31+6 weeks’ gestation
and admitted to a neonatal unit (n=7336 infants delivered in
335 maternity units and admitted to 242 neonatal units). We
excluded infants born before 24 weeks’ gestation because there
is no consensus across the regions about active treatment for
these births21 (n=301 live births). Infants with severe congenital
anomalies were excluded because of regional differences in
screening and termination policies (n=126).22 We also excluded
infants who died on the labour ward (n=112 ≥24 weeks’
gestation) because the EPICE database does not contain
information on the degree of emergency in these cases, condition
at birth, or neonatal resuscitation practices, and we were
concerned that these cases were often situations where there
was no opportunity to provide evidence based care. Furthermore,
we surmised that reverse causality could be present—that is, a
decision against active management could explain
non-implementation of evidence based practices. Finally, we
excluded out of hospital births that were unlikely to result in
evidence based care (n=26).

Definition of evidence based care: using an
all or none approach
We used an all or none approach to study the use of evidence
based practices. In contrast with an item by item assessment of
Subscribe: http://www.bmj.com/subscribe
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performance or the creation of a composite measure, this
approach considers whether all measures have been provided
to each eligible patient.23 A restrained set of indicators is selected
that should measure performance on the specified elements of
good care and be related to the desired outcomes.23 The EPICE
protocol included 17 practices with varying levels of evidence,
from which we identified four with a high level of evidence that
are related to neonatal mortality and morbidity and that could
be measured reliably using information from medical records
(see supplementary table S1). Some evidence based practices
included in EPICE were not retained because they are evaluated
with respect to longer term outcomes, such as screening for
retinopathy of prematurity. Others were not selected because
the evidence is not of highest quality and therefore unlikely to
be consensually adopted in all regions, such as active
management of patent ductus arteriosus.24 We then established
minimum thresholds for evidence based care that would be
accepted across all regions.
Selected indicators were: delivery in a maternity unit with
appropriate neonatal care services25 using national level of care
designations (see supplementary table S2); any administration
of antenatal corticosteroids before delivery26; effective
prevention of hypothermia, defined as a temperature on
admission of 36°C or more that corresponds to the lower limit
of current recommendations27 28; and surfactant used within two
hours after birth or early nasal continuous positive airway
pressure for infants born before 28 weeks’ gestation.29 30 We
computed a variable measuring the receipt of all practices, given
each infant’s eligibility.

Outcomes
Our outcomes were in-hospital mortality, defined as death before
discharge home or into long term paediatric care; severe neonatal
morbidity among infants discharged alive; and a composite of
in-hospital mortality or severe neonatal morbidity, or both.
Severe neonatal morbidity comprised intraventricular
haemorrhage grade III or IV, cystic periventricular leukomalacia,
retinopathy of prematurity stages III to V, and severe necrotising
enterocolitis. Intraventricular haemorrhage grades were
determined using Papile’s classification,31 and we recorded
periventricular leukomalacia only if cystic abnormalities were
present on ultrasound or magnetic resonance imaging scans.
Severe necrotising enterocolitis was assessed by surgery or
peritoneal drainage because Bell stages were not routinely
recorded in all regions. We did not include bronchopulmonary
dysplasia because large regional variability in respiratory
management and oxygen saturation targets affect rates of this
outcome variable.32

Covariables
We identified clinical and healthcare factors likely to influence
both the probability of receiving evidence based care and our
outcomes based on the scientific literature and biological
plausibility. These factors included gestational age, sex, multiple
pregnancy, pregnancy complications (preterm premature rupture
of membranes, eclampsia or pre-eclampsia, and haemolysis,
elevated liver enzymes, low platelets (HELLP) syndrome), small
for gestational age , type of delivery (prelabour caesarean
section, intrapartum caesarean section, vaginal), and Apgar
score at five minutes. We categorised small for gestational age
as less than the third and less than the 10th centile for gestational
age and sex with Hadlock’s references adapted to national
population values using Gardosi’s model.33 We also identified
cases where the birth was more likely to have been unexpected,
with a rapid onset precluding use of evidence based practices,
No commercial reuse: See rights and reprints http://www.bmj.com/permissions

defined by delivery on the same day as maternal admission to
hospital without in utero transfer. We also assessed neonatal
transport in the first 48 hours after delivery; this variable was
not included in multivariable models, but used for sensitivity
analyses to identify infants who were born in the maternity unit
associated with the neonatal unit where they received care
(termed inborn). For the propensity score analysis we identified
other possible confounders (see below).

Missing data
Most variables had low proportions of missing data: less than
1% (gestational age, birth weight, sex, multiple pregnancy,
neonatal transport, antenatal corticosteroids), 1-3% (pregnancy
complications, mode of delivery, neonatal morbidity), and 4-5%
(Apgar score and admission to delivery time). In contrast,
admission temperature was missing in 12.1% of cases (n=886).
We used multiple imputations chained equations to impute
missing data, based on all variables in the study.34 We used 100
imputed datasets.35 Outcomes were not imputed. Results are
presented using the imputed data; however, models using
list-wise deletion are included as supplementary tables.

Analysis strategy
We described the use of each evidence based practice and
investigated the factors associated with our all or none composite
(full evidence based care). We then investigated the association
of full evidence based care with our three primary outcome
variables. For both analyses, we used generalised linear models
to take into consideration the clustering of births within
hospitals, assuming a Poisson distribution with robust standard
errors to estimate risk ratios.36 Region was included as a fixed
effect.

To assess the impact of use of evidence based care on outcomes,
we developed propensity scores to control for observed
confounding factors. Probabilities of receiving full evidence
based care were generated using logistic regression models,
including investigator selected covariables and other possible
confounders (24 variables in total and four interactions, see
supplementary table S3). Missing values for these additional
variables were included as a separate category. After
consideration of the propensity score using standardised
differences, we assessed the balance in our covariables between
infants receiving and not receiving evidence based care. The
propensity score was included in our primary analyses by
weighting each infant by the inverse propensity of his or her
group.37 We compared results from propensity score models
with those from a multivariable model, adjusting for investigator
selected covariables. We ran our models for all infants and
inborn infants born the day after the mother had been admitted
to hospital.
To check that our findings did not reflect the influence of only
one of the evidence based practices, we reran our models four
times, removing each indicator in turn. We also assessed the
impact of non-receipt of one versus two or three, or four
practices, compared with receiving all interventions, using the
multivariable model with investigator selected covariables. To
estimate the impact of receipt of evidence based care, we
predicted cases of death and severe morbidity if all infants and
almost all infants received the evidence based practices for
which they were eligible by keeping coefficients and variables
values constant and setting the evidence based care variable to
“yes” for all infants, or “yes” for 90% of the infants. The 10%
of infants assigned to continued non-evidence based care in the
latter model were those with the lowest propensity scores,
Subscribe: http://www.bmj.com/subscribe
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reflecting their likelihood of receiving evidence based care based
on their characteristics.
Analyses were carried out using STATA 13.0 SE (Stata, College
Station, TX).

Results
The mean gestational age in our sample was 28.7 weeks, with
a mean birth weight of 1224 g (table 1⇓); 25.0% (n=1835) of
births were preceded by preterm premature rupture of
membranes and 42.7% (n=3130) were prelabour caesarean
sections; 21.9% (n=1605) of infants were born on the same day
as maternal admission to hospital without in utero transfer;
11.0% (n=808) were transported to another hospital after birth.
In-hospital mortality was 9.2% (n=672), and 10.3%
(n=669/6479) of survivors had a severe neonatal morbidity.

Most infants received at least one of the evidence based practices
(fig 1⇓): 88.2% (n=6468) for appropriate place of birth, 89.2%
(n=6541) for antenatal steroids, 74.4% (5455) for an admission
temperature of 36°C or more, and 83.0% (n=6086) for surfactant
used within two hours or early nasal continuous positive airway
pressure. However, only 58.3% (n=4275) of infants received
all four practices and 9.6% (n=704) did not receive at least two
of the practices. The probability of receiving full evidence based
care was lower for infants of less than 26 weeks gestational age,
singletons, small for gestational age infants, infants with low
Apgar scores (<7 at five minutes), infants transported after birth,
and infants born on the day of maternal admission (table 2⇓).
Full evidence based care by region ranged from 32.0% to 75.5%,
and differences remained statistically significant after adjustment
for clinical and delivery characteristics.
In unadjusted comparisons, mortality and severe morbidity were
lower for infants with full evidence based care (table 3⇓). We
generated propensity scores ranging from 2% to 97%, which
achieved balance in our covariables (see supplementary table
S3). The area under the receiver operating characteristic curve
for the propensity score model was 0.76 (95% confidence
interval 0.75 to 0.77). In propensity score weighted models,
mortality for infants receiving all evidence based practices was
28% lower (risk ratio 0.72, 95% confidence interval 0.60 to
0.87) and mortality or severe morbidity was 18% lower (0.82,
0.73 to 0.92). Results were similar in models adjusting for
investigator selected covariables and when the analysis was
restricted to inborn infants delivered the day after the mother
had been admitted to hospital. Sensitivity analyses with different
combinations of the evidence based practices confirmed that
one indicator was not driving these associations, and using
list-wise deletion of missing data yielded similar results (see
supplementary table S4 and fig S1).
We also analysed whether there was a dose-response effect,
whereby infants receiving fewer evidence based practices had
worse outcomes. In adjusted models, compared with infants
receiving all evidence based practices, receiving one fewer
practice was associated with a risk ratio of mortality of 1.32
(1.09 to 1.60), two fewer of 1.55 (1.23 to 1.95), and three or
four fewer of 1.81 (1.26 to 2.61). These estimates for death or
severe neonatal morbidity, or both were 1.20 (1.10 to 1.34),
1.32 (1.12 to 1.44, and 1.59 (1.30 to 1.94), respectively. Most
infants not receiving evidence based care, however, received
only one fewer practice (77.0%).

Table 4⇓ illustrates the potential impact of providing evidence
based care more broadly. We simulated two different situations
for eligible infants: one where evidence based care was provided
to all infants, and one where such care was provided to 90%.
The model with evidence based care provided to all infants
No commercial reuse: See rights and reprints http://www.bmj.com/permissions

predicted a reduction of 28.1% of the 432 deaths in the group
that did not receive evidence based care, which represents a
reduction of 17.9% of all deaths. Of the 781 cases of death or
severe morbidity, or both in the non-evidence based group, the
reduction was estimated at 19.4%, corresponding to 11.3% of
the total 1341 cases. In the scenario where 90% of infants
received full evidence based care, 18.3% of deaths in the
non-evidence based group would be prevented, representing
11.8% of all deaths. The percentages for mortality or severe
morbidity were 12.1% and 7.0%, respectively.

Discussion
Only 58.3% of very preterm infants received all of four high
evidence practices for which they were eligible, including
delivery in a maternity unit with appropriate level of neonatal
care, administration of antenatal corticosteroids, prevention of
hypothermia, and surfactant used within two hours of birth or
early nasal continuous positive airway pressure. In-hospital
mortality as well as a combined outcome of mortality or severe
neonatal morbidity, or both were lower for infants who received
all components of evidence based care in our all or none
measure. These results suggest that more comprehensive use of
these high evidence and widely accessible practices could yield
substantial gains in survival without severe morbidity for these
infants at high risk.

Strengths and limitations of this study
The strengths of our study are its large and heterogeneous
multiregional population based sample, including public and
private healthcare facilities, which ensure the generalisability
of our results to a wide range of settings. The EPICE study also
developed common study instruments and protocols to obtain
comparable high quality data across regions. Our study also has
limitations. It was challenging to define evidence based practices
that were adapted to diverse cultural and organisational settings
and could be identified from data systematically available in
medical records; we thus selected the most liberal criteria to
ensure high acceptability of our thresholds in all contexts. Others
may prefer more stringent thresholds—for example, higher
temperatures on admission, or administration of full courses of
antenatal steroids. Although choosing conservative cut-off points
overestimates the use of evidence based care, it does not
invalidate our main finding of low use of these practices and
the gains associated with the improvement in evidence based
perinatal management. We excluded deaths on the labour ward
because these were more likely to result from emergency
situations where there was no opportunity to arrange a maternal
transfer or to administer antenatal steroids and also because of
concerns with reverse causality. However, suboptimal use of
evidence based care probably contributes to the risks of death
on the labour ward, leading us to underestimate total effects;
future studies with data on exact timing of maternal arrival at
the hospital, resuscitation practices in the delivery room, and
parental opinions are needed to explore this issue further. We
had some missing data on interventions and, in particular, on
admission temperature. These cases may reflect less focus on
hypothermia prevention and have led to an overestimation of
evidence based care and an underestimation of the impact on
outcomes. Finally, our study only included short term neonatal
outcomes; the longer term impacts on child neurodevelopment
and other measures of child and family wellbeing are an
important area for further investigation.
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Comparison with other studies
An all or none approach makes it possible to evaluate the process
of care and the potential for improvement for high evidence
based interventions that are already widely used. We identified
four interventions for the care of very preterm infants, which
are supported by evidence, linked to better health outcomes,
and could be measured in our study in a standardised way. Two
of these refer to the management of pregnant women with
threatened preterm delivery and two to the early management
of infants. This selection reflects our conviction that optimal
outcomes for very preterm infants require both prenatal and
postnatal interventions.

Our all or none composite comprises practices that have been
shown in meta-analyses of randomised controlled trials or
observational studies to improve outcome and have been
accepted as standard care for over a decade. For the first
practice—delivery in an appropriate maternity
unit—meta-analyses of observational studies have shown that
birth in a maternity unit with on-site neonatal intensive care
(often termed a level 3 unit) is associated with better outcomes
for very preterm infants.25 As the specialisation of units by level
of care differs in Europe,38 we used regional guidelines to
identify appropriate units. For the second
practice—administration of antenatal
corticosteroids—meta-analyses have shown reductions in
neonatal death, respiratory distress syndrome, intraventricular
haemorrhage, necrotising enterocolitis, and systemic infections.26
Our third practice focused on hypothermia at admission to the
neonatal unit, which is associated with higher mortality and
morbidity.28 39 Plastic wraps or bags, plastic caps, skin-to
skin-contact, and transwarmer mattresses have all been shown
to be effective for the prevention of hypothermia.40 As the
combination of these measures can vary between units, we
considered a non-hypothermic temperature at neonatal admission
to indicate use of effective evidence based practices. Multiple
definitions of hypothermia are used (<36.0°C or 36.5C°)27 28; to
ensure consensus on our thresholds, we used the more liberal
definition of 36.0°C. Our last practice focused on respiratory
management for extremely preterm infants, and it is based on
two recent meta-analyses. One showed less chronic lung disease
or death when using early stabilisation on nasal continuous
positive airway pressure, with selective surfactant administered
to infants requiring intubation.30 The other showed less acute
and chronic pulmonary injury and neonatal mortality from
surfactant administered within the first two hours of life in
infants intubated for respiratory distress.29 Given these results,
we judged either early administration of surfactant or early nasal
continuous positive airway pressure in infants born less than 28
weeks of gestation to be evidence based interventions. This
combined criterion is in accordance with European consensus
statements.41 42
We found high rates for use of each practice—between 75%
and 90%, corroborating network and single country studies.43 44
The population receiving full evidence based care was, however,
much lower: fewer than 60% of infants, revealing more severe
deficits in the care process. We further illustrated the high
impact on population health of implementing all these practices
by simulating situations in which all and almost all infants
received the evidence based practices for which they were
eligible. While we observed a dose-response association related
to the number of practices not administered, most infants
received only one fewer than the total. These findings underscore
the limits of evaluating practices in isolation and support the
growing focus in other clinical areas of medicine and other
No commercial reuse: See rights and reprints http://www.bmj.com/permissions

specialties, including adult care, on bundling effective practices
to improve processes of care and to achieve best outcomes.45 46

While it seems surprising that such a low proportion of infants
received these key elements of care, our results corroborate
research from many disciplines showing the difficulty of
translating effective interventions into routine clinical practice.
Barriers include the doctors’ education, knowledge, and
attitudes,20 and organisational obstacles within the unit, such as
lack of strong leadership, absence of written protocols, absence
of in-service training, no management support, and the size of
the facility.47 48 Differences in ethical attitudes influencing active
management of extremely preterm infants may be another
contributing factor,21 although the exclusion of births under 24
weeks and labour ward deaths probably minimised this effect.
Many countries recommend active management starting at 24
weeks of gestation, but in others this remains a grey area in
which decisions on active management are discussed with
parents.49 Finally, the regulatory context may be one driver of
implementation for these interventions, although the relation
between the existence of guidelines and practice is complex.18 20
All these factors likely contribute to the variability in evidence
based care observed between the European regions included in
this study, corroborating previous reports of wide practice
variability for the care of very preterm infants across countries
and across hospitals within countries.8-50
Our results also showed that the organisational challenges of
managing unexpected deliveries contributed to low use of
evidence based care for very preterm infants, although this did
not explain the shortfall in use of evidence based care that
existed even for inborn babies whose mothers were admitted to
hospital for at least one day before their birth. Further
investigation is needed to assess whether actions targeting the
organisation and provision of care in situations involving
unexpected or precipitous deliveries could achieve rates of the
all or none composite close to 100%.

Conclusion and policy implications
Only 58.3% of very preterm infants admitted for perinatal care
in 19 European regions received all of the four evidence based
practices for which they were eligible; receipt of evidence based
care was associated with improved survival after taking into
consideration clinical and delivery factors that may affect access
to care and outcomes. Maximising the number of very preterm
infants who receive the complete set of these well proved
practices could yield substantial gains in survival without
increasing severe neonatal morbidity in survivors.
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What is already known on this topic
Very preterm infants face high risks of mortality and severe neonatal morbidity compared with infants born at term
Effective perinatal interventions exist to improve survival and reduce neonatal morbidity
Country and unit variations in very preterm outcome are large and may reflect suboptimal use of evidence based care

What this study adds
Only 58.3% of very preterm infants admitted for neonatal care in 19 European regions received all of the four evidence based practices
for which they were eligible
These very preterm infants had higher risk adjusted survival without severe morbidity, suggesting more comprehensive provision of
evidence based practices could yield substantial gains
The study’s findings support the growing focus on bundling effective practices to improve processes of care and to achieve best outcomes

Manktelow), northern region (A C Fenton, D W A Milligan); INSERM,
Paris (J Zeitlin, M Bonet, A Piedvache).

review board do not allow us to share other data outside of the
consortium.

Contributors: JZ and RFM had full access to all of the data in the study
and take responsibility for the integrity of the data and the accuracy of
the data analysis. They act as guarantors of the study. JZ, BNM, MC,
EB, AvH, JG, LH, TW, SS, PVR, HB, DD, LT, MN, BB, MB, ESD, and
RFM conceived and designed the study. JZ, BM, AP, MC, EB, AvH,
JG, LH, TW, SS, PVR, HB, DD, LT, MN, BB, MB, ESD, RFM, and all
authors in EPICE Research Group acquired, analysed, or interpreted
the data. JZ, BNM, AP, MC, EB, AvH, JG, LH, TW, SS, PVR, HB, DD,
LT, MN, BB, MB, ESD, and RFM drafted the manuscript. All authors
(including authors listed in EPICE Research Group) critically revised
the manuscript for important intellectual content and gave approval of
the final version of the manuscript. JZ, BNM, AP, and MB carried out
the statistical analysis. JZ, BNM, and ESD supervised the study. GM,
OP, LT, JZ, RFM, MC, DD, AvH, JG, HB, MN, and ESD obtained
funding.

Transparency: The lead author (JZ) affirms that this manuscript is an
honest, accurate, and transparent account of the study being reported;
that no important aspects of the study have been omitted.

Funding: The research leading to these results received funding from
the European Union’s Seventh Framework Programme
([FP7/2007-2013]) under grant agreement No 259882. Additional funding
is acknowledged from the following regions: France (French Institute
of Public Health Research/Institute of Public Health and its partners the
French Health Ministry, the National Institute of Health and Medical
Research, the National Institute of Cancer, and the National Solidarity
Fund for Autonomy; grant ANR-11-EQPX-0038 from the National
Research Agency through the French Equipex Program of Investments
in the Future; and the PremUp Foundation); Poland (2012-2015
allocation of funds for international projects from the Polish Ministry of
Science and Higher Education); Sweden (funding by a regional
agreement on medical training and clinical research (ALF) between
Stockholm County Council and Karolinska Institutet, and by the
Department of Neonatal Medicine, Karolinska University Hospital); UK
(funding for the neonatal survey from Neonatal Networks for East
Midlands and Yorkshire and Humber regions). The funders had no role
in the study design; in the collection, analysis, and interpretation of data;
in the writing of the report; or in the decision to submit the article for
publication.
Competing interests: All authors have completed the ICMJE uniform
disclosure form at www.icmje.org/coi_disclosure.pdf (available on
request from the corresponding author) and declare: no support from
any organisation for the submitted work; no financial relationships with
any organisations that might have an interest in the submitted work in
the previous three years; no other relationships or activities that could
appear to have influenced the submitted work.
Ethical approval: Ethical approval was obtained in each region from
regional or hospital ethics committees, as required by national legislation.
The European study was also approved by the French Advisory
Committee on Use of Health Data in Medical Research (CCTIRS) and
the French National Commission for Data Protection and Liberties
(CNIL).
Data sharing: The statistical code is available from the corresponding
author (Jennifer.zeitlin@inserm.fr). Authorisations from our institutional
No commercial reuse: See rights and reprints http://www.bmj.com/permissions

1
2
3

4

5
6

7

8
9
10

11

12
13
14
15
16

17
18
19
20
21

MacDorman MF, Matthews TJ, Mohangoo AD, Zeitlin J. International comparisons of
infant mortality and related factors: United States and Europe, 2010. Natl Vital Stat Rep
2014;63:1-6.pmid:25252091.
Saigal S, Doyle LW. An overview of mortality and sequelae of preterm birth from infancy
to adulthood. Lancet 2008;371:261-9. doi:10.1016/S0140-6736(08)60136-1 pmid:
18207020.
Draper ES, Zeitlin J, Fenton AC, et al. MOSAIC research group. Investigating the variations
in survival rates for very preterm infants in 10 European regions: the MOSAIC birth cohort.
Arch Dis Child Fetal Neonatal Ed 2009;94:F158-63. doi:10.1136/adc.2008.141531 pmid:
18805823.
Zeitlin J, Draper ES, Kollée L, et al. MOSAIC research group. Differences in rates and
short-term outcome of live births before 32 weeks of gestation in Europe in 2003: results
from the MOSAIC cohort. Pediatrics 2008;121:e936-44. doi:10.1542/peds.2007-1620 pmid:
18378548.
Rogowski JA, Horbar JD, Staiger DO, Kenny M, Carpenter J, Geppert J. Indirect vs direct
hospital quality indicators for very low-birth-weight infants. JAMA 2004;291:202-9. doi:10.
1001/jama.291.2.202 pmid:14722146.
Hayter MA, Anderson L, Claydon J, et al. Canadian Neonatal Network. Variations in early
and intermediate neonatal outcomes for inborn infants admitted to a Canadian NICU and
born of hypertensive pregnancies. J Obstet Gynaecol Can 2005;27:25-32. doi:10.1016/
S1701-2163(16)30168-2 pmid:15937579.
Alleman BW, Bell EF, Li L, et al. Eunice Kennedy Shriver National Institute of Child Health
and Human Development Neonatal Research Network. Individual and center-level factors
affecting mortality among extremely low birth weight infants. Pediatrics 2013;132:e175-84.
doi:10.1542/peds.2012-3707 pmid:23753096.
Sharma A, Greenough A. Survey of neonatal respiratory support strategies. Acta Paediatr
2007;96:1115-7. doi:10.1111/j.1651-2227.2007.00388.x pmid:17590191.
Chien LY, Ohlsson A, Seshia MM, Boulton J, Sankaran K, Lee SK. Canadian Neonatal
Network. Variations in antenatal corticosteroid therapy: a persistent problem despite 30
years of evidence. Obstet Gynecol 2002;99:401-8.pmid:11864666.
Brok J, Greisen G, Madsen LP, et al. Agreement between Cochrane Neonatal reviews
and clinical practice guidelines for newborns in Denmark: a cross-sectional study. Arch
Dis Child Fetal Neonatal Ed 2008;93:F225-9. doi:10.1136/adc.2007.118000 pmid:
17893123.
Empana JP, Anceschi MM, Szabo I, Cosmi EV, Breart G, Truffert P. EURAIL Study Group.
Antenatal corticosteroids policies in 14 European countries: factors associated with multiple
courses. The EURAIL survey. Acta Paediatr 2004;93:1318-22. doi:10.1111/j.1651-2227.
2004.tb02930.x pmid:15499951.
Sasi A, Sehgal A. Use of inhaled nitric oxide in preterm infants: a regional survey of
practices. Heart Lung 2014;43:347-50.
Truffert P, Empana JP, Bréart G, et al. Treatment strategies for bronchopulmonary
dysplasia with postnatal corticosteroids in Europe: the EURAIL survey. Acta Paediatr
2003;92:948-51. doi:10.1111/j.1651-2227.2003.tb00629.x pmid:12948071.
Pronovost P, Needham D, Berenholtz S, et al. An intervention to decrease catheter-related
bloodstream infections in the ICU. N Engl J Med 2006;355:2725-32. doi:10.1056/
NEJMoa061115 pmid:17192537.
Haynes AB, Weiser TG, Berry WR, et al. Safe Surgery Saves Lives Study Group. A
surgical safety checklist to reduce morbidity and mortality in a global population. N Engl
J Med 2009;360:491-9. doi:10.1056/NEJMsa0810119 pmid:19144931.
Ting JY, Goh VS, Osiovich H. Reduction of central line-associated bloodstream infection
rates in a neonatal intensive care unit after implementation of a multidisciplinary
evidence-based quality improvement collaborative: A four-year surveillance. Can J Infect
Dis Med Microbiol 2013 Winter;24:185-90.
Payne NR, Finkelstein MJ, Liu M, Kaempf JW, Sharek PJ, Olsen S. NICU practices and
outcomes associated with 9 years of quality improvement collaboratives. Pediatrics
2010;125:437-46. doi:10.1542/peds.2009-1272 pmid:20123773.
Berenholtz S, Pronovost PJ. Barriers to translating evidence into practice. Curr Opin Crit
Care 2003;9:321-5. doi:10.1097/00075198-200308000-00012 pmid:12883289.
Grol R, Grimshaw J. From best evidence to best practice: effective implementation of
change in patients’ care. Lancet 2003;362:1225-30. doi:10.1016/S0140-6736(03)145461 pmid:14568747.
Cabana MD, Rand CS, Powe NR, et al. Why don’t physicians follow clinical practice
guidelines? A framework for improvement. JAMA 1999;282:1458-65. doi:10.1001/jama.
282.15.1458 pmid:10535437.
Kollée LA, Cuttini M, Delmas D, et al. MOSAIC Research group. Obstetric interventions
for babies born before 28 weeks of gestation in Europe: results of the MOSAIC study.
BJOG 2009;116:1481-91. doi:10.1111/j.1471-0528.2009.02235.x pmid:19583715.

Subscribe: http://www.bmj.com/subscribe

BMJ 2016;354:i2976 doi: 10.1136/bmj.i2976

Page 7 of 14

RESEARCH

22

23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

Papiernik E, Zeitlin J, Delmas D, et al. MOSAIC Research Group. Termination of pregnancy
among very preterm births and its impact on very preterm mortality: results from ten
European population-based cohorts in the MOSAIC study. BJOG 2008;115:361-8. doi:
10.1111/j.1471-0528.2007.01611.x pmid:18190373.
Nolan T, Berwick DM. All-or-none measurement raises the bar on performance. JAMA
2006;295:1168-70. doi:10.1001/jama.295.10.1168 pmid:16522838.
Benitz WE. Committee on Fetus and Newborn, American Academy of Pediatrics. Patent
ductus arteriosus in preterm infants. Pediatrics 2016;137. doi:10.1542/peds.20153730 pmid:26672023.
Lasswell SM, Barfield WD, Rochat RW, Blackmon L. Perinatal regionalization for very
low-birth-weight and very preterm infants: a meta-analysis. JAMA 2010;304:992-1000.
doi:10.1001/jama.2010.1226 pmid:20810377.
Roberts D, Dalziel S. Antenatal corticosteroids for accelerating fetal lung maturation for
women at risk of preterm birth. Cochrane Database Syst Rev 2006;(3):CD004454.pmid:
16856047.
Miller SS, Lee HC, Gould JB. Hypothermia in very low birth weight infants: distribution,
risk factors and outcomes. J Perinatol 2011;31:S49-56.
de Almeida MF, Guinsburg R, Sancho GA, Rosa IR, Lamy ZC, Martinez FE, et
alHypothermia and early neonatal mortality in preterm infants. J Pediatr 2014;164:271-5
e1.
Bahadue FL, Soll R. Early versus delayed selective surfactant treatment for neonatal
respiratory distress syndrome. Cochrane Database Syst Rev 2012;11:CD001456.pmid:
23152207.
Rojas-Reyes MX, Morley CJ, Soll R. Prophylactic versus selective use of surfactant in
preventing morbidity and mortality in preterm infants. Cochrane Database Syst Rev
2012;3:CD000510.pmid:22419276.
Papile LA, Burstein J, Burstein R, Koffler H. Incidence and evolution of subependymal
and intraventricular hemorrhage: a study of infants with birth weights less than 1,500 gm.
J Pediatr 1978;92:529-34. doi:10.1016/S0022-3476(78)80282-0 pmid:305471.
Gortner L, Misselwitz B, Milligan D, et al. members of the MOSAIC Research Group.
Rates of bronchopulmonary dysplasia in very preterm neonates in Europe: results from
the MOSAIC cohort. Neonatology 2011;99:112-7. doi:10.1159/000313024 pmid:20733331.
Mikolajczyk RT, Zhang J, Betran AP, et al. A global reference for fetal-weight and
birthweight percentiles. Lancet 2011;377:1855-61. doi:10.1016/S0140-6736(11)603644 pmid:21621717.
White IR, Royston P, Wood AM. Multiple imputation using chained equations: Issues and
guidance for practice. Stat Med 2011;30:377-99. doi:10.1002/sim.4067 pmid:21225900.
Graham JW, Olchowski AE, Gilreath TD. How many imputations are really needed? Some
practical clarifications of multiple imputation theory. Prev Sci 2007;8:206-13.
Zou GY, Donner A. Extension of the modified Poisson regression model to prospective
studies with correlated binary data. Stat Methods Med Res 2013;22:661-70. doi:10.1177/
0962280211427759 pmid:22072596.
Lunceford JK, Davidian M. Stratification and weighting via the propensity score in
estimation of causal treatment effects: a comparative study. Stat Med 2004;23:2937-60.
doi:10.1002/sim.1903 pmid:15351954.
Van Reempts P, Gortner L, Milligan D, et al. MOSAIC Research Group. Characteristics
of neonatal units that care for very preterm infants in Europe: results from the MOSAIC
study. Pediatrics 2007;120:e815-25. doi:10.1542/peds.2006-3122 pmid:17908739.
Lyu Y, Shah PS, Ye XY, et al. Canadian Neonatal Network. Association between admission
temperature and mortality and major morbidity in preterm infants born at fewer than 33
weeks’ gestation. JAMA Pediatr 2015;169:e150277. doi:10.1001/jamapediatrics.2015.
0277 pmid:25844990.

No commercial reuse: See rights and reprints http://www.bmj.com/permissions

40
41

42

43

44

45

46

47

48
49
50

McCall EM, Alderdice F, Halliday HL, Jenkins JG, Vohra S. Interventions to prevent
hypothermia at birth in preterm and/or low birthweight infants. Cochrane Database Syst
Rev 2010;(3):CD004210.pmid:20238329.
Sweet DG, Carnielli V, Greisen G, et al. European Association of Perinatal Medicine.
European consensus guidelines on the management of neonatal respiratory distress
syndrome in preterm infants--2013 update. Neonatology 2013;103:353-68. doi:10.1159/
000349928 pmid:23736015.
Sweet DG, Carnielli V, Greisen G, et al. European Association of Perinatal Medicine.
European consensus guidelines on the management of neonatal respiratory distress
syndrome in preterm infants - 2010 update. Neonatology 2010;97:402-17. doi:10.1159/
000297773 pmid:20551710.
Patel RM, Kandefer S, Walsh MC, et al. Eunice Kennedy Shriver National Institute of
Child Health and Human Development Neonatal Research Network. Causes and timing
of death in extremely premature infants from 2000 through 2011. N Engl J Med
2015;372:331-40. doi:10.1056/NEJMoa1403489 pmid:25607427.
Ancel PY, Goffinet F, Kuhn P, et al. EPIPAGE-2 Writing Group. Survival and morbidity of
preterm children born at 22 through 34 weeks’ gestation in France in 2011: results of the
EPIPAGE-2 cohort study. JAMA Pediatr 2015;169:230-8. doi:10.1001/jamapediatrics.
2014.3351 pmid:25621457.
Battersby C, Santhakumaran S, Upton M, Radbone L, Birch J, Modi N. East of England
Perinatal Networks UK Neonatal Collaborative Neonatal Data Analysis Unit. The impact
of a regional care bundle on maternal breast milk use in preterm infants: outcomes of the
East of England quality improvement programme. Arch Dis Child Fetal Neonatal Ed
2014;99:F395-401. doi:10.1136/archdischild-2013-305475 pmid:24876197.
Turner M, Barber M, Dodds H, et al. Scottish Stroke Care Audit. Implementing a simple
care bundle is associated with improved outcomes in a national cohort of patients with
ischemic stroke. Stroke 2015;46:1065-70. doi:10.1161/STROKEAHA.114.007608 pmid:
25677597.
Wandersman A, Duffy J, Flaspohler P, et al. Bridging the gap between prevention research
and practice: the interactive systems framework for dissemination and implementation.
Am J Community Psychol 2008;41:171-81. doi:10.1007/s10464-008-9174-z pmid:
18302018.
Osterling KL, Austin MJ. The dissemination and utilization of research for promoting
evidence-based practice. J Evid Based Soc Work 2008;5:295-319. doi:10.1300/
J394v05n01_11 pmid:19064452.
Guillén Ú, Weiss EM, Munson D, et al. Guidelines for the Management of Extremely
Premature Deliveries: A Systematic Review. Pediatrics 2015;136:343-50. doi:10.1542/
peds.2015-0542 pmid:26169424.
Profit J, Goldstein BA, Tamaresis J, Kan P, Lee HC. Regional variation in antenatal
corticosteroid use: a network-level quality improvement study. Pediatrics
2015;135:e397-404. doi:10.1542/peds.2014-2177 pmid:25601974.

Accepted: 11 05 2016
Published by the BMJ Publishing Group Limited. For permission to use (where not already
granted under a licence) please go to http://group.bmj.com/group/rights-licensing/
permissions
This is an Open Access article distributed in accordance with the terms of the Creative
Commons Attribution (CC BY 3.0) license, which permits others to distribute, remix, adapt
and build upon this work, for commercial use, provided the original work is properly cited.
See: http://creativecommons.org/licenses/by/3.0/.

Subscribe: http://www.bmj.com/subscribe

BMJ 2016;354:i2976 doi: 10.1136/bmj.i2976

Page 8 of 14

RESEARCH

Tables
Table 1| Clinical characteristics and care of very preterm infants admitted for neonatal care. Values are numbers (percentages) unless

stated otherwise
Indicators

Mean (SD) gestational age (weeks)
Mean (SD) birth weight (g)

Neonatal admissions (n=7336)
28.7 (2.1)
1224.0 (383.9)

Gestational age (weeks):
24-26

1372 (18.7)

27-29

2652 (36.2)

30-31

3312 (45.1)

Male

3957 (53.9)

Multiples

2300 (31.4)

Small for gestational age*

2380 (32.4)

Pre-eclampsia, eclampsia, or HELLP

1153 (15.7)

Preterm premature rupture of membranes

1835 (25.0)

Prelabour caesarean section

3130 (42.7)

Intrapartum caesarean section

1868 (25.5)

Vaginal delivery

2339 (31.9)

Apgar score <7 at 5 minutes

1244 (17.0)

Organisation of delivery:
In utero transfer (IUT)

2147 (29.3)

Delivery on day of maternal admission, no IUT

1605 (21.9)

Neonatal transport in first 48 hours

808 (11.0)

Mortality and morbidity:
In-hospital mortality

672 (9.2)

Any severe morbidity (survivors to discharge)

669 (10.3)

Intraventricular haemorrhage grade III or IV or cystic periventricular leukomalacia

407 (6.2)

Retinopathy of prematurity grades III-V

234 (3.6)

Necrotising enterocolitis with surgery
Death or severe morbidity

116 (1.8)
1341 (18.8)

Infants included by region:
Belgium: Flanders

712 (9.7)

Denmark: eastern

324 (4.4)

Estonia

150 (2.0)

France:
Northern
Burgundy
Ile-de-France

293 (4.0)
89 (1.2)
816 (11.1)

Germany:
Hesse

555 (7.6)

Saarland

132 (1.8)

Italy:
Lazio

536 (7.3)

Emilia

419 (5.7)

Marche

101 (1.4)

Netherlands: east-central

368 (5.0)

Poland: Wielkopolska

259 (3.5)

Portugal:
Northern
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Table 1 (continued)
Indicators
Lisbon

Neonatal admissions (n=7336)
424 (5.8)

United Kingdom:
Northern

406 (5.5)

East Midlands

545 (7.4)

Yorkshire and Humber

691 (9.4)

Sweden: Stockholm

242 (3.3)

HELLP=haemolysis, elevated liver enzymes, and low platelets.
*Birth weight less than 10th centile of intrauterine references.
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Table 2| Use of four evidence based practices by clinical and care characteristics
All evidence based
practices (%)

Crude risk ratio (95% CI)

Adjusted risk ratio* (95% CI)

24-26

39.2

0.62 (0.55 to 0.70)

0.62 (0.55 to 0.69)

27-29

61.3

0.97 (0.93 to 1.02)

0.96 (0.92 to 1.01)

30-31

63.8

Reference

Reference

Male

58.7

1.01 (0.98 to 1.05)

1.01 (0.97 to 1.05)

Female

57.8

Reference

Reference

Characteristics
Gestational age (weeks):

Sex:

Type of pregnancy:
Singleton

55.7

Reference

Reference

Multiple

63.9

1.17 (1.11 to 1.22)

1.13 (1.08 to 1.18)

<3rd

53.5

0.90 (0.84 to 0.97)

0.88 (0.82 to 0.94)

3-<10th

57.5

0.96 (0.90 to 1.02)

0.92 (0.87 to 0.97)

≥10th

59.9

Reference

Reference

Preterm premature rupture of membranes

67.7

1.23 (1.17 to 1.29)

1.13 (1.08 to 1.19)

Pre-eclampsia, eclampsia, or HELLP

53.7

0.91(0.84 to 0.99)

0.94 (0.87 to 1.01)

Prelabour caesarean section

57.8

1.05 (0.98 to 1.12)

1.04 (0.98 to 1.10)

Intrapartum caesarean section

61.6

1.09 (1.02 to 1.16)

1.03 (0.97 to 1.10)

Vaginal

56.3

Reference

Reference

<7

48.9

0.79 (0.74 to 0.85)

0.89 (0.84 to 0.95)

≥7

60.2

Reference

Reference

>1 day of maternal admission

63.2

1.60 (1.47 to 1.75)

1.59 (1.46 to 1.73)

Same day as maternal admission

42.2

Reference

Reference

Belgium: Flanders

59.0

1.04 (0.87 to 1.24)

0.99 (0.85 to 1.15)

Denmark: eastern

49.6

0.87 (0.55 to 1.38)

0.88 (0.55 to 1.41)

Estonia

75.4

1.32 (1.06 to 1.64)

1.36 (1.14 to 1.62)

Northern

46.4

0.81 (0.63 to 1.06)

0.82 (0.63 to 1.05)

Burgundy

68.5

1.20 (0.85 to 1.69)

1.14 0.88 to 1.48)

Ile-de-France

48.4

0.85 (0.73 to 0.99)

0.84 (0.73 to 0.96)

Hesse

73.4

1.29 (1.16 to 1.43)

1.27(1.15 to 1.39)

Saarland

62.7

1.10 (0.87 to 1.39)

1.09 (0.86 to 1.38)

Lazio

42.4

0.75 (0.57 to 0.98)

0.72 (0.55 to 0.95)

Emilia

67.9

1.19 (1.08 to 1.32)

1.18 (1.08 to 1.29)

Marche

51.5

0.90 (0.76 to 1.07)

0.93 (0.78 to 1.11)

Netherlands: east-central

49.2

0.86 (0.70 to 1.07)

0.84 (0.69 to 1.03)

Poland: Wielkopolska

53.9

0.95 (0.54 to 1.66)

0.94 (0.58 to 1.53)

Northern

47.1

0.83 (0.63 to 1.10)

0.81 (0.61 to 1.09)

Lisbon

32.1

0.56 (0.42 to 0.75)

0.55 (0.42 to 0.73)

62.6

1.10 (0.83 to 1.46)

1.16 (0.88 to 1.53)

Small for gestational age (by centile):

Type of delivery:

Apgar score at 5 minutes:

Delivery:

Regions†

France:

Germany:

Italy:

Portugal:

United Kingdom:
Northern
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Table 2 (continued)
Characteristics

All evidence based
practices (%)

Crude risk ratio (95% CI)

Adjusted risk ratio* (95% CI)

East Midlands

75.5

1.33 (1.19 to 1.47)

1.40 (1.27 to 1.54)

Yorkshire and Humber

75.0

1.32 (1.17 to 1.48)

1.39(1.25 to 1.55)

Sweden: Stockholm

68.8

1.21 (1.02 to 1.43)

1.24 (0.99 to 1.55)

HELLP=haemolysis, elevated liver enzymes, and low platelets.
*Adjusted for gestational age, sex, small for gestational age, multiple pregnancy, pregnancy complications, type of delivery, Apgar score, born on same day as
maternal admission without in utero transfer.
†Sample average was used as reference for deriving risk ratio for each region.
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Table 3| In-hospital mortality and severe morbidity by receipt of all evidence based practices. Values are numbers/total numbers (percentages)

unless stated otherwise
Variables
All infants

Not receiving evidence based care
Receiving evidence based care

In-hospital mortality (all neonatal
admissions)

Severe morbidity (survivors to
discharge)

Mortality or severe morbidity (all
neonatal admissions)

672/7336 (9.2)

669/6479 (10.3)

1341/7151 (18.8)

431/3060 (14.1)

350/2552 (13.7)

780/2982 (26.2)

241/4276 (5.6)

319/3927 (8.1)

561/4169 (13.5)

Crude risk ratio (95% Cl)

0.42 (0.35 to 0.50)

0.56 (0.48 to 0.65)

0.51 (0.45 to 0.57)

Adjusted risk ratio* (95% Cl)

0.72 (0.60 to 0.87)

0.82 (0.71 to 0.94)

0.81 (0.72 to 0.90)

Propensity weighted risk ratio† (95% CI)

0.72 (0.60 to 0.87)

0.87 (0.75 to 1.02)

0.82 (0.73 to 0.92)

Inborn infants, excluding deliveries on same
day as admission‡

464/5293 (8.8)

458/4695 (9.8)

911/5158 (17.9)

Not receiving evidence based care

282/1905 (14.8)

214/1579 (13.6)

495/1860 (26.6)

Receiving evidence based care

182/3388 (5.4)

244/3116 (7.8)

427/3298 (12.9)

Crude risk ratio (95% Cl)

0.39 (0.31 to 0.49)

0.54 (0.45 to 0.66)

0.49 (0.42 to 0.56)

Adjusted risk ratio (95% Cl)

0.72 (0.57 to 0.92)

0.83 (0.69 to 1.00)

0.81 (0.71 to 0.93)

Propensity weighted risk ratio† (95% CI)

0.69 (0.55 to 0.87)

0.87 (0.72 to 1.06)

0.80 (0.70 to 0.92)

*Adjusted for gestational age, sex, small for gestational age, multiple pregnancy, pregnancy complications, type of delivery, Apgar score, born on same day as
maternal admission without in utero transfer, and region.
†Adjusted for gestational age.
‡Infants admitted to hospital in neonatal unit in same hospital as maternity unit (no neonatal transport in first 48 hours).
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Table 4| Predicted deaths and cases of severe morbidity if all infants or 90% of infants received all evidence based practices
No of events (%)
Receiving evidence based
care

Not receiving evidence based
care

Deaths

241 (5.6)

431 (14.1)

672 (9.2)

Severe morbidity†

319 (8.1)

350 (13.7)

669 (10.3)

Death and/or severe morbidity

561 (13.4)

780 (26.2)

1341 (18.8)

241 (5.6)

310 (10.1)

552 (7.5)

Severe morbidity†

319 (8.1)

285 (11.1)

604 (9.3)

65 (9.7)

Death and/or severe morbidity

561 (13.4)

629 (21.1)

1190 (16.6)

151 (11.3)

Deaths

241 (5.6)

352 (11.5)

593 (8.1)

79 (11.8)

Severe morbidity†

319 (8.1)

310 (12.1)

629 (9.7)

40 (6.0)

Death and/or severe morbidity

561 (13.4)

686 (23)

1247 (17.4)

94 (7.0)

Variables

Total

Reduction*

Observed:

If all infants received evidence based
care‡:
Deaths

120 (17.9)

If 90% infants received evidence based
care‡§:

*Number and percentage of events avoided (total observed−total predicted.
†Survivors only.
‡Number of deaths and severe morbid events predicted from final model, adjusting for investigator selected covariables.
§10% of sample who were assumed to not have evidence based care were those with lowest propensity scores—that is, least likely to receive evidence based
care because of their clinical or healthcare characteristics.
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Figure

Fig 1 Receipt of each evidence based intervention in all or none composite as well as receipt of all interventions among
infants of 24+0 to 31+6 weeks’ gestation admitted to neonatal care. CPAP=continuous positive airway pressure
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