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Necrotising enterocolitis and mortality in very preterm babies
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BACKGROUND: Prematurity and congenital heart disease (CHD) are risk factors for neonatal morbidity, including necrotising
enterocolitis (NEC), and mortality. We describe the rates of NEC and survival in very preterm babies with severe CHD (sCHD),
requiring cardiac intervention before discharge.
METHODS: Retrospective cohort study utilizing the National Neonatal Research Database that included babies born <32weeks’
gestation admitted to neonatal units in England and Wales, 2012–2020. Exposure: Babies born <32weeks’ gestation with sCHD, that
require intervention before discharge (excluding patent arterial ducts). Outcomes: rates of sCHD, severe NEC (requiring surgery or
death) and mortality (death before 37 weeks’ CGA or neonatal discharge, whichever occurred first).
RESULTS: 438/68,423 babies had a sCHD diagnosis (6.4 per 1000 admissions <32weeks). Compared to non-CHD infants, sCHD
infants had a higher rate of severe NEC (7.1% (95% CI 5.0–9.9%) vs.3.7% (95% CI 3.6–3.8%), (p < 0.001)) and higher mortality before
37weeks’ corrected gestational age (CGA) (31%, (95% CI 26.8–35.4%) vs. 10% (95% CI, 9.7, 10.2%) (p < 0.001)). Adjusted models
showed that very preterm sCHD babies were two times more likely to develop NEC and six times more likely to die before
37weeks’ CGA.
CONCLUSION: Very preterm babies with sCHD have higher rates of NEC and mortality before cardiac intervention.

Pediatric Research; https://doi.org/10.1038/s41390-026-05033-0

IMPACT:

● Prematurity and severe congenital heart disease increase the risk of necrotising enterocolitis (NEC) and death.
● We found that in very preterm babies with severe CHD the odds of developing severe NEC were twice as high, and the odds of

death were six times greater, compared to very preterm babies without sCHD.
● Careful planning and counselling are needed in preterm deliveries of babies with severe CHD to reduce the odds of NEC and

mortality.

INTRODUCTION
Congenital heart disease (CHD) affects ~1 per 100 births each year,
and accounts for nearly one-third of all congenital anomalies.1

Approximately a quarter of CHD lesions are considered severe and
require intervention in the first year of life.2

Recent advancements in perinatal screening, diagnosis and
management have increased the survival of babies with severe
CHD (sCHD), particularly for term babies.3 However, preterm
babies (born before 37 weeks’ gestation) with sCHD present
significant challenges, and their outcomes are less well described.
Prematurity and sCHD are independent risk factors for neonatal
mortality and morbidity, including necrotising enterocolitis (NEC).4

Previous studies have found that preterm babies have a higher
rate of CHD and this is associated with worse health outcomes
compared to term babies.5–11 Additional research is needed to

identify preterm sCHD infants at higher risk of NEC and mortality
and explore clinical management strategies (e.g. feeding) that
may ameliorate this risk.
In the United Kingdom, preterm babies with sCHD are typically

admitted to, and remain in a neonatal unit until a corrected
gestational age and weight considered adequate for cardiac
intervention. This period in the neonatal unit allows for optimal
growth and development in preparation for cardiac intervention.
In addition, for certain cardiac conditions, intravenous prostaglan-
din may be administered to maintain patency of the ductus
arteriosus. This practice differs for term babies who have earlier
cardiac intervention or may be cared for in a paediatric intensive
care unit or ward from birth. In England and Wales only three of 45
neonatal intensive care units have on-site cardiac surgery services,
known as co-located cardiac centres. Therefore, most preterm
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babies born will require transfer postnatally to a cardiac centre for
surgery.
Data from neonatal units in England and Wales are held in the

National Neonatal Research Database (NNRD). The NNRD contains
de-identified data from routine health records for all babies
admitted to neonatal units in England and Wales.12 The NNRD
provides an opportunity to explore outcomes of preterm babies
admitted to a neonatal unit at a population-level prior to transfer
to other healthcare settings for cardiac intervention. Data from
paediatric intensive care or paediatric wards post cardiac
intervention are not available on the NNRD.
We aimed to use routine data from the NNRD to determine the

rates of sCHD in babies <32 weeks gestational age and compare
rates of survival and severe NEC (sNEC), confirmed by laparotomy
or cause of death, between babies with sCHD and without sCHD.

PATIENTS AND METHODS
Population
We included all babies born at <32 weeks gestational age born and
admitted to a neonatal unit in England and Wales between 1 January 2012
to 31 December 2020. We defined sCHD as heart defects that require
surgery or catheter intervention prior to discharge home (excluding patent
arterial ducts). The diagnostic codes of sCHD were agreed by experts in
neonatology and paediatric cardiology (Supplementary Tables S1, S2). We
defined cases of severe NEC as confirmed by laparotomy or cause of
death.13

Data extraction and defining our cohort
We aimed to identify a cohort of babies with severe congenital heart
disease (sCHD) that require specialist intervention during the neonatal
admissions. To do this, we defined babies with sCHD if they had one or
more sCHD diagnoses at admission or discharge. To increase specificity for
lesions requiring urgent specialist management. To focus on infants that
had a specialist intervention in the neonatal period, we excluded babies
born outside of a cardiac centre that were discharged home directly from
the neonatal unit without any recorded transfers. Infants transferred to
specialist care e.g. PICU and subsequently repatriated back to neonatal
care prior to discharge remained included.
Analyses were conducted at the infant level using a unique baby

identifier. Where infants had multiple neonatal episodes, they contributed
once to the cohort.

Outcomes
We report the incidence of sCHD among preterm babies admitted to NNU,
the most common severe cardiac anomalies as well as frequencies of co-
occurring anomalies. The primary outcomes are (i) the rate of severe NEC
(confirmed by laparotomy or cause of death) and (ii) survival to 37 weeks
corrected age (CGA) or survival to discharge from the neonatal unit.13

Secondary outcomes include length of stay in NICU, postnatal age (days) at
death, postnatal age at which enteral feeding was commenced and the first
milk received and the age when exclusive enteral feeding was established
(defined as three consecutive days with enteral feeding given without
intravenous fluids or parenteral nutrition). We reported feeding exposures
for babies who survived till at least 48 h following birth. We present rates of
late onset sepsis, severe brain injury and bronchopulmonary dysplasia
(Supplementary Table S3 for detailed definitions). To capture mortality prior
to cardiac intervention, we chose to report survival to 37 weeks CGA or at
discharge from neonatal care, whichever is sooner. 37 weeks CGA was
advised by our expert panel (Supplementary Table S1), as this is the
expected timepoint when preterm babies with sCHD will be transferred to a
cardiac centre for surgical intervention. We do not report outcomes after
surgical intervention as these are not available on the NNRD.
We present outcomes by two gestational age (GA) strata – very preterm

(28+0–31+6 weeks gestation) and extremely preterm (22+0–27+6 weeks
gestation).

Statistical analysis
We calculated the rate of sCHD per 1000 preterm neonatal admissions
using data from the NNRD. We reported population proportions with 95%
confidence interval (CI) calculated using the exact binomial test.

Descriptive statistics were used to summarize baseline characteristics for
babies in the sCHD and non-CHD cohorts across the <32 weeks’ gestation
cohort, and gestational age groups - very preterm (28–31+6weeks) and
extremely preterm (22–27+6 weeks).
We tested for differences in severe NEC and survival (primary outcomes)

between the sCHD and the non-CHD groups using logistic regression to
estimate odds ratios (OR) with 95% CI. Continuous outcomes were
compared using linear regressions where appropriate and summarized
using median (IQR). We used a multivariable model for the primary
outcomes adjusted for a priori selected variables: sex, gestational age
(weeks), birth weight, mode of delivery and antenatal steroids. We
assessed the linearity assumption for birthweight z-score in logistic
regression models. As there was evidence of non-linearity, birthweight
z-score and gestational age at birth was modelled using natural cubic
splines (3 degrees of freedom) in adjusted analyses. In gestational-stratified
analyses, gestational age at birth was modelled as categorical variable
given the linearity and restricted gestational age ranges. Model fit
comparisons are presented in Supplementary Table S12. Mortality results
were represented by a Kaplan-Meier Survival curve following each patient
from birth till discharge or death and differences between groups were
tested using log-rank test. Secondary outcome comparisons, subgroup
analyses and post-hoc analyses (including feeding related exposures) were
considered exploratory. To address multiplicity while retaining power, we
controlled the false discovery rate (FDR) using the Benjamini–Hochberg
procedure, reporting q-values alongside unadjusted p-values. FDR control
is less conservative than family-wise error rate approaches (e.g., Bonferroni)
and is commonly used when many related hypotheses are tested,
particularly when outcomes are correlated.14,15 Findings from secondary
analyses were interpreted as hypothesis-generating for future research.
Data were analysed with statistical software packages (R version 4.3.1).16

Findings are reported in line with Reporting of studies Conducted using
Observational Routinely collected Data (RECORD) guidelines.17

Research ethics and other approvals
We used de-identified data from the NNRD. No neonatal unit opted out of
the study. This study received ethics committee approval from East
Midlands – Leicester South Research Ethics Committee as part of the
neoWONDER research program (Ref 21/EM/0130 IRAS Project ID 293603).18

RESULTS
Characteristics of preterm babies with severe congenital heart
disease admitted to neonatal units
During the nine-year study period, 438 preterm babies born
<32 weeks were admitted to neonatal units with a confirmed
sCHD diagnosis (Table 1). These infants accounted for 0.64% of all
68,423 preterm admissions (438/68,423, 0.64%, 95% CI
0.58–0.70%), which represent an incidence of 6.4 sCHD per 1000
admissions <32 weeks’ gestation (Fig. 1). The most common
cardiac anomalies across the study population were coarctation of
the aorta (98/438, 23%), atrioventricular septal defect (90/438,
20%) and tetralogy of Fallot (79/438, 18%) (Supplementary
Table S4). Anomalies are not mutually exclusive and 23% (101/
438) had more than one sCHD diagnosis code recorded.
Frequency of multiple sCHD diagnosis is summarised in Supple-
mentary Table S5.
Of the 438 babies born with sCHD, 338 were born very preterm

(28–31+6weeks) and 100 extremely preterm (22–27 + 6 weeks).
Among all preterm babies <32 weeks with sCHD, 52% (226/438)
were iatrogenic births, where mothers were not in labour at the
time of delivery and there was a maternal or fetal indication for
delivery, compared to 43% (29,105/67,985) in the non-CHD group.
Compared to preterm babies without CHD, babies born

<32 weeks with sCHD were more likely to be born with a
birthweight under the 2nd centile, have non-cardiac congenital
anomalies, lower Apgar score at 5 min and require intubation: 56%
vs. 47% (Table 1). Less than 10% of all pregnancies had placenta
previa, abruption or other types of antepartum haemorrhage. 15%
of all preterm babies with sCHD were born in co-located cardiac
centres (Table 1).
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Mortality in babies born <32 weeks with severe CHD
Mortality rate before 37 weeks CGA across the whole study
population <32 weeks was higher in babies with sCHD 31% vs
10%; adjusted Odds Ratio (aOR) 6.04 (95% CI, 4.83, 7.50). Mortality
rates decreased with increasing gestational age in the non-CHD
group, however this pattern was not observed in the sCHD group
where mortality rate remained similar across all gestational ages
(Fig. 1, Fig. 2, Supplementary Table S6). The median time of death
was 15.2 days for the group that did not develop NEC compared
to 39.5 days in the group that developed NEC (Supplementary
Table S7). Lower gestational age, lower birthweight Z-score, and
male sex were each independently associated with increased odds
of mortality. Antenatal steroid exposure was strongly protective
(aOR 0.46, 95% CI 0.43, 0.50) (Supplementary Table S8).
Corresponding mortality rates before 37 weeks CGA for the GA

subgroups were similarly higher in the sCHD groups: odds of
mortality were eight times higher in very preterm (28+0–31+6

weeks gestation) CHD 31% vs. non-CHD 4.6%, aOR 8.61 (95% CI
6.73, 10.93); two times higher in extremely preterm (22+0–27+6

weeks gestation) CHD 30% vs. non-CHD 20.5%, aOR 2.22 (95% CI
1.39, 3.47) (Tables 2 and 3, Supplementary Tables S7, S8).
The median postnatal age at death was 16.4 days (IQR 3.2, 37.3)

in the sCHD group and 34.8 days (IQR 26.2, 44.7) in the non-CHD
group. The log-rank tested indicated a significant difference in
survival (p ≤ 0.0001) (Supplementary Fig. S1).
The severe cardiac anomalies associated with the highest

mortality rate were congenital stenosis of the aortic valve (<10/
<10, 100%), congenital subaortic stenosis (<10/<10, 100%),
hypoplastic left heart syndrome (16/20, 80%), pulmonary valve
atresia (<10/<10, 67%) and transposition of the great arteries (16/
27, 59%) (Supplementary Table S4).

Severe NEC in babies with severe CHD
Across all preterm babies born <32 weeks with sCHD, severe NEC
rates were at least two times higher 7.1% vs 3.7% (aOR 2.40 95% CI
1.61, 3.47). Birthweight-Z-score, gestation at births and sex were
also independently associated with NEC (Supplementary Table S9).
Corresponding severe NEC rates for GA subgroups were similarly
higher in the sCHD group: very preterm 5.6% vs. 1.4% (aOR 3.35
95% CI 2.00, 5.28); extreme preterm 12% vs. 8.5%, aOR 1.54 (95%
CI 0.79, 2.73). Among infants with severe NEC, case fatality was
45.2% (14/31) in the sCHD cohort and 37.4% (929/2486) in the
non-CHD cohort. Death occurred a median of 25 days earlier in
babies born <32 weeks with sCHD that did not develop severe
NEC compared the group that did develop severe NEC and died.
Anomalies associated with the highest rate of severe NEC were

common arterial trunk (<10/10, 14%), tetralogy of Fallot (10/79,
13%) and congenital pulmonary valve stenosis. (<10/<10, 13%)
(Supplementary Table S4). Across all preterm babies with sCHD,
those that developed severe NEC had a statistically significant
lower birthweight (Supplementary Tables S7, S9).

Secondary outcomes
Given the number of secondary outcomes assess, we present
q-values using Benjamini–Hochberg false discovery rate (BH-FDR)
correction and interpret secondary and subgroup comparisons as
exploratory. We found higher rates of BPD in preterm babies with
sCHD compared to non-CHD (69% vs. 43% respectively), whilst
rates of late onset sepsis and severe brain injury were similar in
sCHD and non-CHD (4.3% vs. 4.5% and 14% vs 12%, respectively)
(Table 2). Babies with a sCHD diagnosis had a longer length of stay
in NICU (median 63days, IQR 27, 92 days) compared to those
without sCHD (50 days, IQR 34, 72 days). Babies with sCHD
needing transfer to a cardiac centre were most frequently
transferred at a median weight of 2650 g (IQR 2249 g, 3025 g),
median 71 days (IQR 47, 110 days) and median CGA 38 weeks (IQR
30, 41 weeks).
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Feeding exposures
A lower proportion of preterm babies with sCHD received human
milk as their first milk compared those without sCHD among all
babies <32weeks 73% (95% CI 69–77%) vs. 77% (95% CI 76–77%)
and extreme preterm (76% (95% CI 66–84%) vs. 85% (95% CI
85–86%)). The rates were more similar in the very preterm babies
with sCHD 72% (95% CI 67–77%) vs 73% (95% CI 72–73%) non-
CHD group. The majority received the first enteral feed at a
median of 2 days, except very preterm babies without sCHD that
received their first enteral feed by day 1 (Table 1). Babies born
extreme preterm with sCHD took the longest time to reach full
enteral feeds (19 days IQR (9–35)). In exploratory post-hoc
analyses within infants with sCHD, first human milk feed was
not significantly associated with severe NEC in adjusted models
(aOR 2.08, 95% CI 0.77–7.25; p= 0.188), although unadjusted
comparisons suggested differences in feeding timing (Supple-
mentary Tables S10, S11). This analysis was underpowered (wide
confidence intervals) and should be interpreted as hypothesis-
generating. In our cohort, infants with severe NEC had a slightly
longer time to first enteral feed (median 3 vs 2 days, p= 0.024)
(Supplementary Table S10).

DISCUSSION
Over a nine-year period, 0.6% (438/68,423) of preterm babies
admitted to UK neonatal units were born with sCHD, requiring
intervention in the neonatal period. This is an estimated incidence
of 6.4 preterm babies per 1000 preterm admissions to the
neonatal unit. This is similar to the incidence reported in
international studies.6,7

1 in 14 preterm babies born <32 weeks with sCHD developed
severe NEC and 1 in 3 died before 37 weeks CGA. This represents a
two-fold increase in severe NEC and six-fold increase in odds of
mortality compared to preterm babies without sCHD. As we report

the severest cases of NEC, requiring surgery or leading to death,
the overall incidence of NEC is likely to be higher if cases of
medically managed NEC are included. Our rates of NEC in preterm
babies with sCHD are similar to previously reported in the
literature and higher to the incidence of NEC reported in term
babies with sCHD.4–7,19

The heightened mortality rate of 30% in babies with sCHD
before 37 weeks corrected gestational age across all gestational
age groups is a key finding that will inform future counselling. The
additional odds of mortality due to sCHD are more striking in the
very preterm versus extremely preterm group (nine versus two
times higher compared to non-CHD). This more pronounced
impact on survival rates is due to the relatively higher survival
among those born ≥28 weeks, with the majority expected to
survive (44,438/46,585, 95.4% survival). These findings are
consistent with research that shows the combination of sCHD,
and prematurity exacerbates odds of mortality with previously
reported mortality rates between 20–30%.5,7,20,21

We speculate that the higher rates of severe NEC and mortality
among babies with sCHD may result from poorer gut perfusion,
secondary to the cardiac anomaly and the need to maintain the
patency of ductus arteriosus in duct dependent lesions. Addition-
ally, the suboptimal fetal circulation in complex CHD increases the
risk of prematurity. Half (52%, 226/438) of deliveries of babies with
sCHD were iatrogenic and likely expedited for a maternal and/or
fetal indication. Perinatal compromise that leads to emergency
preterm delivery also increases the odds of NEC and mortality.
Babies born with sCHD outside of a cardiac centre were

discharged at around 2650 g, which we infer is a target weight
for surgical procedures and a corrected gestational age of 38 weeks
(IQR 30, 40 weeks). It is important to study this group to determine
the best ways of optimizing weight gain while minimizing the odds
of NEC. Procedures which limit pulmonary blood flow, such as
pulmonary artery banding, should be considered in cases where

68,423 babies born <32 weeks' gestation and 
admitted to neonatal units in England and Wales

2012–2020 

67,985 babies 
without CHD 

diagnosis requiring
early intervention

438 babies with 
severe CHD 

diagnosis requiring 
early intervention 
prior to discharge 

home

307 babies did not 
develop severe NEC

31 babies developed
severe NEC

65,499 babies did not
develop severe NEC

2486 babies 
developed severe

NEC

5664 babies
died before 37

weeks CGA

929 babies
died before 37

weeks CGA

59,835 babies
survived to 37
weeks CGA

1557 babies
survived to 37
weeks CGA

120 babies
died before 37

weeks CGA

14 babies
died before 37

weeks CGA

187 babies
survived to 37
weeks CGA

17 babies
survived to 37
weeks CGA

Fig. 1 Study cohort flow diagram for preterm infants admitted to neonatal units in England and Wales (2012–2020). Flow diagram of
babies born <32 weeks' gestation and admitted to neonatal units in England and Wales between 2012 and 2020, stratified by severe
congenital heart disease status, severe NEC status and survival to 37 weeks' corrected gestational age.
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there is a high risk of systemic steal. However, these procedures
carry their own risks, particular in babies weighing <2000 g.
Redirection or withdrawal of life-sustaining support are not

reliably recorded in the NNRD, so we are unable to account for
babies who had palliative care due to their cardiac condition. We
found a higher incidence of non-cardiac anomalies in preterm
babies is not surprising given the association of cardiac anomalies
with genetic syndromes such as DiGeorge, Turner’s and chromo-
somal anomalies. Preterm babies with sCHD had a longer length
of stay, received parenteral nutrition for longer and took longer to
establish full enteral feeds. A lower proportion of preterm babies
with sCHD received human milk as their first milk – a finding that
calls for further study.
Our findings will inform counselling for parents based on

antenatal diagnosis of cardiac anomaly, particularly regarding the
high risk of NEC, mortality and prolonged length of stay in NICU.
The consistent mortality rate of 30% among preterm infants
irrespective of gestational week of birth is worth highlighting and
has implications for counselling particularly for babies very
preterm and it is important that these risks are understood and
discussed when considering preterm delivery and timing of
interventions.
This study has key strengths, including presenting population

incidence rates of sCHD among preterm babies. Given the
relatively low incidence of sCHD, utilizing routine population-
based health records is a cost-effective and feasible method to
study the epidemiology of sCHD among preterm babies. The
NNRD is a high-quality validated database that includes informa-
tion regarding maternal and labour history, routinely recorded
feeding variables (including timing of initiation and establishment
of full feeds and first milk type) and outcomes, transfer
destinations, associated anomalies, and outcomes.12,22 To ensure
a robust inclusion criteria, we involved paediatric cardiology and
neonatal medicine experts in identifying a consensus list of
diagnostic codes that represent sCHD.
However, there are also several limitations. Whilst we expect

that the diagnosis on the NNRD is accurate, certain sCHD
diagnosis can be difficult to diagnose antenatally and need to
be confirmed postnatally. We cannot confirm cardiac intervention
directly within NNRD; we used transfer/discharge destination as a

proxy to improve specificity. For example, babies are admitted
with a suspected diagnosis of “coarctation of the aorta” rather
than confirmed diagnosis and this diagnosis remains on the
electronic patient record despite it being excluded. This is
particularly relevant for cardiac malformations that are difficult
to diagnose until the ductus arteriosus has closed. We addressed
this limitation by only assigning babies with a confirmed
coarctation and sCHD if they were either born in a co-located
cardiac centre or discharged to a cardiac centre.
Despite the NNRD representing population prevalence of sCHD

among neonatal admissions, the low numbers resulted in wide
confidence intervals, imprecise estimates of risk for adverse
outcomes and limited sub-group analyses by specific diagnoses
or perinatal characteristics. In this study we were able to examine
selected feeding variables captured in the NNRD (time to first
enteral feed, time to full enteral feeds, and whether the first milk
was human milk [mother’s own or donor]) in exploratory analyses;
however, we could not comprehensively characterise longitudinal
feeding composition. The small sample size of subgroups with
sCHD limited our ability to evaluate the impact of feeding
strategies on neonatal outcomes. Furthermore, we were unable to
evaluate feeding antecedents of NEC because the timing of NEC
onset is not available in the dataset used. This prevents
establishing temporality between exposures and NEC and limits
more advanced approaches (e.g., time-to-event methods with
competing risks). In addition, we did not have sufficiently reliable
information on nil by mouth days or longitudinal feeding
composition (e.g., proportion of feeds by mother’s own milk vs
donor milk vs formula over time), which have been highlighted as
important in prior work. The unknown timing of when NEC
occurred prevented time-series analysis particularly to adjust for
competing risk. Similarly, although late-onset sepsis was captured,
we could not determine whether infection episodes preceded NEC
onset, so we cannot infer causality or temporal sequence. Because
NEC timing is unavailable, and because death may occur early,
severe NEC incidence may be underestimated in the sickest
infants. This is consistent with earlier deaths among infants with
severe CHD who did not have recorded severe NEC, compared
with those who did. These data do not include information on NEC
or mortality following transfer to the cardiac unit, which also limits
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heart disease and infants without severe congenital heart disease, by completed gestational week at birth.
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our study. We define BPD at 36 weeks corrected as babies
receiving respiratory support, however we recognize that within
the population some babies may need respiratory support for
cardiac rather than respiratory disease leading to an inflated
incidence of BPD. The nature of retrospective routine data means
that unmeasured confounders cannot be controlled for.
Future research to reduce the risk of severe NEC among babies

with sCHD should focus on prevention measures, particularly
around feeding. Due to low numbers of sCHD, international
collaboration and linkage to population registries such as the UK
NICOR will be necessary.23 Future studies should report on health
and educational outcomes following cardiac surgery for preterm
babies with sCHD as these are important for counselling. Ongoing
work in the neoWONDER data-linkage study will report outcomes
longitudinally.18

CONCLUSIONS
In this population study, 438 (0.6%, 438/68,423) preterm babies
<32 weeks admitted to neonatal units were born with sCHD.
Mortality rates are high and ~1 in 3 babies with sCHD are not
expected to survive to cardiac intervention, regardless of their
gestation. Preterm babies with sCHD had twice the adjusted odds
of developing severe NEC and six times the adjusted odds of
death compared to non-CHD babies. The findings of this study are
useful for antenatal counselling in sCHD, which should include
consideration of the added odds of severe NEC and death when
delivery occurs prematurely.

DATA AVAILABILITY
The data are not publicly available due to privacy or ethical restrictions. Data are
available upon reasonable request. Applications to use the data used within this
project should be made to the Neonatal Data Analysis Unit, Imperial College London.
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