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ABSTRACT

Objective Babies born between 27*° and 3
weeks of gestation contribute substantially towards
infant mortality and morbidity. In England, their care

is delivered in maternity services colocated with highly
specialised neonatal intensive care units (NICU) or less
specialised local neonatal units (LNU). We investigated
whether birth setting offered survival and/or morbidity
advantages to inform National Health Service delivery.
Design Retrospective national cohort study.

Setting LNU, NICU, England.

Patients UK National Neonatal Research Database
whole population data for births between 27 and
317 weeks of gestation, discharged from/died within
neonatal units between 1 January 2014 and 31
December 2018. We linked baby-level data to mortality
information from the Office for National Statistics.
Outcome measures Death during neonatal care, up
to 1 year (infant mortality), surgically treated necrotising
enterocolitis, retinopathy of prematurity, severe brain
injury (SBI), bronchopulmonary dysplasia.

Intervention Birth in NICU versus LNU setting. We
used an instrumental variable (maternal excess travel
time between the nearest NICU and LNU) estimation
approach to determine treatment effect.

Results Of 18847 babies (NICU: 10 379; LNU: 8468),
574 died in NICU/LNU care, and 121 postdischarge
(infant mortality 3.7%). We found no effect of birth
setting on neonatal or infant mortality. Significantly more
babies born into LNU settings experienced SBI (mean
difference —1.1% (99% Cl —2.2% to —0.1%)). This was
attenuated after excluding births at 27 weeks, and early
postnatal transfers.

Conclusions In England, LNU teams should use clinical
judgement, risk assessing benefits of transfer versus risk
of SBI for preterm births at 27 weeks of gestation. 28
weeks of gestation is a safe threshold for preterm birth
in either NICU/LNU settings.

Trial registration

number NCT02994849/ISRCTN74230187.
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INTRODUCTION

Babies born very preterm (VPT, <32 weeks of
gestation) require skilled care in the first few
weeks of life, and are at greatest risk of morbidity
and mortality.'” For extreme preterm births at
<27 weeks of gestation in the UK, outcomes are
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Babies born very preterm (VPT) have a higher
risk of mortality and serious morbidity.

= For those born VPT at <27 weeks of gestation,
birth in maternity centres colocated with
neonatal intensive care unit (NICU) improves
outcomes.

= In England, for the next most vulnerable
group, born between 27*° and 31*¢ weeks
of gestation, it is unknown whether place of
birth and early care influence their outcomes.
Here, their birth and early care occur either in
maternity services colocated with NICU, or with
local neonatal unit (LNU).

WHAT THIS STUDY ADDS

= There is no difference in mortality based on
place of birth (LNU/non-tertiary vs NICU/
tertiary) and early care for VPT babies born
between 27*° and 31*° in England.

= For births at 27 weeks of gestation, there is a
higher risk of severe brain injury (SBI) when
born into maternity services colocated with
LNU compared with NICU, and when born into
maternity services colocated with low-volume
(providing <1614 intensive care days/year)
compared with high-volume neonatal units
(providing >1614 intensive care days/year). This
risk of SBI exists in those transferred out in the
first 72 hours after birth.

= Birth and early care for VPT babies can safely
be provided closer to home in maternity centres
colocated with LNU and NICU from 28 weeks
onwards.

significantly improved if born into maternity
services colocated with highly specialised neonatal
intensive care units (NICU).* For the next most
vulnerable group born between 27*° and 31*°
weeks of gestation, optimal place of birth remains
uncertain.

VPT birth is distributed almost equally
between maternity services colocated with the
highly specialised/tertiary NICU, or into less
specialised/non-tertiary local neonatal units
(LNU).* NICUs are generally resourced to
provide tertiary-level care for sick babies across
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HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR
POLICY

= To reduce risks associated with SBI in VPT, anticipated
preterm births at 27 weeks of gestation should be targeted
for delivery in maternity centres colocated with NICU in
England.

= Specific consideration should be given to anticipated preterm
births at 27 weeks of gestation for birth in maternity centres
colocated with neonatal units providing a high volume of
intensive care days.

= Study outcomes may guide UK policy and practice,
contributing to more effective redistribution of birth and care
of VPT babies, and the development of capacity within NICU
in the UK.

all gestational ages and across all complexities of care. LNUs
provide care for neonates in their local catchment area; these
are not configured to provide long-term intensive care but
can provide emergency and short-term intensive support for
sick babies, and up to the present, can care for VPT babies
generally born at >27 weeks of gestation. Between 2014
and 2018, there were 82 LNUs and 43 NICUs in England.
For VPT born between 277 and 317 weeks of gestation,
place of birth is dependent on mother’s choice of mater-
nity service at booking, presentation to the nearest hospital,
anticipated maternal/fetal/neonatal complications and avail-
ability of resources for perinatal care. In England, 4.7% of
babies in this age group (born at 27-31 weeks of gestation)
do not survive after admission to neonatal services®; those
who do spend a median of 34-79 days in neonatal units.® In
2016, they accounted for 5988 admissions at an estimated
National Health Service (NHS) cost of £262 million per
annum.’

With increasing demand for capacity in neonatal services,
there is an urgent need to identify whether there is an optimal
place of birth for this group of babies. We report on the
National Institute for Health and Care Research (NITHR)-
funded OPTI-PREM, evaluating optimal place of birth for
VPT babies born between 277° and 317 weeks of gestation
in England."’

89

METHODS

Study design and participants

The OPTI-PREM cohort (NCT02994849/ISRCTN74230187)
comprised all babies born between 27*° and 31*® weeks of
gestation in maternity services colocated with the 43 NICUs
or 81 LNUs in England, who were discharged from or died
in neonatal units between 1 January 2014 and 31 December
2018. Neonatal unit admissions were identified from the
National Neonatal Research Database (NNRD) which holds
data on babies admitted to NHS neonatal units in England,
Wales, Scotland and the Isle of Man. Mortality data up to 1
year of age were identified through linkage to the Office for
National Statistics.

We excluded babies with any of the following: (a) a major
congenital anomaly (online supplemental material 1), (b)
missing data for maternal and/or baby characteristics, (c)
born outside of a maternity service colocated with LNU
or NICU, (d) admitted to one LNU that declined partici-
pation in OPTI-PREM and (e) 10 parents from across the
country who declined inclusion of their baby’s data in the

OPTI-PREM study. The study was publicised through unit
posters and leaflets. Opt-out consent was obtained.

Neonatal and infant outcomes

Primary outcomes were death in neonatal care and in the first
year (infant mortality). Secondary outcomes were retinopathy of
prematurity (ROP), severe brain injury (SBI), surgically treated
necrotising enterocolitis (NEC), bronchopulmonary dysplasia
(BPD) and one measure of clinical care (receipt of any human
breast milk feeds (BMF) at discharge from neonatal care). A
composite outcome comprising any of ROP, SBI, NEC, BPD
and death was also assessed. Online supplemental material 2
provides definitions for all outcomes.

Statistical methods
In the absence of randomised allocation of babies to each
neonatal unit designation (ie, LNU, NICU) alternative statistical
methods were required to address biases likely arising from a
non-randomised comparison of outcomes of babies receiving
care in each setting.

Preliminary propensity score matching

We initially employed a propensity score matching approach
to create a sample of babies born in each setting, balanced in
terms of neonatal and maternal characteristics. The matching
exercise (online supplemental material 3) lacked validity due to
limited data on confounders. Unmeasured characteristics that
varied by unit designation could have further biased estimates of
outcomes, if left unaddressed. Therefore, an instrumental vari-
able (IV) approach was employed."!

IV approach

Our IV approach aimed to identify a variable that mimics women
delivering in a particular setting randomly, thereby controlling
naturally for both measured and unmeasured confounders. This
variable is referred to as an instrument and in line with previous
epidemiological studies of observational data, we considered
travel time to a facility, specifically the difference in the travel
time between the mother’s residential postcode and her nearest
NICU postcode, and the mother’s residential postcode and her
nearest LNU postcode (known henceforth as the excess travel
time to a NICU)."?

To compare outcomes by unit designation, IV models were
estimated for each outcome in Stata MP V.18 using a bivariate
probit regression.”® Outcomes and ‘unit designation’ (NICU or
LNU) were included as binary variables and excess travel times
as a continuous variable. The models included the measured
confounders used in the propensity score matching exercise
(online supplemental material 3). A 1% statistical significance
level (p=<0.01) was selected with 99% Cls presented accordingly.
Extended methods are presented in online supplemental mate-
rials 4 and 5.

Sensitivity analyses

Three separate sensitivity analyses were conducted.'® The first
repeated the main analyses after excluding babies transferred
out in the first 72 hours (early transfers). This helped us under-
stand whether our results were disproportionately influenced by
babies born in LNU settings, whose condition was severe enough
requiring transfer of care to NICU. Babies who were not trans-
ferred and had not died within this 72-hour time frame were
treated as representative of those receiving early care in their
respective units.

F2 Pillay T, et al. Arch Dis Child Fetal Neonatal Ed 2024;0:F1-F8. doi:10.1136/archdischild-2024-327474

1ybuAdoo
Aq pa1asroid 1senb Aq Gzoz ‘g Arenuer uo jwodfwg-uy/:dny woiy papeojumoq g0z Jaquiadad Lz Uo v/ v/, 2e-v202-PIudsipyale/9eTT 0T Se paysiignd 1siy :p3 [ereuoaN [e184 plyD sig Yyaiy


https://bmjopen.bmj.com/lookup/external-ref?link_type=CLINTRIALGOV&access_num=NCT02994849&atom=%2Fbmjopen%2F9%2F8%2Fe029421.atom
http://isrctn74230187/
https://dx.doi.org/10.1136/fetalneonatal-2024-327474
https://dx.doi.org/10.1136/fetalneonatal-2024-327474
https://dx.doi.org/10.1136/fetalneonatal-2024-327474
https://dx.doi.org/10.1136/fetalneonatal-2024-327474
https://dx.doi.org/10.1136/fetalneonatal-2024-327474
https://dx.doi.org/10.1136/fetalneonatal-2024-327474
http://fn.bmj.com/

29,842 babies born

at 27-31 weeks

Ineligible for OPTIPREM
Born in SCU/outside neonatal services (n = 2,922)
Major congenital anomaly (n = 635)
v
26,285 babies

A
24,984 babies
Missing maternal characteristics
Missing maternal ethnicity (n = 3,731)
Missing maternal age (n = 139)
Missing IMD (n = 1,910)
19,204 babies

18,847 babies included

Missing baby characteristics
Missing gestational age (n = 21)
Missing sex (n = 34)
Missing birthweight z-score (n = 65)
Missing multiplicity (n = 15)
Missing mode of delivery (n = 1,166)

‘( Missing information to calculate IV
L Missing postcode to calculate excess

travel time (n = 357)

in final analysis

Figure 1  OPTI-PREM data study flow chart. IMD, Index of Multiple
Deprivation; IV, instrumental variable; SCU, special care baby unit.

A second sensitivity analysis excluded babies born to mothers
with multiple pregnancies; the rationale being that maternity
services colocated with a NICU are more likely to deal with
complex multiple pregnancies that carry a higher risk of neonatal
mortality/morbidity.

To avoid overlooking higher performing LNU working on par
with NICU and vice versa, a third analysis compared outcomes
for babies born and cared for in high-volume units with those
cared for in low-volume neonatal units."* High-volume units
were identified as those above the upper quartile for number
of intensive care bed days offered to VPT babies during the
OPTI-PREM study period (those providing >1614 intensive
care days/year). Units below the upper quartile were defined as
low-volume units.'*

Parent involvement

OPTI-PREM established a parent panel through Bliss, the
national charity for babies born premature or sick." This was
an ethnically diverse group of 10 parents (mothers or fathers)
of babies born between 27" and 317 weeks of gestation in
England, including those who had experienced neonatal death,
and/or transfers between neonatal units. The panel engaged in
study design, leaflet development, team and study committee
meetings, and stakeholder discussions, and are active partici-
pants in the dissemination phase of OPTI-PREM.

RESULTS

From the NNRD data extraction on 29 842 babies, 18 847 were
included in the analysis; 10379 were born in maternity services
colocated with NICU and 8468 to LNU (figure 1). A comparison
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Table 1

Neonatal and maternal characteristics by place of birth

(maternity unit colocated with a neonatal intensive care unit (NICU)

or a local neonatal unit (LNU))

NICU (n=10379)

LNU (n=8468)

Neonatal characteristics
Gestational age, n (%)

27 weeks 1507 (14.5) 777 (9.2)

28 weeks 1773 (17.1) 1258 (14.9)

29 weeks 1885 (18.2) 1527 (18.0)

30 weeks 2348 (22.6) 2031 (24.0)

31 weeks 2866 (27.6) 2875 (34.0)
Birth weight (g) 1286 (342.5) 1356 (312.4)
Male sex, n (%) 5658 (54.5) 4659 (55.0)
Singleton, n (%) 7254 (69.9) 6318 (74.6)
Temperature on admission 36.9 (0.6) 36.8 (0.6)

Missing* 100 70
Apgar score at 5 min 9 (6 to 10) 9(61t010)

Missing 667 557
Antenatal steroids provided, n (%) 9538 (92.7) 7737 (92.0)

Missing 98 62
Died in neonatal care, n (%) 391 (3.8) 183(2.2)

27 weeks 120 (8.0) 48 (6.2)

28 weeks 115 (6.5) 57 (4.5)

29 weeks 53(2.8) 36 (2.4)

30 weeks 41(1.8) 23 (1.1)

31 weeks 62 (2.2) 19(0.7)
Died in 1 year, n (%) 468 (4.5) 227 (2.7)

27 weeks 141 (9.4) 53 (6.8)

28 weeks 127 (1.2) 66 (5.3)

29 weeks 70 (3.7) 42 (2.8)

30 weeks 52 (2.2) 34(1.7)

31 weeks 78 (2.7) 32(1.1)
Died in neonatal care (singleton births) 300 (4.1) 156 (2.5)
Died in neonatal care (multiple births) 91 (2.9) 27 (1.3)
Died in 1 year (singleton births) 353 (4.9) 183 (2.9)
Died in 1 year (multiple births) 115 (3.7) 44 (2.1)
Maternal characteristics
Caesarean section, n (%) 7132 (68.7) 5625 (66.4)
Maternal ethnicity, n (%)

White 7457 (71.8) 6338 (74.8)

Black 956 (9.2) 712 (8.4)

Asian 1532 (14.8) 1106 (13.1)

Mixed 210 (2.0) 149 (1.8)

Other 224 (2.2) 163 (1.9)
Maternal age 31 (6.3) 31(6.2)
Maternal IMD decile, n (%)

1 (least deprived) 1304 (12.6) 1210 (14.3)

2 1447 (13.9) 1318 (15.6)

3 1630 (15.7) 1677 (19.8)

4 2246 (21.6) 2086 (24.6)

5 (most deprived) 3752 (36.2) 2177 (25.7)

Data are shown as mean (SD) or median (10th, 90th centiles) unless otherwise
indicated.

*Any temperature <33°C or >39°C was regarded as missing.

IMD, Index of Multiple Deprivation.

of this cohort with babies excluded due to missing data (n=7438)
is described in online supplemental material 6.

Table 1 shows a greater proportion of babies born at 27 weeks
of gestation into NICU settings, with LNU settings receiving
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higher proportions of babies born at later gestations. Babies
admitted into NICU were lighter in weight and more likely to
have been part of a multiple pregnancy than babies admitted to

Table 2 Neonatal and maternal characteristics by median excess
travel time to a neonatal intensive care unit (NICU)

LNU. Table 1 shows mothers who delivered their preterm babies Excess travel time*
in maternity services colocated with NICU were more likely to <3.9min =3.9min Standardised
be of mixed or ethnic minority groups and had higher levels of (n=9420) (n=9427) differencet
social deprivation and higher caesarean section rates. Neonatal characteristics
With imbalances observed between settings in maternal and Gestational age, n (%)

baby characteristics, we categorised the cohort instead using the P weds 1M115(11.8) 1169 (12.4)  0.020
study’s IV (median 3.91 (range —130.36 to 74.11)min). The 28 weeks 1505 (16.0) 1523 (16.2)
median excess tr.avel time to a NICU (3:9 min) was use;d as'the 29 weeks 1718(182) 1694 (18.0)
cuIt-off Val.ue, wgh travlel_ times <3.?mgr} s}ilggestmg birth in a 30 weeks 210235 2169 (23.0)
NICU setting and travel time >3.9 min birth in an LNU setting. = s 2872 (30.1) 2869 (30.4)
Table 2 shows the groups now appeared well balanced in all - -

. . .. Birth weight (g) 1320 (332) 1314 (330) 0.016
categories except for the Index of Multiple Deprivation (IMD)

.. . . . . . Male sex, n (%) 5146 (54.6) 5171 (54.9) 0.005
scores. Women giving birth in maternity services colocated with il y 6821 (12.4 6751016 0018
NICU were more likely to have greater levels of deprivation than Ll . ) VA ‘
those in an LNU setting (standardised difference=0.305). Temperature on admission 36.9 (0.6) 36.8 (0.6) 01102
Missing™ 87 83

. Apgar score at 5 min 9 (6 to 10) 9 (6to 10) 0.021

Mortality Missing 617 607

There were 574 deaths (3.0%) in NICU and LNU care, and a

. . . ) Antenatal steroids provided, n (%) 8577 (91.9) 8698 (93.0) 0.041
further 121 deaths in the first year following discharge (total

. . . R Missing 87 73
0 -
mortahty 3.7./0). ng1es ad'm.ltted to NICU had a higher unad Died in neonatal care, n (%) 288 3.1) 286 (3.0) T
justed mortality while receiving neonatal care (3.8% for NICU o 8003} B0 0014
vs 2.2% for LNU; p<0.001) and higher unadjusted infant Weeks : . :
mortality (4.5% for NICU and 2.7% for LNU; p<0.001). After 28 weeks 85 868) 0014
adjustment using IV modelling, the mean difference in mortality EOEES o) 5l G
for babies born into NICU versus LNU settings was —0.1% (99% 30 weeks 35(1.6) 29(13) 0.021
CI —1.1% to 1.0%) while receiving neonatal care, and —0.2% 31 weeks 47(1.6) 34012) 0.038
(99% CI —1.4% to 0.9%) for overall infant mortality (table 3). Died in 1 year, n (%) 346 (3.7) 3493.7) 0.002
There was no mortality difference by gestational week at birth. 27 weeks 95 (8.5) 99 (8.5) 0.002
In total, 6016 (31.9%) babies were transferred to another 28 weeks 93(6.2) 100 (6.6) 0.015
unit for ongoing care; 1545 within the first 72 hours of life. A 29 weeks 53 (3.1) 59 (3.5) 0.022
descriptive analysis of transfers, including direction of transfers 30 weeks 45 (2.0) 41(1.9) 0.011
in the first 72 hours, is provided in online supplemental material 31 weeks 60 (2.1) 50 (1.7) 0.025
7. Of 1545 transfers in the first 72 hours, 928 (60.1%) were Died in neonatal unit (singleton 227 (3.3) 229 (3.4) 0.004
transferred out of LNU; of these, 834 (89.9%) were transfers births)
from LNU to NICU. There were a total of 2284 births at 27 Died in neonatal unit (multiple 61(2.4) 57 (2.1) 0.015
weeks of gestation, of whom 310 (13.5%) were transferred in births)
the first 72 hours of birth. 228 of these (73.5%) were transfers Died in 1 year (singleton births) 269 (3.9) 267 (4.0) 0.001
out of LNU, of which 219 (96.1%) were uplifts to NICU (LNU Died in 1 year (multiple births) 77 (3.0) 82(3.1) 0.006
to NICU). There were 26 capacity transfers (17 NICU to LNU Maternal characteristics
transfers, 9 LNU to LNU transfers). Caesarean section, n (%) 6304 (66.9) 6453 (68.5)  0.033
Sensitivity analyses conducted after excluding these early Maternal ethnicity, n (%)
transfers found no significant differences between NICU and White 6827 (725)  6968(73.9)  0.070
LNU settings in mortality while in neonatal care (adjusted mean Black 794 (8.4) 874(9.3)
dlfference 0.2%;. 99% CI —0.9% to 1.3%) and up to 1 year Asian 1420(15.1) 1218 (12.9)
(ad]ustéd mean dlffere.nce 0.0%; 99% CI —1.2% to 1.2'%). . Mixed 192 (2.0) 167 (1.8)
All high-volume units were NICU. Analyses comparing high- o
. . ther 187 (2.0) 200 (2.1)
volume and low-volume units (independent of NICU and LNU e 307 62) 31.06.2) i
designation) found no significant differences in mortality (online d . =t At :
. . . Maternal IMD decile, n (%)
supplemental material 8). No mortality differences were found i
in the analysis of singleton births. Transfers for high-volume 1 (least deprived) 1091.(11.6)  1423(151) 0305
versus low-volume units for each gestational age are detailed in 2 sy el
online supplemental material 7—table 2. J 1439153} 1868(19.8)
4 2033 (21.6) 2299 (24.4)
5 (most deprived) 3615 (38.4) 2314 (24.5)
Secondary outcomes b ) = dian (10th. 90th centil | herwi
Adjusted analyses of the secondary outcomes are displayed in in?itiiaatreij.s own as mean (SD) or median (10th, S0th centiles) unless otherwise
table 4, with additional information in online supplemental *Instrument used for this study representing additional travel time women would
material 9. Place of birth had no impact on ROP, NEC, BMF need to travel beyond the nearest local neonatal unit (LNU) to arrive at a hospital
or composite outcomes. This finding held when analyses were with NICU. Median excess travel time was 3.9 min.

tAbsolute standardised difference of =0.10 generally indicates that covariates are
imbalanced between groups.
IMD, Index of Multiple Deprivation.
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Table 3  Association between place of birth (maternity unit colocated with a neonatal intensive care unit (NICU) or a local neonatal unit (LNU))
and overall and gestational age-specific mortality risk while in neonatal care and at 1 year using instrumental variable model

NICU mean percentage  LNU mean percentage  Adjusted mean percentage P value for
Case (n) Sample size  (SE) (SE) difference (99% Cl)* difference
Died in neonatal unit
Overall 574 18847 3.0% (0.2%) 3.1% (0.3%) —0.1% (~1.1% to 1.0%) 0.8
27 weeks 168 2284 6.9% (0.8%) 8.6% (0.2%) —1.7% (-8.1% to 4.8%) 0.5
28 weeks 172 3031 5.2% (0.6%) 6.8% (1.3%) —1.6% (~5.6% to 2.4%) 0.3
29 weeks 89 3412 2.3% (0.4%) 3.2% (0.7%) —0.9% (-3.1% to 1.4%) 0.3
30 weeks 64 4379 1.4% (0.3%) 1.6% (0.4%) -0.2% (-1.7% to 1.3%) 0.7
31 weeks 81 5741 1.8% (0.3%) 0.9% (0.2%) 0.9% (~0.2% to 1.9%) 0.03
Died in 1 year
Overall 695 18847 3.6% (0.2%) 3.8% (0.3%) —0.2% (~1.4% t0 0.9%) 0.6
27 weeks 194 2284 8.3% (0.9%) 8.9% (2.0%) —0.5% (~7.1% to 6.0%) 0.8
28 weeks 193 3031 5.7% (0.6%) 7.8% (1.3%) -2.1% (~6.2% t0 2.1%) 0.2
29 weeks 112 3412 2.9% (0.4%) 4.0% (0.8%) —1.0% (-3.5% to 1.4%) 0.3
30 weeks 86 4379 1.8% (0.3%) 2.3% (0.5%) -0.5% (~2.3% to 1.3%) 0.5
31 weeks 110 5741 2.2% (0.3%) 1.5% (0.3%) 0.7% (~0.6% to 1.9%) 0.2

*Adjusted for gestational age (when analysing the overall cohort), sex, birth weight z-score, multiplicity, mode of delivery, maternal ethnicity, maternal age and Index of Multiple

Deprivation.

A significantly higher proportion of SBI was identified in
babies born in LNU settings (adjusted mean difference —1.1%;
99% CI —2.2% to —0.1%; table 4). This significance was lost
on exclusion of babies transferred to other units within 72 hours
of birth.

Babies born at the earliest gestations were at higher risk of an
early transfer and SBI (online supplemental material 7); 310 of
2284 babies born at 27 weeks of gestation (13.6%) underwent
an early transfer, of whom 45 (14.5%) had SBI. In contrast, 368
of 5741 babies born at 31 weeks of gestation (6.4%) under-
went early transfer, of whom 13 (3.5%) had SBI. In an adjusted
comparative analysis of SBI conducted after excluding babies
born at 27 weeks of gestation, the difference in SBI previously
seen was no longer significant (mean difference —0.8%; 99%
CI —1.9% to 0.2%; table 4). For babies born at 27 weeks of

gestation, birth in a NICU reduced the risk of SBI from 11.9%
to 8.0%, a statistically non-significant adjusted mean difference
of 4.0% (99% CI —9.6% to 1.7%).

42 (93.3%) of 45 babies born at 27 weeks of gestation with
early transfer and SBI were transferred out of low-volume units.
For babies born at 27 weeks of gestation, birth in a high-volume
unit significantly reduced the risk of SBI from 24.2% to 2.8%
(adjusted mean difference 28.9%; 99% CI 3.5% to 54.2%;
online supplemental material 10).

The rate of BPD was higher in those born into NICU settings
(adjusted mean difference 1.8%; 99% CI 0.1% to 3.5%; table 4).
This difference remained significant after excluding early trans-
fers up to 72 hours after delivery. The difference in BPD was
greatest in babies born at 27 weeks of gestation. When this gesta-
tional age group was excluded from the analyses, the significant

Table 4 Risks associated with place of birth (maternity unit colocated with a neonatal intensive care unit (NICU) or a local neonatal unit (LNU))

and key secondary outcomes using instrumental variable model

NICU mean LNU mean P value for
Case (n) Sample size  percentage (SE) percentage (SE) Adjusted mean percentage (99% Cl)* difference
Any morbidityt or died 3407 18847 18.4% (0.4%) 17.8% (0.6%) 0.6% (~1.6% to 2.8%) 0.5
ROP 297 17930 1.7% (0.2%) 1.6% (0.2%) 0.2% (-0.7% to 1.0%) 0.6
BPD 1819 18273 10.7% (0.4%) 8.9% (0.4%) 1.8% (0.1% to 3.5%) 0.006
NEC 490 18847 2.6% (0.2%) 2.6% (0.3%) 0.0% (-1.1% to 1.1%) 0.96
SBI 735 18847 3.4% (0.2%) 4.5% (0.3%) —1.1% (-2.2% to —0.1%) 0.007
BMF 10220 18273 55.9% (0.6%) 55.8% (0.7%) 0.1% (-2.8% to 3.1%) 0.9
Excluding babies born at 27 weeks
Any morbidityt or died 2344 16563 14.3% (0.4%) 14.0% (0.5%) 0.3% (—1.8% to 2.4%) 0.7
ROP 174 15891 1.1% (0.2%) 1.1% (0.2%) 0.1% (-0.7% to 0.8%) 0.8
BPD 1137 16157 7.5% (0.3%) 6.4% (0.4%) 1.1% (-0.4% to 2.7%) 0.06
NEC 363 16563 2.1% (0.2%) 2.3% (0.3%) —0.2% (—1.2% to 0.9%) 0.7
SBI 529 16563 2.8% (0.2%) 3.7% (0.3%) —0.8% (—1.9% to0 0.2%) 0.04
BMF 9185 16157 57.0% (0.7%) 56.4% (0.7%) 0.5% (-2.5% to 3.6%) 0.7

Babies may have more than one morbidity and so may appear as a case in multiple analyses.
*Adjusted for gestational age, sex, birth weight z-score, multiplicity, mode of delivery, maternal ethnicity, maternal age and Index of Multiple Deprivation.

tROP or BPD or SBI or NEC.

BMF, breast milk feeds at time of discharge from neonatal unit; BPD, bronchopulmonary dysplasia; NEC, surgically treated necrotising enterocolitis; ROP, retinopathy of

prematurity; SBI, serious brain injury.
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difference was lost (adjusted mean difference 1.1%; 99% CI
—0.4% to 2.7%; table 4).

DISCUSSION

OPTI-PREM found no significant differences in mortality
outcomes for births between 27 and 31%° weeks of gesta-
tion in NICU or LNU settings. However, location of birth was
important for morbidity. There was an increased risk for SBI
for babies born at 27 weeks of gestation in LNU settings. There
was also a significant association between SBI and early postnatal
transfer out of LNU. These findings indicate that births at 27
weeks of gestation should occur in maternity services colocated
with NICU (preferably those with a high volume of intensive
care days/year), and that a reasonable threshold for VPT births
in maternity services closer to home, regardless of whether it is
colocated with a NICU or LNU, is 28 weeks of gestation.

The increased risk of SBI in babies born at 27 weeks of gesta-
tion in LNU settings is of concern. With associated adverse
outcomes of SBI, the NHS and lifetime societal costs are substan-
tial.? ¥ Managed clinical networks have facilitated the provi-
sion of perinatal care closer to home,*** but brought with it
increased postnatal transfer of unexpectedly sick preterm babies
between neonatal units. OPTI-PREM confirms a high rate of
postnatal transfers in babies born between 277 and 317° weeks
of gestation and demonstrates the negative effect of this, espe-
cially in those born at 27 weeks of gestation. This adds to global
evidence on risks of postnatal transfer of VPT babies.”*” We
were unable to identify the specific timing of the SBI in relation
to transfers out of LNU. These could be related to the process of
transfer, differences in clinical profile of babies born at 27 weeks
of gestation at maternity centres colocated with LNU, or clinical
experience or care provided at LNU which see fewer babies born
at 27 weeks of gestation than NICU.

There will be situations where the birth of a high-risk VPT
baby in LNU settings is unavoidable, for example, if maternal
illness or presenting stage of labour precludes transfer. OPTI-
PREM findings of an association between early postnatal transfer
and SBI at 27 weeks of gestation suggest that local neonatal
teams should use clinical judgement, risk assessing the benefit of
transfer versus risk of SBI.

Our findings raise challenges for perinatal teams. It is not
always possible a priori to predict which babies born at 27 weeks
of gestation in LNU will require postnatal transfer to NICU, and
which of these are at greatest risk of developing SBI. The logical
recommendation would be to promote antenatal transfer of all
anticipated preterm births at 27 weeks of gestation to mater-
nity services colocated with a NICU; however, adequate capacity
for expectant mothers at these centres is a major issue in the
UK.?® Therefore, for preterm births at 27 weeks of gestation in
LNU, clinical teams should use careful clinical judgement, risk
assessing the benefit of transfer versus the risk of SBI. The health
economics implications are also important and will be evaluated
separately.

OPTI-PREM’s strengths include utility of national quality
assured operational data and statistical methodologies that
facilitated comparison between unit designations, adjusting for
measured and unmeasured confounders.”” Further strengths
include extensive sensitivity analyses conducted around transfers
and multiple births and the inclusion of infant mortality at 1
year.

Its limitations include missing data, mainly relating to mode of
delivery, maternal ethnicity and IMD. Incomplete data submitted
to the NNRD meant we were unable to incorporate observable

confounder information on major maternal comorbidities
(pregnancy-induced hypertension, diabetes, chorioamnionitis
and twin-to-twin transfusion). Therefore, our analysis is subject
to residual confounding due to missing information. However,
the well-balanced distribution of measured confounders achieved
by our instrument led us to believe that similar distribution may
have been achieved for unobservable confounders. We were
unable to study deaths in the delivery suite because of incom-
plete entries in neonatal electronic records. For clinical morbid-
ities, where there were no entries, these were assumed as not
present as it was not possible to evaluate whether they were truly
missing. A further limitation is that only core neonatal outcomes
were selected for study. Length of stay and other National
Neonatal Audit Programme measures were investigated as part
of the OPTI-PREM programme of work, and will be reported
elsewhere (NIHR draft report, in press). We also acknowledge
the usual concerns about the use of IV estimation to determine
causal effects,®” including the impact of using weak instruments
on model coefficients and the assumptions needed to operation-
alise the framework. The extended methods presented in online
supplemental material 4 provide evidence to support our choice
of instrument and the validity of these assumptions.

The statistical significance for BPD for births in NICU requires
further study including evaluation of ventilation strategies,
familiarity with optimal early care for the preterm baby. Since
BPD is a known risk factor for later adverse neurodevelopment
outcome, it will also be important to balance the increased risk
of SBI in LNU settings with increased risk of BPD in NICU
settings through further research in this area.

CONCLUSIONS

OPTI-PREM identified 28 weeks of gestation as a safe threshold
for preterm birth within either LNU or NICU settings. For VPT
at 27 weeks of gestation, we found a higher risk of SBI with early
postnatal transfers (within 72 hours of birth) out of LNU at 27
weeks, with no difference in outcomes for births between 28*°
and 317° weeks of gestation in LNU versus NICU. As neonatal
services deal with increasing demand and capacity pressures,
OPTI-PREM provides objective information towards optimising
neonatal service delivery in England.

Author affiliations

"Faculty of Science and Engineering, University of Wolverhampton, Wolverhampton,
UK

“Neonatology, University Hospitals of Leicester NHS Trust, Leicester, UK
3Department of Population Health Sciences, University of Leicester College of Life
Sciences, Leicester, UK

4Universi'[y of Leeds, Leeds, UK

>Computer Simulations, Genomics and Data Analysis Laboratory, Department of Food
Science and Nutrition, University of the Aegean, Mytilene, Greece

®Data, Research, Innovation and Virtual Environment, Great Ormond Street Hospital
for Children, London, UK

"Nuffield Department of Population Health, University of Oxford National Perinatal
Epidemiology Unit, Oxford, UK

®Research and Development, BLISS, Royal Wolverhampton Hospitals NHS Trust,
Wolverhampton, UK

°Neonatal Medicine, School of Public Health, Chelsea and Westminster Hospital
Campus, Imperial College London, London, UK

X Thillagavathie Pillay @_tpillay, Neena Modi @NeenaModi1 and Elaine M Boyle @
boyleem

Acknowledgements To the OPTI-PREM parent panel for their work on the
project, the sponsor trust research and development team Sarah Glover and Lorraine
Jacques, to all parents and babies who contributed to study data in this manuscript
and the UK neonatal collaborative who participated in the study. The authors thank
Danielle Dalechek for assisting with the task of writing, review and editing at the
final stages of the drafted manuscript, and A Salih for preparing figure 1, online
supplemental material 7.

F6 Pillay T, et al. Arch Dis Child Fetal Neonatal Ed 2024;0:F1-F8. doi:10.1136/archdischild-2024-327474

1ybuAdoo
Aq pa1asroid 1senb Aq Gzoz ‘g Arenuer uo jwodfwg-uy/:dny woiy papeojumoq g0z Jaquiadad Lz Uo v/ v/, 2e-v202-PIudsipyale/9eTT 0T Se paysiignd 1siy :p3 [ereuoaN [e184 plyD sig Yyaiy


https://dx.doi.org/10.1136/fetalneonatal-2024-327474
https://dx.doi.org/10.1136/fetalneonatal-2024-327474
https://x.com/_tpillay
https://x.com/NeenaModi1
https://x.com/boyleem
https://x.com/boyleem
http://fn.bmj.com/

Original research

Collaborators Contributing neonatal units and leads: Airedale General Hospital,
Yorkshire Neonatal Network, Dr Matthew Babirecki, Arrowe Park Hospital, Cheshire
and Merseyside Neonatal Network, Dr Anand Kamalanathan, Barnet Hospital,
London—North Central Neonatal Network, Dr Tim Wickham, Barnsley District General
Hospital, North Trent Neonatal Network, Dr Sanaa Hamdan, Basildon Hospital,
London—North East and North Middlesex Neonatal Network, Dr Aashish Gupta,
Basingstoke & North Hampshire Hospital, Thames Valley & Wessex Neonatal
Networks, Dr Ruth Wigfield, Birmingham Heartlands Hospital, Midlands South West
Newborn Network, Dr Phil Simmons, Birmingham Women's Hospital, Midlands South
West Newborn Network, Dr Anju Singh, Bradford Royal Infirmary, Yorkshire Neonatal
Network, Dr Sunita Seal, Broomfield Hospital, Norfolk, Suffolk & Cambridgeshire
Neonatal Network, Dr Ahmed Hassan, Calderdale Royal Hospital, Yorkshire Neonatal
Network, Dr Karin Schwarz, Chelsea & Westminster Hospital, London—North West
Neonatal Network, Dr Mark Thomas, Chesterfield & North Derbyshire Royal Hospital,
North Trent Neonatal Network, Dr Aiwyne Foo, City Hospital, Birmingham, Midlands
South West Newborn Network, Dr Julie Nycyk, Colchester General Hospital, Norfolk,
Suffolk & Cambridgeshire Neonatal Network, Dr Aravind Shastri, Croydon University
Hospital, London—South West Neonatal Network, Dr John Chang, Derriford Hospital,
South West Region, Dr Alex Allwood, Diana Princess of Wales Hospital, North Trent
Neonatal Network, Dr Pauline Adiotomre, Doncaster Royal Infirmary, North Trent
Neonatal Network, Dr Jamal S Ahmed, Dorset County Hospital, Thames Valley &
Wessex Neonatal Networks, Dr Abby Deketelaere, East Surrey Hospital, South East
Coast Neonatal ODN; Frimley Park, Dr Abdus Mallik; Kent Surrey and Sussex
Neonatal Network, Dr K Abdul Khader, Gloucestershire Royal Hospital, South West
Region, Dr Simon Pirie; Great Western Hospital, South West Region, Dr Stanley
Zengeya, Guy's & St Thomas' Hospital, London—South East Neonatal Network, Dr
Timothy Watts, Hillingdon Hospital, London—North West Neonatal Network, Dr Tristan
Bate, Hinchingbrooke Hospital, Norfolk, Suffolk & Cambridgeshire Neonatal Network,
Dr Hilary Dixon, Homerton Hospital, London—North East and North Middlesex
Neonatal Network, Dr Narendra Aladangady, Hull Royal Infirmary, Yorkshire Neonatal
Network, Dr Hassan Gaili, Ipswich Hospital, Norfolk, Suffolk & Cambridgeshire
Neonatal Network, Dr Matthew James, James Cook University Hospital, Northern
Neonatal Network, Dr M Lal, James Paget Hospital, Norfolk, Suffolk &
Cambridgeshire Neonatal Network, Dr Ambadkar, Kettering General Hospital,
Midlands Central Neonatal Network, Dr Patty Rao, King's College Hospital, London—
South East Neonatal Network, Dr Ann Hickey, King's Mill Hospital, Trent Perinatal
Network, Dr Dhaval Dave Kingston Hospital, London—South West Neonatal Network,
Dr Vinay Pai, Lancashire Women & Newborn Centre, Lancashire and South Cumbria
Neonatal Network, Dr Meera Lama, Leeds Neonatal Service, Yorkshire Neonatal
Network, Dr Lawrence Miall, Leicester Neonatal Service, Midlands Central Neonatal
Network, Dr Jonathan Cusack, Leighton Hospital, Cheshire and Merseyside Neonatal
Network, Dr Jayachandran, Lincoln County Hospital, Trent Perinatal Network, Dr
Kollipara, Lister Hospital, Beds-Herts Neonatal Network, Dr J Kefas, Liverpool
Women'’s Hospital, Cheshire and Merseyside Neonatal Network, Dr Bill Yoxall, Luton
& Dunstable Hospital, Beds-Herts Neonatal Network, Dr Jennifer Birch, Macclesfield
District General Hospital, Cheshire and Merseyside Neonatal Network, Dr Gail
Whitehead, Manor Hospital, Staffordshire, Shropshire & Black Country Newborn &
Maternity Network, Medway Maritime Hospital, South East Coast Neonatal ODN, Dr
Aung Soe, Milton Keynes Foundation Trust Hospital, Thames Valley & Wessex
Neonatal Networks, Dr | Misra, New Cross Hospital, Staffordshire, Shropshire & Black
Country Newborn & Maternity Network, Dr Tilly Pillay, Newham General Hospital,
London—North East and North Middlesex Neonatal Network, Dr Imdad Ali, Norfolk &
Norwich University Hospital, Norfolk, Suffolk & Cambridgeshire Neonatal Network,
Dr Mark Dyke, North Bristol NHS Trust (Southmead), South West Region, Dr Paul
Mannix; North Middlesex University Hospital, London—North East and North
Middlesex Neonatal Network, Dr Lesley Alsford, North Tyneside General Hospital,
Northern Neonatal Network, Vivien Spencer; Northampton General Hospital,
Midlands Central Neonatal Network, Dr Subodh Gupta, Northwick Park Hospital,
London—North West Neonatal Network, Dr Richard Nicholl, Nottingham City Hospital,
Trent Perinatal Network, Dr Steven Wardle, Nottingham University Hospital (QMC),
Trent Perinatal Network, Dr Steven Wardle, Ormskirk District General Hospital,
Cheshire and Merseyside Neonatal Network, Dr Tim McBride, Oxford University
Hospitals, John Radcliffe Hospital, Thames Valley & Wessex Neonatal Networks, Dr
Eleri Adams, Peterborough City Hospital, Norfolk, Suffolk & Cambridgeshire Neonatal
Network, Dr Katharine McDevitt, Pinderfields General Hospital, Yorkshire Neonatal
Network, Dr David Gibson, Poole Hospital NHS Foundation Trust, Thames Valley &
Wessex Neonatal Networks, Prof Minesh Khashu, Princess Alexandra Hospital,
Norfolk, Suffolk & Cambridgeshire Neonatal Network, Dr Caitlin Toh, Princess Anne
Hospital, Thames Valley & Wessex Neonatal Networks, Dr Mike Hall, Queen Alexandra
Hospital, Thames Valley & Wessex Neonatal Networks, Dr Charlotte Groves, Queen
Charlotte’s Hospital, London—North West Neonatal Network, Dr Sunit Godambe,
Queen Elizabeth Hospital, King's Lynn, Norfolk, Suffolk & Cambridgeshire Neonatal
Network, Dr Glynis Rewitzky, Queen Elizabeth Hospital, Woolwich, London-South
East Neonatal Network, Dr Olutoyin Banjoko, Queen’s Hospital, Romford, London—
North East and North Middlesex Neonatal Network, Dr Wilson Lopez, Rosie
Maternity Hospital, Addenbrookes, Norfolk, Suffolk & Cambridgeshire Neonatal
Network, Dr Angela D'Amore, Rotherham District General Hospital, North Trent
Neonatal Network, Dr Shameel Mattara, Royal Albert Edward Infirmary, Greater

Manchester Neonatal Network, Dr Christos Zipitis, Royal Berkshire Hospital, Thames
Valley & Wessex Neonatal Networks, Dr Peter De Halpert, Royal Bolton Hospital,
Greater Manchester Neonatal Network, Dr Paul Settle, Royal Cornwall Hospital,
South West Region, Dr Paul Munyard, Royal Derby Hospital, Trent Perinatal Network,
Dr John McIntyre Royal Devon & Exeter Hospital, South West Region, Dr David Bartle,
Royal Hampshire County Hospital, Thames Valley & Wessex Neonatal Networks, Dr
Katie Yallop, Royal Lancaster Infirmary, Lancashire and South Cumbria Neonatal
Network, Dr Joanne Fedee, Royal Oldham Hospital, Greater Manchester Neonatal
Network, Dr Natasha Maddock, Royal Preston Hospital, Lancashire and South
Cumbria Neonatal Network, Dr Richa Gupta, Royal Shrewsbury Hospital,
Staffordshire, Shropshire & Black Country Newborn & Maternity Network, Dr
Deshpande, Royal Stoke University Hospital, Staffordshire, Shropshire & Black
Country Newborn & Maternity Network, Dr Alison Moore, Royal Sussex County
Hospital, South East Coast Neonatal ODN, Dr P Amess, Royal United Hospital, South
West Region, Dr Stephen Jones, Royal Victoria Infirmary, Northern Neonatal Network,
Dr Alan Fenton, Russells Hall Hospital, Staffordshire, Shropshire & Black Country
Newborn & Maternity Network, Dr Mahadevan, Salisbury District Hospital, Thames
Valley & Wessex Neonatal Networks, Dr Nick Brown, Scunthorpe General Hospital,
North Trent Neonatal Network, Dr Pauline Adiotomre, Southend Hospital, London—
North East and North Middlesex Neonatal Network, Dr Arfa Khan, St George's
Hospital, London—South West Neonatal Network, Dr Charlotte Huddy, St Helier
Hospital, London—South West Neonatal Network, Dr Salim Yasin, St Mary’s Hospital,
I0W, Thames Valley & Wessex Neonatal Networks, Dr Sian Butterworth, St Mary's
Hospital, London, London—North West Neonatal Network, Dr Sunit Godambe, St
Mary's Hospital, Manchester, Greater Manchester Neonatal Network, Dr Ngozi
Edi-Osagie, St Michael's Hospital, South West Region, Dr Pamela Cairns, St Peter’s
Hospital, South East Coast Neonatal ODN, Dr Peter Reynolds, St Richard's Hospital,
Thames Valley & Wessex Neonatal Networks, Dr Nick Brennan, Stepping Hill Hospital,
Greater Manchester Neonatal Network, Dr Carrie Heal, Stoke Mandeville Hospital,
Thames Valley & Wessex Neonatal Networks, Dr Sanjay Salgia, Sunderland Royal
Hospital, Northern Neonatal Network, Dr Majd Abu-Harb, Tameside General Hospital,
Greater Manchester Neonatal Network, Dr Jacgeline Birch, Taunton & Somerset
Hospital, South West Region, Dr Chris Knight, The Jessop Wing, Sheffield, North Trent
Neonatal Network, Dr Simon Clark, The Royal London Hospital-Constance Green,
London—North East and North Middlesex Neonatal Network, Dr Vadivelam Murthy,
Tunbridge Wells Hospital, South East Coast Neonatal ODN, Dr Hamudi Kisat,
University College Hospital, London—North Central Neonatal Network, Dr Giles
Kendall, University Hospital Coventry, Midlands Central Neonatal Network, Dr Kate
Blake, University Hospital Lewisham, London—South East Neonatal Network, Dr Jauro
Kuna, University Hospital of North Durham, Northern Neonatal Network, Dr Mehdi
Garbash, University Hospital of North Tees, Northern Neonatal Network, Dr Hari
Kumar, University Hospital of South Manchester, Greater Manchester Neonatal
Network, Dr Gopi Vemuri, Victoria Hospital, Blackpool, Lancashire and South Cumbria
Neonatal Network, Dr Chris Rawlingson, Warrington Hospital, Cheshire and
Merseyside Neonatal Network, Dr Delyth Webb, Watford General Hospital,
Beds-Herts Neonatal Network, Dr Sankara Narayanan, West Suffolk Hospital, Norfolk,
Suffolk & Cambridgeshire Neonatal Network, Dr lan Evans, Wexham Park Hospital,
Thames Valley & Wessex Neonatal Networks, Dr Rekha Sanghavi, Whipps Cross
University Hospital, London—North East and North Middlesex Neonatal Network, Dr
Caroline Sullivan, Whiston Hospital, Cheshire and Merseyside Neonatal Network, Dr
Rosaline Garr, Whittington Hospital, London—North Central Neonatal Network, Dr
Wynne Leith, William Harvey Hospital, South East Coast Neonatal ODN, Dr Vimal
Vasu, Worcestershire Royal Hospital, Midlands South West Newborn Network, Dr
Andrew Gallagher, York District Hospital, Yorkshire Neonatal Network, Dr Guy
Millman.

Contributors TP was responsible for the original concept, project administration
and funding acquisition. TP, EMB, NM, OR-A, ESD, BNM, KD and SES were
responsible for progressing the concept and design of the study, and data
interpretation together with the OPTI-PREM parent panel. KD was the chair of the
parent panel and contributed to project meetings and study steering committee
meetings, and assessed the face validity of the work undertaken. OR-A, SES, VBo
and MY conducted different stages of the formal statistical analysis. SES, MY, VBo
and OR-A were responsible for data curation. OR-A and BNM provided oversight
for the statistical methodologies. VBa was the NNRD data manager and facilitated
the generation of the instrumental variable with OR-A. All authors contributed to
the analysis and interpretation of the data. TP, OR-A, VBa, MY and SES have directly
accessed and verified the underlying data reported in the manuscript. The manuscript
was drafted by TP and OR-A, supported by EMB, NM, SES, HC, ESD, VBo, VBa,

KD (BLISS) and MY. TP and OR-A contributed equally to the write-up. All authors
reviewed the final version. TP is the chief investigator and guarantor for this project.

Funding This study/project is funded by the NIHR HS&DR project number
15/70/104.

Disclaimer The views expressed are those of the authors and not necessarily those
of the NIHR or the Department of Health and Social Care. The funding source had
no role in any data collection, analysis or interpretation, writing of the manuscript or
decision to submit for publication.

Pillay T, et al. Arch Dis Child Fetal Neonatal Ed 2024;0:F1-F8. doi:10.1136/archdischild-2024-327474 F7

1ybuAdoo
Aq pa1oal0.d 1s8nb Ag G20z ‘g Arenuer uo /wod fwg uy//:dny woll pspeojumod ‘20z 18quiadaq /g Uo v/ 1/ 2E-720Z-PIUdsIpyae/9eTT 0T St paysignd 1sii :p3 [ereuosN [e1e4 piyd sia yoiy


http://fn.bmj.com/

Original research

Competing interests TP declared additional funding from the Leicestershire
Leicester Rutland Clinical Commissioning Group for qualitative work on reducing
risks for infant mortality, from Leicester Local Maternity and Neonatal Systems for
qualitative research on perinatal dashboards in health inequalities, and from De
Montford University as visiting lecturer, and an unpaid audit lead role with the
Children’s HIV Association, UK. SES is funded through an NIHR Advanced Fellowship
and declared honorariums from The Lancet Child & Adolescent Health for expediated
peer reviews. She is a member of the data monitoring and ethics committee for
HENRY Il (Health, Exercise, Nutrition for the Really Young—2022 onwards) and is
an independent member of PICnIC (Paediatric Intensive Care and Infection Control)
Trial Steering Committee (an NIHR-funded study). OR-A is a member of the Foetal
Maternal and Child Health Reference Group, National Screening Committee. VBa
declared funding through Imperial College for attendances at OPTI-PREM-related
meetings. NM is Director of the UK National Neonatal Research Database. ESD
declared funding through HQIP (Healthcare Quality Improvement) for MBRRACE-
UK (Mothers and Babies; Reducing Risks through Audit and Confidential Enquiry),
PICANet (Paediatric Intensive Care Audit Network) and PICANet L2.

4

Marlow N, Bennett C, Draper ES, et al. Perinatal outcomes for extremely preterm
babies in relation to place of birth in England: the EPICure 2 study. Arch Dis Child
Fetal Neonatal Ed 2014;99:F181-8.

NHS England. Neonatal critical care service specification. 2024. Available: https:/
www.england.nhs.uk/wp-content/uploads/2015/01/Neonatal-critical-care-service-
specification-March-2024.pdf

Seaton SE, Barker L, Draper ES, et al. Estimating neonatal length of stay for babies
born very preterm. Arch Dis Child Fetal Neonatal Ed 2019;104:F182-6.

Yang M, Campbell H, Pillay T, et al. Neonatal health care costs of very preterm babies
in England: a retrospective analysis of a national birth cohort. BMJ Paediatr Open
2023;7:001818.

Costeloe KL, Hennessy EM, Haider S, et al. Short term outcomes after extreme preterm
birth in England: comparison of two birth cohorts in 1995 and 2006 (the EPICure
studies). BMJ 2012;345:7976.

British Association of Perinatal Medicine. Perinatal management of extreme preterm
birth before 27 weeks of gestation. In: A BAPM framework for practice. British
Association of Perinatal Medicine, 2019.

. Lo ) 10 Pillay T, Modi N, Rivero-Arias O, et al. Optimising neonatal service provision for
Patient consent for publication Not applicable. preterm babies born between 27 and 31 weeks gestation in England (OPTI-PREM),
Ethics approval This study involves human participants and was approved using national data, qualitative research and economic analysis: a study protocol. BM/
through the national Integrated Research Application System (IRAS reference number Open 2019;9:029421.

212304 and research ethics committee reference number 17/NE/0800, North East 11 Greenland S. An introduction to instrumental variables for epidemiologists. Int J
Tyne and Wear South Research Ethics Committee). Based on the design of the study Epidemiol 2000;29:722-9. ) o ) )
this was an opt-out process. 12 Lorch SA, Baiocchi M,Ahlberg CE, eta/.‘Thg differential impact of delivery hospital on
i o ) the outcomes of premature infants. Pediatrics 2012;130:270-8.
Provenance and peer review Not commissioned; externally peer reviewed. 13 Wooldridge JM. Econometric Analysis of Cross Section and Panel Data. 2nd edn. 15.
Data availability statement All data relevant to the study are included in the Cambridge, Massachusetts: MIT Press, 2010:477-9.
article or uploaded as supplementary information. The National Neonatal Research 14 Watson SI, Arulampalam W, Petrou S, et al. The effects of designation and volume
Database can be accessed by making a request to the Neonatal Data Analysis Unit of neonatal care on mortality and morbidity outcomes of very preterm infants in
at Imperial College London through the Health Data Research UK Gateway website. England: retrospective population-based cohort study. BMJ Open 2014;4:e004856.
. ) ) 15 Bliss. For babies born premature or sick. 2023. Available: https://www.bliss.org.uk/
Supplemental material This content has begn lsupplled by the author(s). It [Accessed 23 Nov 2023].
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have 16 Petrou S, Yiu HH, Kwon J. Economic consequences of preterm birth: a systematic
been peer-reviewed. Any opinions or recommendations discussed are solely those review of the recent literature (2009-2017). Arch Dis Child 2019;104:456-65.
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 17 Petrou S, Johnson S, Wolke D, et al. The association between neurodevelopmental
responsibility arising from any reliance placed on the content. Where the content disability and economic outcomes during mid-childhood. Child Care Health Dev
includes any translated material, BMJ does not warrant the accuracy and reliability 2013:39:345-57.
of the translations (including but not limited to local regulations, clinical guidelines, 18 Petrou S, Johnson S, Wolke D, et al. Economic costs and preference-based health-
terminology, drug names and drug dosages), and is not responsible for any error related quality of life outcomes associated with childhood psychiatric disorders. Br J
and/or omissions arising from translation and adaptation or otherwise. Psychiatry 2010;197:395-404.
Open access This is an open access article distributed in accordance with the 19 Mangham LJ, Petrou S, Doy\e FW, et al. The cost of preterm birth throughout childhood
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits in England and Wales. Pediatrics 2009;123:e312-27.
others to copy, redistribute, remix, transform and build upon this work for any 20 World Health Organisation. Born too soon. Geneva: WHO, 2012. )
purpose, provided the original work is properly cited, a link to the licence is given, 21 British Association of Perinatal Medicine. The bapm neonatal dataset. 1997. Available:
and indication of whether changes were made. See: https://creativecommons.org/ https://www.bapm.org/pages/neonatal-data-sgts . ) )
licenses/by/4.0/. 22 Department of Health. Report of the neonatal intensive care services review group.
UK: Department of Health, 2003.
ORCID iDs 23 British Association of Perinatal Medicine. Standards for hospitals providing neonatal
Thillagavathie Pillay http://orcid.org/0000-0002-4159-3282 intensive care. London: British Association of Perinatal Medicine, 1996.
Sarah E Seaton http://orcid.org/0000-0001-8711-4817 24 Depgrtment of Health. Report of DH expert working group on neonatal intensive care
Miaoging Yang http://orcid.org/0000-0001-7975-374X services. London: Department of Health, 2003.
Helen Campbell http://orcid.org/0000-0003-2070-7794 25 Hlelenlus K Longford N, Lehf[onenl L etal Assooatlon of earIY pggtnaFaI transfer and
Neena Modi http://orcid.org/0000-0002-2093-0681 birth out;lde a tertiary hqspltal with mortahty'and severe'bram injury in gxtremely
Elaine M Boyle http://orcid.org/0000-0002-5038-3148 gge{[;r;nﬁﬂggt;éobservatlonal cohort study with propensity score matching. BMJ
Oliver Rivero-Arias htp://orcid.arg/0000-0003-2233-6544 26 Davis JW, Seeber CE, Nathan EA, et al. Outcomes to 5 years of outborn versus inborn
infants <32 weeks in Western Australia: a cohort study of infants born between 2005
and 2018. Arch Dis Child Fetal Neonatal Ed 2023;108:499-504.
REFERENCES 27 NHS England. Get It Right First Time (GIRFT) Programme National Specialty Report.
1 Ismail AQT, Boyle EM, Pillay T, et al. Clinical outcomes for babies born between 27 — NHS England: Neonatology, 2022.
31 weeks of gestation: Should they be regarded as a single cohort? J Neonatal Nurs 28 NHS England. Implementing the recommendations of the national neonatal critical
2023;29:27-32. care review. NHS England, 2019.
2 Morgan AS, Mendonca M, Thiele N, et al. Management and outcomes of extreme 29 Garabedian LF, Chu P, Toh S, et al. Potential bias of instrumental variable analyses for
preterm birth. BM/ 2022;376:¢055924. observational comparative effectiveness research. Ann Intern Med 2014;161:131-8.
3 Mwaniki MK, Atieno M, Lawn JE, et a/. Long-term neurodevelopmental outcomes 30 Soumerai SB, Koppel R. The Reliability of Instrumental Variables in Health Care

after intrauterine and neonatal insults: a systematic review. Lancet 2012;379:445-52. Effectiveness Research: Less Is More. Health Serv Res 2017;52:9-15.

F8 Pillay T, et al. Arch Dis Child Fetal Neonatal Ed 2024;0:F1-F8. doi:10.1136/archdischild-2024-327474

1ybuAdoo
Aq pa1oal0.d 1s8nb Ag G20z ‘g Arenuer uo /wod fwg uy//:dny woll pspeojumod ‘20z 18quiadaq /g Uo v/ 1/ 2E-720Z-PIUdsIpyae/9eTT 0T St paysignd 1sii :p3 [ereuosN [e1e4 piyd sia yoiy


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-4159-3282
http://orcid.org/0000-0001-8711-4817
http://orcid.org/0000-0001-7975-374X
http://orcid.org/0000-0003-2070-7794
http://orcid.org/0000-0002-2093-0681
http://orcid.org/0000-0002-5038-3148
http://orcid.org/0000-0003-2233-6544
http://dx.doi.org/10.1016/j.jnn.2022.04.003
http://dx.doi.org/10.1136/bmj-2021-055924
http://dx.doi.org/10.1016/S0140-6736(11)61577-8
http://dx.doi.org/10.1136/archdischild-2013-305555
http://dx.doi.org/10.1136/archdischild-2013-305555
https://www.england.nhs.uk/wp-content/uploads/2015/01/Neonatal-critical-care-service-specification-March-2024.pdf
https://www.england.nhs.uk/wp-content/uploads/2015/01/Neonatal-critical-care-service-specification-March-2024.pdf
https://www.england.nhs.uk/wp-content/uploads/2015/01/Neonatal-critical-care-service-specification-March-2024.pdf
http://dx.doi.org/10.1136/archdischild-2017-314405
http://dx.doi.org/10.1136/bmjpo-2022-001818
http://dx.doi.org/10.1136/bmj.e7976
http://dx.doi.org/10.1136/bmjopen-2019-029421
http://dx.doi.org/10.1136/bmjopen-2019-029421
http://dx.doi.org/10.1093/ije/29.4.722
http://dx.doi.org/10.1093/ije/29.4.722
http://dx.doi.org/10.1542/peds.2011-2820
http://dx.doi.org/10.1136/bmjopen-2014-004856
https://www.bliss.org.uk/
http://dx.doi.org/10.1136/archdischild-2018-315778
http://dx.doi.org/10.1111/j.1365-2214.2012.01368.x
http://dx.doi.org/10.1192/bjp.bp.110.081307
http://dx.doi.org/10.1192/bjp.bp.110.081307
http://dx.doi.org/10.1542/peds.2008-1827
https://www.bapm.org/pages/neonatal-data-sets
http://dx.doi.org/10.1136/bmj.l5678
http://dx.doi.org/10.1136/archdischild-2022-324749
http://dx.doi.org/10.7326/M13-1887
http://dx.doi.org/10.1111/1475-6773.12527
http://fn.bmj.com/

	Improving outcomes for very preterm babies in England: does place of birth matter? Findings from OPTI-­PREM, a national cohort study
	Abstract
	Introduction﻿﻿﻿﻿
	Methods
	Study design and participants
	Neonatal and infant outcomes
	Statistical methods
	Preliminary propensity score matching
	IV approach
	Sensitivity analyses
	Parent involvement

	Results
	Mortality
	Secondary outcomes

	Discussion
	Conclusions
	References


