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Figure 2 Overview of OPTI-PREM workstreams. BAPM, British Association of Perinatal Medicine; LNU, local neonatal unit; 
NICU, neonatal intensive care unit; NNRD, National Neonatal Research Database; ODNs, operational delivery network;

characteristics of mothers and babies (eg, maternal 
pregnancy information, baby’s birth weight, sex and 
gestational age), admission-related episodes (eg, rea-
son for admission, admission temperature, length of 
stay and the number of episodes of care) and daily 
neonatal care of the babies after birth (eg, treatment, 
clinical procedures and morbidities).

2. Postneonatal data: To assess outcomes (survival and 
morbidities) to 365 days of age, the NNRD data will be 
linked to:
i. Hospital Episode Statistics (HES): information 

all admissions, outpatient appointments and 

accident and emergency attendances at NHS hos-
pitals in England.

ii. Office for National Statistics (ONS): information 
on location, date and cause of death, obtained 
from death registration records.

Neonatal units will be allowed to assess the quality 
of their data entry onto electronic records, based on 
completion of data being fed back to neonatal units for 
surfactant replacement, nitric oxide and discharge home 
on oxygen.

Inclusion and exclusion criteria: Units will be offered 
an opt-out option at the start of the project. The 
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confidentiality of neonatal units who chose to opt out will 
be respected. A minimum dataset describing these units 
will only be reported if it is possible to maintain their 
anonymity in this process.

Clinical outcomes: The primary outcome for work-
stream 1 is death before discharge from a neonatal unit. 
We expect a within-unit mortality percentage of approx-
imately 5% in this group. Information on deaths outside 
of neonatal care will be provided from ONS.

Secondary outcomes (eg, bronchopulmonary dysplasia, 
retinopathy of prematurity requiring laser treatment and 
worst cranial ultrasound abnormalities)22 will be extracted 
from the daily care records in the NNRD. Data will be 
investigated for inconsistencies, out of range values and 
missing observations prior to the analysis of workstream 
1. Special attention will be paid to morbidities that may 
be more relevant to this group of babies, such as growth 
during hospitalisation, blood stream infections, patent 
ductus arteriosus, time to full enteral feeds, time to breast 
feeding at initiation and breast feeding at discharge.

Statistical methods: In the absence of randomised treat-
ment allocation, the difference in mean outcomes of 
babies born in either setting with an NICU or an LNU 
might be biassed if they are different in baseline charac-
teristics, that is, our data sources are subject to selection 
bias. The analysis needs to account for the potential bias 
arising from the non-random allocation of babies to the 
two types of ‘interventions’. We will tackle these issues in 
our analysis using matching and instrumental variables 
(IVs) methods. The same approaches will be followed by 
workstreams 1 and 3.

Matching to account for measured confounding: 
We will use matching to construct a balanced sample 
of babies who were born in NICU or LNU based on 
observed characteristics, assuming that these groups do 
not differ in relevant unobservable characteristics so 
that the differences in outcomes between them may be 
attributed to the location of birth. We will use propen-
sity scores (PS), which are predicted probabilities of the 
relevant observed covariates that would be expected to 
be equal for both groups if the conditional distribution is 
independent of whether the baby is born in an NICU or 
LNU.23 24 To compute the PS, a logistic model for place of 
birth will be fitted (LNU vs NICU). The independent vari-
ables will include a priori decided set of variables on the 
basis of expert and clinician input and/or variables asso-
ciated with the type of unit at the place of birth. Based on 
previous literature25 26 and the data availability in NNRD, 
we will evaluate a relatively large number of covariates for 
this model including: gestational age, birth weight, sex 
of the baby, mothers’ ethnicity, use of antenatal steroids, 
5 min Apgar score, deprivation, temperature at birth, 
maternal medical problems prior to this pregnancy and 
problems encountered during pregnancy. The selected 
variables are expected to influence either the place of 
birth or babies’ outcomes, but none of them would be 
expected to be influenced by whether the baby is born 
in an NICU or LNU as they are defined at baseline prior 

to or immediately after the birth. We believe that the 
model developed in the above steps will produce the PS 
given the observed set of covariates to produce balanced 
groups for the analyses; this means that babies who were 
born in NICUs and those who were born in LNUs with 
equal PS will have the same distributions of the observed 
covariates. After the PS is computed from the model, a 
matched sample will be created and the covariates will be 
compared between the groups in the matched sample to 
examine whether the balance has been achieved or not. 
If the sufficient balance is not achieved, the PS model will 
be modified and balance will be reassessed. We will inves-
tigate the range of estimated PS for both NICU and LNU 
babies to identify the region of common support. If there 
is no comparable NICU baby found in the LNU group, 
the analyses would produce biassed estimates by matching 
LNU babies with NICU babies with different characteris-
tics. Therefore, observations not under common support 
should be dropped from the matching, but we will 
describe the characteristics of these babies in descriptive 
statistics. It is difficult to define the size of this matched 
sample at this stage. The sample size will be affected by 
how relevant it will be considered to the general popula-
tion and will be reviewed by the study team. If required, 
other matching methods will also be applied, such as 
Mahalanobis distance matching and genetic matching.27

IVs to account for unmeasured confounding: Since 
matching is based on the assumption that the place of 
birth is independent of the potential outcomes condi-
tional on the matching variables (also known as measured 
confounding). This requires that variables that affect 
both outcomes and the place of birth are observed and 
controlled in the matching algorithm. In our case, after 
matching the babies who were born in NICU or LNU on 
the basis of observed characteristics, it is possible that 
unobserved confounding variables still remain unbal-
anced between the two groups and the matching would 
result in biassed estimates of the effects of being born in 
NICU compared with LNU. Although we believe that the 
richness of our dataset makes the assumptions behind 
the matching plausible, we will complement our anal-
yses using IVs.28 We will explore two-stage least squared 
regression (2SLS) models with exclusion restrictions that 
help us to explain variation in the types of unit the babies 
were born that is independent of outcomes. In the first 
stage, we will estimate the probability of a baby’s birth in 
NICU as a function of baby-level characteristics and IVs. 
The estimated probability of being born in an NICU will 
then be used in a second equation to estimate the effect 
of being born in an NICU on the outcomes of interest 
after controlling for a vector of observed baby-level char-
acteristics. If the IVs are correct, the 2SLS method will 
generate unbiased estimates of the place of birth on 
babies’ outcomes.

In general, a variable is considered to be an IV, if it 
is (1) associated with the type of unit at birth (NICU vs 
LNU), (2) does not have direct effect on the outcome 
(say mortality) and (3) is independent of unmeasured 
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Figure 3 Diagram of a valid instrumental variable (IV). NICU, 
neonatal intensive care unit.

Table 1 Reference cost for neonatal critical care—year 2017/2018—NHS England14

HRG codes Types of care National average unit cost (2017–2018)

XA01Z Neonatal critical care, intensive care £1445

XA02Z Neonatal critical care, high dependency 
care

£925

XA03Z Neonatal critical care, special care, carer 
not resident alongside baby

£605

XA04Z Neonatal critical care, special care, carer 
resident at cot side and caring for baby

£435

XA05Z Neonatal critical care, normal care £441

XA06Z Neonatal critical care, transportation £1159

HRG, Healthcare Resource Group; NHS, National Health Service.

confounders (UCs) but may be related to the measured 
confounders (MCs).28 29 The assumed relation of (IV) 
with outcome (4), type of unit at birth (NICU vs LNU), 
UCs and MCs can be described by the graph in figure 3.30

A potential IV, used in previous studies in the USA,26 30 
is the difference of the distances of the mother residential 
postal code to the nearest NICU and LNU postal codes 
(excess distance). This has the potential to be an appro-
priate IV because of:

(1) Association with delivery in NICUs (refers to the 
arrow from IV to NICU in figure 3). Previous studies 
suggest that a high-risk mother is more likely to deliver in 
NICU if she is living close to an NICU hospital.26

(2) No direct effect on outcomes (refers to the crossed 
line from IV to outcome in figure 3). The assumption that 
the difference in travel times to either facility should not 
directly affect the outcomes except through the route of 
whether the baby is born in an NICU hospital,29 (3) inde-
pendence of unmeasured confounding factors (refers 
to the crossed line from IV to UC in figure 3). This is 
based on the assumption that mothers do not choose 
where to live based on distance to a high-level NICU, 
since preterm delivery is usually not expected before 
pregnancy. However, because hospitals with NICUs tend 
to locate in select areas (ie, cities), mothers who live here 

may be different from those who do not, in terms of socio-
economic characteristics. We attempt to address this issue 
by controlling for mothers’ occupation and deprivation.

Analysing healthcare costs and cost-effectiveness 
outcomes: A cost analysis with a UK NHS perspective 
will be conducted. The cost of neonatal care received 
by preterm babies in NICU and LNU up to hospital 
discharge will be estimated. Standard care package in 
neonatal units will be costed by level of care, as catego-
rised by the six Healthcare Resource Groups (HRG) as 
listed in table 1. HRGs are defined to group the use of 
healthcare resources of clinically similar treatments for 
costing purposes, and each of them is attached a unit 
cost that gives the average cost to the NHS of providing 
defined services to NHS patients in England. Unit costs 
used in our economic evaluation will be extracted from 
the NHS Reference Costs 2017/2018.

The costs of standard care provided by NICU or LNU, 
unit costs will be multiplied by the number of days using 
different levels of care. Since the standard packages costed 
by HRG codes do not include all major clinical activities, 
we will also cost the use of selected relevant procedures. 
These will include nitric oxide, surfactant replacement, 
total parental nutrition, ultrasound scanning, blood 
transfusion and palivizumab therapy. Cost data for these 
activities will be obtained from literature reviews and 
extracted from selected hospital finance departments as 
needed. The cost of surgical procedures are included in 
the standard care package by the level of care defined by 
HRG codes and will not be costed separately. Key compo-
nents of healthcare resource use will be presented sepa-
rately from associated costs as currently recommended.

Original neonatal care information will be linked to HES 
to extend the time horizon of the economic evaluation 
to 1 year of corrected age. A comprehensive cost analysis 
using the methodology above will be conducted to iden-
tify whether patterns of service use of hospital admissions, 
outpatient visits and accident and emergency services 
differs across neonatal strategies at 1-year-follow-up.

The number of lives saved will be the health outcome 
measure that will be used in the economic evaluation. 
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Deaths occurring after discharge from the neonatal unit 
will be informed by the ONS linked. An incremental 
analysis of costs and health outcomes between NICUs 
and LNUs will be conducted and synthesised using the 
net-benefit framework. Current thresholds of willingness 
to pay as recommended by the National Institute for 
Health and Care Excellence (NICE) will be used to deter-
mine value for money.

We will follow current guidance for methods of tech-
nology appraisal to present and report the results of the 
economic analysis.31–33

Workstream 2
Adjusting for heterogeneity within the types of units 
studied: Using NNRD data and augmented with novel 
evaluation of the quality of care provided in neonatal 
units through a PhD project, other parameters such as 
associations with volume and calibre of work undertaken, 
medical and nursing staffing, and comparisons against 
national neonatal auditable standards (using variables 
such as normal temperature measured within the first 
hour of life, receipt of breast milk on discharge, parental 
consultation within the first 24 hours, parent presence 
on ward round, blood stream infections,among others), 
will be explored in workstream 2. This information, along 
with information about the population of babies which 
are cared for at their unit (but not including outcomes), 
will be used to undertake a cluster analysis. This analysis 
will provide groups of units which are similar in terms of 
their characteristics and the care they provide, irrespec-
tive of their designation. The identified variables will be 
assessed in two ways:
1. They will be incorporated into workstream 1 as con-

founding variables to analyse potential heterogeneity 
between units, and to investigate to what extent they 
help to explain this.

2. They will be used independently, in isolation and con-
junction, to investigate associations with gestation-spe-
cific outcomes.

Workstream 4
Understanding parent and clinician perspectives on deci-
sions about place of care: Observations will explore: (1) 
factors that parents think should guide decision-making 
about place of care for babies, and how this happens in 
practice, (2) clinicians’ perspectives and practices around 
decision-making about place of care, (3) the impact on 
parents and families of this decision, and subsequent 
changes in care location and (4) how parents can best be 
supported.

Periods of observation within neonatal units will be 
completed, along with interviews with both clinicians 
and parents. An experienced qualitative researcher will 
observe relevant discussions and interactions that take 
place between parents and clinicians regarding place of 
care. Observations will be guided by an observation frame-
work, developed through discussions with the project 
team and project parent panel. The observer will take 

written notes unobtrusively and will then debrief these 
either alone or with another member of the team. These 
debrief sessions will be audio recorded and transcribed.

Alongside observations, interviews will be conducted 
with parents and clinicians on their perspectives and 
experiences of decisions regarding place of care. We will 
also interview a separate group of parents about their 
retrospective experiences of having had a baby receive 
neonatal care in the past 12 months. Interview topic 
guides will be developed and piloted through discussions 
with the project team and parent advisory panel. Inter-
views will be audio recorded and transcribed verbatim.

Participants, who are willing and able to give informed 
consent, and are caring (or did care) for a baby born 
between 27 and 31 weeks gestation, will be included. 
Participation will be voluntary and it will be made clear to 
parents in particular that declining will not compromise 
the care they or their babies receive. Informed consent 
for participation will be obtained (written for formal 
interviews and verbal for observation).

We will conduct up to 40 interviews with parents and 
clinicians. Twenty interviews will be ‘retrospective’ inter-
views with parents whose babies had been discharged in 
the last 12 months. These will be selected from the 15 
operational delivery neonatal networks in England. This 
will be undertaken through an open national advertise-
ment for parents to participate, through the national 
parent charity for sick and preterm babies, BLISS. We 
will attempt to recruit a diverse sample of parents with 
babies born at different gestations between 27 and 31 
weeks, parents for whom this is a first or subsequent 
pregnancy, and parents of babies on different care path-
ways (eg, moving from LNU to NICU and vice versa). 
We will attempt to ensure diversity of participants in 
relation to maternal age, ethnicity, socioeconomic status 
and educational background. A further 20 will be ‘real-
time’ interviews with clinicians and parents caring for 
a baby currently receiving neonatal care. These will be 
conducted in two operational delivery networks, situated 
in the West and East Midlands, the two neonatal networks 
closest to the study centre, for practical reasons. For these 
interviews, we will also include clinicians of different 
ethnic backgrounds, ages and sexes.

The qualitative data will be analysed using the constant 
comparative method34 assisted by NVivo software. A 
coding scheme developed through detailed engagement 
with the data will be used to process the dataset system-
atically by assigning each section of text to a category, 
according to the category specifications. Parent panel 
members will be invited to comment on the face validity 
of the analysis of qualitative data.

dIssEMInAtIon
A. Written information materials have been developed 

for both parents and clinicians invited to participate 
in the ethnographic study.
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B. Presentation and publication: This will include pre-
sentation of research findings at national and interna-
tional conferences, and publication in peer-reviewed 
journals.

C. Development of recommendations for care of the ne-
onate born at 27–31 weeks gestation: A working group 
will be formed with BAPM and BLISS, to develop po-
sition statements and recommendations regarding the 
most appropriate place of care for babies born at this 
gestation in England. This will be led by investigators 
from the study and will incorporate nursing and med-
ical professionals with relevant expertise, and repre-
sentatives from the project’s parent advisory panel.

D. Consultation with healthcare professionals and other 
stakeholders: Framework documents and recommen-
dations will be processed through BAPM. This includes 
consultation with members and stakeholders (man-
agerial stakeholders including Commissioners, Net-
works, Trusts, Governmental/Regulatory stakeholders 
including the Department of Health, Public Health 
England, National Commissioning Board, Care Qual-
ity Commission, NICE and educational stakeholders 
including Royal Colleges and professional societies).

E. Publication and dissemination of recommendations: 
Recommendations will be published via BAPM and 
RCPCH. Further dissemination will occur via the neo-
natal CRG to inform evidence-based commissioning 
of neonatal services, and BLISS to inform written in-
formation for parents, parent counselling and support 
services.
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