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Abstract

Objective
[bookmark: _Hlk24707661]There is evidence that birth and care in a maternity service associated with a neonatal intensive care unit (NICU) is associated with improved survival in preterm babies born at <27 weeks of gestation. We conducted a systematic review to address whether similar gains manifested in babies born between 27+0 and 31+6 weeks (hereafter 27-31 weeks) of gestation, or those with a birthweight of 1,000-1,500kg.

Methods
[bookmark: _GoBack]We searched Embase, Medline and CINAHL databases for studies comparing outcomes for babies born at 27-31 weeks, or with 1,000-1,500g birthweight, based on designation of the neonatal unit where the baby was born or subsequently cared for (NICU versus non-NICU setting). A modified QUIPS (QUality In Prognostic Studies) tool was used to assess quality.

Results
Nine studies compared outcomes for babies born at 27-31 weeks of gestation and eleven compared outcomes for babies born between 1,000 and 1,500g birthweight. Heterogeneity in comparator groups, birth locations, gestational age ranges, timescale for mortality reporting, and description of morbidities facilitated a narrative review as opposed to a meta-analysis. 

Conclusion
Due to paucity of evidence, significant heterogeneity and potential for bias, we were not able to answer our question – does place of birth or care affect outcomes for babies born between 27-31 weeks?  This supports the need for large-scale research to investigate place of birth and care for babies born in this gestational age range.


What is already known
· Babies born at <27 weeks of gestation in maternity services linked to neonatal intensive care units (NICU), compared to local neonatal units (LNU) have improved outcomes.
· [bookmark: _Hlk28939998]Babies born at 27-31 weeks of gestation form a considerably larger patient group, and, in the UK, are cared for in both NICU and LNU (local neonatal unit) settings.
What this study adds
· In nine studies addressing place of care for babies born at 27-31 weeks of gestation, there was significant heterogeneity in study design and outcomes, and potential for bias.
· Systematic review of the published literature reveals a lack of evidence about place of birth for babies born at 27-31 weeks of gestation.
· Large-scale research studies are needed to determine the effect of place of birth on outcomes for babies of 27-31 weeks of gestation.
 

INTRODUCTION
[bookmark: _Hlk2675155]The concept of regionalisation was introduced into neonatal care in the 1970s, with the aim of improving outcomes while reducing associated costs [1-8]. Worldwide, especially in resource richer settings, this system has been implemented through clinical networks. Perinatal centres (comprising feto-maternal and neonatal units) of different levels work together to care for mothers and their babies in a unit which is close to home and can provide the appropriate level of care.

In the U.S., Australia and New Zealand, and in many parts of Europe, care is centralised and all babies <32 weeks of gestation and/or of very low birthweight (VLBW; <1,500g) are provided with tertiary level care in neonatal intensive care units (NICU) (table 1b).  In the UK, due to concerns regarding the time and travel burden this would impose on families, and unit capacity and staffing, a more regionalised system was implemented, consisting of three-tiers (Neonatal Intensive Care Units - NICU; Local Neonatal Units - LNU; and Special Care Units -SCU)), with both NICU and LNU caring for babies born at <32 weeks of gestation (Table 1a) [9]. 

[bookmark: _Hlk25052231][bookmark: _Hlk24705736]There is evidence supporting both models of neonatal care provision. EPICure 2 and similar international studies show that, for preterm births at <27 weeks of gestation, birth in a maternity service with a NICU, as opposed to an LNU, is associated with significantly better rates of survival to discharge [10-13]. Similarly, a meta-analysis by Laswell et al. and more recent studies have shown improved outcomes when all babies born <32 weeks of gestation and/or of VLBW are cared for in NICU [14-18]. 

[bookmark: _Hlk25919619][bookmark: _Hlk25052338]Therefore, in babies born <27 weeks there is a similar care pathway internationally; they are cared for in NICU. This is not true for babies born between 27+0 and 31+6 weeks (hereafter 27-31 weeks) of gestation. Specifically, within the UK these babies may be born and cared for in a centre with either a NICU or LNU, depending on maternal choice at booking, presentation to the nearest hospital, and neonatal unit cot availability and staff capacity at the time of delivery. 

[bookmark: _Hlk24973858]Babies born at 27-31 weeks account for around four-fold more throughput in neonatal units compared to those born at <27 weeks, and make up 12% of all preterm babies born in England. In 2014, they utilised twice as many neonatal bed days per year compared to the <27 weeks group [19, 20]. Therefore, we wanted to investigate whether birth or care in a NICU as opposed to an LNU affects outcomes for these babies as it does for their more preterm counterparts. To answer this question, we conducted a systematic review.



	Level 1 (Special Care Unit - SCU)
	Level 2 (Local Neonatal Unit - LNU)
	Level 3 (Neonatal Intensive Care Unit - NICU)

	· Care for babies born >34 weeks (or >32 weeks depending on local network policy).
· Provide special care and may provide some high dependency care.
· Stabilise babies who need to be transferred to an LNU or NICU.
· Receive transfers from units within their network for continuing special care. 
· Doctors and nursing staff are on a shared rota with paediatric services. 
· Consultants are general paediatricians. 
	· Care for babies born >27 weeks of gestation (or >28 weeks depending on local network policy)
· Provide all categories of care for their local population (including short periods of intensive care), but transfer babies requiring complex or longer-term intensive care to a NICU.
· Depending on size and level of activity, doctors and nursing staff may be on a shared or separate rota with paediatric services.
· Some consultants have neonatal expertise, others are general paediatricians
	· Care for babies of all gestational ages (>22/23 weeks)
· Sited alongside specialist obstetric and feto-maternal services.
· Provide all categories of neonatal care (including non-conventional modes of ventilation, inhaled nitric oxide, therapeutic hypothermia, etc.).
· May be co-located with surgery, and other specialised services.
· Consulted for advice and receive transfers from other units within their network. 
· Doctors and nursing staff are not on a shared rota with paediatric services
· All consultants have neonatal expertise.


Table 1a Summary of differences between three levels of neonatal care within the UK, adapted from British Association of perinatal Medicine (BAPM) [21, 22]


	
	Level 1
	Level 2
	Level 3

	U.S. [23]
	· Care for babies born >35 weeks 
	· Care for babies born >32 weeks and weight >1500g
· Stabilise babies born <32 weeks or <1500g, and brief periods of mechanical ventilation, before transfer to a NICU
	· Level 3 NICU care for babies of all gestational ages and birthweight
· Level 4 regional NICU have level 3 capabilities and are located within an institution with surgical and paediatric medical capabilities

	Canada [24]
	· Tier 1a care for babies ≥37 weeks and ≥2,500g
· Tier 1b care for babies ≥35 weeks and ≥1,800g
	· Tier 2a care for babies ≥32 weeks and ≥1,500g
· Tier 2b care for babies ≥30 weeks and ≥1,200g
	· Tier 3 care for babies of all gestational ages and birthweight with non-life-threatening conditions
· Tier 4 provide tier 3 services to babies of all gestational ages and birthweight, including those with life-threatening conditions and requiring paediatric subspecialty input

	Australia  [25-28]
	· Previously labelled level 1 now includes level 1, 2 and 3
· Level 1 and 2 do not provide routine neonatal care
· Level 3 care for babies >36/>37 weeks (>2000g/>2500g)
	· Previously labelled level 2a and 2b now includes level 4 and 5
· Level 4 care for babies >32/>34 weeks (>1500/>1700g)
· Level 5 care for babies >31/>32 weeks (>1250/>1350g)
	· Previously labelled level 3 now includes level 6
· Care for babies of all gestational ages and birthweight, including surgery and congenital and metabolic diseases
· May be split into 6a and 6b, with only the latter providing surgical and speciality services

	New Zealand [29]
	· Care for babies >36 weeks
	· Care for babies >32 weeks
· Some units (level 2+) care for babies >28 weeks
	· Care for babies of all gestational ages and birthweight

	Finland [30]
	· Smaller, non-university hospitals provide care to babies >32 weeks and >1500g
	· University Hospitals care for babies of all gestational ages and birthweight

	Sweden [31]
	· Smaller, non-regional centres provide care to babies >28 weeks
	· Regional centres care for babies of all gestational ages and birthweight

	France [32]
	· No neonatal ward
· Not required to have a paediatrician on-site
	· Care for babies >32 weeks
· Paediatrician must be present during the day, can be on-call at nights and weekends
	· Care for babies of all gestational ages and birthweight
· Neonatologist must always be present 


Table 1b International summary of organisation of neonatal care services, extracted from national guidelines and relevant reviews
	


METHODS
Criteria for considering studies
[bookmark: _Hlk24973691]Our aim was to identify studies comparing outcomes for babies born at 27-31 weeks of gestation by the designation of neonatal unit linked to the maternity services where the baby was born or subsequently cared for (NICU versus non-NICU setting). To ensure we were not excluding evidence from studies published before the 1980s [5, 33, 34] and from countries which categorised babies by birthweight as opposed to gestational age [17, 35, 36], we also included studies comparing outcomes for babies with a birthweight of 1,000-1,500g. Of the commonly used birthweight stratifications, this weight range best aligned with the 50th centile for weight for preterm babies born at 27-31 weeks of gestation (supplementary material, Figure S1).

Literature search
[bookmark: _Hlk24980048][bookmark: _Hlk24973563]We conducted a search in Embase, Medline and CINAHL databases (1977 – 2018), using terms related to our patient group (including ‘newborn, neonate, premature, preterm, infant, low birthweight’), intervention (including ‘regionalisation, centralisation, level of care, size, volume, maternal/neonatal transfer, inborn, outborn’) and outcomes (including ‘mortality, morbidity, death, survival’). We did not specify specific morbidities within our search strategy (for the full search strategy, see supplementary material Figure S2). Articles were analysed by AQI and TP, with EB arbitrating any differences of opinion as to suitability for inclusion. Study authors were contacted for further information if the gestational age range contained or overlapped with, but was not exactly 27-31 weeks, or outcome data were in a non-numerical format. The reference lists of articles retrieved from the search, and three systematic reviews on this topic were analysed [14, 37, 38], as well as a search for relevant ‘grey’ literature (including research and industry reports, conference proceedings, theses, pre-prints, etc.) in Opengrey, Scopus, Embase, and Web of Science databases (1977-2018). All searches were limited to the English language.

Analysis
[bookmark: _Hlk24978964]To determine the feasibility of meta-analysis, we assessed articles included in the systematic review for uniformity of study characteristics, patient populations, and outcome measures. We assessed risk of bias in included studies using a modified version of the QUIPS (QUality In Prognostic Studies) tool [39]. 


RESULTS
[bookmark: _Hlk2676393]Of the 5043 articles identified (Figure 1), nine studies were eligible for inclusion based on reporting outcomes for babies born between 27 and 31 weeks of gestation by designation of hospital of birth or care [13, 40-47]. A further 11 studies were identified based on birth weight categorisation (1,000-1,500g) [1, 18, 48-56]. In these, it was not possible to extract information about those born at 27-31 weeks to allow comparison with the nine other studies. There was heterogeneity in multiple areas - comparator groups, gestational age comparisons, timeframe for reporting mortality, and description of morbidities (Table 2). Therefore, a meta-analysis was deemed inappropriate and a narrative review was conducted. 

The studies were all of cohort design but could be divided into three groups based on the following comparators (Table 2): (group 1) in-utero versus ex-utero transfer to a NICU for continued care; (group 2) birth at a maternity service linked to a NICU versus non-NICU irrespective of subsequent main place of care; (group 3)  main place of care in a NICU versus non-NICU, irrespective of the place of birth. Here, place of care referred to either the entirety of care (peripartum and postnatal), or the level of unit of care after the baby was transferred ex-utero.

Mortality, based on location of birth/care:
Group 1 (in-utero versus ex-utero transfer to a NICU):
We identified five studies that categorised babies by gestational age. Two found significant differences in survival to discharge [40] and infant mortality [13] respectively, although Lamont et al. found this only for babies born between 28 and 29 weeks of gestation. The other three studies did not find a significant difference [43, 44, 57]. Of the four birthweight studies investigating this outcome, three found a significant difference (in neonatal mortality [56], pre-discharge mortality [50], and survival up to 2 years of age [54]).

Group 2 (birth at a maternity service linked to a NICU versus non-NICU):
Of the two gestational age studies, neither found a significant difference in mortality [41, 46]. Of six studies categorising babies by birthweight, three studies  [1, 48, 55] found a significant difference in neonatal and infant mortality and three did not [18, 49, 53].

Group 3 (main place of care in a NICU versus non-NICU):
Of the two gestational age studies in the third group. Jonas et al. found a significant reduction in neonatal mortality [47], but Field et al. did not (undefined timeframe) [42].

Morbidity, based on location of birth/care:		
Group 1 (in-utero versus ex-utero transfer to a NICU):
Of the five studies that categorised babies by gestational age, there were conflicting results for incidence of intraventricular haemorrhage (IVH) [40, 57] and respiratory distress syndrome (RDS) [44, 57]. A significant reduction was found in the incidence of chronic lung disease (CLD) in babies born at 27-29 weeks (but not 30-31 weeks) [57], and no significant difference found for necrotising enterocolitis (NEC) and retinopathy of prematurity (ROP) [57]. Two birthweight studies also provided conflicting results for incidence of IVH [51, 52].

Group 2 (birth at a maternity service linked to a NICU versus non-NICU):
[bookmark: _Hlk24979762]Two studies looked at morbidity outcomes. The gestational age study found an insignificant difference in the incidence of asphyxia (not strictly an outcome, but reported as such in this study) [46]. The birthweight study found significant reduction in composite outcomes of BPD or death, IVH (grade III or IV) or death, ROP or death, but not NEC (Bell stage II or III) or death [18].

None of the identified studies specifically investigated babies born at 27-31 weeks of gestation; data presented was within the context of larger gestational age ranges. We did not identify any gestation-specific data (i.e. by week of gestational age).

Quality assessment
Results of quality assessment of the nine studies that categorised babies by gestational age are summarised in Table 3. Further details for these, and the 11 studies categorising babies by birthweight are provided as supplementary material (Table S1 and S2). 

Of the nine studies, none were of reasonable quality across all five domains of our modified QUIPS tool. One study was of reasonable quality across three domains [41], four studies across two domains [13, 46, 47, 57], and four studies across zero domains [40, 42-44]. Most significant sources of potential bias included inclusion of babies with life-threatening congenital anomalies, lack of definition of non-NICU birth locations, inclusion of birth settings in which an inadequate level of care would be provided (i.e. home, or hospitals without obstetric or paediatric units), and lack of adjustment for confounding factors.
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	Categorisation method
	Type of study (comparator groups)
	Study
	Country of study
	Total number of babies
	Population (gestation (weeks +days) / birthweight (g))
	Outcomes reported by included studies

	
	
	
	
	
	
	Mortality time-frame
	Survival time-frame
	Morbidity

	
	
	
	
	
	
	Undefined
	Perinatal
	Neonatal
	Discharge
	Infant
	2 years
	Discharge
	2 years
	

	[bookmark: _Hlk24979436]Gestational age
	In-utero vs. ex-utero transfer to NICU
	Lamont 1983 
	UK
	206
	28+0 - 29+6
	
	
	
	
	
	
	↑
	
	Non-significant difference in incidence of IVH

	
	
	
	
	
	30+0 - 31+6
	
	
	
	
	
	
	NS
	
	Significant reduction in incidence of IVH

	
	
	Truffert 1998
	France
	157
	27+0 - 30+6
	
	
	
	
	
	NS
	
	
	Non-significant difference in incidence of survival (up to 2 years of age) without disability*

	
	
	Hauspy 2001
	Belgium
	315
	28+0 - 29+6
	
	
	NS
	
	
	
	
	
	Non-significant difference in incidence of RDS

	
	
	
	
	
	30+0 - 31+6
	
	
	NS
	
	
	
	
	
	

	
	
	Lee 2003
	Canada
	2148
	27+0 - 29+6
	
	
	
	NS
	
	
	
	
	Non-significant difference in incidence of IVH, NEC and ROP.
Significant reduction in incidence of RDS and CLD.

	
	
	
	
	
	30+0 - 31+6
	
	
	
	NS
	
	
	
	
	Non-significant difference in incidence of IVH, NEC, ROP and CLD. 
Significant reduction in incidence of RDS.

	
	
	Boland 2015
	Australia
	250
	28+0 - 31+6
	
	
	
	
	↓
	
	
	
	No other outcomes measured

	
	Level of unit of birth (NICU vs. non-NICU)
	Holmgren 2001
	Sweden
	394
	28+0 - 31+6
	
	NS
	NS
	
	NS
	
	
	
	Non-significant difference in incidence of asphyxia¥

	
	
	Johansson 2004
	Sweden
	1636
	28+0 - 31+6
	
	
	
	
	NS
	
	
	
	No other outcomes measured

	
	Level of unit of care (NICU vs. non-NICU)
	Field 1991
	UK
	171
	29+0 - 30+6
	NS
	
	
	
	
	
	
	
	No other outcomes measured

	
	
	Jonas 1997~
	Australia
	3331
	28+0 - 31+6
	
	
	↓
	
	
	
	
	
	No other outcomes measured

	Birthweight
	In-utero vs. ex-utero transfer to NICU
	Miller 1983
	US
	94
	1,000-1,500
	
	
	
	↓
	
	
	
	
	No other outcomes measured

	
	
	Watkinson 1986
	UK
	154
	1,001-1,500
	
	
	↓
	
	
	
	
	
	No other outcomes measured

	
	
	Powell 1987
	UK
	390
	1,000-1,500
	
	
	
	
	
	
	
	↑
	No other outcomes measured

	
	
	Obladen 1994
	Germany
	220
	1,000-1,249
	
	
	
	
	
	
	NS
	
	Non-significant difference in incidence of IVH

	
	
	
	
	
	1,250-1,499
	
	
	
	
	
	
	NS
	
	No other outcomes measured

	
	
	Mohamed 2010
	US
	36493
	1,000-1,500
	
	
	
	
	
	
	
	
	Significant reduction in incidence of IVH

	
	Level of unit of birth (NICU vs. non-NICU)
	Gortmaker 1985
	US
	4874
	1,000-1,500
	
	
	↓
	
	↓
	
	
	
	No other outcomes measured

	
	
	Powell 1995
	US
	947
	1,000-1,500
	
	
	
	
	NS
	
	
	
	No other outcomes measured

	
	
	Yeast 1998
	US
	2852
	1,000-1,500
	
	
	↓
	
	
	
	
	
	No other outcomes measured

	
	
	Sanderson 2000
	US
	1345
	1,000-1,249
	
	
	↓
	
	
	
	
	
	No other outcomes measured

	
	
	
	
	
	1,250-1,499
	
	
	NS
	
	
	
	
	
	No other outcomes measured

	
	
	Gould 2002
	US
	undefined (<4405)
	1,000-1,500
	
	
	NS
	
	
	
	
	
	No other outcomes measured

	
	
	Warner 2004
	US
	474
	1,000-1,500
	
	
	
	NS
	
	
	
	
	Non-significant difference in incidence of NEC (Bell stage II or III) or death.
Significant reduction in incidence of BPD or death, IVH (grade III or IV) or death, ROP or death



[bookmark: _Hlk24980174]Table 2 Study characteristics and outcomes for studies characterising neonates by gestational age and birthweight (↑ denotes direction of significant difference found between comparator groups (first comparator vs. second comparator), NS denotes lack of significant difference between comparator groups). For example, Jonas 1997 showed a significantly lower (arrow in downward direction) neonatal mortality for those babies born between 28+0-31+6 in a NICU (first comparator) vs a non-NICU) second comparator. 
*Disability is a composite outcome measure consisting of cerebral palsy, deafness, Brunet Lezine developmental score <80 [58]
[bookmark: _Hlk532814081]¥Asphyxia refers to Apgar score <5 at 10 minutes of age
IVH (intraventricular haemorrhage), RDS (respiratory distress syndrome), CLD (chronic lung disease) BPD (bronchopulmonary dysplasia), NEC (necrotising enterocolitis), ROP (retinopathy of prematurity)



	Type of study (comparator groups)
	Study
	Criteria of modified QUIPS (Quality In Prognostic Studies) tool

	
	
	Study participation (population, exclusion criteria, comparison of baseline characteristics between comparator groups)
	Study attrition (prospective or retrospective, data source, completeness of data on demographic/confounding factors, proportion of babies outcome analysis carried out on)
	Prognostic factor measurement (definition of birth location, explanation of facilities available at different level units)
	Outcome measurement (definition)
	Study confounding (adjustment for confounding factors, which variables used)

	In-utero vs. ex-utero transfer to NICU
	Lamont 1983 
	x
	
	x
	x
	x

	
	Truffert 1998
	x
	
	x
	x
	x

	
	Hauspy 2001
	x
	
	x
	x
	x

	
	Lee 2003
	x
	
	x
	
	

	
	Boland 2015
	
	
	x
	
	x

	Level of unit of birth (NICU vs. non-NICU)
	Holmgren 2001
	x
	
	
	
	x

	
	Johansson 2004
	x
	
	
	
	

	Level of unit of care (NICU vs. non-NICU)
	Field 1991
	x
	x
	x
	x
	x

	
	Jonas 1997
	x
	
	x
	
	


Table 3 Assessment of study quality (categorising babies by gestational age) using modified QUIPS tool (for in depth analysis see supplementary material, Table S1 and S2)
 denotes adequate quality, x indicates inadequate quality



DISCUSSION

This is the first review to investigate outcomes of preterm babies born at 27-31 weeks of gestation by the level of neonatal unit of birth and/or care. Overall, the evidence identified in our review was limited, conflicting, and prone to bias. The literature was heterogeneous with respect to gestational ages studied, study design and outcomes.

[bookmark: _Hlk25050628]Strengths of our review include the use of a comprehensive search strategy and inclusion of studies based on birthweight between 1,000 and 1,500g to avoid exclusion of relevant data.  A limitation is the exclusion of non-English studies. A narrative review was undertaken since a meta-analysis was not appropriate, reflecting the quality of available literature.

[bookmark: _Hlk507076702][bookmark: _Hlk507071576][bookmark: _Hlk507076832]There have been two previous similar systematic reviews. In the 1980s, Ozminkowski et al. [37] carried out a meta-analysis investigating neonatal mortality for babies with birthweight <1,500g by hospital of birth. They identified 19 articles (1972 – 1984), a meta-analysis of which showed that odds of neonatal mortality for inborn babies was 62% of that for outborn (OR 0.62, 95% CI 0.55-0.69), but with a significant degree of heterogeneity. Subgroup analysis of the eight studies which provided data on babies with a birthweight of 1001-1500g (n=3,180) revealed consistent, statistically significant OR in favour of inborn status (0.53, 95% CI 0.36-0.79). The type of studies included (inborn versus outborn) are similar to the five we identified comparing in-utero and  ex-utero transfers [50-52, 56]. However, Ozminkowski et al. did not provide information on level of unit or birth location from which outborn babies were being transferred to NICU.

Considering the overall group of preterm babies born at <32 weeks, Lasswell et al. [14] conducted a meta-analysis of studies from 1976-2010, in which neonatal or pre-discharge mortality data was provided for births in level 3 units compared to lower level units. 41 studies met their inclusion criteria, from the U.S., Canada, Europe, Australia, Israel and Ghana. Studies were classified as of insufficient quality if they provided ‘no hospital information or lack of clear description of the distinction between hospital levels’. Even when excluding these studies, their meta-analysis showed increased odds of mortality for birth in non-level 3 units for VLBW (36% vs 21%; aOR 1.60, 95% CI 1.33-1.92) and very preterm (12% vs 7%; aOR 1.42, 95% CI 1.06-1.88) babies. Subgroup analyses were only performed for babies with birthweight <1,000g.

Watson et al. [59] advanced this analysis, by identifying that within this cohort of babies, it was predominantly those born at <27 weeks of gestation for whom place of birth had a major impact. They showed that care in a high volume (within the top quartile) or tertiary neonatal unit (NICU) was associated with significantly lower mortality to discharge for babies born at <27 weeks, but not for those born between 27-32 weeks of gestation.

However, this analysis could be taken a step further, by exploring outcomes by week of gestation for babies born between 27-31 weeks. This population represents a heterogeneous group; at the lower end of this gestational age range they often require significant intensive care interventions, whereas lower dependency care may be appropriate for the more mature babies. Across the whole spectrum of gestational age, the risk of adverse neurological and physical outcomes and the need for long-term health, social and educational care increases with increasing prematurity [10, 60-63].  If the more immature babies within this population have similar outcomes as those born at <27 weeks (regarding place of birth/care), then caring for them in LNU may be associated with worse outcomes and long-term costs. Conversely, perhaps more mature babies would do better in LNU, through the avoidance of over-medicalisation. Watson et al. [59] found that babies born at 27-32 weeks of gestation and cared for in NICU were more likely to receive ROP treatment than those born in non-NICU, although this might reflect differences in severity of illness of babies born and cared for in NICU. Even if outcomes are comparable, keeping mothers and their babies in local units could avoid unnecessary transfers and improve family-centred care. The cost to the UK NHS (National Health Service) of providing the same level of care in NICU versus LNU has not been quantified but may also be different. Therefore, grouping babies of 27-31 weeks together might obscure benefits of birth/care in one type of unit over the other.

Conclusion
There is currently a paucity of evidence and data to guide the management of preterm babies born at 27-31 weeks of gestation with respect to place of birth or care and further research is therefore required. 

Future perspective
The OptiPrem project, funded by the National Institute for Health Research - Health Systems and Delivery Research (NIHR HS&DR) Stream [64], has been designed to address the question posed by our systematic review. OptiPrem will use data from the National Neonatal Research Database (NNRD), linked to Hospital Episode Statistics (HES) and national mortality statistics through NHS digital services. The project will evaluate associations between place of birth/care for babies born between 27 and 31 weeks of gestation, neonatal and infant mortality, and key neonatal morbidities, by week of gestation. Parent and staff perspectives, and costs of care will also be explored as these would be important drivers for health service change if infant health outcomes are not directly influenced by place of care. 
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Figure 1: Flow diagram showing results from systematic review search strategy for studies categorising neonates by gestational age and birthweight
*Miscellaneous includes studies excluded due to comparing outcomes in NICU vs. NICU/a geographical area/paediatric hospitals/neonatal care in a non-regionalised healthcare system; studies investigating degree of regionalisation/incidence and avoidability of ex-utero transfers; and studies comparing birth asphyxia in term infants/success of using early nasal CPAP.     
