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Introduction

Health planners and care givers seek continuously to optimise the organisation of services for women and newborns, to guarantee their medical safety, refer them according to their level of risk and promote access to these services. Numerous studies show the benefits of regionalising care for very preterm births and concentrating a high proportion of these deliveries in level-III maternity units . 1 -6

Regionalisation began in the early 1970s in the United States ; modifications have followed its initial development, and several states 7 have taken steps towards deregionalisation since then . In Europe, regionalisation of perinatal care was implemented more 8 -10 progressively, beginning in the mid-1970s in several Scandinavian countries but not until the mid-1990s in many other countries, including Denmark, France and Poland . 11 -12 While there is an enormous variety in the organization of care for very preterm babies in Europe, due to the combination of the diversity of health care systems between countries and the staggered implementation of regionalisation policies , all health systems 13 -14 share the same challenge: to ensure that women who will deliver very preterm -approximately 1 of all pregnant women -do so in an % appropriate maternity unit. Achieving this goal may depend on the general organisation of obstetric care . 7

European countries have adopted different models of organisation for the overall population, in terms, for example, of the number and size of maternity units and whether they are associated with specialised neonatology departments . At one extreme, the closure of 14 -15 small maternity units and the centralisation of all births in large units offering specialised neonatal services guarantee that high risk newborns will be born in an appropriate place . In contrast, where there is a large supply of maternity units with differing levels of 16 specialisation, the organisation of a referral network between hospitals will be necessary for ensuring that women at highest risk deliver in the specialised units.

One of the difficulties with the comparison of the organisation of care for very preterm babies is the variability in definitions of specialised units. Most studies assessing regionalisation and specialisation of care for very preterm babies have based their analyses on the classification of hospitals according to levels of care. This classification differs from country to country , , . Moreover it is defined 7 17 18 essentially on criteria for neonatal care and may therefore correspond to very different situations in terms of specialisation in obstetrics. 18

We hypothesized that the organisation of maternity care, both with respect to the definition of units specialising in the care of very preterm babies, and the general organisation of obstetric services for all pregnant women has an impact on a health system s capacity to ' ensure that a high proportion of very preterm deliveries occur in specialised maternity units. To test this hypothesis, we compared the place of birth of very preterm babies in 10 European health systems using a population based cohort study conducted in 2003 . Regions 19 represented different organisational models of perinatal care, based on the results of a previous European collaboration . 14

Population and method

The MOSAIC study included all stillbirths and live births from 22 weeks to 31 weeks of gestation in 10 areas in 9 European to the catchment areas of regional perinatal centres and in most cases correspond to administrative regions as well.

The study was carried out on all births occurring from 1 January to 31 December 2003 with the exception of the Ile-de-France region where births were included from 1 February to 31 August 2003. Gestational age was based on the best obstetrical assessment, using information on last menstrual period and ultrasound measures. Ultrasound scans for dating pregnancies are part of routine antenatal care in the regions participating in MOSAIC. Inclusions in the MOSAIC cohort were cross-checked with birth registers in each maternity unit to ensure completeness. Ethics approval was sought for the collection of this data as required in each of the regions. Two data sources were used. Data on births were abstracted from records in the neonatal units for babies admitted to neonatal care. For stillbirths and babies dying before admission to a neonatal unit, the questionnaires were filled in from obstetric records.

Data on the characteristics of the maternity units (level, total number of deliveries, staffing) were collected through a questionnaire filled in by each unit. 426 maternity units out of 434 filled in a questionnaire. Maternity characteristics were known for all level III departments and for all hospital births before 32 weeks, except 32 children in Ile de France and one child in Denmark.

This study used a sub-sample of the total cohort that included all births between 24 and 31 weeks of gestation, after excluding fetal deaths before labour. Babies delivered before 24 weeks of gestation were excluded because they were generally considered below the limit of viability in the MOSAIC regions and recommendations may have differed with respect to the transfer of pregnant women to level III maternity units for delivery at this stage of gestation. Furthermore, despite attempts to insure completeness in the 10 regions, some live births at 22 and 23 weeks may not have been included if the birth occurred outside of an obstetric ward or if some babies with signs of life were recorded as stillbirths.

Maternity units were classified according to the availability and specialisation of neonatal care in the same hospital. Two criteria were used: level of care and the size of the neonatal unit on site. We distinguished level III units vs level I or II units, using local classifications.

At the time of the survey, the participating regions did not all recommend birth in level III units for all babies born before 32 weeks. Level III units were not defined in Trent. In Denmark, the guidelines for delivery in a level III hospital concerned only births before 28 weeks12 and in the Netherlands those before 30 weeks . Finally in the Netherlands obstetricians and neonatalogists were very selective in 18

providing intensive care to babies born before 26 weeks. The size of the neonatal units was measured by the annual number of primary admissions of newborns under 32 weeks, defined as admission to the first unit where a baby spent his or her first 48 consecutive hours.

This information was obtained from the cohort study in each participating region. For France, the cohort study continued for a 7 month period and observed admissions over this period were extrapolated to estimate total annual admissions. We defined a large neonatal unit as a unit which had at least 50 annual admissions of newborns between 22 and 31 weeks . 18

We defined regionalisation of care as the delivery of very preterm newborns in a specialised unit (level III or maternity unit associated with a large neonatal unit on site).

The description of obstetric units was based on the number of annual deliveries, the staffing in obstetrics and the availability of an adult intensive care unit on the same site. The number of deliveries included all women who had a live birth or stillbirth from 22 weeks of gestation onwards in 2002. For the staffing, we took into account the presence of at least one trained obstetrician 24 hours a day and seven days a week in the maternity unit.

In the analysis we first described all maternity units, level III units and those associated with a large neonatal unit, in each region. We also calculated the number of maternity units per 10 000 births for these three types of units. We then compared the place of birth for very preterm births in each region, according to the specialisation of the units and gestational age.

To understand how regionalisation was achieved in each study region, we first compared the proportion of very preterm births in specialised units with the proportion of all births (term and preterm) in these units. We assumed that regardless of existing recommendations regarding regionalisation of care, the proportion of very preterm births would be at least as high as the proportion of all births in these units. We also assessed the proportion of babies transferred in utero versus those whose mothers were booked directly in the unit for delivery (without in utero transfer). Maternal transfer or transfer in utero was defined for this study as transfer from one hospital to another for delivery.

Finally, to assess the relation between the supply of specialised units and the proportion of births in theses units, we calculated rank correlation coefficients between the proportion of very preterm births in level III units on the one hand, and the rate of level III units per 10,000 births and the proportion of total births in level III units on the other hand. Similar computations were done for maternity units with large neonatal units.

Results

In all, 426 maternity units were included in the study ( ). Their size varied markedly between the MOSAIC regions. Maternity Table 1 units rarely carried out more than 2000 deliveries in the regions in Belgium, Germany, Italy, the Netherlands and Poland. In contrast, about three-quarters of all maternity units were this size in Trent. There was a trained obstetrician on site 24 hours a day in one quarter or less of the maternity units in the study regions in Belgium, the Netherlands and Trent.

Fifty-seven maternity units were classified as level III and they represented between 2 and 44 of all units depending on the region % (Trent is not included in this analysis, as explained in methods). Almost all of these maternity units had an adult intensive care unit on-site. However, the presence of a trained obstetrician on-site 24 hours a day varied greatly; it was less common in the Belgian region (25 of % units) and was not found in the two level III units in the Dutch region. These level III units were also very different in size with fewer than 2000 deliveries a year in most of those in the Belgian, German, Italian and Dutch regions. There were fewer specialised units when the classification was based on the size of the neonatal unit and the difference between these two classifications was greatest for the German, Italian and Portuguese regions. These units, however, are not more homogeneous with respect to size or the presence of a trained obstetrician on-site. presents the number of maternity units with respect to the total number of births in each region. The supply of total maternity Table 2 units varied from 5.5 per 10 000 births or less in the study regions in Denmark, France, Portugal and UK, to more than 10 in those in Belgium, Germany, Italy and Poland. The supply of level III units was less than 1 per 10 000 births in the Danish, French, Dutch and Polish regions, whereas it was much higher in the regions from Germany, Italy and Portugal. The variation in supply was less marked for maternity units associated with larger neonatal intensive care units, but there were still differences between regions with rates over 1 per 10 000 in Hesse (Germany) and UK North versus less than 0.5 per 10 000 in the Italian and Polish regions.

The percentage of infants 24 31 weeks of gestation delivered in level III maternity units ranged from 63 64 in the Danish and Polish --% regions to over 80 in the regions from Belgium, Germany, Italy and Portugal ( ). This proportion did not vary greatly by % Table 3 gestational age group in Flanders, Hesse, Lazio or the Polish and Portuguese regions. In Denmark, the percentage born in level III decreased with increasing gestation. In France and the Netherlands, the rates of births in level III were highest between 28 and 29 weeks and lower both before and after. In UK North, the group of babies born at 30 31 weeks was less likely to be delivered in level III.

-A smaller percentage (64 ) of very preterm infants was delivered in a maternity unit with a large neonatal intensive care unit and the % percentage was lower than 50 in the Lazio region and Northern region of Portugal. The trends with gestational age were similar to those % for level of care. In the Portuguese region the rate of births in a maternity unit with a large neonatal unit was higher in babies born at 24 27 weeks than in babies born later.

describes the percentage of all births and births between 24 and 31 weeks in these specialised units by whether they were Table 4 transferred in utero. Overall, the proportion of all births in level III was much lower than the proportion of births between 24 and 31 weeks without previous in utero transfer. However this difference was not marked in Portugal and the UK North. Most mothers delivering very preterm babies in level III were not transferred there for delivery, except in the French and Dutch regions. The same patterns were observed when we analysed births in hospitals with large neonatal unit on site. The Trent region followed the same pattern as the UK North region.

We found a significant relation between the rate of level III units per 10,000 births in each region and the proportion of births between 24 and 31 weeks in these units (Spearman s coefficient 0.86; p<0.01), but there was no relation between the proportion of all births in

' =
level III units and the proportion of very preterm births in these units (Spearman s coefficient 0.60; p>0.05). No associations were found

' =
in similar computations for maternity units associated with large neonatal units.

Discussion

We found large variations in the supply of specialised maternity units and their organisational characteristics (number of deliveries, size of the associated neonatal unit and presence of trained obstetricians) between European regions. The proportion of very preterm deliveries in specialised maternity units varied between regions. Different strategies were used to achieve a high proportion of deliveries in specialised units, including the concentration of all births in these units, in utero transfer and direct referral of high risk pregnancy women.

This study included only ten regions and this limited our ability to test the impact of specific aspects of the organisation of care on the place of delivery for very preterm babies. Furthermore, while ecological correlations revealed a positive association between the supply of specialised maternity units and the proportion of births in these units, this method does not guarantee that, in each region, supply has a direct impact on the place of birth of high risk newborns.

There is no common definition based on obstetric criteria that would make it possible to classify maternity units in different countries according to their specialisation for management of mothers and children in very preterm deliveries. In the regions studied, conditions or requirements fixed for obstetrical services are rare, and when they exist, they are mainly based on size : 1500 deliveries a year in Italy, 18 3000 in Portugal, or a minimum number of beds for women at high risk in Belgium and the Netherlands. The units are actually classified according to the presence and level of specialisation of the nearby neonatology department. For this study we used the classification of levels of care as applied in each country, which make it possible to evaluate rates of regionalisation as it is recommended in each country.

In a previous analysis of neonatal units in the MOSAIC regions, we found large variations in volume of activity, personnel, procedures and equipment between level III units . Consequently, we also used the admission of at least 50 very preterm babies per year to the 18 neonatology department, to establish comparisons with a more homogeneous definition. This criterion, higher NICU volume, reflects the experience acquired by medical teams in the management of these children and has been associated with better neonatal outcomes in several contexts . 20 -21

Each study region has made very different choices in its organisation of obstetric services, relative to the number of departments, their size, and the permanent presence of a trained obstetrician. In the United Kingdom the restructuring of services in very large perinatal centres has led to the concentration of births in large maternity units . In Portugal, the reform of perinatal care that began in the early 15 1990s led to the closing of the smallest maternity units --with a cut-off point of 1500 deliveries a year . In contrast, in the study regions 22

of Germany, Italy and Poland, there were many maternity units and very few large units. Different choices were also made in the organisation of services for mothers and children at very high risk, except for on site adult intensive care units which are found in almost all specialised units. Furthermore, it appears that the organisation of specialised maternity units does not always differ from that of other maternity units in the same region. For example, specialised units were not very different in characteristics from non-specialised maternity units in relation to their number of annual deliveries (the regions from Belgium, Germany and the Netherlands) and whether there was continuous on-site presence of an obstetrician (regions in Belgium, the Netherlands and the UK).

These objective criteria used to assess specialisation and experience, such as the annual number of deliveries and continuous on site presence of a trained obstetrician may reflect different situations depending on the context, however. In a maternity unit with a low volume of deliveries, medical teams may nonetheless obtain a high level of experience in the care of high risk pregnancies if these pregnancies represent a large proportion of its overall caseload, as may be the case in the Netherlands where neonatal intensive care is concentrated in large neonatal units located in maternity units with a relatively low annual number of total deliveries. The qualifications of the 18 obstetricians in training may also differ and obstetrics call duty may be covered by a physician still in training but who has reached a set level of experience, such as in Flanders . 23

Analysis of the situation for all children born at 24 31 weeks shows that the proportion born in a level III maternity ward differs clearly between regions from 63 to 93 . This variability may be due to specific national policies or failure to achieve regionalisation 

An analysis of US data from 1989 to 1998 in three states where regionalisation policies were implemented found that rates of low birthweight births in level III ranged from 78 to 88 . What the target rate of regionalisation should be remains unspecified, however.

%28

The US Health People 2010 initiative, for instance, set a goal of 90 . Transfer is not possible in all cases as there are contraindications,

%29

such as maternal haemorrhage and imminent delivery, and these are found to be risk factors for non-delivery in level III units . 30

In our study variations between regions in the proportion of births in specialised units are accentuated for births in hospitals with a large neonatology department even when comparisons are limited to severe cases, such as children born at a gestational age of 28 29

weeks (24 27 weeks in Denmark): in this age group, the percentages of children born in these maternity units vary from 88 in the -%

Netherlands to 41 in Italy. These important differences in management, including for the most preterm babies, may have an effect on % their survival, health status at discharge and later development. An article on this topic is currently being drafted using this database.

We found as many other studies have that the availability of specialised hospitals and intensive care resources for very preterm newborns varies by geographic areas , , , in and between countries. We observed a strong relation between the density of level III 14 17 31 32 maternity units and the percentage of births in these maternity units in the 9 regions that classify hospitals by levels. Availability of nearby services can facilitate regionalisation; accordingly the percentage of very preterm births in level III maternity units is higher for mothers living in a county with a hospital providing subspecialty perinatal care , . Other factors may also play a role; these include the 33 34 population s socioeconomic situation , , medical density, and the supply of beds. In several regions, in particular the Portuguese

' 30 33 
region, the lack of beds in the most specialised neonatology units has been an obstacle to regionalisation or has led to an abnormally high rate of in utero transfers.

The capacity of specialised maternity units to admit women at all levels of risk is a factor that makes regionalisation easier in some regions. Given the distribution of all births in the level III units, we could thus expect more than 40 of very preterm births in level III % hospitals in Lazio, the Portuguese region and in the UK North region. Moreover, in Trent, it was possible to expect nearly half of all very preterm births to take place in a hospital with a large neonatology department, in the absence of a regionalisation policy. Nonetheless, we found no significant association between the proportion of total births in level III facilities and the proportion of very preterm births in them. In fact regions appeared to follow different strategies to maximise their proportion of very preterm deliveries in level III units. One approach was to directly refer pregnant women to these units, meaning referral of women at high risk to level III maternity wards, during pregnancy, before their condition worsens and they are hospitalised. This is the case in regions where the percentage of very preterm births in level III units, without in utero transfers, was higher than the percentage of total births in these units and in particular in the regions of Denmark, Germany, Italy and Poland. Another strategy was frequent recourse to in utero transfer, as in Ile de France. Both direct referral and in utero transfer were observed in Flanders and the Dutch region. Finally, in the Portuguese region and UK Northern region, regionalisation reflected both a high proportion of total births in level III and a reliance on in utero transfer. These patterns also apply in the four regions with a high percentage (> 70 ) of very preterm babies born in maternity wards associated with large neonatal units: % Flanders, Ile de France, the Netherlands region and the UK North region.

Conclusion

Our study suggests that a high proportion of very preterm births in specialised units, can be achieved through extremely varied forms of organisation of obstetric services. A high rate is equally compatible with a high concentration of total births in a small number of maternity units and with a more varied supply, including large and small units. A high level of regionalisation can therefore be reached without calling into question an entire perinatal health care system, and in particular the existence of smaller maternity units. However, other criteria may distinguish between these models, including quality criteria, such as the medical management of obstetric emergencies, the costs attached to each type of organisation and the opinion of women and of caregivers. A complete assessment would need to 35 include very preterm births (or women at high risk of preterm delivery), as well as all births. For instance, while, a model of organisation with a high concentration of births in large maternity units can facilitate the regionalisation of care, it may not be easily acceptable to future parents and caregivers for low-risk pregnancies. (2) total annual births, or 7 months period in Ile-de-France (France) (3) fetal deaths before labour excluded (4) in the Trent region, no regional policy based on the level of care at the time of the survey in 2003 (5) neonatal unit on the same site with at least 50 annual admissions of newborns under 32 weeks
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 6 countries in 2003. The study regions were: Flanders in Belgium, the Eastern Region of Denmark, 6 of 8 districts in the Ile-de-France region of France, Hesse in Germany, Lazio in Italy, the Central and Eastern region of the Netherlands, Wielkopolska and Lubuskie in Poland, the Northern region of Portugal, and the Northern region and the former Trent region of the UK. Each MOSAIC region covered between 30,000 and 65,000 live births in 2003, with the exception of the larger French region (135,000 births). These regions correspond

  Flanders), Denmark (Eastern), France (Ile-de-France), Germany (Hesse), Italy (Lazio),the Netherlands (Central & Eastern), Poland (Wielkopolska & Lubuskie), Portugal (Northern),UK (Trent) and UK (Northern). (2) in the Trent region, no regional policy based on the level of care at the time of the survey in 2003 (3) neonatal unit on the same site with at least 50 annual admissions of newborns under 32 weeks

  Flanders), Denmark (Eastern), France (Ile-de-France), Germany (Hesse), Italy (Lazio),the Netherlands (Central & Eastern), Poland (Wielkopolska & Lubuskie), Portugal (Northern),UK (Trent) and UK (Northern).(2) in the Trent region, no regional policy based on the level of care at the time of the survey in 2003 (3) neonatal unit on the same site with at least 50 annual admissions of newborns under 32 weeks

( 1 )

 1 Belgium (Flanders), Denmark (Eastern), France (Ile-de-France), Germany (Hesse), Italy (Lazio),the Netherlands (Central & Eastern), Poland (Wielkopolska & Lubuskie), Portugal (Northern),UK (Trent) and UK (Northern).

  despite policy guidelines promoting it. Policies explicitly limit interventions for extremely preterm babies in the Netherlands. In Denmark, regionalisation is only recommended for babies up to 28 weeks and in the Netherlands the limit is to 30 weeks. These variations partially explain lower proportions of deliveries in level III units at 24 31 weeks in theses countries. The debate on the optimal organisation of care for these babies continues. Since our study in 2003, regionalisation of care was set up in Trent with a neonatal network . The 24 -25 conditions of operation for the most specialised perinatal centres were reinforced in Germany in 2007 and more active intervention for births before 26 weeks, including in utero transfer, was recommended in the Netherlands . 26Given differences in the consensus on where extremely preterm babies or babies 30 and 31 weeks of gestation should be born, comparisons of births at 28 29 weeks of gestation are a better test of the capacity of each system to achieve regionalisation because

	%	%

policies target this group in each country, with the exception of Denmark (where the subgroup of interest is deliveries <28 weeks) and excluding Trent (which had no defined level III units in 2003). With the exception of Poland (69 ) and UK North (79 ), regionalisation % % rates for babies 28 29 weeks of gestation (24 27 weeks in Denmark) varied from 83 to 96 . These rates are high and comparable to those --% from other health systems where regionalisation policies are implemented. In Finland in 2000 2003 between 82 and 91 of babies 26 to -% 29 weeks of gestation were born in level III units . In California in 2000, 79 of low birthweight babies were born in level III units . 27 %

Table 1

 1 Description of all maternity units and specialised maternity units in each participating region

	Country

Table 2

 2 Rate of maternity units per 10 000 total births in each region for all maternity units and specialised maternity units in each participating region

	Country

Table 3

 3 Proportion of very preterm births which took place in specialised maternity units, by gestational age, in each participating region

	Country

Table 4

 4 Proportion of total births in specialised maternity units and proportion of very preterm births (with or without in utero transfer) in specialised maternity units

	Country
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