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Abstract: Very preterm infants are at high risk of death and complications of prematurity. Optimal
outcomes are achieved if these infants are delivered in hospitals with the highest level of neonatal expertise.
Centralization of very preterm deliveries to such hospitals has been recommended for decades, and is
supported by a large body of literature. However, centralization may not be easy to implement due to
financial, organizational and workforce-related issues. In this review, we present the scientific background for
centralization, how it has been successfully implemented in Finland and how neonatal survival has changed

following this implementation.
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Introduction

Centralization of perinatal care of very preterm infants
entails transferring mothers who are expected to deliver
before 32 gestational weeks to maternity hospitals with
sufficiently equipped and staffed neonatal units for the care
of their preterm infants; these hospitals are referred to as
level 3 hospitals (1) in this review. Centralization has been
recommended worldwide for decades (2).

Evidence supporting centralization

Several large multicenter studies have shown strikingly
similar results regarding increased mortality in infants born
in level 2 hospitals compared to level 3 hospitals (3-8). In
a cohort from the Cincinnati region (848 very low birth
weight infants, 19 hospitals), Warner ez 4/. showed an odds
ratio of 2.64 for death or major morbidity among infants
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born in lower-level hospitals. In Sweden, Johansson ez 4.
(2,285 very preterm infants, nationwide study) showed two-
fold odds of death for infants born before 28 gestational
weeks, and an odds ratio of 1.33 for infants born before
32 gestational weeks. Chien et al. (3,769 very preterm
infants, 17 hospitals) showed that the odds ratio of death
was 1.7 for very preterm infants born in lower-level
hospitals in Canada. Similarly, Cifuentes and colleagues
(16,732 infants with birth weight <2,000 grams, statewide
study) showed over two-fold odds of death among very
low birth weight infants (birth weight <1,500 grams) in
California. In 2007 Phibbs ez al. (48,237 very low birth
weight infants, statewide study) showed that very low birth
weight infants had a higher risk of mortality if they were
born in lower-level hospitals (odds ratio 1.22 to 2.72), but
also if they were born in level 3 hospitals with <100 annual
very low birth weight admissions (odds ratio 1.19 to 1.78).
A systematic review identified 37 studies on very low birth
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Figure 1 Annual rate of very preterm infants (gestational age
<32 weeks) born alive in level 3 hospitals in Finland 1987-2017.

weight infants and 4 studies on very preterm infants. They
summarized findings regarding mortality and concluded an
odds ratio of 1.62 in very low birth weight infants and 1.55
in very preterm infants born in level 2 hospitals compared
to level 3 hospitals. Several studies have also indicated that
increased survival does not necessarily increase the risk for
short-term (9,10) or long-term morbidities (11).

The PERFECT (Performance, Effectiveness and Cost
of Care Episodes) Preterm Infant Study studied the effects
of delivery hospitals level on mortality and long-term
morbidities up to 5 years of age. The PERFECT Preterm
Infant Study was initiated in Finland in 2004 as a large
consortium including the National Institute of Health and
Welfare and all five university hospital districts (12). It
showed that mortality was two-fold among very preterm
infants born in level 2 hospitals, compared to infants born
in level 3 hospitals in Finland in 2000 through 2003 (13).
Importantly, the increased survival was not associated with
an increased risk of long-term morbidities (14-16). Further
analyses revealed that the increase in mortality among very
preterm infants born in level 2 hospitals was explained by
a higher risk of death among those born outside of office
hours (nights, weekends and holidays) (12). This is very
relevant, because 60% of very preterm deliveries took place
outside of office hours.

Centralization in Finland in 1987-2017

Finland is a sparsely populated country with approximately
5.5 million inhabitants and 50,000-60,000 annual deliveries.
Currently, there are five university hospitals in Finland,
which all serve as regional level 3 perinatal centers, 17
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level 2 maternity hospitals, and one level 1 maternity
hospital. The distances between level 3 hospitals and
lower-level maternity hospitals range from 15 kilometers
to >300 kilometers. The rates of prematurity (birth before
37 gestational weeks, 5.9% in 2017), perinatal mortality
(including stillborn infants, 3.9/1,000 newborns in 2017)
and infant mortality (1.9/1,000 live births in 2017) are
among the lowest in the world (17).

The National Institute for Health and Welfare
governed by the Ministry of Social Affairs and Health
monitors, studies and develops the health of the
population in Finland. The Medical Birth Register, since
1987, is one of the national registers run by the National
Institute for Health and Welfare. It covers all pregnancies,
fetal deaths, births and early neonatal deaths. It is linked
to several other registers including the Cause of Death
Register to complete missing cases and extend the data on
mortality up to 1 year. The Very Preterm Infant Register
has collected data on treatments and neonatal outcomes
of infants born below 32 gestational weeks or with a
birth weight <1,500 grams as a part of the Medical Birth
Register since 2005.

Data from the Medical Birth Register shows that the
proportion of live-born very preterm infants delivered in
level 3 hospitals increased from 63% in 1987 to 95% in
2017 (Figure 1). The proportion of very preterm infants
born in level 3 hospitals in the late 1980s largely reflected
the proportion of population living in the areas of these
level 3 hospitals. A clear trend towards centralization can be
seen from year 1999 onwards.

The latest increase in centralization can be seen between
years 2006 (84%) and 2007 (90%). This was related to
the PERFECT study results that supported centralization
and were implemented by clinicians nationwide. The
centralization was further enforced in 2010 by the Finnish
Ministry of Social Affairs and Health, which stated that all
deliveries below 32 gestational weeks or with an expected
birth weight below 1,500 g should be centralized to level
3 hospitals (18).

Increased centralization of very preterm deliveries should
decrease the need for postnatal transfers of sick preterm
infants. The information of early postnatal transfers
(within 48 hours after birth) has been available in the Very
Preterm Infant Register since 2005. The data shows that
early postnatal transfers of very preterm infants in Finland
have remained rare (2% to 4% of all very preterm infants)
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Figure 2 Early interhospital transfers (before 48 hours of age) of very preterm infants (gestational age <32 weeks) born in Finland in 2005

to 2017.
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Figure 3 Survival rates of live-born very preterm infants

(gestational age <32 weeks) in Finland from 1987 to 2017.

throughout the 12-year time period (Figure 2).

Survival of very preterm infants in Finland in
1987-2017

The data from the Medical Birth Register shows that the
survival of live-born very preterm infants increased from
72% in 1987 to 90% in 2017 (Figure 3). There are many
potential reasons for the improved survival. The first
increase in survival occurred between 1991 and 1993, which
is likely to reflect the emergence of commercial availability
of surfactant. There was another turning point in survival
in 2009 when the survival started to increase from 85%
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and reached 92% in 2012. This coincides with the latest
improvement in centralization.

Discussion

The centralization of very preterm deliveries has succeeded
remarkably well in Finland. The centralization was followed
by an improvement in survival.

There are several examples of similar centralization
initiatives in other countries that have failed. Germany
has traditionally had a large number of small neonatal
hospitals. In 2010, supported by a study by Bartels et 4/. (19)
which showed improved outcomes in level 3 hospitals
with >36 annual admissions of very preterm infants, the
Federal Joint Committee (Gemeinsamer Bundesausschuss)
in Germany dictated new volume requirements for level
3 hospitals (20). After this initiative, however, several
German neonatal hospitals filed litigations challenging
this decision, and won (21). As a result, there are currently
over 160 neonatal hospitals designated to the highest level
of care in Germany, one quarter of which care for less
than 36 very preterm infants annually (22). In the UK, a
nationwide reorganization into managed clinical networks
was undertaken in 2003, with the aim to increase maternal
transfers to level 3 hospitals in high-risk pregnancies, and
thus decrease early postnatal transfers of infants. Even if the
centralization rate rose from 18% to 49% among deliveries
at 27 to 28 gestational weeks, the rate of early postnatal
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transfers also rose from 7% to 12% (23). Obstacles such as
staffing shortages, overcrowded level 3 hospitals and lack
of coordination between obstetric and neonatal services
have been suggested as underlying causes of increased
postnatal transfers of very preterm infants in the UK (24-26).
In California, the overall centralization rate was 51% in
1993, but decreased to 44% by the year 2000 (27). The de-
centralization was more pronounced in areas where new level
2 hospitals were opened (57% in 1993 to 38% in 2000).

The success of centralization in Finland seems to be
exceptional. A governmentally funded health care system
seems to be able to facilitate this type of organizational
changes, as financial interests are not contradicting
centralization. It is also likely that the implementation
of centralization succeeds better when clinicians are
involved in generating the scientific evidence and in the
implementation process.

Low mortality rates have been achieved in the era of
centralized perinatal care in Finland (28-30). In New South
Wales, Australia, a telephone service providing perinatal
guidance to obstetricians and coordinating maternal transfers
was implemented, and a subsequent increase in centralization
from 80% to 85% was seen among deliveries at <28
gestational weeks, accompanied by a decrease in overall
neonatal mortality (31). A similar centralization strategy was
implemented in the greater Cincinnati region in the early
2000s, where the centralization rate increased from 75% to
89% following a perinatal outreach program (32).

Centralization of very preterm deliveries has the potential
to decrease the costs of care. The decrease can be induced
in part by decreasing the amount of postnatal transfers.
Aside from the direct cost of the postnatal transfer (33),
early postnatal transfer can increase costs indirectly via
morbidities such as intraventricular hemorrhage, which is
associated with neurodevelopmental impairment (34-37).
As shown by Korvenranta ez 4/., health care costs of
very preterm infants are twice as high during the initial
hospitalization if the infant has two or more long-term
morbidities (38). The costs during the fifth year of life
are three times higher for very preterm infants with
morbidities compared to infants without morbidities, and
even six times higher for very preterm infants with cerebral
palsy (39). Nonetheless, the potential costs associated
with in utero transfers and centralizing mothers to level 3
hospitals also need to be accounted for. However, we have
previously shown that in Finland, these costs are relatively
low; centralized mothers spend a mean of 4 days in level 3
hospitals prior to delivery, which approximates to a need
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for two antenatal beds per 10,000 deliveries (40). The need
for antenatal beds in the whole population, i.e., including
mothers that already lived within the level 3 hospital areas,
was approximately 5 per 10,000 deliveries.

Future challenges include sustaining the positive changes.
This requires policy-makers to be aware of any arising
financial interests, tackle any personnel shortages and keep
the whole referral chain informed of the positive effects
of centralization. Continuous benchmarking and quality
improvement incentives are good ways to keep all clinicians
convinced to keep referring very preterm deliveries to level
3 hospitals. International collaboration and high quality
national registers are imperative to achieve this.

Conclusions

The experience in Finland shows that centralization of
care can be achieved if the initiative is clinician-driven
and if the staffing and infrastructure are adequate. The
price of centralization is low when measured as antenatal
bed occupancy in level 3 hospitals, and the gain might be
increased survival for very preterm infants. A new Finnish
study comparing mortality and other outcomes before and
after this paradigm change is called for.
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