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Abstract: Finland has about 45,000 to 60,000 annual births and a total of 23 delivery hospitals. High-risk
deliveries, including all deliveries below 32 gestational weeks, are centralized to five tertiary-level hospitals.
The national, register-based quality surveillance is performed by the Finnish Medical Birth Register, owned
by the Finnish Institute for Health and Welfare operating under the Ministry of Social Affairs and Health.
Its power is its legal position as a statistical authority: it can mandate public and private hospitals to provide
information. This paper describes the development and current form of the Very Preterm Infant Register,
which is imbedded in the Finnish Medical Birth Register. The Very Preterm Infant Register was preceded by
national research projects. Today, it serves as a quality improvement tool as well as a data source for research.
The register is a reliable source of information as all pregnancies and deliveries in Finland are reported in
this register as mandated by law. One important strength of this register is its continuum throughout the
pregnancy including maternal health data and fetal data including fetal deaths. It is also routinely linked to
other national registers, such as the Cause of Death Register, which adds to its reliability and value. The
valuable information is utilized in national and international research projects including the iNeo research
collaboration comparing care performances across different networks internationally and determinates for

adverse outcomes.
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Background information international comparison (2). There are five tertiary neonatal

. . . . intensive care units (NICUs), affiliated with the universi
Finland is a Northern European country with approximately ) ty

5.5 million inhabitants and an area of approximately hospitals, in Finland. The number of other delivery hospitals

338,000 square kilometers. The annual number of births has
declined over the past decade, from around 60,000 in 2010
to 45,000 in 2019 (1). The rate of preterm deliveries (before
37 gestational weeks) has been stable at 5.5-6.0% over the
last decade. Neonatal and infant mortality rates have been
1.2 and 1.7 per 1,000 live births, respectively, which is low in
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has been brought down from 33 hospitals in 2002 to 18 in
2020. The rate of very preterm deliveries (before 32 gestational
weeks) has also remained steady at 0.7-0.8%. The survival
rate of very preterm infants (gestational age 24" to
29* weeks) was 88.1% during 2007-2013 (3). Care practices
for very preterm infants comply with current evidence-
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based science (4) indicated by the following examples;
90-95% of very preterm infants are born in the five tertiary
hospitals of the country (5), over 90% are exposed to
antenatal corticosteroids (3) and early nasal continuous
positive airway pressure is in frequent use.

The Finnish Medical Birth Register (FinMBR) (6) has
collected data on all newborn infants in Finland since
1987 in order to develop and organize maternity care,
obstetrical services and neonatal care. It includes detailed
data on all pregnancies, births, newborn infants and the
early neonatal period. The data on pregnancies include
maternal demographic background factors and pregnancy
history, antenatal follow-up visits, mother’s weight and
height, smoking, other risk factors and interventions,
diseases and hospital care during pregnancy. The data on
births include the place of birth, gestational age at the
time of delivery, mode and duration of the delivery, pain
management and procedures during delivery, and diagnoses
relating to pregnancy and delivery. The data on newborn
infants include sex, growth measurements, Apgar scores and
umbilical pH, information on common care interventions,
any ICD-10 diagnoses and hospital care, and survival
status by the age of 7 days. In addition, the length of stay
in hospital is collected for the mother. The data collection
form has been modified in 1990, 1996, 2004 and 2017 to
better meet clinical needs. An exhaustive list of currently
included variables can be found on the associated website (7).

FinMBR is owned by the Finnish Institute for Health
and Welfare (THL), which operates under the Ministry
of Social Affairs and Health. Its power is its legal position
as a statistical authority: it can mandate public and private
hospitals to provide information. All delivery hospitals in
Finland are public hospitals. The register covers nearly
100% of pregnancies and newborns, including all live births
and stillborn fetuses with a birth weight of at least 500 g
or with a gestational age of at least 22 weeks. Planned
home births are rare and assisting health care personnel
are obligated to submit the birth information to FinMBR.
In the case of unplanned home birth or birth en route to a
hospital, the unit admitting and eventually discharging the
infant submits the register data. The register is linked to
the Central Population Register kept by the Digital and
Population Data Services Agency to identify unreported
live births and to the Cause-of-Death Register to identify
unreported stillbirths and infant deaths. The annual
number of live births has ranged from 45,753 in 2019
to 66,642 in 1992. This number has differed from the
Central Population Register by 0.0% to 1.2%, since the
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FinMBR includes also births by temporary residents, recent
migrants and visitors. Missing data entries are queried by
the FinMBR staff. The register is allowed to collect data
on newborns until discharge or up to seven days. The
FinMBR data has been shown to have high validity (8). The
register is also used to complete other registers, for example
all anomalies detected at any point during the initial
postnatal hospitalization and reported to FinMBR are sent
automatically to the Register of Congenital Malformations,
and all major congenital anomalies are included in their
data after validation.

Development of the Finnish Very Preterm Infant
Register

There was a clear need to collect more detailed data on
very preterm infants for quality comparison and quality
improvement purposes. Two research projects paved the
way for a national register for very preterm infants. One
research project collected data on all infants born below
1000g in Finland during years 1996-1997 and 1999-2000 (9).
Another, larger national research project, the PERFECT
Preterm Infant Study (Performance, Effectiveness and Cost
of Treatment Episodes), focused on regional and hospital-
level (level 2 vs. level 3) performances (10-14) and cost-
effectiveness (15-18) in the care of very preterm infants.
The PERFECT Preterm Infant study was started in 2004
and utilized data from the Medical Birth Register and
Hospital Discharge Register (later Care Register for Health
Care) (19). The PERFECT study included infants who were
born below 32 gestational weeks or below 1,501 g from
2000 through 2003. The study was done in collaboration
with the Finnish Institute of Health and Welfare and all five
University Hospitals in Finland. The PERFECT Preterm
Infant Study was expanded to a European EuroHOPE
study covering very preterm infants born in seven European
countries born between 2006 and 2008 (20).

The Very Preterm Infant Register, a separate data
collection within the Medical Birth Register and similarly
owned by THL, was initiated in November 2004, collecting
data on all infants born below 32" gestational weeks or
with a birth weight below 1,501 g. All units caring for such
infants are mandated to submit a large dataset covering
the care of the infant until discharge or 42 weeks of
postmenstrual age, whichever comes first. An exhaustive
list of currently included variables can be found on the
associated website (7).

Leading neonatologists from all university hospitals
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planned the items to be collected, together with experts
from THL. Over 100 data items were included covering
pregnancy, delivery and neonatal treatments, nutrition,
examinations, and any ICD-10 diagnoses. In addition,
the survival status, growth measurements, and type of
feeding are requested at 42 weeks of postmenstrual age or
discharge. The follow up until 42 weeks of postmenstrual
age corresponds to the developmental age of full-term
infants at the time of their data submission. When
considering the included population, it was regarded
important to include also infants born in level 1 and level 2
hospitals during those years to be able to monitor the safety
of this practice. The cases reported to the Very Preterm
Infant Register are linked to the FinMBR to complete the
data and to identify any missing cases. Birth hospitals and
the hospitals responsible for neonatal care episodes of very
preterm infants are requested to retrospectively complete
any missing information or missing cases.

The register keeper, THL, has been responsible for
organizing meetings to discuss the register development and
utilization with clinicians. A group of leading neonatologists
from the five university hospitals has been active in
providing feedback, and subsequently the data collection
forms have been amended as needed. A significant structural
development occurred in 2018, when the web-based “data
cube” interface was created, which enables clinicians to
compare data in the Very Preterm Infant Register with
filters such as gestational age, birth hospitals or time periods
for comparisons of the whole variety of collected variables.
Graphs enable yearly time trends throughout the register
period from 2007 or clustered 3-year cohorts, which
smooth case-mix variation in small patient populations.
Figure 14-1C demonstrate examples of data display options,
which show the national improvement in survival rates
and the variation in survival of very preterm/very low birth
weight infants in the five level 3 neonatal intensive care
units in Finland. The denominator used in these graphs
are all live-born infants, and the outcome of survival is
defined as survival to one year after birth. The low survival
among infants born at 22 gestational weeks reflects the
care practice at the limits of viability, where the initiation
of active care is decided individually based on background
factors and parental preference.

The mission of this register is to provide data for quality
improvement purposes. Finland is preparing its first
legislation on health care quality registers in 2021, and it
would be desirable to include also the Very Preterm Infant
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Register as an official health care quality register.

Network activities

Research activity laid the basis for the Very Preterm Infant
Register within the FinMBR, which then has enabled
further research activity. A number of studies have been
performed utilizing the Very Preterm Infant Register.
The themes studied include the centralization of very
preterm deliveries (5,21); the epidemiology of prematurity
(22-24); specific patient groups such as cancer survivors
(25,26); and the exposure to antenatal steroids (27). The
Very Preterm Data Register has been used as a part of the
large International Network for Evaluating Outcomes in
Neonates (iNeo) research collaboration. The Very Preterm
Data file data have also been used in the European research
collaborations, such as RECAP (Research on European
Children and Adults born Preterm) (28) and Euro-Peristat
on perinatal health information systems (29). The Nordic
Medical Birth Registers have collaborated for a long time
for research (30) and statistics compiled and published by
THL every second year (31).

Engagement activities for participating
members

The main purpose of the data collection on very preterm
infants is to improve the quality of care in this patient group
in Finland. When the data is completed and checked, it
is shared with the university hospital neonatologists, and
their teams at their discretion, who can reach the data using
a password granted from the THL. For confidentiality
reasons, the data cannot be published openly, but the
routine reporting includes information on prematurity.
Summaries of the data have been presented in national
perinatal and pediatric conferences. In addition, clinicians
discuss the data locally and nationally. These discussions
feedback to the THL for improvements in the data
collection and reporting.

At the time when the Very Preterm Infant Register
was started, large differences could be seen in the care
approaches between the university hospitals. Many care
practices became more uniform quite quickly after the
differences became visible. For example, the large variation
in the length of stay between the hospitals disappeared and
the use of surfactant became uniform for infants born at
23 weeks indicating a consistent, active approach to their
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Figure 1 Survival graphs extracted from the Very Preterm Infant Register data cubes. (A) Survival rates to one year of postnatal age in live-
born very preterm (born before 32 gestational weeks) or very low birth weight (birth weight below 1,501 g) infants in Finland in epochs
2004-2006, 2007-2009, 2010-2012, 2013-2015 and 2016-2018; (B) time trends from 2007 to 2018 of survival rates to 1 year of postnatal
age in live-born very preterm (born before 32 gestational weeks) or very low birth weight (birth weight below 1,501 g) infants in the five
level 3 neonatal intensive care units in Finland; (C) survival rates to one year of postnatal age in live-born very preterm (born before 32

gestational weeks) or very low birth weight (birth weight below 1,501 g) infants in 2007 to 2018 per gestational age at birth in the five level 3
neonatal intensive care units in Finland.
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care. These changes, among others, can be seen as a positive
result of collecting and sharing the data.

Challenges and future directions

The step to implement data cubes was important to make
the data much more useful; the data cubes enabled more
specific questions to be asked and answered with the data.
However, any omissions or errors in the data may lead to
large deviations in the data because of small numbers; the
population of Finland is only approximately 5.5 million
and the rate of preterm birth (before 37 gestational weeks)
is low (5.5% in 2019). This calls for knowledge of the
local data, double checking and caution in interpretations.
The risk for mistakes or misinterpretations has to be
balanced with openness and dissemination of the data.
At this point, the dissemination is compromised for
data safety and confidentiality. Wider dissemination of
the data in multiprofessional societies would, however,
be important to improve expert engagement in quality
improvement. We are continuously collaborating among
the five university hospitals using the data cubes to tease
out potential differences between unit practices and
outcomes. Benchmarking visits have been done earlier;
the continuous data will provide units with inferior
outcomes an opportunity to identify potential better-
performing benchmarking sites, e.g., regarding respiratory
management, infection control or brain outcomes.

There is a need to automatize the data transfer, which now
is done manually. The current process is laborious and prone
to errors. Current information technology should be able to
transfer clinical data to a register without manual work. The
long-term vision is that electronical medical health records
could be used as the primary source of register data.

The goal of the care of preterm infants is a healthy
child who can cope with the challenges in school and social
life. To develop care in the right direction, we should
evaluate the desired final outcome. In order to do this, we
need linkage to registers including long-term diagnoses,
child development, and school performance. Currently
data linkages are feasible for example with the primary
health care register including data on children’s height
and weight, medication, treatment in specialized care
and social reimbursements for example for rehabilitation
and disability benefits. In the optimal situation, we would
perform a standardized test for all very preterm infants at
a standardized age point to be collected and registered in
the Very Preterm Infant Register. Information from parents
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could also be collected by using mobile phone applications,
which can include standardized questionnaires. Digital
solutions such as the above mentioned are currently under-
used in Finland and carry significant potential for future
development.
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