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Abstract: The present article describes the history, organization, and funding of the Spanish SEN1500
network. The Spanish Neonatal Database SEN1500 was established in 2002. SEN1500 aims are to
monitor the perinatal, neonatal, and follow-up outcomes, the socioeconomic environment and the quality
of care delivered to very low birthweight infants, and since 2019 to all very preterm infants, admitted to
the participant units. SEN1500 periodically produce detailed statistical reports for every unit with their
own and pooled data. SEN1500 allows the participating units to identify areas of improvement through
benchmarking within the network and between international networks. SEN1500 encourages perinatal-
neonatal epidemiological research, with our own data or in collaboration with similar international networks
such as the International Network for Evaluating Outcomes (iNeo) and the Latin-American based Red
Neonatal del Cono Sur (NEOCOSUR). At the time of publication of this manuscript, this collaboration has
resulted in nearly 50 peer-reviewed articles. In conclusion, the Spanish SEN1500 database has just come of
age. Since its origin and throughout its development, it has proven to be a fundamental tool for evaluating
the quality of care for the very premature or very low birth weight (VLBW) newborns both in our country
and in the participating units, helping them improve in a sustained way. In addition, collaboration with other
international networks has enhanced its ability to generate knowledge and has improved the quality of the
SEN1500 network database itself.
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Introduction of Statistics (INE) during the first two decades of the

Very low birth weight (VLBW) and very preterm (VPT) present century, 369,000 to 520,000 children were born

infants, born with <1,500 g or <32 weeks or gestational age
(GA) at birth, respectively, represent the most important
risk groups for perinatal and neonatal mortality and
morbidity (1,2). According to the Spanish National Institute
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yearly in Spain. Approximately, 0.9% of them were VLBW
infants. Out of these, between 2,100 to 3,100 were admitted
yearly to neonatal units of the SEN1500 network. It is

estimated that this group of infants consumes approximately
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Table 1 Aims of the SEN1500 Network
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To monitor the perinatal, neonatal, and follow-up outcomes at 24 months corrected age, the socioeconomic environment and the quality
of care delivered to VLBW infants, and since 2019 to all very preterm infants, admitted to the participant units

To periodically produce detailed statistical reports for every unit with their own and pooled data, helping the units identifying their stronger

points and areas for further improvement

To openly disseminate the pooled whole network data, serving as a benchmarking platform, enhancing collaboration, and working as an
opportunity to share local experiences leading to improvement at a wider level

To promote and provide data for epidemiological research in perinatal and neonatal medicine, facilitate multicenter randomized clinical

trials and national quality improvement initiatives

VLBW, very low birth weight.

two-thirds of the resources invested in neonatology in
Spain (3,4). In recent decades, advances in perinatal care
have contributed to a significant improvement in VLBW/
VPT infants’ survival (5). Hence, the relative relevance
for the Health Care Systems (HCS) represented by
these groups of patients is expected to further increase.
Neurodevelopmental follow-up programs for VLBW/
VPT infants up to 24 months corrected age constitute the
minimum required standard of care for all our Neonatal
Units. Follow-up programs enable an early identification
and intervention upon specific morbidities aiming to
improve long-term clinical outcomes (6).

Traditionally, the relatively small number of patients
admitted in most neonatal units hampered putting forward
adequately powered epidemiological studies or even pooling
enough data to monitor trends properly and benchmark
outcomes. Already in the late 1980s, two American-
based collaborative networks, the Neonatal Research
Network funded by the Eunice Kennedy Shriver National
Institute of Child Health and Human Development and
the Vermont Oxford Network pioneered the concept of
neonatal database network. Then, over the mid and late
1990s and early 2000s, neonatal networks were established
in Australia and New Zealand (ANZNN, 1994), Canada
(CNN; 1995), Israel (INN, 1995), Switzerland (SNN 1995),
Sweden (SNQ, 2001), Japan (NRN]J, 2003), and the United
Kingdom (UKNC) among others. Later, some of these
networks merged their databases to create The International
Network for Evaluating Outcomes (iNeo, 2013) (7-11). In
Spain, the SEN1500 was created through the joint efforts of
a significant number of units under the umbrella of a national
neonatal network (12). The development of the SEN1500
database was instrumental in quantifying and monitoring
temporal trends regarding perinatal and neonatal mortality,
morbidity rates, neurodevelopmental outcomes in survivors
at 24 months corrected age, and the frequency of different
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therapeutic and diagnostic interventions.

Constitution and aims of the SEN1500 network

The SEN1500 Network was founded under the leadership
of the former Spanish Society of Neonatology (SENeo)
president Professor Manuel Moro (12). SENeo (formerly
abbreviated as SEN) is a non-profit medical-scientific
association of Spanish neonatologists constituted in 2002,
according to the 22" article of the Spanish Constitution.
The Board of the SENeo, aware of the relevance of network
databases for research and quality improvement, boosted the
creation of a project that aimed to gather Spanish Neonatal
Units under the denomination “Database of Newborns
under 1500 grams: SEN1500”. This database was initially
divided into three sections: (I) morbidity and mortality;
(II) socioeconomic factors; and (III) neuropsychological
development at 24 months corrected age. Current SEN1500
network missions include epidemiological and outcomes
surveillance, benchmarking and quality improvement, and
research promotion (1able 1).

From the beginning, neonatal units from hospitals from
all over the country joined SEN1500. Since its inception,
a team of epidemiologists and neonatologists checked
the quality of the data, performed the statistical analysis,
and elaborated the SEN1500 Annual Report which was
made open access to all neonatologists in Spain. The first
annual report, published in 2002, included data from 55
neonatal Level I and III Units. Nowadays, annual reports
include data from around 60 to 65 neonatal units across
Spain. During the presidency of Prof. Josep Figueras
[2011-2014] SEN1500 joined the International Network
for Epidemiological Outcomes (iNeo) contributing to the
generation of very valuable epidemiological studies, in
collaboration with Prof. Adolfo Valls. Finally, Prof. Maximo
Vento (2015-2019), promoted a fruitful joint venture

Pediatr Med 2024;7:10 | https://dx.doi.org/10.21037/pm-21-109



Pediatric Medicine, 2024

Page 3 of 9

H.U. Marqués de Valdecilla

H. Central de Asturias

l.de Cabuefies

C.H. Pontevedra (
H.C.U. De Sannagos

H. Alvaro Cunqueiro.
CHU.DeA coruna{f/{’ﬁu
H.
.U Sal

Leon.
lamanca
H.U. De'Burgos
H.. LaPaz H.U. Rio'Hortega
H. Clinico San Carlos "
H.G.U. Gregorio Marafion {
H. De Getafe L~

H. Donostia
H. De Cruces
H. Txagorritxu

HLlyirgen del Camino de Pamplona

{ H. Germans Trias | Pujol
t HeClinic De Barcelona
" - s;i;s-". Barcelona

«_H.san Joan De Deu
Corporacio Parc Tauli

H. Juan XX
Institut Dexeus
. De La Santa Creu | Sant Pau
.U. Arnau De Vilanova De Lleida

H. Severo Ochoa

H. Monteprincipe

H. De La Zarzuela

H. Puerta De Hierro
H. Fuenlabrada

H.U. Quirén

H. HM Puerta Del Sur
H.U. Fundacion Jimenez Diaz

H. Carlos Haya

H.U.L:Virgen Del Rocio . ) o

H.U. Reina Sofia -,

H. v-rgen De La salud
C.H. Albacete

.
Hs,n?ma.us;“ .

H. U. De Girona Dr. Josep Trueta

. De a}'anollers

:G. de‘Catalufia

ﬁﬂnlca Corachan
g ™

\H.G. De Castellon
G.U. q’:ﬁllcante
De EIc]

.U. De Valencia

S H\Wirgen De Las Nieves /H.U. sanita Lucia De Cartagena
H. De'Jerez"
? H. Juan Ramon Ji ezw
H.M.I Las Palmasy H. Vaiie De Sévilla
H.U. Nue: rﬁe?‘ora De candelér H. VirgeriDe'La Macarena De Sevilla
H. Puerta Del Mar

H. QuiFén Sagrade Corazon
’ -

N

Figure 1 Distribution of the neonatal units pertaining to the Spanish Neonatal Network SEN1500 in Spain. The numbers indicate the

number of participating hospitals for each autonomous community.

of SEN1500 with NEOCOSUR (https://neocosur.org/
neocosur/vista/index.php), a neonatal network of countries
of the southern region of Latin America (Argentina, Chile,
Paraguay, Peru, and Uruguay).

In 2021, SEN1500 embarked on a new project with
TUPL™ (https://www.tupl.com/), a company with expertise
in big data, to boost SEN1500 digital transformation. As
of 2022, different processes will be automatic, including
checking the data quality, statistical analysis, and producing
and emailing individualized reports to the local and national
coordinators. The algorithm has been designed to reduce
the time it takes to reach conclusions from the data, as the
results will be readily available within hours once the data
collection time is over. Even more, a website-based tool,
also using these algorithms, has been created too. This
tool allows any local or national coordinator to analyze and
compare data at any time, selecting the desired variables,
metrics, and temporal framework (Figure S1).

Description of the SEN1500 database

SEN1500 is a national database that includes level II
and level III neonatal units classified as per the Spanish
Neonatal Society criteria (13). In brief, Level II units have
staff and equipment to provide the necessary care for
newborns >32 weeks GA or >1,500 g with no anticipation
of urgent subspecialized care at birth. Level II units
with more than 1,500 deliveries per year that have the
capability to provide invasive respiratory support for a brief
period are classified as level II B units. Level III units are
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adequately staffed and equipped to provide continuous
vital support and appropriate care for newborns <32 weeks
GA or <1,500 g. Level III units provide prolonged assisted
ventilation, have quick access to a wide range of pediatric
subspecialties and to imaging studies, including computed
tomography (CT), magnetic resonance imaging (MRI), and
echocardiography. Pediatric ophthalmology services with
an organized program for monitoring, and treatment of
retinopathy of prematurity should be available. Regional
and National reference units are levels III B and C. Levels
IIIB and C units must have a pediatric general surgery
department ready to treat acute surgical complications of
prematurity immediately and the ability to provide advanced
respiratory support (high frequency ventilation and inhaled
nitric oxide). Level III C units are located in centers with
Cardiovascular and Neurosurgery departments. Level III
B and C units must run neonatal transport programs and
provide continuing education within their area of influence.

The average number of voluntarily participating units
over the last years has ranged between 62 and 65 units
(Figures 1,2). Most of these neonatal units are funded by
the government but 5.5% are private centers. Also, a large
proportion of them are university-affiliated centers. The
Spanish HCS was founded by Spain’s General Healthcare
Act in 1986 and guarantees universal coverage and free
healthcare access to all Spanish citizens, regardless of their
economic situation or participation in the social security
network. The HCS is principally funded via the national
income tax. The HCS was transferred to the government
of the Spanish administrative regions (called Autonomous
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Communities) in 2002. Since then, the regional healthcare
authorities have been responsible for harmonizing and
optimizing health care access to the population, thus
avoiding the concentration of health services in selected
areas. Private healthcare insurance is voluntary, and it is
possible to have both a private and a public health coverage.
Around 20% of the population, especially in the bigger
cities, has a private insurance; however, private enterprises
subcontract some highly specialized services to the public
sector.

Currently, SEN1500 is a quasi-population-based network
since it registers 68% of all VLBW infants born in Spain
(Figure 2). Moreover, 82% of extremely low birthweight
(ELBW) infants born in Spain are registered in SEN1500.
The peak of admissions occurred in 2008-2009 and
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Figure 2 Evolution of the number of participating hospitals,
very-low-birth-weight infants born in Spain yearly, and patients
included in the SEN1500 Network [2002-2019]. VLBW, very low
birth weight; INE, National Institute of Statistics.
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coincided with an overall increase of the birth rate in Spain
(Figure S2).

Data collection (Figure 3)

Data from newborns with a birthweight <1,500 grams
have been systematically collected in the participating
units. Since 2019, also newborns <32 weeks GA are
included regardless of their birthweight. Data are collected
using standardized definitions provided by the SEN1500
Operations Manual to assure homogeneity. The systematic
and prospective gathering of these homogeneous indicators
is key to timely monitoring of temporal outcome trends.
It also enables inter-center comparisons to benchmark the
quality of care delivered to VLBW/VPT infants within the
network. Collected variables include sociodemographic
features, perinatal care and morbidity and mortality up
to first hospital discharge and thereafter until follow-up
24 months corrected age. The initial setlist of 140 variables
is periodically updated, and new variables are added after
discussion and agreement within the network’s steering
committee every two years.

In each participating center, one or two neonatologists
act as site coordinators. They are responsible for the
patients’ registration, collecting and periodically submitting
the de-identified and encrypted data electronically to the
central database. The network coordinators verify the
completion and consistency of the data and, if necessary,
contact the local site coordinators should any doubt arise.
The data analysis and representation are performed by a
team of epidemiologists, and the national coordinators and
database managers of the SEN1500 network.

= ih,

SEN1500 Central
Committee

Epidemiology

¢ Data analysis * Annual reports
® Global SEN1500 report reviews

e Single center report ® Research
 Follow up report ® Updates

Figure 3 Network data flow of the Spanish Neonatal Network SEN1500. GA, gestational age; BW, birth weight.
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Figure 4 Publications of the Spanish Neonatal Network
SEN1500, individually or in collaboration with other international

networks. iNeo, International Network for Evaluating Outcomes.

Compliance with current regulations on data
protection and funding

Data retrieval and registration in the SEN1500 follow
the requirements of the Spanish and the International
legislations as well as the local Ethics Committee
requirements for Data Protection. At the site’s end, the local
site coordinators guarantee the security of the data. At the
network end, the centralized computing module has highly
secure data custody and copy management that prevents
data leaks and unauthorized access.

Participation in SEN1500 is voluntary. The use of
SEN1500 data for research purposes is allowed for any of
the participating centers upon request to the SEN1500
steering committee and the board of directors of the
SENeo. In addition, SENeo’s budget runs with the
maintenance costs of the database and central computer

agency and the logistic support by the epidemiologists.

Scientific activity of the SEN1500 database

SEN1500 database has provided a unique opportunity for
healthcare professionals, information technologies experts
and health policymakers to participate in collaborative
research projects on a national and international scale,
suitable for publication in peer-reviewed journals (Figure 4).
A list of published research studies is published yearly in the
network reports and website (https://seneo.es).

All SENeo members are encouraged to use the database
to conduct research studies. It is mandatory to fulfill an
official request for data and address it to the SEN1500
steering committee, describing the purpose of the study
to avoid duplications. Moreover, researchers are strictly

© Pediatric Medicine. All rights reserved.
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committed to preserving the confidentiality of the patients
and citing the origin of the data along with a list of the
participating centers in the publications.

The first study carried out with data from the SEN1500
database was published in 2005 (14) and reported on the
efficacy of prenatal corticosteroids in reducing mortality
and chronic lung disease in premature infants between 23
and 28 weeks of GA.

Several articles published in national and international
peer-review journals followed, adding up to a total of
48 articles by November 2021, counting on those produced
in collaboration with other networks (Figure 4). They
report on various aspects of neonatal epidemiology, such as
in-hospital morbidity and mortality of VLBW/VPT infants
and related factors, or the follow-up outcomes by two years
(15,16), including the influence on neonatal morbidity and
mortality of chorioamnionitis (17), a comparative study
of outcomes between singletons and multiples (18), or the
evaluation (19) and development (20) of predictive tools,
among others. For instance, regarding chorioamnionitis,
we found that its incidence was inversely related to GA
at delivery, and, in VLBW infants <32 weeks’ GA, it was
associated with higher risks of early-onset neonatal sepsis
and necrotizing enterocolitis (NEC), but lower risks of
patent ductus arteriosus (PDA) and late-onset neonatal
sepsis, with no impact on mortality (17).

Most of the network-derived scientific data can be
grouped into some specific topics. The first of these was
the study of the limits of viability in our setting and related
ethical aspects, which has been the subject of three studies
(21-23). We showed that the proportion of survivors
without major brain damage among survivors was relatively
high and independent of the GA. These findings seemed to
be related to end-of-life decisions and attitudes supporting
the attitude of “giving an opportunity” even to the most
immature patients when there was parental agreement.

Another important research area was related to nutrition,
growth, and gastrointestinal morbidity, mainly NEC (24-32).
In this set of works, we found that weight gain in the first
weeks after birth is slow in extremely preterm infants
and that there is an almost universal postnatal growth
restriction that involves mainly length and weight (25,29),
suggesting that a close control of longitudinal growth and
head circumference are essential for nutritional assessment
and detection of patients at risk for poor growth and
neurodevelopment after hospital discharge. We concluded
that some co-morbidities associated with prematurity have
a special impact on postnatal growth. Female infants are at
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slightly higher risk of postnatal weight and head restriction
after adjustment for morbidity (30). Regarding NEC, we
described that its incidence remained stable over the last
decade, but surgical treatment became more frequent in
the last years while mortality decreased (31). We found
that delayed cord clamping and extended access to donor
milk were two possible aspects of further improvement in
Spain. There were also inter-center variations in diagnostic
and therapeutic aspects, most commonly in areas where
evidence in the literature is weaker (32).

Respiratory morbidity and management have also
been a matter of interest (14,33-35). We found that there
has been an increased adherence of Spanish hospitals
to the international recommendations in perinatal care
during the past two decades. This was followed by a
significant reduction in mortality, but survival without
bronchopulmonary dysplasia (BPD) increased only among
the most immature patients (33). In addition, we found
great variability in clinical practice among Spanish centers
and in the rates of survival and survival without BPD.
Lower use of oxygen and less intubation in the delivery
room were associated with an increased survival without
BPD. In contrast, complications such as PDA, sepsis, and/
or NEC were associated with a lower odds ratio of survival
without BPD (34). More recently, we showed that despite
increased use of non-invasive respiratory strategies, neither
survival nor survival without moderate or severe BPD
improved in VLBW infants under 32 weeks GA (35).

Finally, we also addressed aspects that may be key to
optimizing resource allocation, finding a reduction of births
during weekends and a clustering of high-risk births during
this period, increasing the crude mortality and morbidity.
However, differences disappeared after adjusting for
confounding, suggesting an appropriate overall care in the
centers (36). More recently, we showed that infants born
during the night shift were more likely to be intubated at
birth, receive surfactant, or develop anemia that required
transfusion. Still there were no differences in survival rates

or major morbidity (37).

Internationalization of the database SEN1500

The internationalization of SEN1500 has contributed
enormously to expanding our scientific achievements
and has allowed the global diffusion of the Spanish
neonatology. Furthermore, it has made it possible to
establish internetworks benchmarking studies aimed at
detecting areas for improvement. Since its creation, some

© Pediatric Medicine. All rights reserved.
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Spanish units collaborating with the SEN1500 network,
also participated in EuroNeoNet (38), a project promoted
by Prof. Adolfo Valls i Soler, consisting of a European
information system on the outcomes of VLBW infants to
monitor and improve the care of these infants throughout
Europe. EuroNeoNet was founded in 2002 to ensure the
best neonatal care possible for every VLBW infant cared
for in Europe through standardized benchmarking, as well
as promoting the safety of patients, the online training of
health care professionals, and facilitating physician-initiated
clinical trials. EuroNeoNet closed in 2015, but fortunately,
a new platform, eNewborn, led by Professor Dominique
Haumont, took over reviewing the data elements and
integrating innovative information technology, original
software, and international collaboration (39). The platform
has recently moved from Brussels to Imperial College
London, where it is now co-led by Professor Neena
Mody. A SEN1500 collaboration project with eNewborn
is underway, which we trust will become a reality in the
coming months (40).

Apart from the aforementioned project, the two most
relevant international collaborations so far, as mentioned

above, have been with iNeo (41-60) and NEOCOSUR (61).

Conclusions

The Spanish SEN1500 database has just come of age. Since
its origin and throughout its development, it has proven to
be a fundamental tool for evaluating the quality of care for
the very premature or VLBW newborns in the participating
units, key to boosting sustained improvement. Participation
in a national network allows individual centers, through
a benchmarking process, to compare results and detect
areas for improvement. It also allows knowing the
individual and collective temporal evolution and planning
multicenter studies. In addition, collaboration with other
international networks has enhanced its ability to generate
knowledge and has contributed to improving the quality
of the SEN1500 network database itself. The evolution
of information technologies and the possibility of massive
data analysis require a permanent update of the computer
sciences support tools and a renewed effort to maintain the
quality of the data collected with due respect to the privacy
of the patients and their families.
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Figure S1 Flow diagram of the proceedings to retrieve, register and store data from the neonatal units pertaining to SEN1500.
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Figure S2 Number of births registered in Spain from 2002 through 2019. INE, National Institute of Statistics.
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