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ABSTRACT

Introduction Even after ‘back-to-sleep’ campaigns,
sudden unexpected infant death (SUID) continues to be the
leading cause of death for infants 1 month to 1 year old in
developed countries, with devastating social, psychological
and legal implications for families. To sustainably tackle
this problem and decrease the number of SUIDs, a French
SUID registry was initiated in 2015 to (1) inform prevention
with standardised data, (2) understand the mechanisms
leading to SUID and the contribution of the already
known or newly suggested risk factors and (3) gather

a multidisciplinary group of experts to coordinate and
develop innovative and urgent research in the SUID area.
Methods and analysis This observational multisite
prospective observatory includes all cases of sudden
unexpected deaths in children younger than 2 years
occurring in the French territory covered by the 35
participating French referral centres. From these

cases, various data concerning sociodemographic
conditions, death scene, personal and family medical
history, parental behaviours, sleep environment, clinical
examinations, biological and imagery investigations

and autopsy are systematically collected. These data

will be complemented as of 2018 with a biobank of
diverse biological samples (blood, hair, urine, faeces and
cerebrospinal fluid), with other administrative health-
related data (health claim reimbursements and hospital
admissions) and socioenvironmental data. Insights from
exploratory descriptive statistics and thematic analysis
will be combined for the design of targeted strategies to
effectively reduce preventable infant deaths.

Ethics and dissemination The French sudden
unexpected infant death registry (Observatoire National
des Morts Inattendues du Nourrisson registry;OMIN)

was approved in 2015 by the French Data Protection
Authority in clinical research (Commission Nationale de
I'Informatique et des Libertés: number 915273) and by an
independent ethics committee (Groupe Nantais d'Ethique
dans le Domaine de la Santé: number 2015-01-27).
Results will be discussed with associations of families
affected by SUID, caregivers, funders of the registry,
medical societies and researchers and will be submitted
to international peer-reviewed journals and presented at
international conferences.

Strengths and limitations of this study

» The French sudden unexpected infant death (SUID)
registry is the first research programme combining
French SUID referral centres and a multidisciplinary
group of experts.

» The French SUID registry’s innovative design com-
bines prospective data concerning sociodemo-
graphic conditions, death scene, medical history,
parental behaviours, sleep environment, clinical ex-
aminations and autopsy findings along with biologi-
cal samples and other administrative health-related
data to yield a detailed description of SUID cases.

» As far as possible, the French SUID registry is using
standardised data to facilitate future collaborations
with other countries to share best practice, monitor
progress and achieve statistical power for future
investigations.

» The results will help in the design of targeted strate-
gies to effectively reduce preventable infant deaths.

» The potential limitations of the French SUID registry
are ascertaining the exhaustive inclusion of all SUID
cases occurring in France as well as the lack of a
concomitant control population.

INTRODUCTION

Sudden unexpected infant death (SUID),
a devastating event for families, is defined
as death in an infant <lyear old that occurs
suddenly and unexpectedly and whose cause
is not immediately obvious before investiga-
tion." After case investigation, including a
scene investigation, a review of clinical history
and an autopsy, SUID can be attributed to
various causes. Death is classified as a sudden
infant death syndrome when the thorough
postmortem examination fails to identify its
cause.”

Much research has been conducted to
identify and control risk factors leading
SUID to be conceptualised as a multifactorial
disorder with multiple mechanisms causing
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or predisposing its occurrence. A ‘triple-risk’ hypothesis
(child vulnerability, critical period in development and
exogenous stress factors) has been proposed.” Subse-
quent to the discovery of the prone sleep position as a
major risk factor, ‘back-to-sleep’ prevention campaigns
were conducted in the early 1990s and led to a huge
decrease in SUID incidence in many countries. However,
in the post ‘back-to-sleep’ era, SUID continues to be the
first cause of death for infants 1 month to lyear old in
developed countries, and strategic actions are still needed
to sustainably tackle this devastating event.*

An international consensus, The Global Action and
Prioritization of Sudden Infant Death (GAPS) Project,
has recently provided the international SUID research
community with a list of shared research priorities to
more effectively work toward explaining and reducing
the number of sudden infant deaths.” Three main themes
emerged: (1) a better understanding of mechanisms
underlying SUID, (2) ensuring best practices in data
collection, management and sharing and (3) a better
understanding of target populations and more effective
communication of known risk factors. To meet these chal-
lenges, the creation of innovative national SUID registries
systematically collecting standardised data for every SUID
case along with biological samples seems an essential
prerequisite.’

Accordingly, in 2015, 35 French SUID referral centres
in collaboration with the National Association of
Referral Centers for SUID (Association Nationale des
Centres Référents de la Mort Inattendue du Nourrisson;
ANCReMIN) initiated a French national registry, Obser-
vatoire National des Morts Inattendues du Nourrisson
(OMIN) to prospectively collect for all French SUID
cases a large variety of socioenvironmental, behavioural,

Martinique Island

clinical, radiological and autopsy data simultaneously
with biological samples as well as other health-related
administrative data (health claim reimbursements and
hospital admissions) concerning children <2 years old
and their mothers. The global objective of this registry
is to sustainably decrease the number of sudden infant
deaths by (1) informing prevention with standardised
data, (2) understanding the mechanisms leading to
sudden infant death, including the contribution of the
already known or newly suggested risk factors, and (3)
gathering a multidisciplinary group of experts to coordi-
nate and develop research in the SUID area. This report
aims to describe the methodology used to establish and
manage this registry.

DESIGN

Study design and population

The French SUID registry is an observational prospective
registry that over at least a 10-year period (2015-2025)
aims to include all SUID cases occurring in the French
metropolitan territory plus two overseas islands: La Mart-
inique (Caribbean Sea) and La Réunion (Indian Ocean)
(figure 1). Thirty-five French SUID referral centres are
participating in this registry.

Because in France, a SUID case is legally defined as
the sudden unexpected death of a child <2 years old,”
all children younger than 2 years dying in the context of
SUID are eligible for the registry. Once all the persons
who have parental authority (often one or both parents)
are informed that participating is voluntary, data for all
children for whom all the persons who have parental
authority give informed written consent are included. To
ensure completeness in the registry, SUID cases for which

Metropolitan France

Reunion Island

Figure 1 Localisation of the 35 referral centres participating in the French SUID registry. SUID, sudden unexpected infant
death.
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Figure 2 SUID management in France and data collection in the French SUID registry. ELFE, Etude longitudinale francaise
depuis I'enfance; MICU, mobile intensive care unit; OMIN, Observatoire National des Morts Inattendues du Nourrisson; SUID,

sudden unexpected infant death.

at least one of the persons who have parental authority
refuses to participate in the registry are recorded with a
minimal set of totally anonymous data (reason for refusal,
gender and age at death).

Data collection

The OMIN is based on a continuous and prospective
record of prespecified and standardised information
concerning the examinations that should be performed
with a SUID case as recommended by the French national
health authority.7 The data collection depends on the
SUID case trajectory after death as well as the willingness
of parents with parental authority to participate. Data
are gathered from two different sources: (1) the mobile
intensive care unit (MICU) initially in charge of the SUID
case on the death scene and (2) the SUID referral centre
performing the postmortem exploration to identify the
cause of death (figure 2). Additionally, other health-re-
lated and socioenvironmental data will be secondary
linked as of 2018 to the case in the OMIN database. To
ensure that all SUID cases are recorded in the registry,
data from the MICU concerning dead children trans-
ported directly to the mortuary and not under the control
of a referral centre are also collected. In case of forensic

investigations (not performed by the referral centres)
requested by the Court of Justice, only the MICU data are
available. Data collected during the forensic investigation
are recorded the second time when the legal procedures
are finalised. A summary of the timeline and sources of
data collection are presented in figure 3.

Data from MICU and SUID referral centres

Data collected by MICU and SUID referral centres are
related to the social and demographic status of children
and their parents, personal and family medical history,
antenatal and current parental behaviours, child feeding,
death scene, usual and death sleep environment, nature
and results of clinical examinations at the death scene
and the referral centre, nature and results of additional
clinical examinations performed in the referral centre,
and classification of SUID cases by the medical team
based on a national classification and that from Fleming
et al' (table 1).

Biological sample collection

The collection of biological samples is essential for the
SUID research community to better examine the intrinsic
mechanisms leading to death and how they interact with
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Figure 3 Timeline and sources of data collection in the French SUID registry. CépiDC, French registry of death causes; INSEE,
National Institute of Statistics and Economic Studies; MICU, mobile intensive care unit; PMSI, French hospital discharge
database; SUID, sudden unexpected infant death; SNIIR-AM, French national health insurance information system.

environmental risk factors (priority 1 of GAPS Project),
identify biomarkers to help pathologists determine the
cause of death (priority 5 of GAPS Project) and under-
stand the role of genetic factors in SUID risk (priority 6
of GAPS Project). Accordingly, blood, hair, urine, faeces
and cerebrospinal fluid (CSF) samples will be collected
as of 2018 from all included SUID cases during the post-
mortem examination performed at the SUID referral
centre. These biological samples will be stored in a
network of 28 participating biological resource centres.
For blood, a dried blood spot as well as 22 aliquots of
blood (2mlL) will be stored for each child: 6 total blood
aliquots (EDTA), 8 plasma aliquots (EDTA), 4 blood cell
aliquots (EDTA-DMSO) and 4 serum aliquots (dry serum
separating tube). Ten aliquots for urine, one for CSF and
three for faeces (2 in bottle brusches) will be kept. A lock
of hair and two faeces bottlebrushes will be additionally
stored. Standardised procedures for biological sample
collection will be used, including standardised blood
sampling, transport from each site to the central labo-
ratory (<24hours), aliquoting in cryotubes and storage
temperature (ambient temperature, -80°C or -196°C
depending on the nature of the biological sample). For
timely follow-up of collected biological samples as well as
their availability, a central database will be created.

Linkage with secondary sources of data

The completion of a death certificate by a physician is
compulsory in France on the occurrence of death. Data
from this certificate are gathered by the French registry of
death causes (CépiDc) for the whole French population,
by gender, age, country of birth and underlying cause of

death coded according to the International Classification
of Diseases, 10th Revision (ICD-10 discharge diagnosis
codes). Legal authorisation was obtained from CépiDc to
gather information concerning all deaths in children <2
years old for calculating the exhaustiveness of inclusions
in the French SUID registry.

Similarly, health-related information concerning infants
and their mothers will be gathered as of 2018 in the French
SUID registry from the French national health insur-
ance information system (Systéme national d'information
interrégimes de 1'Assurance maladie, SNIIR-AM) and the
French hospital discharge database (Programme de Médi-
calisation des Systemes d’Information, PMSI). SNIIR-AM
covers the entire French population (65.3million inhabi-
tants) and contains exhaustive data on all reimbursements
for health-related expenditures8 ? including medicinal prod-
ucts such as drugs and outpatient medical and nursing care
prescribed or performed by healthcare professionals. PMSI
provides detailed medical information on all admissions
to French public and private hospitals, including dates of
hospital admission and hospital discharge, ICD-10 discharge
diagnosis codes and medical procedures during the hospital
stay. Data in PMSI and SNIIR-AM were recently made
publicly available for pharmacological and epidemiological
studies.'’ "'

To allow for case—control studies to identify risk factors
for SUID, data access will be requested in the near future
from the Etude longitudinale francaise depuis ’enfance
(ELFE) cohort to use included participants as a control
group. ELFE was initiated in 2011 and is a nationally
representative cohort of 20000 children followed from
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Data sources

Referral Forensic
Collected data MICU centre institute Others

Date and place of birth (child) X X

Nationality (child and parents) X

Age (child and parents) X

Employment status (parents) X

Socioeconomic level (parents) X

Type of social security benefits (parents) X

Personal and family medical history

Gestational age X

Small for gestational age X

Other personal significant events during the perinatal period and X
early infancy

Consanguinity between parents X

Significant medical events in the 72 hours preceding the death X

Antenatal and current parental behaviours

x

Alcohol consumption

Infant feeding

Last meal before death X

Date and time of death X

Time of last contact X

Arrival time of MICU X
(Usualand death sleep environment
Sleep place X
 Tpeofsuface X
Sleep position last placed/found X
Continued
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Data sources

Forensic
institute

Referral

Collected data MICU centre Others

Presence and type of objects on the sleep surface X

Room heat X

Room sharing X

Skin appearance X X X

Weight X X X

Resuscitation manoeuvres X X

Blood chemistry X X

Lumbar puncture X X

Eye fundi X X

Autopsy X X

Biological samples

Other data

History of hospital admissions (child and mother) X

Geocoding of the residency/death address X

Deprivation index of residency/death address X

CSF, cerebrospinal fluid; MICU, mobile intensive care unit; SUID, sudden unexpected infant death.

Population data needed to calculate incidence rates as well
as socioenvironmental information concerning the place
of residence/death will also be gathered from the French
National Institute of Statistics and Economic Studies."

DATA MANAGEMENT AND DATA ANALYSIS
This multicentre registry relies on a web-based system with
data being entered into a central database. The system

provides security with protected access and complies
with French safety policy.'* Data entry and validation is
performed as a continuous process. For each SUID case,
data extracted from MICU and SUID referral centre
records (approximatively 300 variables) are entered
directly online by the medical team in charge of the
case. A national project manager continuously controls
data completeness and validity and notifies the local
medical team in case of discrepancies or incomplete data.
Routine permanent quality controls, based on regular
on-site inspections, are planned, including training of
personnel, compliance with study procedures as well as
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control of data completeness and validity. Automatic data
quality controls are performed periodically to control
for missing data and value ranges. Once data from the
CépiDc are available, recorded data will be compared
with those from death certificates to estimate the exhaus-
tiveness of the inclusions in the database. Finally, linkages
with previously described secondary data sources will be
planned once a year.

In this registry, the number of SUID cases occurring in
the French territory per year will determine the recruit-
ment size. On the basis of the referral centres’ experience
as well as the last national estimation performed in 2014
by the CépiDc,"” we expect to recruit at least 300 SUID
cases each year. A final sample size of about 3000 cases is
thus expected for a study period of 10 years.

Cls, means, SDs and frequency distributions will be
calculated for all measures. Available data for cases with
parental refusals and without a SUID referral centre in
charge will be compared with cases with a SUID referral
centre in charge. Survival analyses will be used to analyse
time-to-event data such as death to identify factors asso-
ciated with early or late SUID. Multivariable binomial
regressions will be used to compare subgroups of SUID
children or control children. Multilevel multivariate
statistical modelling will also be used to simultaneously
study individual and higher-level predictors of outcomes
(such as place of residence characteristics). To coun-
teract the potential problem of multiple comparisons,
adjustment for statistical significance will be performed
when needed. Depending on data and the statistical
power available, various other statistical models will also
be implemented.

ETHICS AND DISSEMINATION

This project is based on a network that includes the French
non-governmental national association of referral centres
for SUID (ANCReMIN), 35 governmental French medical
referral centres in charge of the dead children and their
families, Nantes University Hospital, the Nantes Clinical
Investigation Center (CIC 1413) and the Sorbonne Paris
Cité Center of Research in Epidemiology and Biostatistics
(UMR 1153). All these partners are represented in a steering
committee responsible for the organisation of the registry.
A coordination unit is in charge to effectively manage
the registry and to implement recommendations from
the steering committee. Similarly, a scientific committee
was created. This committee is responsible for validating
all scientific projects from the registry. Data are available
for analysis after validation by the scientific committee
according to a validated chart of data access. Interested
researchers have to comply with the French legislation (ie,
apply for authorisation from the Commission Nationale de
I'Informatique et des Libertés for treatment of personal
health data). Research projects have also to be approved by
an independent ethics committee. Scientific use of health
insurance claims data requires individual accreditation
from the data owner, the French national health insurance.

Results will be discussed with associations of families
affected by SUID, caregivers, funders of the registry,
medical societies and researchers and will be submitted
to international peer-reviewed journals and presented at
international conferences.

DISCUSSION

The systematic collection of a large variety of socioenvi-
ronmental, behavioural, clinical, imaging and autopsy
data simultaneously with biological samples and admin-
istrative data concerning both the children and their
mothers appeared critical to study or sustainably prevent
SUIDs in the post ‘back-to-sleep’ era. To our knowledge,
this is the first prospective registry specifically designed
to respond to this issue even if large population-based
registries with less variety of collected data already exist
in other countries.'® '’ Because collaboration with such
countries is imperative to share best practices, monitor
progress and achieve statistical power for future investiga-
tions,” the OMIN involves as far as possible standardised
data to facilitate international collaborations such as
meta-analyses or original or replication studies.

To be fully operational and to respond to its objectives,
the registry will have to manage several challenges. The
first will be to recruit a control population simultaneously
with SUID cases for risk-factor studies. Indeed, although
the already existing ELFE cohort is a potential way to
recruit control children, several exposures are lacking
in this cohort and the risk of biased selections may not
be ascertained from this data source. The second chal-
lenge is to ensure the exhaustiveness of including all
SUID cases occurring in the French territory. One French
referral centres currently do not participate in the OMIN.
Also, preliminary tests seem to indicate a possible under-
inclusion in several participating centres. Data from the
CépiDc, when available, will help better quantify the
magnitude of this potential bias and implement correc-
tive measures. The third challenge will be to sustain-
ably maintain both the mobilisation of all medical and
health actors and caregivers as well as public and private
funding, which are essential elements for the success of
this project.

In the short term, this registry has the potential to
provide an effective response to the SUID major public
health issue by identifying underlying mechanisms that
can be prevented and by sharing high-quality data to
inform best practices and the accurate classification
of SUIDs. At the same time, such results will help in
mobilising programme planners and policy-makers and
in designing targeted strategies to effectively reduce
preventable infant deaths.
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