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Foreword

There has been a great need for a text such as this for some time now, with the last
general book on sudden infant death syndrome (SIDS) published over a decade and a
half ago, in 2001. Since that time many significant developments have occurred in our
understanding of sudden and unexplained deaths in pediatrics, ranging from updated
definitions with increased emphasis on mandatory death scene investigations to high-
quality scientific work examining the role of neurotransmitter abnormalities in the brain.
The issue of sudden death in toddlers over a year of age (SUDC) has also become an area
of study, with a clearer understanding of the usefulness of the more general term sudden
and unexpected death in infancy (SUDI). The Triple Risk Model has stood the test of
time and has facilitated the integration of laboratory-based work with epidemiological
risk factors. Many fringe theories have fortunately finally fallen into well-deserved
historical obscurity along with odd entities such as status thymicolymphaticus.

As the reader will quickly realise, the text is an extremely eclectic mix of chapters
written by experts in their respective fields. Important chapters deal with the history of
SIDS, the role of parent organizations in promoting bereavement support, the very raw
issue of parental grief, and research into the underlying mechanisms associated with
SUDL. The later chapters focus variably on processes and locations, particularly within
the brain, the roles of which in SUDI are being more clearly teased out and understood.

Of necessity there is some repetition in chapters, as SIDS and SUDI in general are a
heterogeneous mix of mechanisms and processes that cannot be boxed into discrete areas.
While this has sometimes led to different authors taking somewhat contradictory positions on
certain subjects, it merely reflects the complexity and reality of the SIDS/SUDI arena today.

The aditors hope that this ext will have enabled experts from avariety of backgrounds
to explain and elaborate on their particular areas of study and investigation. It will also
serve as a summary of SIDS, SUDI, and SUDC as we know them today, and will lay
the foundation for further exciting discoveries. As such, hopefully this book will provide
an invaluable resource for individuals across many arenas, including parents, clinicians,
medical examiners, and researchers. We are very close to understanding why SIDS/
SUDI occurs: our next challenge is to prevent these tragic deaths from ever happening.

Roger W Byard, Adelaide
Jhodie R Duncan, Melbourne
March 2018






Sudden Infant
Death Syndrome:
Definitions

Roger W Byard, MBBS, MD

School of Medicine, The University of Adelaide, Adelaide, Australia and
Florey Institute of Neuroscience and Mental Health, Victoria, Australia

The beginning of wisdom is the definition of terms
Socrates (470-399 BC)

Introduction

Sudden infant death syndrome (SIDS), once known as “cot death”, has been a somewhat
controversial term that on one hand has been criticized for not being a proper diagnosis
with pathognomonic features, contrasting on the other hand with situations where it
has been uncritically and inconsistently applied to all manner of infant deaths. It has
been argued that SIDS constitutes a disease with a single cause, an argument which is
at odds with those who feel that it is instead a syndrome with common features, and
probable heterogeneous and additive risk factors. For this reason it has been called a
“diagnosis without a disease” (1). As will be evident from the following chapters, the
debate continues.

The term “SIDS” is used when a sleeping infant, who has apparently been quite
well, is found unexpectedly dead. Pathological evaluation, including ancillary testing,
is unable to discern a cause of death (2-6). Despite the shortcomings of pathology,
however, the SIDS story over the past several decades has been one of the great successes
in infant healthcare. After specific environmental risk factors were identified in several



large studies, awareness campaigns were initiated and promoted by SIDS organizations
worldwide, which resulted in death rates from “SIDS” falling dramatically (7-10).

In the Australian context the number of SIDS deaths reduced from over 500
per year in 1988 to 134 per year in 1999 (11), which corresponded to a decrease in
the average number of SIDS deaths per 100,000 livebirths from 196 in the 1980s to
52 deaths between 1997 and 2002. In California in the United States, the number
of SIDS deaths per year fell from 110.5 deaths per 100,000 live births in 1990 to
47.2 deaths per 100,000 live births in 1998 (4). In more recent years SIDS death rates
have levelled, although SIDS is still responsible for a large number of infant deaths
globally (12-16).

It has become clear that the mechanisms of death in infants classified as SIDS
involve a complex interaction of individual susceptibilities with developmental stages
and environmental factors, rather than a convenient and simplistic “single cause” (17).
This was first hypothesized by Bergman over half a century ago when he proposed that
the multifactorial pathogenesis of this syndrome involved the interaction of a range of
factors (18). This concept was expanded upon in 1972 by Wedgwood, who put forward
a multiple contingency hypothesis in which he suggested that the risk of SIDS was
increased when three overlapping factors coincided. These factors were [1] general, such
as prematurity, sex, overcrowding, and poverty; [2] developmental; and [3] physiological
(19). He emphasized that there needed to be an overlap of various risk factors, rather
than one risk factor in isolation, and that death would only occur once the synergy of
these factors exceeded the threshold for survival.

The next significant development was advanced by John Emery in 1983 when
he suggested an “inter-related causal spheres of influence” model that was similar in
philosophy to the Wedgewood model. Proposed risk factors included [1] subclinical
tissue damage from infection; [2] environmental triggers, such as poor nutrition and
medical care; and [3] poor postnatal development of reflexes and responses (20).
Environmental triggers and a critical developmental period were considered vital,
although individual variability was acknowledged.

The “fatal triangle” model subsequently proposed by Rognum and Saugstad used the
same “three hit” framework but added possible roles for hypoxic and/or immunological
events. Factors contributing to death were thought to involve [1] central nervous system
vulnerability and altered mucosal immunity; [2] predisposing factors, including genetic
polymorphisms and astrogliosis; and [3] triggering events, such as overstimulation of a
developing immune system, possibly from viral infections (21).

These theories finally culminated in the 1994 “triple risk” model of SIDS advanced
by Filiano and Kinney, in which the risk of SIDS was thought to be increased when
a vulnerable infant was exposed to environmental stressors. Specifically, the three
components of the model are: [1] a critical developmental period; [2] exposure to
exogenous stressors: and [3] underlying susceptibilities (22). The critical developmental
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period is within the first six months, and specifically between two to four months,
following birth. During this time the infant brain is undergoing rapid and extensive
physiological changes, particularly in homeostatic control. Exogenous environmental
stressors such as prone sleeping position, overheating with excessive bedding, and
co-sleeping or soft bedding are now well recognized and will be discussed in much
greater detail later in the text. Details of individual vulnerabilities involving brainstem
control will also be the subject of later chapters. Although there has been criticism
of this model, with suggestions that a more useful theoretical framework would give
probabilities for a range of risk factors (23), it has provided a very useful conceptual
framework to guide SIDS research over a number of years (17).

Despite the advances in our conceptual and actual understanding of SIDS deaths,
and the development of definitions, numerous problems remain, not the least of which
is the inadequate investigation of infant deaths in many jurisdictions. This has resulted in
deaths being attributed to SIDS without even the most rudimentary of autopsies taking
place (11, 24, 25). Single-cause theories of SIDS are often read about in the media
without having been appropriately peer reviewed, a situation that causes considerable
community confusion.

Research is also still being undertaken on cases that simply have not been
investigated sufhiciently for the conclusion of SIDS to be made. A study published
in 2007 showed that 58% of randomly selected papers on SIDS from the literature
either had not specified the definition that was being used or had used an idiosyncratic,
not recognized definition. This study was repeated five years later and showed some
improvement, although there were still one in three papers on SIDS which did not use
a recognized definition (26, 27). Despite accepted definitions of SIDS specifying that
the term cannot be used if significant or lethal disease is found at autopsy, authors have
referred to “cardiovascular causes” of SIDS such as congenital heart disease, myocarditis,
myocardial infarction, aortic stenosis, and rhabdomyomas. Idiosyncratic terms such as
“SIDSplus” may be used to cover a range of deaths (28-30).

The quest to find a useful definition of SIDS continues; however, Emery’s concerns
that SIDS could become a “diagnostic dustbin” (31) still appear to be very much with us.
This is exemplified in recent analyses of infant deaths where all deaths, including those
in highly dangerous environments such as sofas (couches), are being lumped together
under the rubric of “SIDS” (32, 33), despite the difference in sex ratios between infants
who die while co-sleeping compared with infants who die alone, making it likely that
these two groups are different (34, 35). It appears that every death in a cot may once
again have become a “cot death”.

Recent Definitions

As was noted above, it is disappointing that standard definitions of SIDS are either
being ignored or idiosyncratically modified to suit researchers’ needs. The first major
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definition of SIDS to achieve some international acceptance was formulated in 1969.
SIDS was defined as “the sudden death of any infant or young child, which is unexpected
by history, and in which a thorough postmortem examination fails to demonstrate an
adequate cause for death” (36). Issues that arose with the definition included a lack of
positive features as well as difficulties that occurred in trying to define what was meant
by “sudden”, “unexpected”, “thorough”, and “adequate”, as these terms were all quite
subjective. It has been suggested that the definition was meant to have a requirement for
death scene examination, but that this was inadvertently left out.

In 1991 the National Institute of Child Health and Human Development
(NICHD) Group in the United States published the following definition, in which
SIDS is referred to as “the sudden death of an infant under one year of age which remains
unexplained after a thorough case investigation, including performance of a complete
autopsy, examination of the death scene, and review of the clinical history” (37). The
importance of this definition was that it built upon the previous 1969 definition but
limited SIDS to infants under 1 year of age, and specified that the work-up of an
unexpected infant death requires a case investigation, not merely an autopsy. Specifically,
the authors correctly stated that review of the clinical history and formal investigation of
the death scene were not optional extras, but were mandatory requirements that had to
be undertaken before a conclusion of SIDS could be entertained.

It was slightly concerning that this definition was not immediately universally
accepted, and that it was in fact criticized, with a number of alternative definitions being
proposed. An example of a criticism of the requirement for a death scene examination
was a paper by Becroft, which stated that, while the addition of a death scene examination
to the definition initially seemed to be a good idea, “in retrospect it was not” (38). It
is unclear why additional information would not be desirable, as it is well recognized
that significant and serious errors may be made if a scene is not evaluated properly.
The point is that an infant death cannot be attributed to SIDS until there has been an
examination of the death scene by experienced personnel who can deal sensitively with
bereaved parents as well as check for evidence of accidental or non-accidental injury (39,
40). Having death scene examination in the definition was, therefore, an excellent idea.

Concern was also expressed that the NICHD definition cut SIDS off at 1 year of age.
However, this is not a problem, as it is recognized that 95% of SIDS deaths occur between
1 and 6 months of age, and unexpected deaths after the first year of life are rare (5).

A number of alternative definitions were published before and after the NICHD
definition, all of which had different emphases on death scene investigations, history
reviews, age range, associations with sleep, performance of ancillary testing, and the
presence or absence of minor pathological findings (29, 41-43). These definitions did
not greatly advance our understanding of the entity and have not stood the test of time.
One suggestion that was made, however, to stratify cases into two or three categories in
order to better define the requirements that have been fulfilled, or not, for diagnostic

purposes (44, 45) led to the formulation of the San Diego definition.
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The San Diego Definition

In 2004 a panel was convened by the CJ Foundation (United States) whose mandate
it was to re-evaluate the definition of SIDS and to attempt to provide a framework
for diagnostic and research activities. It was intended that this definition should be

continually updated as new information became available (46).

The panel metin San Diego and proposed ageneral definition for SIDS as “the sudden
unexpected death of an infant <1 year of age, with onset of the fatal episode apparently
occurring during sleep, that remains unexplained after a thorough investigation,
including performance of a complete autopsy and review of the circumstances of death
and the clinical history” (47). The definition added an apparent association with sleep
to the NICHD definition and attempted to broaden the requirement for a death scene
examination to include an evaluation of the entire circumstances of death in order to

capture as much information about the infant’s environment as possible.

In addition, a series of subcategories were formulated to assist with the assessment,
classification and diagnosis of specific cases. The reason behind this was that it was hoped
that the stratification of cases based on age groups and investigative information would
enable researchers to identify the best cases for study. It was also hoped that application
of this classification system would assist with identifying the most valid published data.

The general definition and subcategories were subsequently published in the
journal Pediatrics (47) and are listed below:

General definition

“[TThe sudden unexpected death of an infant <1 year of age, with onset of the fatal
episode apparently occurring during sleep, that remains unexplained after a thorough
investigation, including performance of a complete autopsy and review of the

circumstances of death and the clinical history”.

Subcategories

Category IA SIDS (classic features with complete investigation)

An infant death that meets the requirements of the general definition with all of the
following:

Clinical: Older than 21 days and under 9 months; a normal clinical history,
including term pregnancy (237 weeks gestational age); normal growth and
development; no similar deaths in siblings, close genetic relatives (uncles, aunts

and first-degree cousins), or other infants in the custody of the same caregiver.

Circumstances: Investigation of the various scenes where incidents leading to death
may have occurred, and determination that they do not provide an explanation for
death found in a safe sleeping environment with no evidence of accidental death.
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Autopsy: Absence of potentially lethal pathological findings; minor respiratory
system inflammatory infiltrates are acceptable; intrathoracic petechial hemorrhages
are a supportive but not an obligatory or diagnostic finding; no evidence of
unexplained trauma, abuse, neglect, or unintentional injury; no evidence of
substantial thymic stress effect (i.e. thymic weight less than 15 g, and/or moderate
to severe cortical lymphocyte depletion). Occasional “starry sky” macrophages
or minor cortical depletion are acceptable; toxicology, microbiology, radiology
studies, vitreous chemistry and metabolic screening studies are negative.

Category IB SIDS (classic features with incomplete investigation)

An infant death that meets the requirements of the general definition and also meets
all of the above criteria for Category IA except that: investigation of the various scenes
where incidents leading to death may have occurred was not performed, and/or one or
more of the following analyses was not performed: toxicology, microbiology, radiology,

vitreous chemistry, and metabolic screening.
Category Il SIDS

An infant death that meets Category I criteria except for one or more of the following:

Clinical: Age range — outside Category IA or IB, i.e. 0 to 21 days or 270 to
365 days; similar deaths of siblings, close relatives, or other infants in the custody
of the same caregiver that are not considered suspicious for infanticide or for
recognized genetic disorders; neonatal and perinatal conditions (e.g. those resulting
from preterm birth) that have resolved by the time of death.

Circumstances of death: Mechanical asphyxia or suffocation by overlaying not
determined with certainty.

Autopsy: Abnormal growth and development not thought to have contributed
to death; marked inflammatory changes or abnormalities not sufficient to be

unequivocal causes of death.
USID (unclassified sudden infant deaths)

This includes deaths that did not meet the criteria for Category 1 or II SIDS, but where
alternative diagnoses of natural or unnatural conditions were equivocal (including cases

where autopsies have not been performed).
Post-resuscitation cases

Infants who are found in extremis and who are resuscitated but later die (“temporarily
interrupted SIDS”) may be included in the above categories, depending on the
fulfillment of specific criteria (47).
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As with the earlier definitions, the San Diego Definition provoked controversy
and, for example, was not greeted with particular support when it was presented at the
Eighth SIDS International Conference in Edmonton, Canada, in July 2004. However,
despite quite vigorous discussion at the time there was no significant follow-up, and
the definition has since proven useful in a number of different jurisdictions around the
world (48, 49). Modification of the definition has, however, been requested because
of difficulties in assessing some of the specified features such as failure to thrive and
fever (50). It should also be mentioned that a mistake was probably made in replacing
“death scene” with “circumstances of death”. This was done in an attempt to broaden the
capture of information from the death scene; however, it would have been more useful

to word this as “circumstances of death, including death scene”.

Other Definitions
SUDI

SUD], or sudden unexpected death in infancy, is a useful term that refers to all sudden
and unexpected infant deaths and not just to SIDS. It would be hoped that, by using this
classification, all unexpected and sudden infant deaths would be captured for particular
populations. This would mean that research and epidemiological analyses would not be
hampered by loss of cases due to idiosyncratic or different classifications of infant death
by different pathologists, coroners, or medical examiners, nor would they be influenced
by diagnostic shifts; i.e. a case will fall under the umbrella of SUDI even if it has been
classified as SIDS, undetermined/unclassified, or asphyxia.

Nothing is ever straightforward and so a problem has arisen due to the formulation
of different definitions of SUDI. For example, while some jurisdictions will exclude
accidents or homicides, others will include them. The author has found the CESDI
(Confidential Enquiry into Stillbirths and Deaths in Infancy) study in the United
Kingdom guidelines the most useful (51, 52). This definition has been published and
has been trialed very successfully. A death is classified as a SUDI if it occurs between
7 and 365 completed days of life and fulfills the following criteria:

*  deaths that were unexpected and unexplained at autopsy
o deaths during an acute illness that was not recognized as life-threatening

e deaths due to an acute illness of less than 24 hours” duration in a previously
healthy infant (or death after this if life had only been prolonged by intensive
medical care)

e  deaths from a pre-existing occult condition
o deaths from any form of accident, trauma, or poisoning (51, 52).

Cases can be graded from Ia to III depending on the certainty with which a cause of
death can be established. A “zero” classification can be added to identify certain cases
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which belong within SUDI, but in which information is missing, due to incomplete
investigations, thus preventing them from being classified as explained or unexplained

deaths (53).

If this definition of SUDI is being modified for local use, then this should be
clearly specified. For example, certain jurisdictions prefer to include all deaths in infants
aged from 0 to 365 days rather than to exclude the first week of life.

SubDC

SUDC, or sudden unexplained death in children older than a year, is a rare event but
is now being investigated as a separate entity from SIDS. The incidence in the United
States in 2001 was 1.5 deaths per 100,000 live births, compared with 56 SIDS deaths
per 100,000. The definition proposed by Krous and colleagues (54) is: “the sudden and
unexpected death of a child older than one year of age which remains unexplained after
a thorough investigation, including review of the clinical history and circumstances of
death, and performance of a complete autopsy with appropriate ancillary testing”.

Conclusions

We now have a workable definition of SIDS with subcategories that should assist us in
evaluating cases — but this will only work if definitions and criteria are applied consistently
and uniformly. An example of a significant current problem is the labelling of certain cases
of infant deaths in unsafe sleeping environments, such as on sofas, as “SIDS” without
an acknowledgement of the possibility of other lethal mechanisms such as suffocation or
positional/crush asphyxia (32, 33, 35, 55-57). So, having a definition is really only the first
step in a long journey. It is very likely that Socrates would recognize that, although having
a definition is the beginning of the wisdom, it is certainly not the end.
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Introduction

The term sudden infant death syndrome (SIDS) was first proposed in 1969 in order
to focus attention on a subgroup of infants with similar clinical features whose deaths
occurred unexpectedly in the postnatal period (1). Today the definition of SIDS refers
to death in a seemingly healthy infant younger than 1 year of age whose death remains
unexplained after a thorough case investigation including a complete autopsy, review
of medical and clinical history, and death scene investigation (2). SIDS is typically
associated with a sleep period (3) with death presumed to have occurred during sleep
itself or in the transition between sleep and waking (4). This led to application of the
terms “cot” or “crib” death; however, these terms are rarely used today. Furthermore,
while the definition is inclusive of infants up to 1 year of age, approximately 95% of
SIDS deaths occur in the first six months of life with a peak incidence in infants aged
between 2 to 4 months (5). While there are distinctive features associated with the
syndrome there are no diagnostic features that can be attributed to a SIDS death.
Indeed, application of the term relies on a process of elimination and when no known
cause of death or contributing factors can be determined, the term SIDS is usually
applied. Thus, while the debate continues regarding the definition and use of the term



SIDS, and no one definition has been universally accepted, one certainty persists, and
that is that SIDS still remains a diagnosis of exclusion (1).

History

Sudden death in a seemingly healthy infant during sleep is not a phenomenon of modern
times, with cases being recorded throughout history for thousands of years. Indeed, one
of the first cases is mentioned in the Bible (1 Kings 3:19). However, these deaths have
generally been attributed to overlaying, as it was common practice to sleep in the same bed
as a child. Indeed, the death of an infant by “overlay” was considered such an issue that
by the seventh century the event was a punishable offence (6), with the introduction of
a “protective” wooden arcuccio for infants to sleep in during the 18th century in Europe
with severe penalties if the infant died in a co-sleeping arrangement and the frame
was not used (7). By the 19th century the belief that the death of infants during sleep
was due to overlaying was so entrenched that death was still attributed to this despite
evidence suggesting otherwise (8), with calls for co-sleeping of parents and children
to be illegal, especially if the parents were in an intoxicated state (9). This belief was
maintained for the next 100 years (1). While fewer deaths are attributed to overlaying in
modern times, it is often impossible to exclude this possibility when death has occurred
in a bed-sharing situation, which often leads to a diagnosis of “undetermined”.

Asevidence built in the late 19th century that infants deaths were occurring without
being associated with bed sharing (and thus overlaying), new theories of the factors
mediating infant deaths began to arise. In 1830, Kopp’s “thymic asthma” proposed that
enlargement of the thymus in some infants resulted in a build-up of pressure leading
to tracheal obstruction (10). Others suggested intrinsic asphyxial mechanisms (8),
suffocation catarrh (11), superstition or the actions of witches and gods (12, 13) as
the cause of sudden death. Although many theories have been discredited they have
led to strong followings; the theory of status thymicolymphaticus, for example, was
popular for over 30 years and resulted in over 800 publications, the most recent as
late as 1959 (14). Even today, evidence is presented for numerous theories relating
to the mechanisms mediating sudden death in infants (see below). Most recently a
“wear and tear” hypothesis has been presented that suggests that “SIDS is the result of
cumulative painful, stressful, or traumatic exposures that begin in utero and tax neonatal
regulatory systems incompatible with allostasis” (15). The authors argue that SIDS will
be highest in winter-born premature male infants who are circumcised due to increased
vulnerability to seasonal illness and stimulation of nocioreceptors during removal of the
foreskin. However, like many contradictory theories in the past, this prediction lacks

conclusive evidence.

While explanation for sudden death in certain infants remains incomplete, the
term SIDS was only accepted as an ofhicial diagnosis on death certificates in 1971, with

16 SIDS — SUDDEN INFANT AND EARLY CHILDHOOD DEATH



the term “sudden infant death” being allocated a separate code (coding number 798.0)
in the World Health Organization’s International Classification of Diseases in 1979 (13).

Incidence

There has been a dramatic decrease in the incidence of SIDS since the introduction
of safe sleep campaigns, with a 30-83% reduction in the SIDS rate (16-18). While,
historically, rates have been recorded as high as 2-6 per 1,000 live births (19), they
currently stand at 0.2-0.5 per 1,000 live births in most countries (18), although this
rate can be heavily influenced by factors such as geographical location, climate, and

ethnicity, as discussed below.

While the rate of SIDS has decreased, it is also important to note that the use of
the term SIDS is becoming increasingly controversial and there has been a diagnostic
shift in recent years. This has resulted in a decrease in the application of the term as a
diagnosis with many professionals classifying cases into other categories and employing
terms such as “undetermined”, “unknown”, “unascertained” or “ill-defined” despite
the fact that cases fulfil the criteria for SIDS (20). Thus it is possible that changes in
terminology could be partially responsible for the reduction in SIDS rate, as opposed to

there having been an actual reduction in the number of deaths.

Diagnosis

One issue when applying the term “SIDS” is that there are no diagnostic features that
can be attributed to a SIDS death, and thus application of the term relies on a process of
elimination. When no known cause of death or contributing factors can be determined,
the term SIDS is utilised. This leads the way to a large window of interpretation as to
how the term can, and when it should, be used, especially considering that not all SIDS
cases have the same characteristics. In the past, SIDS has been applied to cases even when
the investigation does not fulfil the required definitions (21, 22) and an autopsy has not
been performed (23). Indeed, it is estimated that an alternative diagnosis could have
been made in up to 25% of SIDS cases or more (24, 25). Thus it is highly recommended
that investigators use the Sudden Unexplained Infant Death Investigation (SUIDI)
reporting forms devised by the Centers for Disease Control (26) in order to standardise
data collection, increase uniformity across different medical examiners offices, and thus

make the classification of the cause of death more uniform.

As stated above, the current definition of SIDS typically refers to an infant younger
than 1 year of age whose death remains unexplained after a thorough case investigation
including a death scene investigation, complete autopsy, and review of medical and
clinical history (2). This definition also provides subcategories (as outlined in Chapter 1),
which were introduced in an attempt to assist with classification and diagnosis.
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The initial investigation of the death scene should combine the expertise of both law
enforcement and medical personnel and should include, at a minimum, documentation
of the sleep environment, the position that the infant was placed to sleep in, and the
position in which he or she was found. This would preferably include photographic and
video evidence and re-enactment using a doll of a similar size to the infant. In addition,
information pertinent to understanding factors that may have contributed to the death
— including (but not limited to) time and circumstances surrounding death, room
temperature, details of household activities prior to the death, details regarding clothing
and bedding, and any unusual features — should also be collected (27).

In combination with a full death scene investigation, a comprehensive autopsy
utilising accepted protocols (25) such as the International Standardized Autopsy
Protocol (ISAP) should be completed. Ideally, this would include full external and
internal examinations, the latter complemented by radiology of internal structures,
histological analysis for pathology of all major internal organs including the brain and
liver, toxicology analysis, assessment for the presence of infectious agents, electrolyte and
metabolic studies, and molecular/genetic studies. However, it should be noted that some
facilities do not have access to all of these diagnostic techniques.

As part of a routine autopsy, and to complement the findings at autopsy,
assessment of the infant’s medical history should also be undertaken. This will aid
in determining whether the infant had a history of potentially lethal conditions that
may have contributed to death. This history should include details pertaining to the
pregnancy and delivery (including type of delivery and any noted complications),
method of feeding, and immunization status. Ideally, a full family history should also be
reviewed to provide insight into parental illnesses and disorders, especially if a history
of maternal drug use is present, including smoking habits, particularly of the mother
during pregnancy. This history should also provide details as to whether there is a history
of illness in siblings of the infant, including any previous deaths, as these may provide
information relative to the presence of lethal inherited diseases or potential homicide.
Therefore, without rigorous and in-depth investigation, there is a high potential that the
cause of death could be labeled as SIDS based on incomplete or poor evaluation of the
death instead of being labeled as a true “unknown” cause. It is also important to note
that, despite fulfilling the requirements for a SIDS definition, some deaths may be listed
as undetermined or ill-defined.

Risk Factors for SIDS

The cause of sudden death in some infants has long been proposed to be multifactorial,
involving interactions of a variety of factors (28); each factor alone is not sufficient to
cause death, but may, when expressed or experienced in combination with one or more
other factors, result in death. This theory was first presented as the multiple contingency
hypothesis in 1972 by Wedgwood, who believed SIDS was most likely to occur when
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Extrinsic Risk Factors:
+ Sleep position (especially

prone or side)

+ Sharinga sleep surface

+ Over bundling/heating
+ Soft bedding

+ Inappropriatesleep surface

+ Face covered

Intrinsic Risk Factors:
+ Male gender
+ Prematurity
+ Low birth weight
+ Genetic polymorphism
+ Exposure to cigarette
smoke

Critical period
of development
(15t year of life)

Vulnerable
infant

Exogenous
Stressor

Factors Associated with SIDS:
+ Ethnicity
+ Geographical location
+ Climate
+ Parental characteristics e.g.
young age

Figure 2.1: Triple Risk Model for SIDS proposed by Filiano and colleagues in 1994,
highlighting the intrinsic, extrinsic and additional risk factors for SIDS. (Adapted from (32).)

three overlapping factors occurred simultaneously (29). This was shortly followed by
Emery’s interrelated causal spheres of influence model and Rognum and Saugstad’s fatal
triangle (30). While the emphasis varied, all placed the focus on a multifactorial cause

of death.

In 1994, Filiano and Kinney proposed the “Triple Risk Model” for SIDS (31),
which today stands as one of the most accepted models in the field. As with the
previous theories, the Triple Risk Model proposes that SIDS is not due to a single
common pathway but that interrelated and overlapping factors combine to increase
risk. Specifically, Filiano and Kinney posit that SIDS results from the simultaneous
occurrence in an infant of a critical developmental period (i.e. the first year of life), the
presence of an underlying vulnerability that increases susceptibility (i.e. unrecognised
pathology), and exposure to an exogenous stressor (i.e. being placed in a prone position
for sleep) (Figure 2.1). When these factors align, the risk for SIDS is believed to be
the greatest. The group further went on to propose that the risks for SIDS could be
considered as either intrinsic or extrinsic, where intrinsic factors affect susceptibility
and extrinsic factors represent physical stressors experienced around the time of death
(see below) (32). While SIDS is not exclusive to infants with intrinsic or extrinsic risk
factors, the importance of their role is demonstrated by the fact that at least one risk
factor (and sometimes more) is present in approximately 90% of all SIDS cases, with
very few SIDS cases reported where no extrinsic risk factors are present (32).
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Developmental period

By definition, for a death to be classified as SIDS it must occur in an infant some
time before their first birthday. Sudden and unexpected death can occur after the age
of 1, though these deaths would be classified as sudden and unexplained death in
childhood (SUDC), which has a much lower incidence (currently 1.4 to 1.8 deaths
per 100,000 children) (33, 34). While death can occur at any time during the first
year, approximately 90% of cases happen in the first six months of life, and there is an
increased incidence between 2 and 4 months of age, a period when the infant brain
is undergoing dramatic neurodevelopmental changes, especially to systems controlling
homeostatic control (5).

Intrinsic risk factors

As mentioned above, intrinsic risk factors affect the vulnerability of the infant, increasing
susceptibility to the influence of extrinsic risks. These factors include male sex, prematurity,
low birth weight, genetic polymorphisms, and prenatal exposure to drugs, particularly
nicotine (from cigarettes) and alcohol. Intrinsic risk factors are normally not modifiable,
with the exception of exposure to maternal cigarette smoking or alcohol consumption
during pregnancy. Although these could also be considered extrinsic risk factors (such as
would occur via exposure to second-hand smoke after birth), as maternal exposure during
pregnancy causes the highest risk for SIDS it will be presented in this section.

Sex, prematurity, and low birth weight

There is clear evidence that the incidence of SIDS is higher in males than females
(35), with a ratio of 60 to 40 respectively (5). While some suggest male vulnerability is
influenced by sex differences in genetic and biological makeup, it is not clear why the
incidence of SIDS is higher in males, and this may simply be a reflection of the fact that
male infants are more vulnerable to illness and disease than females, with males having
a generally greater mortality rate overall (36). Prematurity and low birth weight also
increase the risk for SIDS fourfold (37, 38), the most likely reason being the associated
increased vulnerability in these infants due to immature autonomic systems.

Genetic polymorphisms

Unlike conditions such as Down Syndrome, where the presence of a third copy of
chromosome 21 results in the phenotype, to date there has been no one gene identified
in the etiology of SIDS. However, this does not exclude the possibility that some
infants may carry unidentified genetic mutations or polymorphisms that interact
with environmental or endogenous factors in complex ways, thus increasing their
susceptibility to SIDS. A recent sequencing study of 161 SIDS infants by Neubauer
et al. in 2017 identified potentially causative gene variants in 20% of their SIDS cases.
These were associated with ion channelopathies (9%), cardiomyopathies (7%), and
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metabolic diseases (1%) (39). While it should be noted that the authors of this study
focused specifically on genes associated with cardiovascular and metabolic diseases,
mutations in cardiac ion channels, for example, could contribute to lethal arrhythmia
and may explain sudden death in some infants. Others have reported differences in
the expression of up to 17 genes in SIDS infants compared to controls, including
three genes involved in mediating inflammatory responses (40). There have also been
reports of polymorphisms in the promoter region of the serotonin transporter gene,
which could result in altered serotonin uptake and regulation, supporting pathological
and neurochemical studies reporting serotonergic dysfunction in SIDS (41, 42). Both
Narita et al. (43) and Weese-Mayer et al. (44) reported an increase in the “L” allele
in SIDS cases across different ethnic groups. The L allele is responsible for increasing
the effectiveness of the promoter region of the serotonin transporter gene and thus
an increased expression should lead to reduced serotonin concentrations. However,
these findings have not been replicated in all studies (45, 46). In addition, findings
of genetic abnormalities in SIDS vary across groups, with polymorphisms also being
reported in genes for sodium channels, complement C4 and interleukin 10 (involved in
immunity), and genes involved in the development of the autonomic nervous system,
such as paired-like homeobox 2a and rearranged during transfection factor (RET) (47).

Two issues remain when trying to interpret the significance of gene mutations in
SIDS. First, the rarity of multiple SIDS death in a family limits our ability to study
the contribution of familial or inherited genetic abnormalities (see below). Second,
many screening studies investigating genetic mutations in SIDS cases often identify
several differences between groups in genes that have non-specific or heterogeneous
functions; thus understanding the resultant consequences of changes to one or several

genes becomes difficult.
Prenatal exposure to drugs including maternal cigarette smoking

Maternal cigarette smoking increases the relative risk for SIDS up to fivefold, with
additional risks from postnatal exposure (48, 49). Despite evidence that smoking
during pregnancy can be harmful, approximately 13% of women continue to smoke
during this period (50). These numbers may be as high as 75% in some high-risk and
Indigenous populations (51). Furthermore, the prevalence of maternal smoking during
pregnancy in SIDS mothers has increased from 50% to 80% (49), such that in the
wake of reductions in prone sleeping, exposure to cigarette smoke is now considered the
dominate modifiable risk factor for SIDS (49). In addition, exposure to second-hand
cigarette smoke both prior to, and after, birth also impacts on infant wellbeing (52), so
that recommendations now state that mothers should not smoke during pregnancy, and
infants should be in a smoke-free environment in order to reduce the risk of SIDS.

While the exact mechanism of how maternal smoking increases SIDS risk is still
to be fully elucidated, it has been hypothesised that nicotine (the major neurotoxic
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component in cigarette smoke) is able to cross the placenta into the fetal circulation
where it binds to endogenous neuronal nicotinic acetylcholine receptors present in
the fetal brain (53). These receptors are widely expressed in the fetal brain from as
early as 4-5 weeks’ gestation (54). Exogenous nicotine may bind to and inappropriately
stimulate the function of these receptors. Indeed, there are several studies highlighting
the impacts of prenatal cigarette smoking on fetal physiology including impaired
arousability (55), changes to the apneic index for obstructive events during sleep (56),
and altered parasympathetic control of heart rate (57) to name just a few. The processes
by which this occurs are hypothesized to include the ability of nicotine (or other active
ingredients in cigarette smoke) to control cell survival, affect neurite outgrowth, and
regulate transmitter release (due to co-expression of these receptors on non-cholinergic
neurons) (53) and synapse formation (see (58)). It has also been suggested that exposure
to cigarette smoke in utero reduces lung capacity, thus resulting in chronic hypoxia after
birth, or alternatively increases the risk of respiratory tract infection, both increasing
infant vulnerability.

While the literature suggests that drug use, including cocaine and alcohol
consumption, is associated with an increased risk for SIDS (59, 60), a direct relationship
is often harder to determine due to the confounds of poly-drug use and environmental
factors such as socioeconomic status. We do know that drug use, including cocaine and
cigarettes, during pregnancy increases the risk of prematurity and low birth weight (61),
themselves both associated with an increased risk for SIDS. Furthermore, infants born
to mothers with a history of drug use are known to have altered physiology, including
altered heart rate and fetal movements (62).

Extrinsic risk factors

Extrinsic risk factors represent physical stressors experienced around the time of death and
often relate to the environment that the infant faces. These factors include sleep position
(especially prone sleep position), sharing a sleep surface, over-bundling/over-heating,
soft bedding, inappropriate sleep surfaces, and having the infant’s face covered.

Sleep position

The majority of SIDS deaths occur in association with a sleep period, with infants most
often found dead in their cots (63). However, there is no association with any particular
sleep period, with deaths attributed to SIDS occurring at any time of the day (64). Thus
it is not surprising that sleep position, especially prone sleep position, which places
additional physiological stress on cardiorespiratory systems, is the most significant
environmental or “extrinsic” risk factor for SIDS. Indeed, prone sleeping (whether the
infant is placed in this position or they move into this position during their sleep period)
is estimated to increase the risk of SIDS by up to 14-fold (65).
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The mechanism of death attributed to prone sleeping is often suffocation, and
while suffocation is a valid possibility in some cases, it does not account for all deaths.
Therefore, there are numerous theories relating to the factors that contribute to death
while an infant is in the prone position. These include, but are not limited to, the
face-down position resulting in oxygen deprivation leading to hypoxia, rebreathing of
carbon dioxide leading to hypercarbia, reduced arousal responses and increased waking
thresholds (especially to exogenous stimuli), compromised cerebral blood flow, airway
obstruction, splinting of the diaphragm, altered cardiovascular capacity, and increased
body temperature (66-68).

Despite no clear mechanisms being identified, the recognition that prone sleeping
position plays a role in infant death was first reported in 1944 (69), and in SIDS
deaths some 20 years later. However, the recommendation to place infants on their
stomachs to sleep continued until the late 1980s. It is estimated that during this period
prone sleep recommendations may have contributed to the unnecessary deaths of an
estimated 60,000 infants (70). Publications highlighting the association between prone
sleep position and sudden death in infants saw a decrease in the number of infants
being placed prone to sleep and this was closely mirrored by a fall in SIDS deaths,
confirming the strong association (71). In the late 1980s and early 1990s this led to the
initiation of “Reducing the Risk” and “Back to Sleep” campaigns, which saw a dramatic
decrease in the number of SIDS deaths (72); in some countries this was as high as a
73-83% reduction in the average number of deaths per year (16, 17).

While the numbers of SIDS infants found prone has gone down by nearly
50% since safe sleep campaigns were introduced, there has been little decline in the
incidence of SIDS since 20006, suggesting that other extrinsic factors may be present.
Thus it is also not surprising that the number of deaths associated with other known risk
factors such as prematurity and bed sharing have increased 18% and 9% respectively
(32) since this time. It is also important to note that, even with the success of safe sleep
messaging, some health workers continue to use non-supine positioning and promote
incorrect sleep positions to parents (73). In the study by Patton et al., “fear of aspiration”
during sleep was the primary reason given for not choosing supine positioning (73),
despite the fact that the incidence of deaths associated with the aspiration of gastric
contents has not changed since the recommendation of supine sleep position (74).

Side sleeping position also increases the risk for SIDS, some studies reporting this
risk to be similar to that of the prone position (75). This is often attributed to the ease
with which infants can roll onto their stomachs, as many SIDS infants who were placed
on their side to sleep were subsequently found prone at the time of death. In addition,
the risk for SIDS is increased by changing an infant’s sleep position to one that they are
not accustomed to, especially sleeping prone for the first time when an infant would
normally sleep supine (76).
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Sharing a sleep surface

Evidence from over 20 years in the United Kingdom indicates a significant increase
from 12% to 50% in the number of SIDS/unexpected deaths associated with a shared
sleep environment (77). These data support the argument that sharing a sleep surface,
primarily beds and couches/sofas, increases the risk for infant death (78) due to the
proposed potential for overlaying, suffocation, or overheating. This risk increases more
when there is a history of prematurity or low birth weight, when more than one adult
is present on the sleep surface, or when additional factors are present such as obesity,
sedation, intoxication, or cigarette smoking (especially maternal smoking during
pregnancy) in the person sharing the sleeping space with the infant (79, 80), or when
the infant shares the sleep space for the entire night, or is younger than 11 weeks of
age (81). However, sharing sleep surfaces with an infant is not a phenomenon specific
to modern times and remains a common practice in many communities worldwide,
without an associated increase in SIDS/infant deaths (82). Thus it could be argued that
contemporary practices — in particular, the use of soft bedding — make sharing a sleep
surface dangerous. Furthermore, sharing a sleep surface facilitates breastfeeding (83),
which is thought to reduce the risk of SIDS (84). Therefore, further studies in this area
are needed in order to fully understand why these differences exist. While bed sharing
increases the risk for SIDS/infant deaths, safe sleep recommendations advocate infants
sleeping near their parents or caregivers, as this decreases risks (85). There is no increase
in the risk for SIDS for sleeping infants held in bed with an awake caregiver.

Soft bedding and inappropriate sleep surfaces

Sleep surfaces, and in particular soft bedding, also contribute to the risk of
SIDS/unexpected infant death independent of sleep position; however, the risk is
substantially higher again should the infant be placed prone (86). Soft surfaces, such as
mattress and sheepskins, are thought to result in a potential “trough” when the surface
depresses under the weight of the infant (87). In this situation, the infant may not
be able to extricate themself, resulting in the potential for suffocation, asphyxia, or
overheating. Blankets and pillows may also constitute soft sleep surfaces, and may, in
addition to the above, increase the risk of face covering (81). Importantly, the risk of
infant death is greatly increased if infants are left to sleep on a couch or sofa, with an
odds ratio as high as 66.9, especially if this occurs in association with sharing this surface
with an adult (more so than bed sharing) (78).

Overheating, over-bundling and covering of the face

A study by Kleemann et al. found that profuse sweating was present at the time of death
in 36% of SIDS cases (88), suggesting that hyperthermia plays a role in some SIDS
deaths. This has been attributed to endogenous factors including infections, immature
central thermoregulatory centers, or increased amounts of brown adipose fat (89);
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it suggests an additional intrinsic risk in these infants. However, overheating due to
over-bundling, increased ambient room temperature, or covering of the face or head
is most likely to be attributed to exogenous factors, thus serving as an extrinsic risk
factor (88). These extrinsic risks have the highest incidence when ambient temperatures
fall and there is overcompensation. Indeed, over-bundling and thus presumably
overheating during a sleep period is considered an independent risk factor for SIDS
(90). Understandably, covering of the face may not only increase the risk for overheating
but may also contribute to the risk for SIDS due to the increased chance of suffocation,

asphyxia, decreased respiratory function, hypoxia, and hypercapnia.

Additional characteristics of SIDS cases

The above-mentioned risk factors are well documented to contribute to SIDS deaths;
however, there are several additional factors that have also been shown to have an impact
upon SIDS rates. Therefore, it is presumed that these factors influence the vulnerability
of certain infants and could themselves be considered risks, though the means by which
they impact on SIDS cases is not always evident. These factors include geographical
location, climate, ethnicity, and certain parental characteristics. It is also worth discussing
here the potential of altered sleep patterns in SIDS infants, and instances where there
are multiple deaths of siblings in a single family, suggesting that the vulnerability may
be inherited.

Geographic location and climate

Geographical location has a considerable influence on the number of infant deaths,
with SIDS rates varying considerably across the globe (27). SIDS is also more common
in colder climates than in warmer climates; likewise, it is more common during winter
months than at other, warmer times of the year (91, 92). This is not a reflection of age,
as the month (and thus season) in which an infant is born per se has no effect on the
rate of SIDS (91). It is possible that the same factors that cause an increase in numbers
of cases in winter months will also act for a longer time in colder climates. However, it
should also be noted that the incidence of SIDS during colder months has decreased
since the introduction of risk campaigns; in some geographical locations, such as Alaska
and Sweden, where winter temperatures are extremely low, there was no evidence of a
winter peak even prior to the era of safe sleep campaigns (93). It is also possible that
the influence of geographical location and climate is driven more by different childcare
practices or diagnostic protocols than actual location, which should be considered when
comparing rates across countries.

Ethnicity

Ethnicity has been shown to be associated with the incidence of SIDS (94). The incidence
of SIDS is lower in individuals with an Asian heritage (95), with a higher incidence

THE PAST, THE PRESENT AND THE FUTURE 25



reported in African-American (37) and Indigenous populations (96). For example, Native
Americans of the Aberdeen Area of the Northern Plains have a rate of 3.5/1,000 live
births, almost 7 times greater than the overall United States rate (96). However, these
findings have not always been validated once socioeconomic factors, maternal history,
and the presence of risk factors have been controlled for (97). In addition, the potential
effects of ethnicity may be impacted by geographical location. For example, Californian
infants with an Asian heritage have a higher rate of SIDS compared to Asian infants
living in their country of ethnic origin (95). Again, consideration of different childcare
practices should be made when interpreting the incidence of SIDS across different
ethnic groups and assigning a potential genetic predisposition (98).

Parental characteristics

Young paternal age (<20 years) is considered to increase the risk for SIDS, despite the
fact that SIDS infants in younger parents are less likely to be the firstborn child (35).
Single maternal marital status (99), complications during pregnancy, fewer prenatal
examinations (35), multiple births (38), and admission for psychiatric treatment of
either parent, especially drug-related disorders (100), have also been implicated in the
etiology of SIDS.

Sleep patterns

There is evidence to suggest that infants dying of SIDS have altered sleep patterns
and altered responses to stressors while asleep. For example, in 1992 Schechtman and
colleagues showed that SIDS infants have decreased waking time and therefore more
sleep during the early morning period with more rapid eye movement (REM) periods
throughout the night compared to controls (101). Abnormalities have also been noted
in the organization, structure, and level of maturation of sleep in a group of “near-miss”
SIDS infants (102). Furthermore, functions such as autoresuscitation and arousals
during sleep are also altered in SIDS (101); these functions are especially vulnerable to
the influence of maternal cigarette smoking during pregnancy (103). Thus it is possible
that altered sleep states impact an infant’s ability to respond to stressors, potentially
increasing their vulnerability during sleep.

Sibling deaths

The association of SIDS deaths amongst siblings is still debated. There have been reports
of an increase in the incidence of SIDS of between two and ten times in infants who have
had a sibling or twin death, including an increase risk based on the presence of SIDS
in second- and third-degree relatives (104, 105). However, some of these outcomes
have been explained once environmental and maternal factors have been controlled for
and these families may only represent a small subgroup of individuals with increased
vulnerability. There have also been reports of simultaneous sudden death in siblings
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supporting a genetic basis (106), although the importance of environmental factors
should be taken into consideration under these circumstances. In addition, a report
by Diamond et. al. indicated five consecutive sibling deaths in the same family (107),
However, the authors feel that multiple deaths within the same family should raise
concerns about other possible inherited conditions such as prolonged QT interval or
metabolic disorders, homicide or potentially misclassified deaths of known cause. Thus,
while multiple SIDS deaths in the one family may represent a genetic component in the
etiology of SIDS, for 92% of families the risk of recurrence is considered small (105).

Mechanisms Underlying SIDS Deaths

Based on the fact that the definition of SIDS is dependent on the elimination of known
causes of death, it is not surprising that there are no identifiable mechanisms underlying
these deaths. This has led to a vast number of theories on the mechanisms responsible for
SIDS. Chapters throughout this book will provide in-depth discussions on the proposed
causation of SIDS, but below is a short summary of some of the current theories, all
of which, obviously, have yet to be fully substantiated. It is also worth noting that in
many studies there is a lack of comparative “normal controls”, which complicates our
ability to interpret whether entities present in SIDS infants represent a primary cause
of death or act as a secondary, or even an unrelated, phenomenon. Indeed, the authors
of this chapter, along with others, are of the opinion that infant deaths attributed to
SIDS are likely to represent a mixed population with various etiologies and disease
entities contributing to one common endpoint (i.e. death) rather than all deaths being
attributed to one single cause (108).

Respiration and respiratory function

Respiratory failure has long been thought to contribute to sudden and unexpected
infant deaths (109), especially considering that sleep heightens the possibility of
airway obstruction and apparent life-threatening events such as apneas. Furthermore,
SIDS infants are hypothesized to have defects in respiratory control resulting in
altered respiratory function, prolonged periods of “breath holding”, a failure of
autoresuscitation, and defective arousal mechanisms (specifically, a failure to arouse to
altered oxygen or carbon dioxide levels) (110-113). While some studies have reported
mixed and obstructive respiratory events (114) or altered ventilatory control (115) prior
to death in infants who subsequently died of SIDS, others have shown no difference
in breathing patterns or respiratory rates (at least during regular breathing) (116), thus
making integration of respiratory-related issues for SIDS difficult.

In SIDS cases there have been a number of anatomical abnormalities reported that
are similar to those reported in obstructive sleep apnea/hypopnea syndromes (117), and
thus it could be argued that these contribute to the respiratory issues hypothesised to exist
in SIDS infants. These include retrognathic facial abnormalities such as retroposition of
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the maxilla, narrowing of the nasal passages, shallow temporomandibular joints, and
enlargement of the tongue (117, 118). However, these abnormalities are not present in
all cases and are not sufficient to enable a SIDS diagnosis to be made.

Siren recently postulated that SIDS occurs due to critical failure of the diaphragm
(SIDS-critical diaphragm failure hypothesis) as a result of the increased respiratory
workload following exposure to exogenous stressors leading to cessation of breathing
and death (119). Others have suggested that abnormalities in peripheral airway stretch
receptors, changes to peripheral sensory chemoreceptors including the carotid body, or
dysfunction or immaturity in centrally located brainstem networks controlling upper
airway functions could also contribute to respiratory issues, by increasing the risk for
events such as apneas, or by reducing autonomic responses to airway obstruction during

sleep (113).

Suggestions of respiratory-related mechanisms in SIDS have led to theories
regarding an apparent protective effect of dummies/pacifiers, as supported by a recent
meta-analysis by Alm and colleagues (120). It is thought that their use increases
arousability, maintains airway patency and increases airway tone, and alters heart rate
variability, thus improving autonomic tone (121). However, it should also be noted that
there is contradictory evidence as to whether dummy or pacifier use interferes with the
establishment of breastfeeding (itself thought to reduce the risk of SIDS) (122), and
therefore caution should be given to the initiation of their use.

Hypoxia and hypoventilation

Due to evidence of repetitive apneas and hypoxic gasping prior to death in some SIDS
cases (123), it has long been proposed that SIDS infants succumb to death due to
repeated episodes of hypoxic/ischemic injury. In support of this theory, studies have
reported subtle morphological changes in the liver, adipose tissue, and heart and
circulatory system, which could be attributed to a chronic hypoxic state (27), though
the findings remain inconclusive. In contrast, others have not reported changes to
markers that would be expected to be altered following chronic hypoventilation —
such as serum erythropoietin levels, for example (124), and, with the exception of some
reports, brainstem gliosis (125). There is also a lack of significant evidence at autopsy of
hypoxic-related changes (126). Furthermore, our own studies have illustrated differences
in neurochemical and enzymatic levels in the brainstem between infants who had
chronic hypoxia-ischemia and those classified as SIDS (41), suggesting an alternative
mechanism (or mechanisms) related to death other than impaired oxygenation.

Cardiovascular function

It has been suggested that arrhythmia and cardiovascular changes are responsible for
death in SIDS infants (127). This is driven by evidence proposing altered heart rate and
heart rate variability; defects in centrally mediated cardiac control, primarily brainstem
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centers; autonomic imbalances and abnormal conduction pathways, including a
left-handed His bundle (27, 128, 129); prolongation of the QT interval (the time from
ventricular depolarization to repolarization) early in life (130); and severe bradycardia
(with and without apnea) (131). While entities with known abnormalities of cardiac
conduction are associated with sudden death, as with the issues around respiratory
function mentioned above, there are considerable difficulties in proving a cardiac cause
for SIDS, with some studies failing to report any differences in cardiovascular function
(116). Furthermore, anatomical abnormalities related to cardiovascular function, if
present, often exclude a diagnosis of SIDS, and in such cases, though they may be
present, do not contribute to the cause of death (132).

Gastrointestinal function

While aspiration of gastric contents into the lungs or airways has been proposed as a
possible cause of sudden death, it does not appear to be a valid marker for SIDS and
can often be explained as a secondary event that has occurred after death (133). It has
been proposed that reflux of gastric contents into the upper acrodigestive tract without
aspiration may contribute to SIDS, as infants who suffer gastroesophageal reflux also
manifest respiratory issues (134, 135). Besides the potential of airway obstruction, it
has been suggested that reflux may also result in stimulation of peripheral esophageal
receptors resulting in vagally mediated fatal apnea or bradycardia (136), or that some
infants may have altered laryngeal receptor function upon stimulation (137). However,
signs of reflux have not been consistently observed in SIDS cases (138) and are common
in early infancy.

Nervous system abnormalities

There is a large body of literature suggesting that nervous system dysfunction plays a
role in SIDS, especially in particular brainstem regions (41, 139, 140). These changes
have been attributed to either abnormal development or to maturational delay, and are
hypothesised to play a key role in SIDS due to their direct influence over homeostatic
processes including cardiorespiratory control, sleep regulation, and arousal (41, 139-141).
Furthermore, marked changes in neural control (including within brainstem regions)
overlap the peak period for SIDS, i.e. 2 to 4 months of age (53). However, our ability
to fully understand changes to nervous system processes in SIDS is often limited due
to contradictory findings in the literature and our ability to apply histological and
molecular techniques to examine post-mortem specimens (due to rapid deterioration
of tissues after death).

Central nervous system

Abnormalities in the brains of infants who have been classified as SIDS have been reported,
including increased brain weight (142), and this is not attributed to simple edema or
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to cerebral anomalies. At the cellular level, studies have demonstrated focal granule cell
bilamination in the dentate gyrus of the hippocampus (143), arcuate nucleus hypoplasia
in the ventral medulla (144), altered development of the hypoglossal nucleus (145),
altered neuronal cell number (140), changes to dendritic spines (141), and increased
cerebral B-amyloid precursor protein (B-APP) expression (146). The latter study also
showed that the expression of B-APP in SIDS cases was related to sleep environment,
with a higher expression in infants sleeping alone compared to those bed sharing,
possibly suggesting different mechanisms relating to death in these two populations.
Periventricular and subcortical white matter changes (147) and brainstem gliosis in the
nucleus of the solitary tract and inferior olive (141, 148) have also been reported. These
changes have been attributed to ischemic damage, with ischemic necrosis also noted in
these regions (149); however, many pathological findings overlap with observations from
controls (150) and thus appear to have little diagnostic utility. Furthermore, while all of
these abnormalities have the potential to alter brain function, it should be noted that the
majority of these studies report findings in a subset of SIDS infants only (ranging from
20% to 94% across four publications alone) (141, 143, 146, 147), demonstrating that

these changes are not present in all cases.
Neurotransmitter abnormalities

Therearevariable reports of altered neurotransmitter levels and changes to receptor systems
in SIDS infants, with the majority of these focusing on brainstem regions. These have
included changes to growth factors; cytokines; neuropeptides; and the catecholaminergic;
cholinergic; and serotonergic systems (see (151) for an in-depth review). For example,
Denoroy and colleagues reported a decrease in dopamine-B-hydroxylase and
phenylethanolamine-N-methyltransferase in the medulla in SIDS infants, suggesting
changes in the activity of central catecholaminergic neurons (152); however, Duncan
and colleagues saw no difference in dopamine levels in the medulla (41). There have
also been reports of increased levels of substance-P in the medulla (153), reduced
gamma-aminobutyric acid (A) receptor binding and subunit protein expression (154),
and subunit specific changes to nicotinic acetylcholine receptors (155). However, the
reported differences in neurotransmitter or receptor expression between SIDS cases and
control cases can further be influenced by factors such as maternal cigarette smoking
during pregnancy (155), highlighting the importance of accounting for these factors
when trying to interpret neurochemical changes.

There have also been reports of a number of differences in markers of the serotonergic
system, suggesting that serotonergic abnormalities in the medullary network may play
a key role in SIDS due to the fact that serotonergic pathways in this region impact
on virtually all homeostatic processes (41, 140). These findings have been validated
across four independent cohorts, which reported a reduction in the levels of serotonin
1A receptors in medullary nuclei containing serotonergic neurons and their projection
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sites in the same cases (140). These studies have also shown that SIDS infants have an
increase in the number of serotonergic neurons in this region, though these neurons
displayed an immature neuronal morphology (140) which may aid in the explanation
of the observed reduction in the levels of serotonin in the raphe nucleus in these infants
(41). SIDS infants also have reduced tryptophan hydroxylase2 (the key biosynthetic
enzyme required for serotonin production) in the raphe obscurus, suggesting that SIDS
infants may not be able to produce adequate serotonin levels (41); however the factors
mediating reduced tryptophan hydroxylase2 levels remain undetermined.

While the literature on the central nervous system to date is heavily focused on the
brainstem, more recent studies have reported changes to regions of the brain beyond
the brainstem. Hunt and colleagues have shown a decrease in the immunoreactivity for
orexin neurons, not only in the pons, but also in regions of the hypothalamus (156).
Orexin plays a key role in the regulation of arousal and wakefulness, and thus changes
to the levels of orexin are arguably well positioned to aid in the explanation of impaired
arousal in SIDS.

Thus while limitations do exist with assessing changes in post-mortem tissues and
the examples above are by no means all-inclusive, and numerous other pathological and
neurochemical changes have been implicated in SIDS, they are suggestive of central
nervous system abnormalities (particularly to brainstem regions) contributing to death
in at least a subset of SIDS cases. However, due to the interrelated nature of central
nervous system pathways, it is unlikely that changes to neurotransmitters system occur
in isolation.

Peripheral nervous system

Itis also possible that changes to peripheral nervous systems may impact on SIDS. Studies
have reported histological changes such as a prominence of the dark variant of chief cells
in the carotid bodies in SIDS cases (157). Changes such as this may suggest exposure to
sustained hypoxemia and have the potential to impact the ability of chemoreceptors to
respond adequately to changes in oxygen levels. However, interpretation of the role that
changes to chemoreceptors play in SIDS is difficult, as conflicting outcomes regarding
carotid body size, histological changes, and the number of neurosecretory granules and
transmitter levels have been reported (157-159). As peripheral and central networks are
highly integrated, it is likely that a change in one system may subsequently affect the
other, and thus that both processes contribute to nervous system dysfunction in SIDS.

Immune responses and infectious agents

Anecdotal evidence of “a mild cold” or upper respiratory infection (32) close to the time
of death, the presence of markers of infection and inflammation, and a peak incidence
in winter months in many SIDS infants has led to the hypothesis that SIDS infants
are immunologically incompetent and that stimulation of the immune system may
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contribute to death (160). Indeed, increased levels of immunoglobulins (including IgG,
IgM and IgA) have been reported in SIDS victims (161), while others have reported
changes to the number of IgM positive cell numbers in the wall of the trachea compared
to controls (162). This study concluded that the mucosal immune system is activated
in SIDS; however, this was not to the same degree as infants where infection was
known to contribute to, or cause, death. Others have suggested that SIDS infants have
hypersensitive immune responses resulting in inappropriate allergic responses (163),
though there is also evidence to support that this is not the case (11).

The argument for immune-mediated responses in the pathology of SIDS has
been further strengthened by reports of the presence of viruses (164-166) including
rhinovirus, cytomegalovirus, respiratory syncytial virus, Bordetella pertussis, enterovirus,
and parvovirus, and also of the presence of bacteria including Staphylococcus aureus,
Clostridium difficile, and Escherichia coli in the pathology of SIDS (167, 168). However,
many of these are also present in control cases, suggesting that their presence may be
more co-incidental than causative (167, 169). The hypothesis of immune-mediated
mechanisms contributing to SIDS deaths was further fuelled when four infants died of
SIDS in 1979 within 24 hours of receiving a diphtheria-tetanus-polio (DTP) vaccine
(170). Although occasional studies today still suggest an association between vaccination
and sudden infant death (171), no causal associations have been found (38, 172, 173);
in fact, some studies suggest that immunization may actually reduce the incidence

of SIDS (174).

Thus, while it is possible that the presence of one, or a combination of, infectious
agents may increase the vulnerability of some infants to sudden death, especially should
they be faced with additional stressors, there appears to be no conclusive evidence
of a single infectious agent being responsible for death in SIDS infants. Indeed, the
presence of infectious agents in some SIDS infants may represent no more than a mere
coincidence. In addition, immune-based systems in infants within the peak age range
for SIDS (i.e. 2 to 4 months) are often considered normal (175). Furthermore, SIDS
cases display little evidence of sepsis (176), which, if present, would exclude the use of
a SIDS diagnosis.

Endocrine, metabolic and biochemical issues

Based on the pivotal role that the endocrine and metabolic systems play in regulating
homeostatic functions, it is not surprising that abnormalities in these systems have been
proposed to contribute to SIDS (177). Researchers have reported that SIDS infants
have increased levels of tri-iodothyronine, which is released from the thyroid gland
and affects nearly every physiological process in the body (178). Despite suggested
changes to pancreatic (179) and pituitary gland pathology (180) or changes to cortisol
and growth hormone levels (181), there is not sufficient evidence of endocrine system
dysfunction. There has been some suggestion of pathological findings in the liver, spleen,
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and skeletal muscle, attributed to metabolic defects at autopsy (182, 183). However, the
role of metabolic issues is hard to determine, as inherited metabolic disease can easily be
missed if access to specialised units is not available. The identification of inborn errors
of metabolism sufficient to result in sudden death would preclude a SIDS diagnosis.

Biochemical differences have also been reported, with significant differences in
the concentration of vitreous levels of potassium, calcium, phosphorus, creatinine
phosphokinase, and lactate dehydrogenase (among others) in SIDS infants (184);
however, findings from this study have not being replicated (185). Thus, while it is
possible that unrecognised metabolic and biochemical defects are present in some
SIDS cases, there is no conclusive evidence. Furthermore, the most common metabolic
abnormality, a deficiency of medium-chain acyl-coenzyme A dehydrogenase, has not
consistently been reported to contribute to death in SIDS infants (186). Thus it would
appear that the contribution these factors make to the number of SIDS cases is minimal.

Nutrition and toxins

It is obvious that adequate nutrition is needed for development, both in utero and after
birth. While breastfeeding is believed to reduce the risk of SIDS (120), there is no direct
evidence that maternal diet can impact on SIDS, though inadequate or unbalanced
diets may led to fetal compromise that does increase the SIDS risk, such as intrauterine
growth restriction (37). Others have suggested that low levels of tryptophan, which
is critical for serotonin production, as a result of either maternal diet or ineflicient
absorption from this diet, could result in lower brainstem serotonin levels and altered
cardiorespiratory function in the offspring, as demonstrated using rodent studies
(187). Changes to the levels of the trace metal magnesium have also been shown in
SIDS infants (188), but these have not been substantiated, and there is no conclusive
evidence to support an association between SIDS and vitamin (189) or thiamine (190)
deficiencies. Thus the role of diet and nutrients remains to be determined. The same
can be said for the possibility of accumulated toxins contributing to SIDS where there
have been mixed findings on the levels of lead (191), cadmium, or chlorohydrocarbons
(192). Furthermore, theories relating to sudden death due to inhalation of highly toxic
trihydride gases from mattresses have never been proven (193, 194). SIDS infants
show no evidence of poisoning by toxic gas, and the practice of wrapping mattresses,
in an attempt to reduce the proposed toxic gas levels, has not affected the rate of SIDS
deaths (195).

Conclusions

Despite an increased understanding of why a seemingly healthy infant may die suddenly
and unexpectedly with no discernible explanation, SIDS rates have plateaued in recent
years and SIDS remains one of the leading causes of infant mortality in many countries
(5). The mechanisms leading to sudden and unexpected death appear complex and
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multifactorial and require the alignment of several overlapping factors for death to

occur. At present it is not possible to predict which combination of factors will result in

a SIDS death for any one infant. However, one of the greatest issues faced by families,

clinicians, medical examiners, and researchers is that SIDS itself is not a cause of death

and remains a diagnosis of exclusion and, as there is no one standardized definition, the

application of the term as a “cause of death” can be extremely subjective.
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Sudden Unexplained Death in Childhood Defined

Although many sudden deaths are unexpected, deaths that remain unexplained intensify
anguish among family, friends, and the community at large, especially when the decedent
is an infant or child. Sudden infant death syndrome (SIDS) and sudden unexplained
death in childhood (SUDC) are assigned as “causes” of death after the exclusion of any
other known reason (1). There are two main differences between SIDS and SUDC:
[1] SIDS is much more common, with a rate of 38.7 deaths per 100,000 live births;
this compares to the SUDC rate of 1.0-1.4 deaths per 100,000 of the population; and
[2] SIDS affects infants up to the age of 1 year, and SUDC affects mostly toddlers,
aged greater than 1 year (highest incidence in 1-4-year-olds). Also, risk factors for SIDS
(tobacco smoke exposure, placed prone for sleep, bed sharing) have not been shown to be
risk factors for SUDC. These deaths deserve extensive investigation and merit dedicated
research in an attempt to uncover any potential cause(s) of death in the young child.
In 2005, Krous and colleagues (2) provided the working definition of SUDC: “[t]he
sudden and unexpected death of a child over the age of 1 year that remains unexplained
after a review of the clinical history and circumstances of death and performance of a
complete autopsy with appropriate ancillary testing”. For the purposes of this chapter,

discussion is limited to deaths that occurred during a sleep period.



Global Perspective

Only one-third of 55 million global deaths per year are tracked in an established civil
registry (3), and only one-quarter of the global population lives in a country that registers
at least 90% of births and deaths (4). Globally speaking, performance of a complete
autopsy, especially when supplemented by ancillary studies, is uncommon. The United
Nations (UN) and World Health Organization (WHO) are proponents of Sample Vital
Registration with Verbal Autopsy (SAVVY) (5) for most countries attempting to develop
a system of Vital Records. A substantial amount of information available for mortality
for children aged less than 5 years is based on the collection of birth histories, verbal
autopsy, disease modeling, and other strategies in absence of a civil registration system.

Worldwide (6), the main causes of death of children under the age of 5 in 2015
included preterm birth complications (18%), pneumonia (16%), intrapartum-related
complications (12%), diarrhea (9%), and sepsis/meningitis (9%). Importantly, almost
half of all deaths in children under 5 are attributable to undernutrition (7). These causes
of death account for essentially 100% of child deaths, underscoring the rarity of SUDC
around the globe.

Even in the United States, with a well-established vital records registry, standards
vary widely among the 2,300 medical examiner and coroner jurisdictions regarding
which deceased individuals will be examined post-mortem, who performs the autopsy,
concomitant toxicology and other ancillary testing, organ sampling, tissue retention,

and duration of storage.

The National Center for Health Statistics (NCHS) through the Office of Analysis
and Epidemiology (OAE) at the Centers for Disease Control and Prevention (CDC)
produces statistics on a wide range of factors (birth, disease prevalence, morbidity, and
mortality incidence). The CDC has compiled data from death certificates since 1968,
using International Classification of Disease (ICD) codes and ICD-10-CM (version

Rates per 100,000 of Unexplained Death In Children
1-4 years of age
Compiled from the CDC
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Figure 3.1: Rates of SUDC compiled from CDC. X-axis represents year; y-axis represents rate.
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10 Clinical Modification, simplified and condensed for purposes of morbidity). The
CDC categorizes children by age groups: the 1-4-year age group is most relevant for
this overview. Using unexplained death codes from ICD-9 (798.1 and .2 and .9 as
well as 799.9) and ICD-10-CM (R95-99), rates of sudden and unexplained death in
the 1-4-year age group have ranged from 1.0-2.0/100,000 population for the nation,
roughly 224 deaths per year (Figure 3.1) (8).

Review of the Literature

At the time of the initial publication of Krous et al. on SUDC in 2005, there was a lack
of literature on negative-autopsy deaths in children over 1 year of age. Molander (9), in
1982, published his review of 43 cases of sudden unexpected natural death (SUND) in
a series of 389 child and adolescent (through age 20 years) deaths over a six-year period
in Sweden. Molander found that some sudden deaths were nonetheless not unexpected
due to chronic heart disease, or epilepsy, for example. In his cohort, there were only four
cases for which the cause of death was unknown, a rate of 0.007 per 1,000 live births,
substantially less than that of SIDS, which was 0.6 per 1,000 live births in Sweden at
that time.

In 1985, Neuspiel and Kuller (10) reviewed 207 cases of SUND over nine
years. The ages of their population were 1-21 years; ultimately, 15 of 62 deaths in the
1-4-year age group remained unexplained, and they found that “referral for medicolegal
evaluation was inconsistent”. Siboni and Simonsen (11) reviewed 1920 medicolegal
autopsies of children and young adults (age range 2-30 years) over a 10.5-year period.
SUND accounted for 78 (4%) of deaths and ultimately only one case (a 22-year-old
female) was unexplained.

In 1987, Southall et al. (12) published their findings of SUD (sudden unexpected
death) in a cohort of 9,856 infants followed from birth. They subsequently published
their findings on cot death (death occurring in an infant while in a cot or crib during
a sleep period) in this prospective study in a separate article in 1983 (13). There were
15 deaths between the ages of 1 and 5 years. Of these, five (33%) remained unexplained
after post-mortem examination.

Hoffman et al. (14) published an article with their findings from a case-control
study examining SIDS risk factors. The study population was aged 2 weeks through
2 years of age; 16 deaths occurred among toddlers between the ages of 52 and 103 weeks,
that were classified as “definitely” or “probably” SIDS (the investigators used 103 weeks
as the upper age limit for SIDS deaths). Eleven cases of unexplained death were found in
an investigation by Keeling et al. (15) of SUND over a 20-year period. The cases ranged
from 2 to 20 years; 169 out of 1,012 (17%) cases were SUND.

Since these publications and that of Krous et al. (2), multiple investigators from
various countries have published their findings upon researching the phenomenon
of sudden and unexplained death in childhood. Within the last five years, almost
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200 different articles have addressed sudden death in childhood, although a majority
focus on sudden cardiac death or sudden unexplained death in epilepsy (SUDEP).

Regarding unexplained deaths, researchers in New Zealand (16) published their
results in 2011 from a prospective, population-based study constructed on a nationwide
protocol of molecular autopsy when someone aged 1-40 years dies suddenly, with a
negative post-mortem examination. Genetic investigation after autopsy confirmed that
15% of deaths were due to Long QT Syndrome, i.e. LQTS, an acquired or inherited
condition affecting the heart rhythm, characterized by a prolonged QT interval on an
electrocardiogram (17); while another 15% of subjects had a probable cause of death
established due to the information gained from cardiac screening of family members
of the proband (e.g. arrhythmogenic right ventricular cardiomyopathy). The study
had four subjects aged 5 years and younger; all four were male, an 18-month-old, a
25-month-old and a 28-month-old were all asleep at the time of death; the 5-year-old
child was “vomiting”. Interestingly, although this study included ages up to 40 years,
55% of the study population were asleep when they died.

In June 2012, McGarvey et al. published a review of SUDC cases, along with a
comparison to SIDS, in Ireland (18). This research supported findings of Kinney et al.
(19) with male predominance, a high incidence of febrile seizures, and being found
prone after a sleep period. Unlike SIDS in Ireland, maternal smoking was not associated
with increased post-infancy risk of dying suddenly without explanation.

In December 2012, researchers in Denmark published their findings (20) of
44 cases of sudden unexplained death (subjects aged 1-35 years) with DNA available for
cardiogenetic testing. Given that previous estimates of sudden cardiac death accounted
for one-third of cases referred for testing in Denmark, the authors wanted to investigate
the incidence of genes associated with LQTS and sudden cardiac death in a cohort from
2000 to 2006. They found that genopositive results explained death in only 11% of cases.

In March 2013, researchers in Ireland published their conclusions from an
ambitious audit of SUDC cases autopsied in Ireland (21), utilizing a modified Rushton
Scoring Method (22) (see Table 3.1). Using a Minimal Acceptable Score (MAS), chosen
somewhat arbitrarily and representing 60% of total possible points, 300/500 points,
they compared SUDC (defined as deaths ranging from 52-152 weeks of age) autopsies
with SIDS autopsies, and found that the proportion reaching the MAS was 67% for
SIDS cases and 58% for SUDC autopsies. When they analysed data by site, 19/21 (95%)
of SUDC cases referred to a Specialist Center and autopsied by a pediatric pathologist
achieved the MAS. Reasonably, they recommended that all cases of SUDC should be
referred to specialist centers and that guidelines for investigation should meet the same
protocols as followed in a SIDS investigation.

Researchers from Sydney, Australia, published their findingsin 2014 of a comparison
of conventional autopsy to magnetic resonance (MRI) and computer tomography (CT)
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imaging in sudden death cases up to age 35 years at death (23). Only three children less
than 6 years of age at death met study criteria. All were male, two were found deceased
in bed (the 5-year-old with intracranial tumor and 18-month-old with a history of
“febrile convulsions” and unexplained death). A 4-year-old with gastrointestinal upset
was taken to hospital but deteriorated. MRI and autopsy did not explain the cause of
death; the CT diagnosis was intra-abdominal hemorrhage.

Table 3.1: Rushton Modified Scoring Method. (Reproduced with permission from Dr A Treacy.)

Weights and measures 80 Body weight, Crown-rump length, Crown-heel
length, Head circumference (20 each)
Normal organ weights 20 Heart, Lungs, Liver, Kidney, Brain (4 each)
Main organ weights 40 Heart, Lungs, Liver, Kidney, Brain (8 each)
Minor organ weights 15 Spleen, Adrenals, Thymus (5 each)
Histology main organ 50 Heart, Lungs, Liver, Kidney, Brain (10 each)
Histology minor organ 30 Spleen, Adrenals, Thymus (10 each)
Radiology 100
Microbiology 50 Swabs (20), Blood cultures, CSE PCR (10 each)
Biochemistry 20
Toxicology 35
Virology 10
Metabolic investigations 50 Frozen tissue, Acyl carnitine screen, Organic acid
screen, Skin fibroblast culture, Basic screen
Total Score 500
Developments

San Diego SUDC Research Project

As cited above, Krous et al. were the first to define SUDC (2) and they were also the first
to accrue a large series of cases, albeit retrospectively. Krous began studying sudden infant
death early in his career and authored nearly 100 articles on SIDS and other sudden
unexpected deaths in infancy. Following an invited presentation on “post-infancy SIDS”
at the 1999 SIDS Alliance Annual Conference, Krous was approached by several parents
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of toddlers who had died suddenly and unexpectedly, all with either a negative autopsy,
or with questionably lethal findings (mild bronchiolitis, interstitial pneumonitis). He
offered these families a second-opinion review of their child’s case. From that point,
the case load of families wanting a second review grew and two bereaved mothers
founded the non-profit Sudden Unexplained Death in Childhood Foundation in 2001.
The SUDC Foundation continues to this day with both a research component and an
element offering family support, outreach, and fundraising.’

The individual consult appeals were the foundation for what would become the San
Diego SUDC Research Project, an expansion of the San Diego SIDS Research Project
based at Rady Children’s Hospital. Krous accrued cases via the SUDC Foundation
website, word-of-mouth among parents, and, occasionally, directly from coroners and
medical examiners. The San Diego SUDC Research Project evolved over time with
additional cases and collaborators, resulting in 11 articles published in peer reviewed
medical journals, along with increasingly detailed and specific pathology findings, and
the emergence of a phenotype.

A major weakness of the SUDC research population is that it was self-selected.
Due to the rarity of sudden unexpected death in children, especially among toddlers,
and the novelty of concerted investigation into these deaths when the San Diego
SUDC Research Project was founded, there were no surveillance efforts, nor was
there an organized community of afflicted families at that time. The fledgling project
relied on families to self-enroll, and the resulting study population was predominantly
white (82%), and college-educated (88% of mothers and 84.5% of fathers). The
demographic homogeneity is striking, given that cases came from foreign countries
(Australia, Canada, England, Germany, Ireland, New Zealand, Russia, and Scotland)
as well as from 36 states and the District of Columbia. More than half (51%) of the
San Diego SUDC research parent population had pregnancy complications and/or
difficulty in conceiving. A number (16%) had conceived with the aid of fertility drugs;
38% had a history of miscarriage/stillbirth; and, with the SUDC child, many (36%)
had complications prenatally (e.g. pre-eclampsia, gestational hypertension, gestational
diabetes, vaginal bleeding, and premature labor).

While there are no legally mandated federal or international autopsy standards
in such cases, some counties, states, and foreign countries have established guidelines
for autopsy. A requirement for study participation was that microscopic slides from
autopsy were available for review, and this resulted in a wide range of the number of
organs sampled for histologic evaluation as well as considerable variation in the number
and type of post-mortem ancillary studies. All available hospital and clinic medical
records were obtained and reviewed, along with a lengthy family survey completed by
the child’s primary caretaker. None of the cases were being litigated in civil or criminal

1 See http://sudc.org for more information.
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court. After review of all available materials, a study cause and manner of death was

established for each case.
San Diego SUDC Research Project publications

The initial publication of the San Diego SUDC Research Project was in 2005;
it summarized the findings from the first 50 cases reviewed, 36 of which remained
unexplained (2). Perhaps not surprisingly, aside from age, certain aspects of these
cases’ phenotype mirrored that of SIDS: male predominance and being found dead,
prone, and face-down during an apparent sleep period. An unexpected and important
observation was the association of SUDC with a personal and/or family history of
seizures, especially those that were febrile, either in the toddler (32%), his/her immediate
family (31%), or both (21%). The high incidence of febrile seizures was well in excess of
the 2-5% incidence found among toddlers in the general population (24).

The next manuscript was published in 2007 (25) and included pediatric
neuropathologist Hannah Kinney’s observations of hippocampal gross asymmetry and
a variety of microdysgenetic abnormalities among a subset of five unexplained toddler
deaths. The abstract suggested a “potential entity” of microdysgenetic hippocampal and

temporal lobe findings somehow associated with sudden death during a sleep period.

In a 2009 publication from the San Diego SUDC Research Project (19), Kinney
et al. elaborated on the new entity of the 2007 publication and included stronger
association with febrile seizures and the observation that some cases of SUDC resembled
SUDEP via an unwitnessed seizure precipitating sudden death. An article from 2012
(26) examined potential genetic inheritance of sudden death among toddlers among
three generations of family related to the toddler, which showed autosomal dominance
in two-thirds (although in one family there was variable expression).

Case reports of explained sudden unexpected deaths in toddlers and childhood

Among the individual cases of sudden death in childhood, some novel pathologic
findings were noted, which led to publication of five case reports. In 2005, a case of
sudden unexpected death in a 13-year-old male with meningioangiomatosis detected at
autopsy was summarized (27). The adolescent was found dead in bed, prone, with no
medical history of any significance except for being medicated with methylphenidate for
an attention deficit disorder. He had no seizure history and there was no family history

of meningioangiomatosis.

In 2007, a case report of a unique expression of tuberous sclerosis in a
9-year-old female who died suddenly and unexpectedly was published. Autopsy
findings were significant for a cardiac rhabdomyoma, cardiomegaly, involuting adrenal
ganglioneuroma, and megalencephaly. The cause of death was assigned as a lethal cardiac
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arrhythmia arising from the tumor in the subendocardial conduction fibers on the right

side of the posterior ventricular septum (28).

Another case report published in 2007 (29) presented two toddlers dying suddenly
and unexpectedly with viral meningitis, leading to massive cerebral edema, neurogenic
pulmonary edema, and hemorrhage. In 2008, a report of the sudden and unexpected
death in a toddler with Williams syndrome was published (30). The final case report
from the SUDC Research Project population was published in 2009 — a toddler death
associated with laryngeotracheitis caused by human parainfluenza virus-1 (31).

NORD webpage

With the co-operation of the SUDC Foundation website, SUDC was added to the list
of uncommon diseases and disorders provided by the National Organization for Rare
Disorders (32).

San Diego SUDC Research Project, phase i

Following Krous’s retirement in 2012, his longtime collaborator and member of the
SUDC team of investigators, Hannah Kinney, with Boston Children’s Hospital, took
over as Principal Investigator of the study. Kinney and her colleagues undertook a new
review of all the cases in the San Diego SUDC research project dataset, the result of
which led to a few cases having the cause of death assigned as SUDEDR, given the personal
and/or family seizure history. She also limited the dataset to children less than 7 years of
age at the time of death.

Under Kinney’s supervision, Hefti et al. distilled all the information and
study findings from the cases into two manuscripts (33, 34). Part I summarized the
pathological, phenotypic, and socioeconomic variables. The most salient observations
included a statistically significant association with SUDC, and a personal and/or family
history of febrile seizures and SUDC, and being found dead during a sleep period;
hippocampal abnormalities were the most common neuropathologic finding in SUDC

cases (almost 50% of those cases with neuropathological tissue available).

The companion manuscript, Part II, delineated the range of neuropathology
discoveries among the cases for whom neuropathologic tissue was available to review.
Not surprisingly, a hippocampal abnormality was more often found with an increase
in number of microscopic slides of brain tissue available to review. Given that 55% of
83 cases with neuropathologic tissue available had an abnormality, one wonders about
the brains of deceased children that were not sufliciently sectioned to determine a cause of
death. This manuscript proposes a new category of SUDC: hippocampal malformation
associated with sudden death (HMASD). Neuropathological defects were largely
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San Diego SUDC Autopsy Audit
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Figure 3.2: Results of audit of autopsies from the San Diego SUDC Research Project.
(Format borrowed with permission from Jane Cryan and Ann Treacy.)

confined to the temporal lobe in this study population, excepting the commonality of
hyper-eosinophilic acutely ischemic neurons found in all categories of cause of death.

Autopsy audits

The author is grateful to her colleague Dr Jane Cryan and fellow researchers (specifically
Dr Ann Treacy) for permission to reproduce their modified Rushton scale to audit
Krous’s SUDC cases. Of 151 SUDC cases, 139 autopsy reports of children under 5 years
of age were available to review. The original Rushton total maximum score is 500 points,
with a Minimal Accepted Score of 300 points (60%) (Table 3.1). Measures of central
tendency for the Krous cohort of SUDC cases include a mean of 330 + 85.5 points,
with a median of 325 and a mode of 270 (n=7) points. The range of scores was 142-490.
Almost half (58 cases, i.e. 42%) of the autopsies did not attain the MAS of 300 points.
The item missed most often was expected organ weights for the major organs. Figure 3.2
indicates the percentage fulfilling each criterion, except for microbiology, which shows

the proportion of cases reaching at least 30 of 50 possible points.
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Because these cases accumulated from around the globe, the specialty (or
non-specialty) of the prosecting pathologist was often not readily discernible from the
available paperwork, so comparisons cannot be made between the quality of autopsies
by pathologists holding board certification in forensics and other prosecting physicians.

Current Status
Sudden unexplained death in pediatrics (SUDP)

As the San Diego SUDC Research Project could not transition to Boston Children’s
Hospital, Kinney and Goldstein continue research into SUDC and other unexplained
pediatric deaths with a new program currently limited to families residing in
Massachusetts. A comprehensive team of investigators with Harvard and Boston
Children’s Hospital collaborate with the Massachusetts Office of the Chief Medical
Examiner (OCME) as well as the Massachusetts Center for Sudden Infant Death
Syndrome and the Massachusetts Infant and Child Death Bereavement Program. In
2016, Kinney et al. (35) published a comprehensive review of their neuropathological
findings and sudden death across all pediatric life stages.

CDC Sudden death in the young

On 24 October 2013, the National Institutes of Health (NIH) (37) and the CDC
announced an expansion of the registry for sudden unexpected infant deaths (up to age
1 year). The expanded Sudden Death in the Young Case Registry (SDY-CR) includes
deaths under age 19 years and excludes deaths from homicide, suicide, or trauma. This
effort formalizes surveillance of SUDEP and sudden cardiac death (SCD). Seven states
(Delaware, Georgia, Minnesota, New Hampshire, New Jersey, Nevada and Tennessee)
and three jurisdictions (San Francisco; Tidewater, Virginia; and selected counties in
Wisconsin) applied for, and received, funding for their epidemiologic efforts in 2014.
Deaths occurring in 2015 are the first to be included. Data collection began in April
2016. The SDY-CR provides autopsy guidelines, an autopsy summary document, a
field guide, and family interview questions. The Registry includes a biorepository at
the University of Michigan, which will store de-identified blood specimens indefinitely.

Future Possibilities

The aim for future research and clinical efforts is to avert these tragic deaths in children,
perhaps through early detection of genetic defects in utero or chromosomal analysis
proceeding from a family member’s heart condition, or prompted by a history of seizures
in the family. Determining a cause of death may have implications for future pregnancy
plans or siblings, or for both.
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Molecular autopsy

Molecular autopsies do not replace traditional autopsies, but are helpful after a negative
gross autopsy with no conclusive findings from histology, microbiology, and toxicology
studies. In 1997, the CDC established an Office of Public Health Genomics (OPHGQG),
tasked with “identifying, evaluating, and implementing evidence-based genomics
practices to prevent and control the country’s leading chronic, infectious, environmental,
and occupational diseases”. As of 30 November 2016, there are 1495 publications from
this office. The CDC examines the sensitivity and specificity of tests, the costs, extent of
ease or invasiveness to obtain testing material, along with the disease or disorder incidence
and prevalence in the population to be studied. They have established evidence-based
guidelines on which genetic tests are useful and appropriate for specific populations.

According to the US National Library of Medicine National Institutes of Health
website, PubMed?, one of the first English-language articles in which genetics gave
insight into autopsy findings was in 1987 by Tanzi, who described mapping a gene for
B amyloid peptide precursor to chromosome 21 in an Alzheimer patient (38). In 2001,
Ackerman published an account of determination of the cause of death following the
negative autopsy of a 17-year-old male found dead in bed (39). An epinephrine challenge
of the boy’s mother indicated a defect encoded in the KVLQT1 gene. Ackerman was
subsequently able to recover molecular material from the boy’s paraffin-embedded heart
tissue which revealed a 5-base pair deletion in the same gene as the mother. Importantly,
he was able to establish a likely cause of death and demonstrate that necropsy tissue is
viable for DNA investigations. To date, Ackerman has gone on to publish 16 articles on
molecular autopsy, cardiomyopathy, and channelopathies.

Since then, several countries/states/institutions have published their findings with
this approach to unexplained death. Whole exome sequencing (WES) is increasingly
available, and at decreasing cost. Rady Children’s Hospital, San Diego, unveiled their
Institute for Genomic Medicine in 2016; at the time of this writing, they held the
Guinness Book of Records for the fastest genetic diagnosis, by successfully diagnosing
critically ill newborns in just 26 hours. The initial candidates at Rady are patients in the
Neonatal Intensive Care Unit and Pediatric Intensive Care Unit, some acutely ill with
an unknown cause. This institute will also incorporate epigenomics, proteomics, and
metabolomics.

The office of the San Diego County Medical Examiner has partnered with Scripps
Translational Science Institute (STSI) since 2014. This partnership offers no-cost
genetic testing for suddenly deceased individuals less than 45 years of age at death with
no obvious anatomic explanation for their death. STSI provides a report looking at
whether the decedent was positive or negative for any genetic variants that may explain

2 See http://pubmed.gov for more information.
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a sudden death. The range of positive findings includes “Likely Causal DNA Variants”
and “Plausible Causal DNA Variants”.

Routine cardiogenetic testing

Genetic testing is not currently routine at autopsy. The cost would be prohibitive, and
public health tenets mandate that effective screening tests account for prevalence of the
disease (or gene) being studied, and also that prevention or treatment is available and
affordable, concomitant with infrastructure to notify and follow up with the families of
individuals with genopositive results.

The New York Office of the Chief Medical Examiner (40), however, has had its own
molecular genetic laboratory since 2008. Since then, autopsy-negative SUD (sudden
unexplained death) cases have been screened for the six genes most often associated with
a cardiac channelopathy (KCNQI, KCNH2, SCN5A, KCNEI, KCNE2, and RyR2). The
results from testing a series of 274 ethnically diverse SUD cases revealed that 13.5% of
infants and 19.5% of non-infants were positive for a total of 22 previously classified
channelopathy-associated variants, along with 24 novel channelopathy variants. The
SCN5A gene accounted for 68% of infant and 50% of non-infant positive results. The
researchers concluded that molecular testing is valuable, especially for establishing a
cause of death, and for providing potentially life-saving information to family members
of the decedent.

Researchers in Australia (41) evaluated screening of autopsy-negative sudden
arrhythmic death syndrome (SADS) and unexplained cardiac arrest (UCA). The targeted
genetic testing of more than 100 SADS families had a diagnostic yield of 18%, while the
yield of UCA families was 62%. The majority findings in both groups were LQTS and

Brugada syndrome.

A literature search on PubMed reveals that the future of life-saving interventions is
at the molecular level. In addition to the increasingly popularity of looking for a genetic
link to LQTS, Short QT intervals have been noted to be perilous as well. Previously,
family members of a decedent with putative cardiac cause would be subjected to
exercise or epinephrine stress tests, wearing a heart monitor for 24 hours (or more),
echocardiogram, and MRI for cardiac anatomical defects. Now, given the future in
genomic medicine, those families may be able to obtain answers upon submitting a
cheek swab.

Globally expanded routine newborn screening

Metabolic screening

Screening infants at birth for inherited and treatable disorders of hemoglobin
(e.g. sickle cell), endocrinology (e.g. congenital adrenal hyperplasia), and metabolism
(e.g. phenylketonuria (PKU)) is effective in the US because >98% of infants are born at
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a birthing center or hospital (42). In some developing countries, up to 80% of infants are
not born in hospitals. Also, in some countries (e.g. the Philippines) newborn screening
is not free (43). Screening at birth is crucial in preventing irreversible brain damage and
other physical problems stemming from disrupted metabolism or hormonal disorders.

Although few of the cases reviewed in the SUDC research project were posthumously
diagnosed with an inborn error of metabolism, increased screening for these and other
disorders would undoubtedly save lives. In 1967, Guthrie (44) (a physician and also a
microbiologist) was working with bacterial inhibition assays, which led to the invention
of a card of filter paper and desiccant to enable collection of blood spots on newborns
to screen for PKU (his niece was diagnosed with PKU). He also had a son with “mental
retardation” and he was intent in finding ways to prevent the same condition in other
children. He went on to develop a test for maple syrup urine disease and galactosemia.

The use of the newborn screening test became widespread in the United States in
1969-70 (45). Nationally, the Secretary’s Advisory Committee on Heritable Disorders in
Newborns and Children (SACHDNC) is charged with monitoring the Recommended
Uniform Screening Panel (RUSP) of 31 core disorders and 26 secondary disorders for
newborn screening tests. The recommendations are merely suggestions, and are not
enforceable. Although there is a panel of standard tests suggested by the federal government,
each state independently decides which diseases or disorders to test for based on the state
budget, the established infrastructure for testing and follow-up of positive results, the
prevalence of the disorder in the state, as well as treatment availability for the disease
or condition being tested. Advances in polymerase chain reaction (PCR) have enabled
additional tests to be done, using the same quantity of blood from a heel stick.

California currently screens for 58 conditions. Parents in California also have the
option of signing a form to request that the state incinerate their child’s blood spot
after screening is completed. As another example, Alaska (46) partners with Northwest
Regional Newborn Screening Program at the Oregon Public Health Laboratory
(OPHL) and Oregon Health Sciences University (OHSU) for their newborn blood spot
tests. In 2002, OHSU used a new technology (tandem mass spectrometry) that allowed
additional screening tests for organic acid disorders, fatty acid oxidation disorders, and
amino acid and urea cycle disorders but without the need for additional blood or heel
sticks. Alaska agreed to test newborns for the OHSU expanded panel of metabolic
diseases beginning in 2003. Table 3.2 has a list by state of tests in addition the RUSP.

Ireland has the highest prevalence of cystic fibrosis (CF) (47) of any country in
the world but it was not until July 2011 that screening for CFAND carrier status was
implemented. In addition to CF, Ireland also tests for PKU, congenital hypothyroidism,
maple syrup urine disease, classical galactosemia, and homosystinuria. 2M Associates,
Inc. is associated with the University of Colorado Health Sciences Center, and provides
expanded newborn screening in the United States, India, the United Arab Emirates, and
several other countries.
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Table 3.2: Newborn screening tests by American state. (Reproduced with permission
from Dr Brad Therrell, Director, National Newborn Screening and Global Resource Center
(NNSGRC).)
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Critical congenital heart defect screening

In2011, the United States Secretary of Health and Human Services recommended adding
pulse oximetry to the RUSP. Given that heart defects often lead to hypoxia, oximetry
is a noninvasive way of ensuring that a newborn’s blood is sufficiently oxygenated.
The seven main disorders screened for with pulse oximetry are hypoplastic left heart
syndrome, pulmonary atresia, tetralogy of Fallot, total anomalous pulmonary venous
return, transposition of the great arteries, tricuspid atresia, and truncus arteriosus. Some
birthing hospitals in the United States have already initiated screening for congenital
heart defects via pulse oximetry (48). Pulse oximetry is more cost-effective with larger
populations because of a greater yield of true positive results, and necessitates referral to
a pediatric cardiologist for abnormal findings. The future may include routine MRIs or
digital echocardiograms to ensure congenital heart and lung defects are diagnosed prior
to the infant leaving the hospital.

Infrastructure concerns

While it is encouraging that viable DNA can be obtained from either fresh-frozen or
paraffin-embedded tissue, there are substantial system issues to be addressed to ensure
that material is available for genetic testing. In some jurisdictions, the system for
retaining and storing specimens and tissue blocks is chaotic and disorganized. Older
medical examiner and coroner facilities are often smaller and may have outgrown their
storage capacity. Local and state governments likely do not have funds available to hire an
employee trained and dedicated to shipping specimens in compliance with United States
federal guidelines. Some offices lack even a basic inventory of shipping supplies — for
example, appropriately sized, insulated shipping containers, packing tape, and Dry Ice
UN 1845 adhesive labels. Most medical examiner and coroner offices do not have dry
ice for shipping frozen specimens because it is not a part of a daily forensic practice.
Ideally, medical examiner and coroner offices would have a designated -40 °F (or colder)
freezer for specimen storage. Another important component of sending specimens is
that the freezer is sufficiently organized to enable retrieval of a specific case.

Ethical considerations

In California, as in most of the United States, there is no right to privacy after death.
With the United States Privacy Act, an individual’s right to privacy terminates at death
(49). However, under the United States Freedom of Information Act (FOIA), the privacy
of a decedent’s survivors may be considered and, in some landmark cases, families have
prevailed (Marzen v HHS in 1987; New York Times Co. v NASA in 1991°). Also, as in
other jurisdictions, death certificates, autopsy, and investigative reports are part of the

3 Marzen v Department of Health and Human Services, 825 F.2d 1148 (7™ Cir, 1987); New York Times Co.
v NASA, 782 E Supp. 628 (DDC, 1991).
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public record in California, unless sealed by law enforcement. Scientists in Houston,
Texas, (50) have addressed ethical considerations of molecular autopsies, customarily
done by a medical examiner or coroner without additional consent from next-of-kin
in their purview to determine a cause and manner of death. Their recommendations
include that genetic testing results should be treated as an “unwarranted invasion of
privacy” and that the genetic results are exempt from disclosure and discovery under the
FOIA. Other recommendations include guidelines for disclosure of results to first-degree
relatives and the importance of underscoring the limitation of current knowledge in the
case of negative findings for a genetic cause of death. Families of a decedent with a
positive genetic finding associated with a sudden death should be referred to genetic

counselors and specialists in the clinical condition accounting for death.

Conclusions

In summary, this is an exciting and rewarding time to be researching causes of sudden
death in childhood. Surveillance efforts in the United States are expanding; there is
an established online support community for bereaved families; and DNA sampling
technology is widespread and becoming more common, easier and affordable. There
are also effective treatments for known disorders screened at birth. The sudden death
of a child is always tragic, and grief is compounded when a cause of death cannot be
ascertained. With an increase in successful determination of cause and manner of death,
whether through genetic testing, advances in forensic science, or scientifically tenable
prevention efforts, we can hope for a future with fewer deaths among toddlers.
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Introduction

Over the last century human life expectancy has increased in many countries
throughout the world. After World War 1II it was still accepted by the medical and
scientific community that an infant could die suddenly and unexpectedly from no
known cause (1). In the 1960s, this view began to be challenged and in 1963 and 1969
two international conferences were held to focus on the etiology of sudden infant death

syndrome (SIDS), and the first working definition of SIDS was established (1).

However, given the overall decline in perinatal mortality during the last century
due to medical advancements and higher standards of living, our societal expectations
have changed. It has now become the norm that children will thrive and grow to outlive
their parents, when 100 years ago this was frequently not the case. With our increased
knowledge about how the human body functions and about how to prevent childhood
diseases, it has become unthinkable that in the 21st century a healthy child would die in
their sleep from SIDS, and yet this still happens to many families. Indeed, SIDS remains
the leading cause of infant mortality in Western countries, contributing to half of all
post-neonatal deaths (2, 3).

For any parent there could be no greater nightmare than the silent tragedy of
SIDS. When a child’s death is attributed to SIDS, a diagnosis of exclusion, the infant’s



death remains unexplained even after a thorough investigation, including performance
of a complete autopsy and review of the circumstances of death and clinical history (4).
It has been estimated by Red Nose that, on average, at least 60 people are impacted by
a child’s death to SIDS. The parents, siblings, and extended family are at the core of
this experience, with friends, work colleagues, first responders, coroners, and health
professionals included in the network of those impacted. SIDS communities have formed
in every country as a result of these tragedies, often through the significant leadership
and unrelenting passion of the families and individuals who have lived through the
experience of SIDS. These families have embarked on a quest for answers as to why this
tragedy happened to them, with their journey often involving activities undertaken in
honor and memory of their beloved children.

Establishment of SIDS Organizations in Australia

In Australia these parent organizations were founded by individuals from families who
experienced the death of a child from SIDS in the late 1970s, when the number of child
deaths from SIDS was much higher than it is now. On average during 1980 to 1990
there were 195.6 deaths per 100,000 live births (5). The first of these organizations,
called the “Sudden Infant Death Research Foundation Incorporated” (now known as
Red Nose), was founded by Kaarene Fitzgerald in July 1977 in Melbourne, Victoria,
following the death of her son Glenn to SIDS. Kaarene’s vision was contagious and
others soon followed, with parent organizations being established in each State and
Territory of Australia. The founders of the parent organizations advocated for answers
to many questions as they struggled with their own grief journeys; looked to help other
families impacted by SIDS; and created local networks of supporters. They had many

questions to pursue, such as:
*  Why has this happened to my perfectly healthy infant?
*  Who is to blame for these deaths?
*  How could we have prevented this from happening?
*  How can other families be saved from experiencing such a tragedy and loss?
*  How can families who experience this tragedy be better supported and helped
to build their lives again?

Parent organizations advocated for funds to invest in research to find answers to
these questions. They worked with medical pathologists, police and coroners to
see what could be learnt from death scene investigations and how best to define the
phenomenon of SIDS. As prevention knowledge started to emerge from physiological
and epidemiological studies, they developed health promotion campaigns with risk
reduction messages that were implemented throughout the community. They focused

on educating health professionals to communicate these messages to new parents, and
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introduced support services for impacted families by providing individual counseling,
peer support programs, and group activities.

In order to create a cohesive national voice in Australia the parent organizations
grouped together in 1986 to form a national company, the National SIDS Council
of Australia, of which they became the founding members. This national organization
formed strong relationships with a network of national and international scientists,
medical researchers, health professionals, pediatricians, midwives, nurses, coroners,
pathologists, bereaved families, and the community. Individuals in these networks
and professional disciplines supported the SIDS cause by continuing to educate the
community with risk reduction messages, by conducting research in search of a cause of
death in a challenging field, sharing their expertise in bereavement care and supporting
fundraising efforts such as Red Nose Day. This iconic fundraising event, introduced by
Kaarene Fitzgerald in 1988, was the first signature charity day in Australia.

From my discussions with colleagues in other countries, it is clear that the
development of parent organizations emerged in each country in different ways; however,
the thrust of the movement began from those bereaved families™ lived experiences and
the concerns and interests of those in the vast network who were impacted by these child
deaths. Thus the pathways of development, whilst different in many respects, have much
in common across Western countries. Parent organization relationships extended across
many countries in all continents and the international SIDS movement was formed
with the establishment of SIDS Family International (SIDSFI) in 1987.

International SIDS Community

The International Society for the Study and Prevention of Perinatal and Infant Death
(ISPID), which I had the honor of chairing from 2012 to 2016, documents the history
of the international SIDS movement on its website (5). In summary, following a
meeting in Brussels in 1985 it was realized that benefits could be gained by countries
working together, sharing ideas, and providing support for each other. A subsequent
meeting, held at Lake Como Italy in 1987, formed the organization SIDSFI. The Chair
of SIDSFI was Kaarene Fitzgerald. At a successive meeting the organization changed its
name to SIDS International (SIDSI) to better reflect the professional services provided
by its members.

The aims of SIDSI were to

o better understand the causes of, and thereby reduce the incidence of, SIDS
and other sudden unexpected deaths in infancy (SUDI)

e act as an international voice and facilitate the international sharing of
information on SIDS- and SUDI-related issues pertaining to statistical
information, research, counseling, support, education, and service provision

*  conduct an international conference every two years to facilitate the work.
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ISPID was formed in 2008 in an amalgamation between the “first ISPID” and SIDSI.
The first ISPID was formed in 2004 by a merger of the European Society for the Study
and Prevention of Infant Death (ESPID) and the SIDS Global Strategy Task force
(GSTEF). ESPID was formed in 1990 and GSTF in 1992.

Asan international leading body, ISPID is dedicated to the exchange of information
among families, scientists, and other specialists in the field of perinatal and infant health,
and to educating the global community on the prevention of infant death and stillbirth.
The collective work of ISPID has brought together researchers from over 20 countries
and has resulted worldwide in both information sharing of evidence-based preventative
measures and the reduction of SIDS. ISPID has also been successful in implementing
international standards and improved quality of care for bereaved parents. Its activities
include co-operative workshops and studies; bestowing awards and travel grants to
researchers, educators, and new investigators; and information sharing through meetings
and biennial conferences which are usually hosted by member parent organizations (7).
Since 2010, ISPID has held joint conferences with the International Stillbirth Alliance
in recognition of the overlap in skills and expertise required to decrease the burden of

stillbirth worldwide.

Theories and Research Milestones

On the ISPID website you will find a list of peer reviewed references for all major SIDS
case-control studies with parent contact (8). The list documented by Dr Peter Blair, the
current Chair of ISPID, spans over 27 years from 1985. The most significant milestone
in research into SIDS was identified over 25 years ago with a series of case-controlled
studies, leading to a breakthrough in research which has saved over an estimated
9,000 babies’ lives in Australia alone, and many more thousands of lives worldwide.
This breakthrough identified that infants who slept on their backs were less likely to die
from SIDS than those who slept on their stomachs (9). With the communication of this
message through health promotion programs launched in many countries in the early
1990s, the number of deaths immediately decreased by 50% (9, 10). In Australia today
we know that these deaths have decreased by some 80% since 1989 when risk reduction
campaigns began (11).

The evidence base for risk factors, including both intrinsic (i.e. gender) and extrinsic
(i.e. sleep position) factors, has been integrated in a “Iriple Risk Model”, found to be
a useful framework for better understanding sudden infant death (9). The historical
development of this model has been documented by Guntheroth and Spiers (12). In
1970, Bergman (13) argued that the phenomenon of SIDS was not dependant on a
“single characteristic that ordains an infant for death, but on an interaction of risk factors
with variable probabilities”. Other researchers, including Wedgewood (14), Raring (15),
and Rognum and Saugstad (16), developed the model that has evolved over time and
is today applied by many scientists to guide research and development in the field (17).
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The contemporary Triple Risk Model (1) proposes that when three conditions
are present concurrently, a sudden infant death occurs. These conditions are: [1] the
vulnerable infant (preterm birth, exposure to maternal smoking during pregnancy); [2]
a critical development period (2-4 months of age); and [3] an exogenous stressor such as

prone sleeping, head covering, co-sleeping, infection, or overheating.

Prevention and “Reduce the Risk” Campaigns

In the search to find what causes SIDS, and ultimately how to prevent it, research
breakthroughs have identified ways to reduce the risk of SIDS happening. The main
breakthrough was to sleep the infant on its back; but in the early days of the program
the message was both back and side sleeping. The messages contained in all of the SIDS
health promotion programs have been drawn from the best available evidence. As a
consequence, at times this has generated a lot of debate and there have been changes in
messages over the years. Three examples spring to mind:

1. the change to “back sleeping only” when “side sleeping” was dropped

2. theinclusion of breastfeeding in the early campaigns, followed by breastfeeding
not being emphasized for many years until it was found to be protective
against SIDS; the inclusion of breastfeeding returned in 2011, following the
publication of a meta-analysis of studies (18)

3. the controversial home monitoring message, which is no longer advocated
given insufficient evidence.

The first “Reduce the Risk/Back to Sleep” publication in English was produced by
Cowan from the Canterbury Cot Death Society in New Zealand in May 1987. The first
policy change recorded for health professionals was in July 1990, when Community
Services Victoria in Australia informed all of the maternal and child health nurses to
advise parents to place their babies on the back or side to sleep and to avoid overheating.
A year later, a 12-page color brochure was produced in English and 10 other languages
by the SIDS parent organization in Australia.

Following the SIDSI meeting in Sydney Australia in 1992, where papers focused
on “Reduce the Risk/Back to sleep”, campaigns began over the next few years in many
countries. Further papers and discussions were held on reducing infant mortality at
subsequent SIDSI/ ISPID meetings in Stavanger, Norway (1994); Washington DC,
USA (1996); Rouen, France (1998); Auckland, New Zealand (2000); Florence, Italy
(2002); Edmonton, Canada (2004); Yokohama, Japan (2006); Portsmouth, England
(2008); Sydney, Australia (2010); Baltimore, USA (2012); Amsterdam, The Netherlands
(2014); and most recently Montevideo, Uruguay (2016).

In many countries there have been multiple campaigns as the evidence base has
changed over time. For example, in Australia there have been five campaigns: July 1990
was the start of the “Reduce the Risk” campaign in Victoria Australia; in June 1991 the
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“Reducing the risk of SIDS” program was launched by the National SIDS Council of
Australia; in June 1997 the “Three Ways to Reduce the Risk” program was launched;
May 2002 saw the launch of the SIDS and Kids “Safe Sleeping Program”; and in 2011
the “Sleep Safe, My Baby” Program was launched by SIDS and Kids.

The success of the “Reduce the Risk/Back to Sleep” programs hinges on keeping up
with the current research findings, and this is where the international SIDS community
and the scientific committees of professional or parent organizations play a key role.
The American Academy of Pediatrics produces recommendations for a safe sleeping
environment in America and they keep these under review, having just released revised
guidelines in 2016 (19). In some countries, parent organizations, such as the Lullaby
Trust in the UK and Red Nose in Australia, produce guidelines and keep them under
review through the establishment of networks of scientists or National Scientific
Advisory Groups.

Results of these campaigns have been outstanding across the Western world,
with many countries experiencing a significant reduction, between 50-80%, in infant
mortality. However, these reductions have not been as great for the first peoples of
many countries. Specific, culturally appropriate programs targeting these key groups
have been implemented in an attempt to reduce the high rates of SIDS in Indigenous
communities, as the rates in these groups are now often two or three times the rates in
non-Indigenous groups (and have been much higher in previous years). The Reduce the
Risk of SIDS in Aboriginal Communities (RROSIAC) program in Western Australia
and the Pépi-Pod” program in New Zealand and Australia are current examples of these
targeted interventions.

Given that we cannot currently identify individual vulnerable babies at risk, the
overall reccommendations must focus on removing as many risk factors as possible during
the first year of life, thereby minimizing the risks and reducing the likelihood of SIDS
occurring. Concurrently, it is important to recognize that it is not possible to eliminate
all risk without facing the negative consequences of disengagement from evidence-
based messages by some groups or individuals (1). Innovative education programs
need to be developed to target specific groups. Considerable success in educating
health professionals has been obtained through online education programs based on
competency assessments (20, 21).

Grief and Loss Developments

Grief and loss support for parents, families, and individuals impacted by the death of
a child has always been a key focus for the SIDS community at both international
and local levels. In my experience the scientific and health professional community has
always embraced the impact on families in a serious and respectful manner, recognizing
the significant role played by parent organizations in raising awareness of the field and
advocating for change and the advancement of knowledge.
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We know that everyone will experience multiple losses in their lives and most
people will not require bereavement counseling, as overtime they will make adjustments
and adapt their life without their loved one/s. However, the loss experienced from the
death of a child is a certain type of loss that is often more problematic. This loss becomes
more challenging when it is sudden and unexpected, given that the parents and families
can experience both the effects of trauma as well as profound grief. Similar types of losses
include suicide and murder (22).

Grief can be overwhelming and parents can be confronted with intense, and
often conflicting, experiences that can be challenging both for them personally and for
their relationships. Petra den Hartog (23) identifies some of the hardest experiences
that parents have to deal with, and these include: conflicting emotions of guilt, shame,
anger, and blame; lowered confidence and self-esteem; feeling alone and isolated from
friends and family; repression of feelings and masking grief; understanding there is no
right or wrong way to grieve; different perceptions that test relationships; and the fear
of relationship breakdowns.

Getting external help can be of benefit for many people, as the death of an
infant is a tragic and devastating event. The grief journey is a process that takes time,
understanding, empathy, and support. To enable families to normalize their grief, a
strong support structure is essential. Bereavement support services provide choices for
those impacted and assist in building resilience within the bereaved families’ community
(22). The range of services provided by parent organizations includes

*  professional counseling for couples or individuals, which can be delivered
face to face, via phone or email
*  bereavement support helplines operating each day of the year, which are

imperative for those needing support in order to enable them to make contact
with someone at any time of the day

*  peer support services, whereby trained bereaved parents can help in the
healing process

*  support groups allowing parents to share experiences and feelings, which are
a part of the grief journey

*  sibling programs, which are usually activity-based programs for children
offered during school holidays

*  internet support groups, which are moderated fora for bereaved parents and

families

*  memorial services or functions, which provide opportunities to remember

those babies who have died.

Today most of these services have been expanded to embrace families and communities
who have experienced the death of a child during pregnancy, birth, infancy, and
childhood, regardless of the cause. Specific grief and loss online platforms have more
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recently been developed. These websites have expanded the reach of support for those
with lived experience of child death, often through direct online chat facilities. They are
also able to provide relevant and practical information for many groups impacted by
these sudden and unexpected deaths.

SIDS Community Today

Some 40 years on since Kaarene and Kevin Fitzgerald experienced the death of their son
the question of what causes SIDS remains unanswered. Although we have seen a dramatic
decrease in the incidence of SIDS through the success of safe sleeping health promotion
programs and the increased knowledge of risk factors that increase the vulnerability to
SIDS, SIDS still remains the leading cause of death for infants in Western countries (9).

We do today have an internationally agreed definition of SIDS; however, this
term is not used in all cases and related classifications such as “unascertained” or
“undetermined” are still being used in some jurisdictions. In Australia

*  we do not have an agreed death scene investigation process in each state and
territory, even though we now understand what constitutes best practice for

death scene investigations.

*  we are not creating new tissue banks for researchers to be used in Australian
laboratories, although in the United States they continue to build on their
tissue banks with parental consent.

o Red Nose (formally SIDS and Kids) does have an evidence-based health
promotion program entitled “Sleep Safe, My Baby” which is used to inform
parents and carers, and this program is kept under review and up to date by a
National Scientific Advisory Group. However, there are mixed messages in the
community, as each state and territory’s Health Department develops their own
modified guidelines. We are in desperate need of a National Health and Medical
Research Council (NHMRC) Infant Safe Sleeping guideline in Australia.

Resources to tackle these problems are forever tight and we need to continue to strive
for further knowledge to assist in targeting our endeavors. Even with the restructure of
the parent organization groups in Australia, whereby seven of the ten SIDS and Kids
organizations joined together as of April 2016 to form one national organization now
known as Red Nose, there still remains an active SUDI agenda to address, with limited

funds to pursue.

Parents and families are still living the SUDI experiences; healthy babies are still
dying in their sleep; we have no way of understanding which individual babies are more
vulnerable than others and why; and the rates of SUDI deaths are three times as high in
Aboriginal and Torres Straight Islanders communities than in other communities. This
agenda has also extended to the phenomenon of sudden unexplained death in childhood
(SUDC), whereby a similar syndrome occurs in children aged over 12 months. In
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addition, the agenda now also includes stillbirth prevention, particularly late term
stillbirth, given that many of the risk factors for SUDI and stillbirth are the same and

some of the latest studies are focusing on maternal sleep position.

When birth numbers continue to increase and different carer groups, such as fathers
and grandparents, emerge as playing a prominent role in infant care practices, then the
community risk-minimization education remains of high importance. Indeed, targeted,
innovative health promotion programs remain just as relevant today as they ever were.
Furthermore, if the Red Nose aspirational goal of zero child deaths is to be achieved, then
the existing research program must invest in new channels of investigation, exploring
the different stages of a child’s development to uncover why unexplained death occurs
and how it can be prevented. Researchers are dedicated to finding the root causes of
these death and this investment into cutting-edge research is critical in preventing the

sudden and unexplained death of healthy children.

SIDS Priorities in the Future

The recent international consensus project entitled Global Action and Prioritization
of Sudden infant death (GAPS) aimed to strategically identify the top 10 research
priorities in sudden unexpected infant death (SUID) in an effort to reduce these deaths
worldwide (9). The author was a member of the multidisciplinary steering group for the
project and the facilitator of the Australian workshop. The group recognized how vital it
was, particularly given our limited resources, to identify where our best research efforts
should be directed. The project aimed to harness the priorities from both lay and expert
members of the SUID community. Three main themes emerged amongst the priorities

in addressing the global SUID problem:
1. abetter understanding of mechanisms underlying SUID

2. the importance of ensuring best practice in data collection, management, and
sharing

3. abetterunderstanding of target populationsand more effective communication

of risk.

Of the top 10 priorities, over half of the research priorities relate to the first theme
— that is, the need for a better understanding of the mechanisms underlying SUID,
in particular, the way that environmental factors interact with these mechanisms, the
identification of associated biomarkers for cause of death determination by pathologists,
and ultimately death prevention. Other related research priorities were the role of genetic
factors in the risk of SUID; how the underlying mechanism of SUID risk differs with
different ages; and the role of abnormal or immature brain anatomy and physiology. The
priority in the second theme was enabling best practice processes and systematic data
collection for accurate classification of SUID deaths in order to inform research and
prevention. The final theme priorities related to better understanding of the behavior
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in target populations in order to inform new ways to make safe sleep campaigns more
effective. Other priories include better understanding of cultural factors affecting
parental choice in sleep practices and the practice of sharing a sleep surface with an

infant, including how this interacts with other factors and its impact on risk.

Conclusions

In my work with SIDS and Kids/Red Nose over the last 10 years, I have seen firsthand
the untold and far-reaching devastation wrought by the sudden and unexpected death
of a child. I have witnessed the importance of providing grief and loss support to these
families and, as a result, have had parents thank me for our work at Red Nose because
our wonderful counsellors have saved their lives. The death of a child from SIDS is
something that no parent or family should ever have to experience. With the GAPS
project identificating the list of shared research priorities, we have tremendous hope
for an opportunity to emerge which will have maximum impact globally to tackle the
problem of SUID. If policy makers, research funders and researchers working in the
field of infant mortality implement these research priorities and continue to share this

knowledge, we have good cause to be hopeful for a brighter future without SIDS.
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Introduction

All hospital staff were very respectful of our wishes and explained everything well that
they needed to do. We were given plenty of time and privacy with all our family after
the baby died. (Bereaved parent)

I was sat in the back of the police car and no-one spoke to me, I always remember the

silence, it was awful, the silence was so bad. (Bereaved parent)

When a child dies suddenly and unexpectedly, we, as professionals, have a wide range
of duties and obligations that must be fulfilled. Statutory requirements may place
constraints on what we can do, when we need to do it, and how we can go about it. At
the heart of it all, however, there remains a bereaved family, for whom the worst thing
imaginable has just happened. As one bereaved mother put it: “Words may hurt me or
make me angry, but I have lost my child, so don’t flatter yourself — nothing that you

say will actually make the situation worse”.

Nevertheless, as the quotes at the start of this chapter highlight, parents’ experiences
following the death of their child vary enormously, and the way we respond to them



can make a considerable difference. The way we respond can make a difference also
to the outcome of an investigation. Identifying an unusual medical cause of death, or
uncovering the circumstances of a tragic accident or a case of intentional filicide is more
likely with a thorough, systematic investigation, conducted with sensitivity and respect,

than with one carried out carelessly or in a haphazard or aggressive manner.

In most jurisdictions, the sudden unexpected death of an infant or child requires
the case to be referred to a coroner, medical examiner, or procurator fiscal. In England,
for example, a coroner is obliged to conduct an investigation into violent or unnatural
deaths, deaths where the cause is unknown, and deaths which occur in custody or
otherwise in state detention (1). Coroner’s officers, or police officers acting on behalf of
the coroner, will need to carry out an investigation into the causes and circumstances
of the death. Where there are concerns about parenting, or the possibility of abuse or
neglect, there may be other children in the family who need protection, necessitating the

involvement of children’s social care services.

Nevertheless, the reality is that in the majority of cases the child’s death will be
from natural causes, whether or not we are able to ascertain the actual cause. Therefore,
health practitioners will need to carry out full investigations to look for possible medical
causes, including infectious or genetic causes, which may have wider implications for
the family or community. While infant mortality has fallen dramatically over the past
decades, and continues to fall across the world, every death should still be seen as a
tragedy, and we should do all we can to further reduce mortality rates and to reduce
the risks of future child deaths. In order to do this effectively, we need to learn lessons
— from each individual child’s death, and from the patterns of children’s deaths in any
area — to identify potentially modifiable factors, and to take effective action to improve
childcare, health and welfare services, and support for families. Through all this, all
professionals will need to respond sensitively to the family in those awful, early stages
of grief — in coming to terms with the reality of their child’s death, in coping with the
practical arrangements that need to be made, in breaking the news to family and friends.

Bearing in mind these varying and, at times, potentially conflicting obligations,
five primary aims of our response to unexpected infant deaths can be defined (2, 3):

1. to establish, as far as is possible, the cause or causes of the infant’s death
2. to identify any potential contributory or modifiable factors

3.  to provide ongoing support to the family

4. to ensure that all statutory obligations are met

5. to learn lessons, in order to reduce the risks of future infant deaths.

Underpinning this are three fundamental principles of practice which support a positive
response: a thorough, systematic approach to investigation, a sensitive approach to
supporting families, and an attitude of collaboration and learning (Figure 5.1).
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Figure 5.1: Principles of practice in responding to unexpected child deaths. (Authors’ own work.)

Models of Response

Every country has different ways of investigating unexpected child deaths; these may
also differ widely within countries. The different models of response can be categorized
as coroner- or medical examiner-led, police-led, healthcare-led or led by a joint agency

approach (JAA); these are described in Table 5.1.

There is no internationally accepted standard for best practice management of
sudden and unexpected death in infancy (SUDI), although the minimum standard
could be considered as one that enables a diagnosis of sudden infant death syndrome
(SIDS) to be made according to the 2004 San Diego definition; this relies on a detailed
medical history, complete post-mortem examination, and a review of the circumstances
of death (4). A more recent international consensus suggested that, in addition to the San
Diego definition, a SIDS diagnosis requires a thorough scene examination by forensic
medicine experts or specially trained police officers and a multi-professional meeting to
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classify the death (5). The joint agency approach, coroner- or medical examiner-led, and
healthcare-led models all have the potential to meet this standard and have the potential
to meet the five primary aims of SUDI investigation described previously, providing
that care and support for families are integral to the investigative process and there is a

robust child death review program to learn from such deaths.

Table 5.1: Different models of SUDI investigation (2).

Initial history Death scene  Autopsy Individual
from parents  examination case reviews
Coroner- or | Coroner Taken by Death scene Variable | Variable
Medical or Medical police, death examiner
Examiner-led | Examiner scene examiner,
investigation or Medical
Examiner
Healthcare- | Health Taken by doctor | Doctor and Optional | Multi-
led police, but disciplinary
investigation independently case review
within health
Police-led Police Police Police and Variable | None
investigation forensic team
Joint Agency | Health and | Taken by Jointly by Standard | Multi-agency
Approach police jointly | pediatrician and | police and case review
model police pediatrician

Irrespective of the investigative model used, certain key factors promote effective
investigation. These include close work between agencies; the integration, if possible, of
SUDI investigations with any coronial or legal investigations rather than them running
in parallel; and clear leadership from senior police and healthcare professionals. Ideally,
detailed SUDI investigation should be mandatory; if not, many parents will decline
them, limiting the learning from individual cases and for whole populations (6).

The Structure of the Response

For the remainder of this chapter, we will outline the overall structure of the joint agency
response as we understand it. This approach has been our practice over many years,
and is embedded in national guidelines for England (3, 7-9). We describe our practice
in England, recognizing that procedures and practices may well differ in different
countries. Nevertheless, it is our view that the general principles underlying these

88 SIDS — SUDDEN INFANT AND EARLY CHILDHOOD DEATH



Sudden unexpected death of an

infant or child

Immediate Responses
First 2-4 hours following the death

!

Early Responses
First 2-4 days following the death

!

Later Responses
Continuing over several months following the death

|
Establishing the Identifying Providing ongoing Ensuring all Learning lessons to
cause of death contributory factors support for statutory reduce the risk of
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Figure 5.2: The structure of the joint agency response to an unexpected child death.
(Authors’ own work.)

responses are universally important. While the details of how this approach is worked
out may vary between different areas, and according to the model in place, a number of
core components can be identified (3):

1. careful multi-agency planning of the response

2. ongoing consideration of the psychological and emotional needs of the family,
3. including referral for bereavement support
4

initial assessment and management, including a detailed and careful history,
examination of the infant, preliminary medical and forensic investigations,

and immediate care of the family, including siblings
5. an assessment of the environment and circumstances of the death
6. astandardized and thorough post-mortem examination
7. afinal multi-professional case discussion meeting.

The response can be divided into three overlapping phases, all of which contribute to
meeting the overall aims (Figure 5.2). The different phases will be outlined in detail,
although it must be emphasized that there is considerable overlap between the phases,

and many of the procedures involved are ongoing processes rather than one-off events.

Immediate responses

Under the heading of immediate responses, we are considering those activities that
typically take place within a few hours of the child’s death, including first responder
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Figure 5.3: The immediate responses. (Authors’ own work.)

and police actions at the scene of the death, transfer of the child and carer(s) to an
emergency department, initial medical management and early information gathering,
and initiating the joint agency components of the response (Figure 5.3).

When a child dies or collapses unexpectedly in the community, a family member or
other person will usually call the emergency services promptly on discovering the child.
The emergency services should despatch both an ambulance crew or first responder and
a police officer. Ideally, the officer should be an appropriately qualified investigator,
although it is recognized that this will not always be possible.

Immediate management at the scene of death

Unless it is clear that the infant has been dead for some time, for example with the onset
of rigor mortis or signs of dependent livido, the ambulance crew will normally commence
resuscitation according to appropriate pediatric guidelines. The ambulance crew may take
an initial brief history from the parent while they are initiating resuscitation, particularly
to establish the primary circumstances within which the child was discovered. They
will also ascertain if there are any particular medical issues, such as a known ongoing or
recent illness, or any drugs or medication (prescription or otherwise) that the infant may
have received which may have a bearing on the resuscitation or understanding of the
cause of death. They should note their initial impressions of the environment in which
the child was found, along with the appearance of the child, and they should enquire
as to any other children in the home, their welfare, and who will be looking after them.
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The attending police officer will be able to help with arrangements to support
the family, including considering the welfare of any other children, arrangements for
the parents to attend the hospital, and notifying relatives or friends. The police officer
should also make a note of their impressions and any immediate information they
obtain on the circumstances and environment of the death.

Transfer to hospital

Unless there are exceptional circumstances, such as clear signs of homicide, the infant
will then normally be transferred to the nearest emergency department with pediatric
facilities while continuing resuscitation. At the same time, arrangements should be
made for the parent(s) or carer(s) to also attend the hospital, either in the ambulance
or separately. Notifying the hospital of the child’s anticipated arrival will enable the
hospital team to prepare for their ongoing resuscitation. Transferring the infant to an

emergency department serves a number of important purposes:

1. Itensures thatall appropriate resuscitation can be continued, and that any decision
to stop resuscitation is made in a considered way by an experienced team.

2. It provides immediate support for the parents by health personnel who are

experienced in dealing with traumatic circumstances and bereavement.

3.  The death of the child can be confirmed and documented by an appropriately
qualified health professional.

4. It enables the initial history and examination of the child to be conducted by
a pediatrician with appropriate skills and knowledge.

It enables immediate investigations to be carried out in a clinical setting.

6. It helps protect the environment where the child died until qualified

investigators can review it.

7. It ensures that appropriate people are notified of the death and the joint
agency response is initiated.

Resuscitation and the decision to stop resuscitation

On arrival at hospital, resuscitation should be continued according to established
guidelines for advanced pediatric life support, until it is clear that further resuscitation
is futile, the child is confirmed dead, or a decision has been made to withdraw care.
Also on arrival at the hospital, a member of the health team should be allocated to
be with the parents to support them through the process, keep them informed of all
that is happening, and help them with contacting other family members or sources of
support. Consideration should be given to allowing the parents to be present during the

resuscitation, and if so, they should be supported in that by the allocated member of
the health staff.
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There may be some situations where a child is successfully resuscitated and stabilized
prior to transfer to an intensive care unit, only to have care withdrawn subsequently.
In those circumstances, the timing and process of the joint agency response may
need to be adapted, but consideration should still be given to the same underlying
principles. The decision to stop resuscitation or withdraw care should be made by an
experienced pediatrician, in consultation with the parents and the full healthcare team.
Once resuscitation has been stopped, confirmation that the infant is dead should be
made by a suitably qualified medical practitioner according to established guidelines.
Confirmation of the infant’s death, along with details of the resuscitation and of the
joint agency management of the death, should be carefully documented in the child’s
medical records.

Once the infant has been confirmed dead, a senior medical practitioner should
inform the family. This should ideally be carried out in a suitable, private, and quiet
room, where the family can be with their infant if they so wish, and where they can be
supported by the allocated member of staff. The family should be provided with time
to take in the information and to ask any questions they may have, and a balance is
required between sensitive, caring support and providing the family with space to be on
their own.

Normally it will be appropriate for the family to hold and spend time with their
infant, ideally after the infant has been examined by the pediatrician and all relevant
immediate investigations have been completed. Even if there are suspicions of possible
abuse or neglect, it may be appropriate for the family to spend time with their infant,
following discussion with the lead police investigator, and with a discreet professional
presence. If the family so wish, and following discussion with the lead police investigator,
consideration should also be given to the taking of photographs, hand- or footprints or
other mementos. If there are causes for concern with forensic implications that may be
addressed during the post-mortem examination, it may be appropriate for some of these
mementos to be taken after the post-mortem examination.

Early history taking

Taking a history is not a one-off event, but an evolving process that may require
interviewing several people, and may involve going back over details to clarify points.
However, repeated questioning by different professionals should be avoided, as it adds to
the distress of parents and may contaminate evidence. Health staff, police officers, and
social workers will need to work together on gathering the history, particularly where
the death is unexplained, or there are potentially suspicious circumstances. An initial
full history should be taken at the hospital jointly by a police officer and a pediatrician,
with a pediatrician taking the lead due to the likely medical explanation for the death.
It is crucial at this early stage to obtain as much information as possible to assess the
circumstances of the death. This needs to be undertaken sensitively, but talking and
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contributing to the process of trying to establish how their child died can have a positive
effect for the carer.

An outline of the key components of the history following a sudden infant death
is provided in Box 1. A template or proforma may help in ensuring that all elements of
the history are covered thoroughly.

Box 1: The medical/forensic history following an
unexpected infant death

. Detailed narrative account of events, particularly focusing on the
24 hours prior to death

e Circumstances of death, including place and position when put to
sleep and when found

. Events following discovery of the death, including resuscitation
and emergency responses

*  Usual infant sleep arrangements
*  Pregnancy and birth details

. Child’s medical and developmental history, including feeding
and growth, routine checks and immunizations, and health over

previous weeks
*  Household and family composition

] Family medical history, including previous miscarriages, stillbirths,

and sibling deaths

. Parental health and use of medication, including mental health
and disability

e Social history, including parental relationships, employment,
social support, housing

. Parental smoking; antenatal and current smoking habits; alcohol

consumption; use of illicit drugs

e Family involvement with social care

While history taking will start with the ambulance crew and be continued by the
hospital medical staff, the full history from the main carer will often only be obtained
at the home visit. A detailed narrative account of the events over the 24 (or more) hours
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leading to the death and discovery of the death is crucial to the investigation. This will
often be far clearer when the parents are able to talk through the events in situ, jogging

their memories and enabling details to be clarified directly.

Any discrepancies in the history, or changes, should be noted, although it is not
uncommon for a history to change as it is retold and this does not necessarily imply
anything suspicious. The process of taking a history provides an opportunity to make
an assessment of the veracity, demeanor, and attitude of the parents. While one should
take note of any inappropriate or unusual responses to the child’s death (e.g. remoteness,
insensitivity to circumstances, indifference to death, disposal of articles), it is also

important to bear in mind that each person responds differently to grief and stress.

If there are significant suspicions which would give the police reasonable grounds
to suspect the carer(s) of a criminal offence, the history taking may be bound by legal
restrictions. For example, the Police and Criminal Evidence Act 1984 (10) would put
conditions on any conversation which could constitute an interview. However, even
if there are suspicions, the police would be eager to establish whether there was any
plausible explanation to explain these suspicions and also to allow factual questions
regarding non-contentious areas such as the age of the child, and the names of parents
or other siblings to be asked by medical staff. Where there are potential concerns, it may
be considered appropriate to talk to the carers separately and with additional support
for them if necessary. Talking to parents separately may, as well as highlighting possible
inconsistencies in their accounts, also add credibility to what each of them is saying.

Examining the child

Following confirmation of the death, the attending physician in the emergency
department should carry out a thorough examination of the child, ideally in the presence
of an investigating police officer. This will be followed up by an external examination by
the pathologist at autopsy. However, the initial findings in the emergency department
are important, as some signs may alter with the passage of time, and initial signs may
alert the joint agency team to particular concerns that may require further investigation
or management, such as the presence of a purpuric rash indicating the possibility of
meningococcal sepsis, or a finding of injuries which may require specific police enquiries.
It is important to be thorough and to document all findings clearly, using a body chart

to demonstrate any external markings.

Ideally, all visible marks of possible significance should be photographed using
a scale and then photographed again later, as marks may develop over a period of
time and become clearer (e.g. bite marks or bruising). Some injuries may be clearer
if photographed using alternative light sources such as UV light or a polarized filter.
The police investigator will be able to advise on the appropriateness of this. Similar
to the differential diagnosis excluding certain medical possibilities, many of the police
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inquiries are undertaken to establish what may have happened, which may rule factors
out as well as discovering their presence.

Specific aspects of the examination are outlined in Box 2.

Box 2: The examination of the child

The examining physician should take note of the following aspects:

e The child’s overall appearance — noting any lividity, pallor,
position, and tone of limbs; hygiene; any specific markers of

disease or disability.

*  Lividity (Figure 5.4) is usually deep purple in color, although the
depth and degree may vary and may be influenced by underlying
skin color. Livido develops due to gravity-assisted pooling of the
blood so will take on a distribution corresponding to dependent
parts of the child’s body, often with sparing in areas of direct

pressure. Typically it begins to develop during the first two hours
of the child’s death, but does not become fixed for 4-6 hours.

*  Rigor mortis, a generalized stiffness of the muscles, again develops
during the first 2 hours.

. Any blood/frothy fluid (Figure 5.5) or vomit around face, nose,
mouth — in any death, frothy, blood-stained fluid can be forced
out of the lungs. This is a normal terminal finding and does not
indicate any particular cause or manner of death. Frank blood
from the nose or mouth can arise from a number of medical or
forensic causes and needs to be fully evaluated.

. Examination of the entire body for any rashes, abrasions, skin
lesions, or injuries (recent or old); also noting the state of hygiene
and any signs of neglect.

*  Documenting all skin markings, lesions, and injuries on a body
chart and consideration of photographs.

. Examination of the genitalia, and inside the mouth, including the
lingual and labial frenae for any injuries or abnormalities.

*  Retinal examination, where possible, looking for any evidence of
bleeding or retinal pathology, bearing in mind that after death, the
cornea quickly clouds over, which may preclude any detailed view
of the retina. If any abnormalities are noted, or there are other
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indicators of concern, it may be appropriate to request an urgent
review by an ophthalmologist.

*  All interventions during resuscitation (e.g. sites of venepuncture)
should be documented. Cannulae and endotracheal or nasogastric
tubes may be removed, but their correct siting should be
documented prior to removal (e.g. by direct laryngoscopy) by an
independent observer.

*  Documenting all growth parameters (weight, length, head
circumference), marking these on appropriate centile charts, and
also documenting markers of the state of nutrition.

* A core body temperature (low reading thermometer).

*  Where there are any markers of injury or neglect, arrangements
should be made for early photo-documentation by a police or

medical photographer.
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Figure 54: Post-mortem changes: Dependent Figure 5.5: Post-mortem changes: Frothy, blood-
lividity. (Reproduced with permission from stained mucus. (Reproduced with permission
the University of Warwick, UK) from the University of Warwick, UK)
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Immediate investigations

Following a sudden unexpected death in infancy, unless the cause of death is immediately
apparent, a range of medical and forensic investigations are required to help ascertain
the cause and any contributory factors (5). Samples may have been obtained during the
course of any resuscitation; these should be carefully labeled and sent, along with any
post-mortem samples obtained, for further analysis.

Following the resuscitation, consideration should be given to taking any further
medical or forensic samples prior to the post-mortem examination; it may be necessary
to seek consent from the coroner or police before doing so. If the post-mortem
examination is to take place within 24 hours, sampling may be left to the pathologist.
Blood samples should be taken from a single attempt at femoral artery puncture or
cardiac aspiration; repeated attempts are best avoided, as they may compromise the
post-mortem examination. Urine can be obtained by catheterization or supra-pubic
aspiration, although the bladder is often empty in SIDS cases. A lumbar puncture should
be attempted to obtain cerebro-spinal fluid, although this should not be undertaken if
there is any suspicion of possible non-accidental head injury, as the autopsy findings
could then be compromised. A skin biopsy should be taken from an unobtrusive area
such as the back or inner arm or thigh. All sampling sites, whether successful or not,
must be documented in the medical notes to avoid potential subsequent confusion with
injuries or bruising. Emergency Departments can prepare a SUDI box with details of all
specimens needed, sampling equipment, and paperwork to ease the process for medical
teams dealing with such cases. Details of specimens required are listed in Table 5.2 (3).

Table 5.2: Details of specimens required immediately after death in SUDI cases.

Specimen Laboratory Test

Blood (culture bottles) Microbiology Aerobic and anaerobic culture for
microscopy, culture, and sensitivities. If

insuficient blood, aerobic only

Blood (serum) Clinical Chemistry | Toxicology if indicated (spin and store
serum at -20 °C)

Blood (from metabolic Clinical Chemistry | Amino acids, acyl carnitines
screening “Guthrie” card)

Blood (lithium heparin) | Cytogenetics Karyotype and genetic testing if indicated

Urine Microbiology Culture for microscopy, culture, and
sensitivities

Urine Biochemistry Metabolic testing, toxicology
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Cerebro-spinal fluid Microbiology Culture for microscopy, culture, and
sensitivities

Cerebro-spinal fluid Virology Polymerase chain reaction (PCR)

Skin biopsy Histopathology Fibroblast culture

Throat swab Microbiology Culture for microscopy, culture, and
sensitivities

Throat swab Virology PCR, viral cultures, immunofluorescence

Naso-pharangeal aspirate | Virology PCR, viral cultures, immunofluorescence

Skin swabs from any Microbiology Culture for microscopy, culture, and

identifiable lesion sensitivities

In addition to any medical samples obtained, any stool or urine passed by the infant,
for example in a nappy or diaper, should be frozen and sent for analysis. Arrangements
should be made for a full radiological skeletal survey and any other appropriate imaging.
This requires a full set of films, as per a child protection investigation, and not merely
a single “baby-gram”. The images should be reported on by an experienced pediatric

radiologist prior to the post-mortem examination.

Where there are no suspicions of abuse or homicide, the police will be conducting
their input into the joint investigation on behalf of the coroner or medical examiner who
is trying to establish who has died, and how, when, and where they have died. Where
there is no indication of any criminal offences, samples are taken on the authority of the
coroner to try and answer these questions. However, where there are grounds to suspect
that a criminal act may have contributed to the death, the overall investigation will
be led more by police than by medical personnel (although they will still work closely
together). In these circumstances there may be particular legal frameworks, such as the
Police and Criminal Evidence Act 1984 (10), within which any samples must be taken
and handled.

Family support

After resuscitation has stopped, all medical equipment, such as intravenous lines and
endotracheal tubes, should be documented and then removed, unless there are concerns
that their use may have complicated the resuscitation. Endotracheal tubes may be
removed after their correct placement in the trachea has been confirmed by independent
direct laryngoscopy. Unless there are forensic concerns, the child’s face can be washed,
the nappy replaced, and the child wrapped in a clean blanket or dressed in clean clothes.
The family should be offered the option of cleaning and dressing their infant if they
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wish; this may be particularly important in some cultures. All actions taken during and
after resuscitation should be carefully documented in the child’s medical notes.

It is important that families are then able to have time with their child to say
goodbye. If parents are prevented from doing so, they may deeply regret this; however,
for some families, seeing their child after death may not be important. Grandparents,
siblings, and other family members can be invited to join parents; families may also
wish for a faith leader to attend. Hospital staff should offer parents mementos such as
hand- or footprints and a lock of hair; for very young babies, parents may wish to have
photographs if they have not been able to obtain these in life. Families should not feel
rushed through the process of saying goodbye; ideally, the child should be moved from
the resuscitation room to somewhere more peaceful and private (11). However, as with
any unexplained death, families need to be supervised by hospital staff or police officers
while they remain with their child’s body.

When the family are ready to leave the hospital, they need to have clear information,
preferably in the form of a leaflet; this should include details of the process of SUDI
investigations so that parents know what to expect next, telephone numbers for the
key professionals involved, and details of bereavement services. Most parents will want
to know where their child’s body will be over the coming days and how to arrange
to see them again. Families may need help arranging transport home. Hospital staff
should ensure that family doctors and community health services are notified as soon as
possible of the death, so that they can offer support to the family.

Early multi-agency liaison

Early multi-agency liaison is central to the joint agency response following an unexpected
child death. The team should aim to hold an information sharing and planning meeting
at the earliest possible opportunity following the death, bearing in mind that important
aspects of the immediate and early responses should not be delayed while waiting to
meet together. This early multi-agency discussion ideally takes place in the emergency
department within a few hours of presentation. The discussion should involve the
police, pediatrician, emergency department staff, social worker, and other relevant staft,
depending on the nature of the case. The initial discussion may need to be by telephone,
but a more formal meeting should be arranged as soon as possible. There may need to
be repeated meetings and telephone discussions depending on the nature of the case.

There are two key components of this first multi-agency meeting;

1. Information sharing: Those present should share initial information known
to any agencies, including the emergency department history, and reports
from emergency services; they should identify what further information is
required and where and how this will be obtained; they should specifically
identify if there are any initial child protection concerns or implications for
other children in the family.
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2. Planning the process of investigation and agreeing on roles and responsibilities:
This should include planning a joint scene visit; arranging the post-mortem
examination; identifying any outstanding investigations; discussing what
bereavement support can be offered to the family; ensuring all relevant
services are notified; and considering what information can be shared with
the family and how. It is particularly important to identify any statutory/
forensic requirements, including scene security and preservation of evidence

prior to the scene visit.
Police responses at the scene of death

The location where the child died or collapsed prior to its death and examination is an
essential element of the investigation into why the child died and may help identify factors
relating to the cause of death and the circumstances. It is also one of the key areas that are

considered when deciding on the appropriateness of using the classification of SIDS.

The paramedics in their initial response will have noted the environment, but their
focus will have been on the needs of the collapsed child and transferring them to a
hospital with pediatric resuscitation facilities. The initial attending police officer should
ideally be an appropriately qualified investigator in plain clothes. They should undertake
a preliminary assessment of the premises including — as a priority — checking on the
safety of any other persons in the home, including other children.

In order to maintain the integrity of the environment in a condition as close as
possible to the time of the death or collapse, consideration should be given to temporarily
moving any remaining family members or others in the home to an alternative location.
This should also include pets such as dogs, whose presence may have an adverse impact

on subsequent examinations.

To capture a “snap shot” of the environment at this early stage, it is good
practice for the police officer to undertake a walk through the premises and record,
photographically, images of the environment before any further actions are taken. This
record of the environment as close as possible to the key time of collapse may prove
invaluable to the multi-agency team responding to the death and in particular to the
police, lead health professional, and pediatric or forensic pathologist. It will provide
essential information that will assist in identifying or eliminating potential concerns that
can feature in relation to the death of a child.

The premises should then be discreetly secured or supervised by the police, pending
further developments. Unless there are urgent forensic or timing considerations,
items of interest should be left in situ for the joint home visit but recorded, including
photographs (360-degree photography is particularly useful and can be used to produce
a 3D model which can be used to in effect “walk through” the premises and examine it
from various angles without having to physically visit it).
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Sudden unexpected death of an
infant or child

Immediate Responses
First 2-4 hours following the death

|

Early Responses
Multi-agency information sharing and planning meetings, joint home visit,
detailed history, scene review, autopsy, ongoing family support

Later Responses
Continuing over several months following the death

|
Establishing the Identifying Providing ongoing Ensuring all Learning lessons to
cause of death contributory factors support for statutory reduce the risk of
the family obligations are met future deaths

Figure 5.6: The early responses. (Authors’ own work.)

The importance and rationale for preserving the integrity of the environment
where the child collapsed should be explained to the parents and their consent obtained,
although, as the police are acting on behalf of the coroner, general principles of law
would justify them “searching not only the body, but the effects of the deceased, and
the premises where the body is found, if there is reason to think that the search is likely
to lead to the discovery of evidence bearing on the cause of death” (12). The statutory
guidance in England regarding the joint agency response to an unexpected infant death
clearly sets out the responsibility and expectation for the “[p]olice to consider appropriate
scene security” (9). If the death is considered to be suspicious and a criminal offence(s)
suspected, then control of the scene will be catered for under relevant legislation and
guidance, and the police will take over the lead in what will still remain a joint agency

investigation.

Early responses

Following the initial management in the emergency department and the place where
the child died, a process of further investigation and information gathering continues,
along with ongoing support for the family (Figure 5.6). These next 24-48 hours present
a golden window of opportunity for gathering important information and planning
the ongoing investigation. They are also a crucial time of acute grief for the family,
with particular emotional and practical needs arising. It is essential during this time
that different professionals work together and maintain close communication; this
may require further multi-agency meetings or discussions. A central part of these early
responses is the joint home visit involving a police officer and health professional.
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The home visit

The visit to the home (or to the environment where the child died/collapsed) is a key
element of the joint agency response and should be conducted as soon as possible
after the infant’s death and certainly within the first 24-48 hours, particularly if the
environment is to be left secure and undisturbed. The purposes of the visit are to obtain
further, more detailed information about the circumstances and environment in which
the child died, including additional information from the family, as well as to provide
further support to the family in these early stages. While there may be circumstances
where the family do not wish, or are unable, to be present, wherever possible, this visit
should include the parents or carers, so that full information can be obtained, and so
that they can benefit from the process and support being offered.

The professionals would generally include the lead health professional, police
investigator, family general practitioner or health visitor if possible, and another family
member for support if required. Consideration should also be given to the presence of
an appropriate member of police staff to record relevant sections of the visit, such as
photographs of relevant items or locations, or a video of reconstructions.

We would normally begin the home visit in a neutral room, such as the kitchen
or lounge, to introduce the members of the team and explain the reason for the visit
and what it will involve. Parents may need a lot of reassurance over the purpose and
process of the visit. This initial stage provides an opportunity to sensitively go over the
history, clarifying any points, and filling in any earlier gaps. It enables the team to get
to know more about the infant and family in a more familiar environment. When the
family are ready, it is important for the police officer and lead health professional to
examine the environment where the child died. This needs to be done sensitively and
with support for the parents. Parents may have some concerns about going back to the
room where their infant died, although often, doing so with a health professional or
police officer present can be helpful. We find that usually one or other parent is keen
to talk through the events and describe what had happened, although we would always
respect a parent’s wishes if they did not want to do so. Re-examining or clarifying the
circumstances surrounding and leading up to the death in the actual environment can
prove invaluable and can add support to explanations or accounts previously given, but
great care is required to support the family during the process. The level of participation
in the process and its emotional impact should be closely monitored but ultimately
determined by the family members themselves.

There are a number of important considerations in the review of the environment

where the child died (Box 3).
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Box 3: Review of the environment where the child
died (13)

What is the general condition of the house?

Is there evidence of smoking, alcohol, drug abuse?
Is there any evidence of neglectful care?

Is the room cramped? (Is there space for an adult to stand
comfortably beside the cot/bed?)

Is the room cluttered? (Is more than 50% of floor space visible,
excluding fixed furniture? Is there at least one clear surface for
placing things on/changing an infant?)

Is the room dirty? (Is there rubbish or excrement on the floor/
surfaces? Is there uncleared food or nappies?)

What is the condition of the sleep environment?

Is the sleeping space cluttered? (Is there space around where the
child was lying?)

Is the bedding dirty or worn?

Is there adult-sized bedding, cushions or pillows?

How many layers was the infant wrapped in?

What was the temperature in the room? (Consider taking a drawer
temperature to give an indication of the ambient temperature over
the preceding hours; check any heating appliances and settings,
and any ventilation.)

Are there any potential hazards?

Are there any conditions that might have contributed to
overheating?

Are there any restrictions to ventilation or breathing (including
risks of entrapment)?

Are there any toxins?

Are there any faulty appliances or fixings?

Are there any clues to causation?

Is there any evidence of blood or vomit?

Are there any medications or substances?
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Some jurisdictions use carefully managed doll reconstructions of the final events. While
this is not our usual practice, if done sensitively by appropriately trained investigators,
it can add to the understanding of what happened and where and how the infant
was found. This, or a very careful, detailed talk-through of the events in-situ, can aid
the investigation enormously and may, for example, provide crucial pointers towards
accidental asphyxiation as a possible or likely cause of death.

Some items may need to be taken for further examination in order to identify, or
exclude, possible factors that could have had a bearing on the death. This may include a
bottle containing the last feed, a nappy, or any medication or substances found. Before
removing any items, however, careful thought should be given as to whether their removal
will benefit the investigation. Often, a photograph or other form of recording would
suffice, and at times removal of items such as bedding may impede the investigation if
the investigating team have not been able to see them in situ. Routinely seizing bedding
should no longer occur but it should be considered and taken only if necessary to do so,

in instances such as in the presence of frank blood or vomit.

Once all relevant information from the history and examination of the home
environment has been reviewed, time should be given to go through the findings
with the parents, and to address any questions they may have. This provides a good
opportunity for checking on any new or ongoing support needs the family may have
and for informing them about the subsequent aspects of the investigation, including
the post-mortem examination. All the findings from the home visit need to be carefully
documented and included in a report that will go to the pathologist and the coroner.

Causes for concern

Every infant who dies deserves to be treated with respect and care. This includes the

right, in an unexpected death, to have the death fully and sensitively investigated

in order to identify, where possible, a cause of death and to learn lessons for the

prevention of future infant deaths (3, p. 8).
While police investigators recognize that the majority of child deaths are not suspicious,
they are also conscious that a minority of family members may deliberately harm their
children. Even though there may be no initial indications of causes for concern at the
outset of an investigation, that does not preclude the possibility that some may be
identified as the investigation progresses. The police approach will be to maintain an
open mind in a search for the truth (wherever that might lead) in order to try and
establish the answers to four questions:

1. Why did this child die?
2. What was the cause of death and the circumstances?

3. Are any criminal offences disclosed? (There may be no indication on current
information, but police should keep it under review as the investigation
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progresses — it is a question that must be considered, however briefly based,
on available information even if the conclusion is “none”.)

4. If so — who was responsible for committing those offences?

This approach of professional curiosity, which applies equally to all members of the joint
agency team is, in fact, grounded in respect for the rights of the child, as emphasized
in the UK joint Royal Colleges report on sudden unexpected death in infancy and
childhood (3). While it is essential that the family is supported and included as an
essential constituent of the investigation, the ultimate primary focus should be on the
deceased child, to ensure that the following poignant reminder from the Department
of Education’s 2015 report, “Working Together to Safeguard Children” (page 9, para
20) is heeded: “Effective safeguarding systems are child centred. Failings in safeguarding
systems are too often the result of losing sight of the needs and views of the children
within them, or placing the interests of adults ahead of the needs of children” (9).

An element of investigating any death involves looking at the circumstances and
comparing them against the information provided in the accounts given. This process
can confirm the accuracy of the initial picture of what has occurred and lower any level
of concern; or, if contradictory information is evident, then the level of concern may be
raised until resolved. If the level of concern reaches the threshold of the possibility of a
criminal act being a contributory factor in the death, then the police may refer to the
death as being “suspicious”.

In this context “suspicious” could be defined as follows (14): “Although there is no
direct evidence or grounds to suspect a specific criminal act there are, however, factors
that raise the possibility that a criminal act may have contributed to the death and
thereby merit a more detailed investigation of the circumstances of the death” (p. 127).
The police will take into consideration, as part of their assessment, the presence or
absence of a number of factors associated with abuse, including some specifically
identified by research as being associated with child deaths or abuse where criminal
offences were disclosed (15). While the presence of these factors may raise concerns,
meriting a more detailed investigation of the circumstances to ensure a full, sensitive,
and thorough investigation, they are not conclusive and may be incidental to the death.
When collecting detailed information, a number of factors may, at this early stage of
the investigation, raise the possibility of a non-natural cause, but it is important to
stress that none of these factors, either alone or in combination, is direct evidence that
the death is non-natural. Many of these factors are also commonly associated with an
increased risk of death from natural causes.

For parents with significant learning difficulties, particular care is needed to ensure
that they understand what is happening, as apparently inappropriate responses may be
indicators of a lack of understanding rather than evidence of a non-natural cause.

These factors may be grouped into categories linked to the child or parent/carer,
the circumstances of the death, or the wider context (Box 4).
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Box 4: Factors indicating possible cause for
concern

1. Child-Related

History

Previous atypical hospital visits or unusual or unexplained illnesses
such as apparent life-threatening events (ALTE)

Current or previous child protection concerns around the child or
siblings, or family known to Social Services/Children’s Social Care

Previous sibling death

Physical features

Child appears to have been dead longer than stated
Atypical bruises or other injuries, particularly in pre-mobile infants

Frank blood from the airways (as distinct from the pink frothy
mucus regularly seen)

Signs of neglect, including evidence of malnutrition or poor
hygiene
Foreign body in upper airway in the absence of a plausible history

Evidence of internal injury (including fractures, intracranial
hemorrhage, retinal hemorrhages) at post-mortem examination or
on radiology

Toxicology indicating drugs present in the child

2. Parent/Carer-Related

History of violence to children
Domestic violence and abuse, including aspects of coercive control

Significant mental health issues, particularly where there is
evidence of suicide attempts, or delusional thoughts about self or

child
History of alcohol or substance abuse
Criminal record, particularly for violent crime

Evidence of non-engagement with health and welfare services,
such as persistently missing appointments for the child

Cruelty to animals
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3. Circumstances/Events related to death
. Unexplained delays in seeking help
*  Unexplained inconsistencies or variability in the history or findings

*  Findings not in keeping with the child’s abilities (such as reported
rolling in a very young infant)

4. Environment

*  Extreme squalor

*  Home environment/conditions — evidence of drug or alcohol
misuse

*  Dangerous sleeping environments

e  Family/household dynamics — interaction between parties

(e.g. between parents and others)

. Economic and neighborhood factors such as social isolation

The post-mortem examination

The post-mortem examination or autopsy is a central component of any SUDI
investigation. These examinations must be carried out as soon as possible after the child’s
death by an appropriately experienced pediatric pathologist. In some circumstances,
where dual-trained pathologists are not available, it may be necessary to conduct a
joint autopsy involving a pediatric and a forensic pathologist. Details of the autopsy
procedure are covered in Chapter 24 and will not be considered here.

As a key part of the overall interagency response to an unexpected death, it is
important that the pathologist is included in the ongoing information sharing and
decision making. The pathologist should be provided with a preliminary report of the
investigation by the lead police and health professionals. This should include details of
the initial history and examination findings, any pre- or post-mortem investigations
carried out prior to the autopsy, and findings on the home visit and review of the
environment where the child died. All this information can be important in directing
appropriate investigations as part of the post-mortem examination and in interpreting

the findings.

It is essential that the family are informed of the need for, and the nature of, the
autopsy. In an unexplained SUDI, it is the coroner who makes a decision about the need
for an autopsy and the parents do not get an option to consent or not. Where there are
particular parental concerns, or cultural or religious considerations, the coroner and
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pathologist will do their best to accommodate these concerns, but they do not remove
the need for an appropriate and thorough post-mortem examination. Throughout the
process, the child and family need to be treated with respect: parents understandably
often feel very concerned about the autopsy, not wanting their child “to be put through
even more”. Simple measures such as referring to the child by name, explaining the
process (with sensitivity and taking account of the parents’ wishes), and introducing the
pathologist to the parents may help reassure them. Similarly, the parents may be given
choices, for example, over what their child will be dressed in following the autopsy,
whether they want a particular cuddly toy to stay with their child, and whether or not
they want to spend time with their infant after the examination. Where parents do want
to see their child after the post-mortem examination, they should be informed of some
of the likely changes in the appearance and feel of their child.

Parents need to be informed of any tissue or organ samples taken at autopsy and
what will happen to those. Where appropriate, parental consent should be obtained
for retention of any samples for future records, audit, or research, or for appropriate
disposal of these samples. Our experience is that, when given the option, most parents
would want small tissue samples to be retained and available for appropriate research or
further investigation.

Once the initial results of the post-mortem examination are known, the joint
agency team, with the agreement of the coroner, may meet with the family to update
them on the progress of the investigation and the preliminary findings. It is important
at this stage to stress that any findings are provisional and that the determination of the
final assigned cause of death rests with the coroner, who will reach his or her conclusion
based on all the available information.

Later responses

The later stages of the response to a SUDI can be a confusing and distressing time for
families. Often, after an initial flurry of activity, the family can be left feeling abandoned
and forgotten, while some of the further aspects of the investigation can drag on for
weeks or months. These later responses are primarily around pulling together and making
sense of all the findings from the investigation, including any further investigations and
enquiries; meeting all statutory obligations such as the coroner’s inquiry and notification
of the cause of death; and providing ongoing support to the family (Figure 5.7).

Collating the information

As information from the investigation comes to light, it is important that those leading
the investigation work together to collate and interpret this information. This is an
ongoing process and may require regular meetings or discussions, particularly if there are
unexpected findings which may alter the course of the investigation. Some key questions
can help guide our interpretation of the information obtained (Box 5).
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Figure 5.7: The later responses. (Authors’ own work.)

Box 5: Interpreting the information obtained

e What information have we gathered?
*  What does it tell us about the possible cause of death?
*  What does it tell us about any contributory factors?

] What further information do we need?

Following the early stages of the investigation, there may be a number of outcomes

which will influence the course of the later responses (3, 13):

1.

The post-mortem examination may provide a complete and sufficient natural
cause of death, such as an overwhelming infection, a previously unrecognized
lethal congenital anomaly, or a life-limiting metabolic disorder. In such
circumstances, this should be given as the cause of death, the coroner may
be able to conclude his investigation, and the family should be informed of
the cause. It remains important to continue collating information about the
circumstances of the death and any contributory factors so that the family
can be appropriately informed and so that any wider lessons for prevention
can be explored.

If the history, examination, scene review, and post-mortem examination
Y
point towards homicide, abuse, or neglect as the most likely explanation for
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the death, the police will need to take the lead in any further investigations,
involving social services and other agencies, and following any statutory
frameworks for further investigation. The family will still need understanding
and support, and this needs to be carefully managed alongside the need for
police questioning or arrest of any suspects. Consideration must be given to
the safety and wellbeing of any siblings or other vulnerable children in the
family or their social network.

3. In many cases, the cause of death may remain unclear, whether or not any
contributory factors (including parenting factors) have been identified. In
these circumstances the coroner should be informed and the family can
normally also be informed that there is no clear explanation for their child’s
death, but that there will be further investigations.

Final case discussion

Just as the initial information sharing and planning meeting is a crucial first step in
initiating the joint agency response to an unexpected child death, the final case discussion
provides a crucial focus for concluding the response. These two discussions provide
essential anchors on which the whole of the response between the two steps rests.

This multi-agency discussion, usually held two to three months after the death,
provides a framework for reviewing and interpreting all the information gathered
through the investigation in order to clarify the cause or causes of the death and any
contributory factors. It enables those working with the family to identify and respond
to any continuing family support needs, including those of other or future children.
It creates a safe place for debriefing and supporting the professionals involved. And it
contributes to the ongoing learning arising from the child’s death.

The final case discussion should be planned at an early stage so that people can
schedule it in their diaries. Our practice is to hold the meetings at the GP clinic so
that members of the primary care team can attend, but there are also advantages to
holding them in the local hospital, which ensures engagement of the hospital teams.
Those practitioners involved with any previous or ongoing care to the family should be
invited, along with those involved in investigating the child’s death (Box 6).

Different proformas may be used to collate and analyze the information arising
from the investigation, including the Avon clinico-pathological classification (16) or
the English Child Death Overview Panel form C.' These allow the information to
be reviewed in a systematic manner, both ensuring that all issues are considered and

enabling the participants to reflect on the likely significance of any contributory factors.

1 Available at hteps://www.gov.uk/government/publications/child-death-reviews-forms-for-reporting-

child-deaths.
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The conclusions of the meeting need to be reported to the coroner and to any
independent child death review team to inform further learning. Arrangements should
be made for appropriate members of the multi-agency team to meet with the family
following this meeting in order to feed back the outcome and address any questions or
further support needs the family may have.

Box 6: Final case discussion invitees

e General Practitioner

e Health Visitor or Midwife

e Pediatrician

*  Emergency department staff
e Ambulance staff

*  Other professionals who had worked with the child or family
(e.g. nursery staff)

*  Investigating police officer
e Lead SUDI health professional
*  Pathologist

. Coroner’s Officer

Family Support

You may never know the value of the support you give but don't let that stop you

from giving it. (Bereaved parent)
The professional responses to an unexpected infant death, as outlined in this chapter,
are varied and wide-ranging. There can be periods of intense activity interspersed with
weeks or even months of waiting for results or further investigations. There are statutory
requirements to be met and specific tasks that must be completed. In all of this, it is
important that we do not lose sight of the child and family at the center. The death of
their child is perhaps the worst thing any family could go through, and this fact does
not get any less important as time goes on. It is essential, therefore, that throughout the
response we treat the family with sensitivity and respect, and are attuned to their needs

and what they are telling us.
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Figure 5.8: The family’s response to the death of a child. (Authors’ own work.)

Our work with bereaved families suggests that there are three core aspects to any
family’s grieving (Figure 5.8), although the manner in which these are expressed varies
with each individual family. Further perspectives on the grieving process and the needs
of families following the death of a child are covered in other chapters, so here we focus
just on a few principles as they relate to the overall professional responses. In the words
of one bereaved parent: “To be the greatest help to a newly bereaved family, you do
not need to know about ‘stages of grief’, bereavement theory, child development, or
have any qualification in counselling. You need only to carry out your normal clinical/
professional role, of appropriate questioning, information giving and facilitating shared

decision making, in a respectful, sensitive and straightforward manner”.

The concept of “saying goodbye” encompasses much of the expressive side of grief.
Parents, siblings, and grandparents will all approach this in their own individual ways.
Two of the key lessons for practitioners, particularly in the early stages, are to provide
time and space for the family to say goodbye, and not to pre-judge how they might
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want to do this. This may, at times, seem to conflict with the urgency of initiating the
multi-agency investigation, but with careful thought, the parents’ wishes can usually be
accommodated.

After the family have left hospital, one of their key support needs will be for
information; nearly all parents will want to try and understand why their child died
(17). This is a central part of the parents’ attempt to make sense of their child’s death. In
most cases the preliminary post-mortem results will be inconclusive; however, parents
appreciate a telephone call or visit to inform them that the post-mortem examination
has finished and to give them an idea of the length of time before the final results will
be available. Once all investigations are concluded, the cause of death established, or
the diagnosis of SIDS reached, an appointment should be made to discuss the findings
with the family. This is likely to be some time after the death and gives the parents a
chance to revisit earlier events and ask further questions. It is good practice to share all
relevant information with parents, including those relating to risk factors for SIDS, such
as parental smoking or sleep environments, although these are difficult conversations.
Even where such discussions are difficult and raise questions about the parents’ own
practices, parents tend to appreciate honesty. Indeed, such discussions may help parents
to work with the sense of blame that many feel (17).

Alongside the emotional responses that parents go through and their need to
understand and make sense of their child’s death, there are important practical aspects to
moving forward. Life continues for the parents and the family, even though it is totally
different and disrupted. It is important that they have clear information explaining the
SUDI process to them and advising them about whom to contact if they have further
questions. This may have been explained to them already, but, given the shock of the
sudden loss of a child, many parents will need repeated explanations. There may be
specific medical support needed, such as help with suppressing breastmilk production
for breastfeeding mothers, or with managing anxiety, depression, or sleeplessness.
Practical information and support may be needed around the funeral arrangements,
as well as around specific issues in relation to employment, housing, or benefits. While
the joint agency team may not be able to respond to all avenues of support, they should
know where and how to signpost families to the right sources.

Parents may want help accessing bereavement services for themselves or their
surviving children. Although many such services expect clients to self-refer, parents may
need assistance to make initial contact, as they may find it too upsetting to explain their
situation when arranging a first appointment. Often parents have questions about the
grieving process for siblings and how to support them; pediatricians are well placed to
provide this advice. Many parents find official support groups such as SIDS organizations
very helpful; parents should be given details of these groups soon after the death. These
organizations may provide local information leaflets for bereaved parents which can be
kept in Emergency Departments to distribute to families.
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Conclusions

Responding effectively to an unexpected child death requires a co-ordinated response
from police and health professionals working together with other agencies to investigate
the cause and circumstances of the death, and to ensure that the family are appropriately
supported through the grieving process. The precise manner in which this is achieved
will vary between different areas and is dependent on certain statutory obligations. It
is essential, however, that this is done in a thorough, systematic, and sensitive manner.
In this chapter we have outlined a co-ordinated joint-agency response, as practiced in

England, which we believe can meet current best standards for investigation and support.

The professional response to an unexpected infant death can be traumatic, adding
to the sense of bewilderment already felt by a family, particularly when no specific cause
of death is found. However, if carried out thoroughly and systematically, with an attitude
of sympathy and respect, our responses can be an important part of helping families say
goodbye to their child, make sense of what has happened to them, and move forward
with their lives.

It is every family’s right to have their babys death properly investigated.
(Baroness Helena Kennedy, QC (3))
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Introduction

A 5-month-old infant placed to sleep in a partially inflated plastic bed was found,
unresponsive, with her face pressed against the plastic in a trough created between
the base and the side of the inflatable bed (1). The infant’s death was attributed to
suffocation. Byard (2006) reviewed the circumstances of this death and recommended
assessment of these types of inflatable beds by product safety experts (1).

Details about the circumstances and cause of this death were also collected by
the South Australian Child Death and Serious Injury Review Committee, which
undertook its own in-depth review. The result of this review was to recommend to the
South Australian government that it request the relevant national regulatory body to
amend regulations about children’s portable cots to incorporate the requirement that
“no component of a portable folding cot be inflatable” (2). This change in national
regulations was achieved three years after the infant’s death.

Child Death Review in South Australia

Since 2005, the Child Death and Serious Injury Review Committee (“the Committee”)

has been responsible for reviewing the circumstances and causes of all child deaths in



the state of South Australia. Similar teams and committees are now well established in
other states and territories in Australia and in other countries including Canada, New

Zealand, the United Kingdom, and the United States.

In South Australia, the Committee consists of a multidisciplinary team with
expertise in fields such as pediatrics, education, disability, psychology, social work, child
protection, public health, and justice who come together to consider the information
that has been gathered about an infant’s death. This broad base of knowledge and
experience leads to a comprehensive overview of the circumstances of the death and
identification of systemic issues that may have contributed to the quality of service
provision to that infant and their family. The review process can also identify the absence
of particular services, or of regulatory or legislative mechanisms which, if present, may
have resulted in a different outcome for the infant.

At the conclusion of a death review, the Committee can make recommendations
to government about changes to legislation, policy, or practice which could potentially
lead to a reduction in the risk of deaths occurring under similar circumstances, such as
the change to portable cot regulations.

In addition to reviewing in-depth the death of infants, such as the 5-month-old
child who suffocated when she was placed to sleep in a partially inflated plastic bed, the
Committee also monitors the trends and patterns of all child deaths in its jurisdiction.

The Functions of a Child Death Review Team

The ability of a child death review team to confidently make recommendations rests on
the quality and depth of the information it collects about each sudden and unexpected
infant death. Because a child death review team is interested in all aspects relevant to
the prevention of child death, it collects information about the infant’s socioeconomic
circumstances and the mother’s health and wellbeing, as well as information about
records that detail provision of postnatal services and (if relevant) involvement with

child protection services, welfare, and housing services.

To maximize the effectiveness of their recommendations, child death review
teams develop working relationships with government and non-government agencies
and organizations which have varying levels of responsibility for the safety, health, and
wellbeing of children, including agencies that

e protect children from risk and harm — child protection, justice, law

enforcement agencies

*  improve their health and wellbeing — health agencies and agencies providing

mental health services

*  provide support to families — housing agencies and those providing welfare
services

118 SIDS — SUDDEN INFANT AND EARLY CHILDHOOD DEATH



*  prevent serious injury or death — injury surveillance and prevention
organizations

o monitor child health and wellbeing — agencies collecting vital statistics

o advocate for children and young people — Commissioner for children or
child advocates.

Contributing to the Prevention of Sudden Unexpected
Infant Deaths

The actions taken by the Committee to suggest and support the regulations limiting
the sale of inflatable plastic beds, and the recommendations made about targeting the
State’s most vulnerable families, demonstrate some of the ways in which the information
collected by a child death review team can contribute both to an understanding of
sudden and unexpected infant death and to its prevention.

Police, pathologists, or coroners may not have the time or opportunity to scrutinize
their data-gathering procedures. Garstang, Ellis and Sidebotham (2015) identified four
different models for investigating sudden unexpected infant deaths. These authors
concluded that the “police-led” model of investigation was the least likely to meet the
minimum standards for investigation of sudden unexpected infant deaths, based on
international consensus about those standards. New South Wales (NSW) was identified
as using this model of investigation (3). Based on this information, and the results of its
own reviews, the NSW child death review team recommended to the NSW government
that it was critical that this model be improved to reflect best practice standards; it also
recommended the adoption of a more consistent approach to the definition of sudden
and unexpected infant death in that jurisdiction (4).

Through their review processes, child death review teams can influence systemic
change in relation to the sudden and unexpected deaths by

*  monitoring diagnostic changes in the ways pathologists attribute cause of
death to sudden and unexpected cases of infant death

*  identifying gaps in death scene investigation procedures
*  monitoring the quality of death scene investigations

*  identifying trends and patterns in rates of sudden and unexpected infant

deaths

*  monitoring changes in the occurrence of risk factors for sudden and
unexpected infant deaths

e  contributing to prevention efforts.

In 2011, New Zealand experienced a major earthquake that left many families homeless,
and public health concerns were raised regarding the anticipated increased likelihood of
infants co-sleeping with their parents. These concerns prompted the supply of portable
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infant sleeping spaces for earthquake-affected families. Initial evaluation showed that
these portable sleeping spaces were well received and appropriately used (5). In 2013,
the Child and Youth Mortality Review Committee in New Zealand concluded that
“suffocation in place of sleep is the most common cause of death from unintentional
injury in the first year of life in New Zealand and is largely preventable” (p. 24). The
Committee made national policy and practice recommendations that included the
provision of portable infant sleeping spaces to families that met an agreed threshold
of need; a community campaign to increase awareness and education; and a national
strategy for New Zealand’s Indigenous population. It also made recommendations for
government and non-government agencies about the development and implementation
of safe sleeping policies and recommendations for best practice in community
messaging (6).

Mitchell, Cowan and Tipene-Leach (2016) reported a 29% fall in post-perinatal
mortality deaths in New Zealand between 2009 and 2015 (7). They attributed this fall
to several factors including the provision of portable infant sleeping spaces to vulnerable
families; agreement to, and adoption of, a set of clear, concise, evidence-based messages
about safe sleeping; and training of professionals working with families in the provision
of these messages. In the same year, the New Zealand government agreed to fund a safe
sleeping program that included the provision of portable infant sleeping spaces (8).

Monitoring Trends and Patterns in Sudden Unexpected
Infant Deaths

The general population of South Australia is approximately 1.7 million people, and nearly
5% of this population are children aged 1 to 18 years (approximately 350,000 children).
Between 2005 and 2015, the death rate for children in South Australia was 31.3 deaths
per 100,000 children. On average, approximately 20,000 infants are born in this state
every year. Between 2005 and 2015, the infant mortality rate was 3.2 deaths per 1,000
live births. In the same 11-year timeframe, the sudden and unexpected infant death rate
was 0.7 deaths per 1,000 live births (9).

The Committee has been monitoring the sudden and unexpected infant death rate
since 2005. Between this time and 2015, the rate has been declining in South Australia
(on average by 7% per year) (9). Other jurisdictions in Australia also monitor sudden
and unexpected infant death rates and also report that these rates have decreased. In
the state of Victoria this reduction was most notable between 1985 and 1995, with
no further significant decreases since then (10). In the state of New South Wales, the
rate of sudden and unexpected infant death has declined since 2001, and the rate in
2015 was the lowest recorded since 2001 (4). In the state of Queensland, rates have
fluctuated in the past decade but the 2014-15 rate was the lowest reported since 2004
(6). It is interesting to note that in South Australia the decline in the rate of sudden
and unexpected infant deaths has been far greater than that of the general death rate for
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children (0-18 years) and of the infant mortality rate. These death rates have decreased
by only 3% on average per year (9).

Sudden and unexpected infant deaths occur more often in South Australia’s
most disadvantaged areas (67% of infants who died lived in these areas). In the same
11-year period between 2005-15, the families of almost half of these infants had come
in contact with the state’s child protection agency in the three years before they died
(9). A recent report from the New South Wales child death review team also noted
the association between sudden and unexpected infant death and disadvantaged and
vulnerable infants. The association of these deaths with indicators of vulnerability has
given rise to recommendations by child death review teams, including the Committee,

about prevention efforts that target these more vulnerable populations (4).

Conclusions

Child death review teams have the capacity to consider sudden unexpected infant deaths
in ways that encompass the cause of death and the infant’s and family’s circumstances, and
to consider the ways in which systems designed to keep infants safe might be improved.
In doing so, they can hold a system to account for its actions and advocate for the safety
and wellbeing of infants, especially those who are most vulnerable. These teams can be
powerful partners in any efforts to inform, support, and promote understanding and

prevention of sudden unexpected infant deaths.
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Introduction

“You can stop resuscitating; leave the notes on my desk.”

Back in the early 2000s, when I was a junior pediatrician, this was the typical advice that
I would receive from my seniors when I was dealing with a case of sudden unexpected
death in infancy (SUDI) in the Emergency Department; it was considered appropriate
for junior staff to manage SUDI without direct consultant support. Parents would
usually be offered an outpatient appointment with a consultant pediatrician some weeks
later to discuss the results of the post-mortem examination, but few families attended
as they had never met the consultant beforehand. Bereaved parents described saying
goodbye to their dead infant in the Emergency Department, leaving the hospital, and
never receiving any further information from medical staff about the possible reasons
for the death. As a junior doctor, I felt that this process was wrong and that families
deserved better care; thankfully, during the next few years the management of SUDI
changed dramatically in England.

In 2008, a new joint agency approach (JAA) to investigating SUDI was introduced
in England (1); this approach aimed to establish the complete causes for death,
including any risk factors, and to address the needs of the family, including the need to
safeguard other children. Professionals therefore have to balance the need to forensically
investigate the cause of death and offer appropriate support to bereaved families (2). The
JAA has been described in detail in Chapter 5, but is summarized here. Police, health,



and social care jointly investigate deaths following national statutory guidance (2). The
investigation is led by experienced pediatricians and the police response is provided by
specialist teams with particular expertise in managing child death and child safeguarding
enquiries. Key elements include taking the deceased infant to an Emergency Department,
a pediatrician (possibly accompanied by the police) taking a detailed medical history
from the parents, a joint examination of the scene of death by police and pediatrician,
and follow-up for the parents. There is inter-agency communication throughout the
JAA with a case conference to discuss the full causes of death. The process of the JAA
is shown in Figure 7.1. Despite statutory guidance, the practice of joint police and
pediatric examination of the scene of death is still variable, and often police examine
death scenes alone.

Many countries now have Child Death Review (CDR) programs, which may be
similar to the JAA, to investigate SUDI. The aim of these programs is to identify the
full reasons for each death to help prevent deaths in the future (3, 4). Frequently, CDR
includes prospective investigation of unexpected deaths, with physicians obtaining
detailed medical histories from parents, analysis of death scenes by police and healthcare
professionals, and multi-agency case reviews (5). CDR has the potential to help bereaved
parents, as one of their greatest needs is to understand as fully as possible why their child
died. Parents may also want ongoing support and follow-up from medical staff who

cared for their child (6).

Parental self-blame and feelings of guilt are common following sudden infant
death syndrome (SIDS), and this may relate to the lack of explanation for the death
(7-10). Detailed SUDI investigation may lead to increased parental understanding
about the causes of death, thus alleviating some of these feelings, but self-blame is also
a common feature of all types of bereavement (11). Understandably, there is concern
that SIDS parents may blame themselves more for deaths, particularly when there are
discussions about modifiable factors such as parental smoking. Previously, healthcare
professionals were advised to reassure SIDS parents that their actions played no role in
the death, thus potentially reducing self-blame, given that SIDS was neither predictable
nor preventable (12, 13). Given our current understanding of SIDS, these explanations
often seem inappropriate, as many SIDS deaths involve modifiable risk factors relating
to unsafe sleep environments, parental smoking, or alcohol consumption and, as such,
are within parents’ direct control.

Parents may therefore find SUDI investigations supportive in providing them with
a detailed understanding of why their child died, but conversely this information may
cause them distress, leading them to question their actions and choices. The process
of SUDI investigation itself also has the potential to be highly intrusive for bereaved
families, who may prefer privacy during a very emotional period.

As I continued in my higher professional training as a pediatrician, I became
involved in establishing the new JAA investigation of SUDI in the West Midlands
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Figure 7.1: Flow chart of JAA (14).

region of England. This region has a population of 5.6 million and covers an area of
13,000 square kilometres. There are 14 hospitals, 11 different local government areas and
3 police forces. Given the uncertainties about how the JAA could impact on families, I
decided to research this further. I embarked upon a mixed-methods study to evaluate the
JAA with the overall aim of improving the wellbeing of bereaved parents; this research
formed the basis of my PhD (14). I heard firsthand of many parents’ experiences, and
these are presented here along with suggestions for improving the care and support

THE PAST, THE PRESENT AND THE FUTURE 125



provided. These findings along with other results from my PhD have been published
elsewhere (15, 16).

The research questions for the study were:

1. What are the experiences of bereaved parents whose infants died suddenly
and unexpectedly and were investigated by a JAA?

2. What are the experiences of professionals, relating to bereaved parents, of
using the JAA to investigate SUDI?

Study Methods

Inclusion and exclusion criteria

Bereaved parents were recruited after the conclusion of JAA investigations. For inclusion,
deaths had to have presented as SUDI, according to the Confidential Enquiry into
Stillbirths and Deaths in Infancy (CESDI) SUDI study definition (17). The infants had
to be aged from 1 week to 1 year at death, and to have passed away between 1 September
2010 and 31 August 2013. Infants had to have lived and died in the West Midlands
region of England. Cases were excluded if there were ongoing criminal enquiries.

Identification and recruitment of cases

The regional perinatal pathology service performs all SUDI post-mortem examinations
locally and they notified me of all eligible SUDI cases. Parents were informed of the
study by local pediatricians. Participants gave written consent to take part in the study
having been fully informed of all risks and benefits.

Data collection

Parents could choose to participate in in-depth interviews or complete questionnaires
about their experiences. All parents completed the Hospital Anxiety and Depression
Scale (HADS) (18), which is a validated mental health screening tool. Parents were
visited at home to conduct in-depth interviews between 6 and 18 months after the
death, which was their first contact with me. Interviews were audio-recorded and field
notes taken; they lasted between one and four hours and the recordings were transcribed
in full. Parents who were recruited in the first two years of the study were invited to
participate in a follow-up interview around two years after the death. Both interviews
covered the parents’ experiences of the entire JAA and their understandings of the causes
for death. The interview schedule was developed with the advice of the Lullaby Trust,
the UK support group for SIDS parents. The questionnaires covered the same range of
subjects as the in-depth interviews but in less detail.
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All parents gave consent for access to case records from health, police, social care,
and coroners. Data were extracted using a standard template. Parents’ primary healthcare
records were examined for details of consultations in the year following the death.

Prior to initial interviews, I was unaware of any case details and so relied on
listening to parents say what they thought was relevant. However, at follow-up
interviews, having analyzed initial accounts and reviewed case documents, I was able
to probe parents further about their experiences and understanding. After completion
of each initial parental interview, I interviewed the professionals involved in each JAA
investigation about their experiences, specifically in relation to the recruited SUDI case,
with questions guided by analysis of parents’ accounts.

Qualitative data analysis

I analyzed all qualitative data using a Framework Approach (19) assisted by NVIVO
10 software, with data analysis concurrent with interviewing. Starting with the data
from parents’ accounts, I thematically analyzed their experiences of each stage of the
JAA. After coding 10 parental interviews, I reviewed the codes with a wider study team
including SUDI professionals and bereaved parents. Coding then continued, including
data from follow-up and professional interviews. For each case I considered data from
case records and professional interviews for corroboration and contrast with the parents’
data and created a framework matrix. Quotes have been given to illustrate each theme;
they are only identified as being from the mother, father or as a professional, and whether
the death was SIDS or medically explained to ensure anonymity.

Ethical issues

Parents were initially contacted by their own local pediatricians and given time to
consider whether or not to take part. Participation was on the basis of fully informed
consent. Parents were warned that if they disclosed information leading to concerns
about child abuse further action would need to be taken, including possibly referring
the matter to police and social care. Parents could stop interviews or withdraw from
the study at any time. After interviews, parents were provided with details of relevant
support agencies. The study received ethical approval from Solihull NHS Research
Ethics Committee 12/\WM/0211 and 10/H/1206/30.

Results
Recruitment

During the study period there were 113 SUDI cases, of which 104 were eligible for
recruitment: 23/104 (22%) were recruited to the study; 32/104 (31%) families were not
informed of the study by local pediatricians; 20/104 (19%) of families failed to attend
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Figure 7.2: Profile of risk factors for SIDS cases (14).

follow-up appointments with pediatricians so could not be informed; 29/104 (28%) of
families declined to participate in the study when asked. The results in this chapter are
from the 21/23 recruited families who completed questionnaires or interviews and the
26 interviewed professionals (10 pediatricians, 3 specialist nurses, 2 social workers, and
11 police officers). All parents appeared to vividly recall the events of their children’s
deaths and their interaction with professionals despite the elapse of time; the Framework
matrix enabled us to corroborate these accounts. Despite the low rates of recruitment,
theoretical saturation of data was obtained; this was defined as the point when few
new data emerged that were relevant to the developing theory (20). I compared social
deprivation scores, based on postcodes, for both recruited and non-recruited cases.
There was no statistical difference suggesting that recruited and non-recruited families
were similarly socially deprived.

There were 14 SIDS deaths and 7 deaths due to fully explained medical causes. The
mean age at death of recruited cases was 100 days (95% CI: 69-131 days). 13/14 SIDS
cases had multiple modifiable risk factors including unsafe sleep environments, parental
smoking, or parental alcohol consumption. Only two SIDS deaths occurred in infants
sleeping in their own cots. The profile of risk factors is shown in Figure 7.2.

Parents’ experiences

Parental data related to two key themes: their need to understand why their child died
and their experiences of the JAA investigation. These are considered separately, although
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many of the issues are interrelated. Analysis of parents experiences revealed a clear
conflict for professionals in the requirement to carry out a thorough investigation while
remaining sensitive to the needs of bereaved families. Overall, despite the shock of the
sudden death, most parents found the JAA a positive experience, particularly as it enabled
them to know why their baby had died, which they felt was extremely important.

Understanding the cause of death

In most interviews bereaved parents explained, without prompting, that they had an
overwhelming need to understand why their baby had died; this was true for both SIDS
and explained deaths. No parents said that the cause of death was unimportant to them.
If there were medical reasons for the death, parents felt relieved, and this relief was often
witnessed by the professionals working with them.

Yes, I suppose I felt it was quite important really to hear what the findings were really

because it was unexpected, she was such a healthy girl and it was such a shock. ...

I really wanted to know and that was all really I guess. (Father, SIDS case)

[Flor me that was amazing, seeing her the week after because she was just a totally

different woman. This was a woman that didn’t go outside, never smiled and she was

up, she was dressed, she was, you know, smiling ... a totally, totally different woman

from when we first saw her, it was just amazing, just the results of that just changed

her completely. (Specialist nurse, medically explained death)

However, for SIDS parents the lack of complete explanation for death was a source of
ongoing distress.

It’s just, not having an answer; I don’t think it’s fair like ... why? (Mother, SIDS case)

I have days when I have really been beyond sad and I'm angry ... because you can’t

understand a healthy baby dying. You can understand a poorly baby dying but you

can't understand a healthy baby dying. (Mother, SIDS case)

Usually, the cause of death is not immediately apparent at post-mortem examination
and detailed metabolic and histological tests are required. There is typically a delay of
at least three months for these investigations to be completed. Parents often became
increasingly anxious about the cause of death during this long wait for information.

One mother described even starting to question her own actions and creating theories

for the death:

. [Y]ou turn it on yourself when you don’t hear anything, then you make things
up in your head. “It must have been this, it must have been this, it must have been
this” ... because you don’t know anything ... Which leaves me to sit there wondering
what it was and thinking “we don’t know anything about the toxicology” and I'm
thinking “how could you possibly have poisoned ... how have you poisoned him?”
Well you don’t know, until that comes back, you don’t know, and that was weeks.

(Mother, SIDS case)
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Parents’ explanation for SIDS

SIDS is potentially difficult to explain to families, but despite this, half of the SIDS
parents were able to give accounts that showed that they understood the concept of
SIDS as deaths remaining unexplained after complete investigation. Some parents’
descriptions matched current physiological explanations.
... [TThat was one of the things I asked the pediatrician, I said, “[W]hat is it?” and
she said, “[TThat’s the whole point, we don’t know”. (Mother, SIDS case)
. [Slomething in his brain ... [H]ed stopped breathing and his brain wasn’t

developed enough to sort of say ... “Baby, you're not breathing, breathe son”. (Father,
SIDS case)

Notall SIDS parents seemed to understand the concept of SIDS; others, while apparently
understanding it, debated how SIDS could be a natural phenomenon.

I know they are saying natural causes but whats natural about a healthy person
dying? (Mother, SIDS case)

SIDS parents’ understanding of modifiable risk factors

In nearly half of SIDS families, parents spoke about hazardous sleep environments
or their smoking habits and they seemed to understand the relevance of these issues.
For other parents, it seemed that they had found discussing risk factors with their
pediatrician difficult and it was similarly so at interview. These are clearly difficult issues,
as for some parents accepting the role of modifiable risk factors in the death may lead
to the realization that had they made different choices, the outcome may have been
different, with their baby not dying.

She clearly understands and I mean she did say to me when she was pregnant with

the [next] baby ... [S]he said, “I'm going to be really, really, really clear this time, that

this baby will be sleeping in their own crib and that as much as I might be tempted,

I will not be co-sleeping”. (Specialist nurse, SIDS case)

Yes because my wife sort of listened to it [the pediatrician talking about risk factors]

and thought, “[W]ell he was in our bed at the time when he died and should I have

put him in there? ... [H]ad I put him in his cot, would things have turned out

differently?” (Father, SIDS case)

During interviews, a few SIDS parents did not talk of relevant risk factors
despite case records documenting conversations concerning these between parents and
pediatricians. One parent described their baby’s death as “straightforward SIDS” with
no elaboration, although the professional interviews detailed discussions with the family
about the impact of alcohol, drug consumption, and co-sleeping on the death. It is
possible that parents may have been minimizing the significance of the risk factors, or
denying them completely to protect themselves from the reality of the knowledge, or
that they simply did not understand. Pediatricians and specialist nurses commented that
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explanations about risk factors were challenging and they were concerned that this could

lead to the parents self-blaming; some professionals avoided these discussions altogether.
... So once the death has happened, we don’t ... I don't think we dwell on the risk
factors because I think, that’s right, we're not trying ... [W]e don't want to apportion
blame to parents. (Pediatrician, SIDS case)

Self-blame

Due to the potential that greater understanding about risk factors could lead to increased
parental self-blame, this aspect of the research was analyzed in some detail. The topic of
blame often came up spontaneously at interview, although parents were not specifically
asked about it. Self-blame was a major feature in six cases involving six mothers and one
father: these parents blamed themselves partially or completely for the deaths. These
mothers felt guilty because they had failed as mothers, as their children had died. These
feelings occurred irrespective of cause of death: three cases were of SIDS in unsafe sleep
environments and three were unpreventable deaths from medical causes.

At this point I didn’t have any idea how long I'd been asleep and then feeling this

overwhelming guilt ... Pve slept for hours and she’s just died. (Mother, medically

explained death)

I blame myself, if I hadn’t have gone back to work, hed be fine. (Mother, medically

explained death)
Three mothers blamed themselves completely for the deaths, and their feelings of
overwhelming guilt dominated interviews; only one of these deaths was from SIDS
and the other two were from medical causes. These feelings of guilt and self-blame
may have been related to maternal mental health issues, as all three mothers had
clinically significant scores for both anxiety and depression on HADS. Their scores were
significantly higher than those of mothers showing no or moderate self-blame; these are
shown in Table 7.1 and Figure 7.3.

Table 7.1: Comparison of HADS scores for mothers (14).

Mean (95% CI) Independent  Mean (95% CI) Independent

HADS anxiety ttest for HADS HADS t test for HADS
score anxiety score depression score depression score
Over- 17.0 (14.5-19.5) | t(19)=-3.91, 18.3 (15.5-21.2) | t(19)=-3.68,
whelming self- p<0.001 p<0.002
blame (n=3)
Moderate or 9.9 (8.4-11.5) 8.8 (6.6-11.0)
no self-blame
(n=18)
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Some mothers explained that they had initially blamed themselves for the death
but as time passed these feelings resolved. Other SIDS parents accepted responsibility

for their choice of actions but not blame, viewing this as a negative option.

And I could choose to let myself feel very guilty and that in a sense would kill your

spirit ... I'm happy to accept that I have some responsibility in his death and that’s a

different thing to being guilty. (Mother, SIDS case)

Some parents viewed the diagnosis of SIDS as one in which no blame could be attributed,
despite the role that modifiable risk factors or their own actions may have played in the
death. This lack of self-blame could be considered as a self-protection mechanism or

even a denial of the issues surrounding the death.

We've both always said we were quite glad when it came back that it was Sudden Infant

Death .... [B]ecause it’s been Sudden Infant Death, we sort of go, “[ W]ell we couldn’t

have done anything, if it was going to happen, it was going to happen ... ”(Father,
SIDS case)
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Parents’ experiences of JAA investigation

Parents’ experiences related to three sub-themes: the JAA investigation itself, follow-
up after the investigation, and emotional support throughout the process; and parents

described both positive and negative experiences for all three.

The investigative process

The Emergency Department (ED)

Most parents felt that they had been well cared for while in the ED, particularly by
nursing staff. Parents were able to hold their baby to say goodbye without feeling rushed
and they were not distressed by the need to give detailed accounts to pediatricians
and specialist police. There were some issues with poor communication, particularly
when parents had found their infants lifeless and correctly assumed that their baby was
dead; they were then confused by reports from hospital staff that the baby was being
resuscitated or to hurry to the hospital.

The nurse that was on duty that morning, she was just amazing. She even sat and

cried with us ... So you know, they were lovely, but they helped us so much ... [T]hey

were fantastic. (Mother, medically explained death)

But I was like, “[B]ut she’s dead” and she wouldn’t answer that question and so you

have that moment of thinking, “[W]ell maybe she’s not dead”. It was really horrible,
absolutely awful. (Mother, SIDS case)

Joint home visit by specialist police and pediatrician

Joint home visits (JHV) by specialist police and a pediatrician (or specialist nurse)
accompanied by the parents are strongly recommended by national statutory guidance
(2) but these only took place in 15/19 SUDI cases that died at home. In the remaining
four cases, specialist police conducted scene examinations without support from

clinicians and, in two cases, in the absence of parents.

Most parents considered the JHV as a positive or neutral experience. Parents
valued different aspects of JHVs: being provided with information, being given support
when returning to the scene of death, coming to an understanding of possible reasons
why their baby may have died, and being treated with compassion and non-judgemental
attitudes by professionals. Poor communication was a problem for some parents, who
felt uncomfortable with detailed questioning and having to retell their version of events
again. A few parents did not understand why a JHV was required. For a few mothers the
JHV was intensely difficult; they were so distraught that they could not bear to talk to
professionals at all or face returning home to the scene of the death.

I always felt I should go back and say thank you to the police who attended. (Mother,
SIDS case)
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I think the practicalities, as well of everything that comes after a death in the family,
that them being able to do it so quickly afterwards is really good because then it was
done, if 'm honest. (Mother, SIDS cases)

I couldnt understand why the doctors were here ... [W]hy would they want to
come and look at her bedroom? ... The pediatrician was slightly ... not rude but to
the point ... “Did you have the heating on?” ... “I don’t know what day it is at the
moment and no, the heating wasn’t on”. (Mother, medically explained death)

The professionals who took part in JHVs were overwhelmingly in favor of them, often
stating that they were the most useful part of the JAA, in that they had a much greater
understanding of the circumstances of the death and general home environment. The
police valued the presence of the pediatrician as they felt this reduced parental anxiety
about their involvement. Compared to JHVs, police visits alone to examine death scenes
led to more parental distress and, at times, notable findings were not recognized.

... So I think that works well ... T wanted it to look like it’s a medical professional

taking the lead here and we were there and supporting. I think the home visit is very

good. Because you've got that ... two different lenses really you know. (Police officer,

medically explained case)

I felt it went quite well ... I would say that the police handled it very sensitively ...

But Mum was able to sort of demonstrate to us on the double bed exactly where

the baby was, what position Mum was in, what position Dad was in ... I think they

found it helpful to do that, although distressing, as it is for all parents. (Specialist

nurse, SIDS case)

It felt like he was just checking everything in the house ... [Y]ou're on pins by this

stage anyway, your life is shit, it can’t get any worse than this and then you've got

someone peering about your house like youre a murderer. (Father, SIDS case —

police visit without pediatrician)

I mean we have been out [to the home] since then, but yes probably we did [miss

details], we did on the sort of precise sleeping arrangements. Yes I'm sure we did.
(Specialist nurse, SIDS case without JHV)

The role of uniformed police

In 10 families the actions of non-specialist uniformed police officers caused considerable
additional distress; these events were all corroborated by police records. In contrast to
the specialist police teams, uniformed officers have no prior training in managing SUDI
cases, although often they are the first professionals to attend the home after parents
contact emergency services. Uniformed police seemed to treat the home as a crime scene
and prioritized investigation of “the crime” over supporting the parents. Frequently,
uniformed police refused parents access to collect vital possessions such as keys or
mobile telephones, demanding that families leave their homes immediately. In three
cases, parents were not allowed to go to hospital with their infants, or had their baby
removed from them while they waited for the ambulance to attend, and these actions
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were hugely distressing to parents. All these actions were contrary to local multi-agency
SUDI protocols and they often caused difficulties for other professionals subsequently
by traumatizing parents and even preventing analyses of death scenes. A few families,
however, commented positively about uniformed police offering them emotional
support and providing family members with transport to the hospital.

The ambulance just took him ... and the next thing the police were everywhere ... We

said can we go and see him and they said no, we had to wait ... but they just wouldn’t

let us go ... (Mother, SIDS case)

... So the police had gone in with great big size 10 boots and caused a lot of distress

to the family, ahead of us getting there so ... we had to recoup all of that ... Then it

[the JHV] went quite well but we clearly could not look properly at the place where

the baby had been sleeping, because the police had removed all the bedding and so it

was not how it had been. (Pediatrician, medically explained death)
Contact with social care

Social workers only made direct contact with five families. Generally, they took part
in the multi-agency discussions but only became more involved if child safeguarding
concerns became apparent or if they felt they could provide families with support.
Parents were typically very appreciative of support from social care. However, in two
families safeguarding concerns arose after social care started working with them, and
these parents felt misled, in that they thought they were being offered support and only
later realized their parenting was being assessed. The social workers also found this issue
difficult, particularly as the safeguarding concerns had not been apparent initially.

To me that [the death] was just an excuse for the social workers to get involved, they

wanted to be fully on me because there’s been domestic violence between me and the

Dad. (Mother, SIDS case)

... So I had kind of gone in and was genuinely trying to offer some support for Mum

and the children, and I was talking about bereavement counseling and things like

that ... [I]Jt was only when I picked up the case file ... that I thought, there are too

many other risk factors here that are going on. (Social worker, SIDS case)

Follow-up for bereaved families

Follow-up experiences were variable. Parents appreciated contact from pediatricians but
were distressed by long waits for information; most families waited nearly six months to
obtain the cause of death, with half the families having no contact with the pediatrician
or specialist nurse in the interim. Many parents felt that they had to chase pediatricians
to remain updated with the progress of investigations. Parents valued the chance to
discuss the cause of death in detail with pediatricians.

The pediatrician was really good at this, how she read it to me; she was very clear and

thorough. That I liked ... Them coming to your home and speaking to you before

coroner’s court, I would absolutely agree with that ... (Mother, medically explained death)
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... [L]ike they were supposed to keep in touch with me ... just even if they never had

any news ... | don't like the way it was done about that. I had to keep phoning and

pestering them to know if there was anything ... (Mother, medically explained death)
Few families had follow-up contact with the police, usually by telephone; for some, this
caused distress as they felt under ongoing suspicion despite no professionals raising child
safeguarding concerns. However, many parents felt the police returned any property
sensitively, following the end of investigations.

My husband said the police officer was lovely. He took my husband in a room, and

they'd even put her clothes in a gift box and tissue paper inside, and they had even

put a nappy in. (Mother, SIDS case)

Emotional support

Many families felt let down by the lack of emotional support provided by the JAA and
struggled to access bereavement services themselves. Pediatricians and specialist nurses
commented that they were unable to provide the level of support that some families
needed. Parents often obtained support from family doctors; in the year after the death
mothers had a mean of 5.6 (95%: CI 3.0-8.3) consultations for bereavement issues and
fathers 3.3 (95% CI: 0.2-6.8). However, some parents did not attend their doctor at all,
and in four cases the parental medical record summary made no reference to the death.
Families also used other bereaved parents for support either informally or through
organizations. Officially, health visitors only have a role in families with children of
pre-school age; despite this, some mothers had continuing contact, which they valued
highly, but others felt let down by the lack of contact. However, not all parents wanted
emotional support from professionals; many were content with the support given to
them from their families and friends.

But then I got in touch with my friend’s health visitor ... She wasn’t my health visitor

and I hadnt got a baby anymore but she comes about every two weeks ... But she’s

lovely. (Mother, SIDS case)

I mean we went over it before ... in hindsight, how pleased we were with the clinical

side of things but disappointed with the mental health support. (Father, medically

explained death)

Strengths and limitations of study

In this study, I was able to obtain a very detailed understanding of cases due to the
comparison of data within each case from interviews and case records. This enabled me
to confirm parents’ accounts that seemed questionable, such as some of the actions of
uniformed police, and it was vital to the study of SIDS parents’ understanding of risk
factors. As with all qualitative research, limitations include that few people participate,
and results may be highly subjective and therefore difficult to generalize. I did indeed

struggle to recruit bereaved families and this was particularly apparent where there were
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long delays in the JAA process, in which families were lost to follow-up, preventing
recruitment. I had previously audited JAA processes in part of the study area showing
that only 64% of families were offered follow-up after SUDI (21); this could suggest that
non-recruited families had significantly poorer experiences of the JAA than recruited
ones. However, despite the limited recruitment, I captured a wide diversity of parental
and professional experiences with recruited cases from socially diverse background. The
results of this study concur with other research into bereaved parents’ needs. Previously,
I had conducted a systematic literature review of parents’ needs following sudden
child death; these included wanting to know why their child died, to have follow-up
appointments with physicians to discuss the death, and to receive emotional support (6).

I would suggest that given the diversity of experiences, theoretical saturation of
data, and rigorous approach to data analysis, the findings of this study are likely to be
relevant to all professionals investigating unexpected child deaths with similar detailed
child death review processes.

Conclusions

Helping parents by improving the investigation of SUDI

It is possible to thoroughly investigate sudden infant deaths while being supportive and
compassionate to families. Bereaved families particularly want detailed information about
why their child died; many can understand the role of modifiable risk factors in SIDS
even when this relates to parental actions. Professionals may be reassured that sharing
this detailed information with parents does not seem to relate to parental self-blame.
Parents really struggle with long waits for information during the investigative process
and this can increase their distress. Most parents found the JHV helpful but a small
minority of mothers found it intensely distressing. There were issues with uniformed
police who had little knowledge of SUDI, increasing parents’ distress by starting criminal
investigations and limiting parents’ access to their home and possessions. These actions
made subsequent investigation by specialist police and pediatricians more challenging.

Although the overall experience for most parents was positive, there are clearly
ways in which SUDI investigations could be improved. The suggestions made here
arise from this research study, some of which has been incorporated into the latest UK
guidance for investigating unexpected infant and child deaths (22).

1. Healthcare professionals investigating SUDI should be adequately trained
for this role.

Parents want detailed information about the complete causes of death, and this
information will only be available if professionals are appropriately trained to identify
relevant risk factors and confident in discussing these with parents. If these issues are
not recognized and shared with parents, they cannot protect a child born subsequently,
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which parents will clearly wish to do. SUDI is a relatively rare event and one that most
pediatricians encounter only occasionally. In the three years of this study, there were
approximately 40 SUDI cases annually in the West Midlands region. Each local area
has their own system of ensuring that pediatricians or specialist nurses are available for
SUDI cases, leading to large numbers of healthcare professionals investigating deaths
only occasionally. As a result, it may make it difficult for individuals to develop expertise
in SUDI and particularly in death scene examination. This issue was also highlighted in
my PhD research, analysing CDR data in the West Midlands, which revealed that the
JAA frequently failed to identify deaths probably due to accidental asphyxia and did not
always recognize modifiable risk factors (23).

2. Specialist police officers should investigate SUDI wherever possible.

Many parents spoke of the distress caused by uniformed non-specialist police officers
commencing crime scene investigations, and professionals spoke of the difficulties this
caused subsequently, both in their working relationships with families and death scene
examination. Ideally, specialist non-uniformed police should be available at all times
to manage cases of unexpected child death. If immediate SUDI response remains a
uniformed police responsibility, police authorities should recognize the need for training
and clear guidance for all officers on the immediate management of SUDI prior to the
involvement of specialist officers.

3. Specialist police officers and pediatricians should conduct joint home
visits routinely.

Parents expressed a clear preference for a JHV by police and pediatrician, and
professionals felt strongly that this was a sensitive and effective approach. When police
examined death scenes without pediatric support, important information was missed
and parents found these visits much more distressing than joint visits. Given these
findings, it would suggest that wherever possible police and pediatricians should work
together investigating unexpected child deaths.

4. Professionals should create a flexible approach to enable full
engagement with all parents.

Although most mothers were willing to talk to pediatricians and police, and participate
in the JHV, a few were so distressed that they could not, so other relatives engaged
with the professionals on their behalf. As most mothers are the primary caregivers, this
situation risks losing important information, particularly concerning the final sleep.
In cases where mothers are this distressed, it may be that a more flexible approach to
investigation is needed. Forensic considerations may require that police conduct an
initial scene examination without the mother but a JHV could be arranged some days
later when the mother feels able and ready to give her account of events.
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5. Parents should be kept up to date with the progress of investigations.

Parents spoke at length about the anxiety of waiting to hear why their child had died,
and of feeling forgotten by professionals while they waited. Early in the investigation, a
professional should be identified to keep in contact with the parents; even if only to tell
them that the results are still awaited and to give an idea of timescales. Regular contact
should enable parents to ask questions of professionals and help them feel supported.
All professionals should be aware of the potential for increased distress caused by delayed
information and should therefore seek to streamline processes where possible, keeping
the parents’ needs at the forefront of the investigation.

6. Parents should receive full information about the cause of death.

Parents made it clear in the study that they wanted to understand as fully as possible why
their child died; many understood the role of modifiable risk factors even when these
related to parental actions. Parents should be offered an opportunity to talk through all
the information concerning the death, including the post-mortem examination report
with an experienced healthcare professional.

7. Parents should be assisted to access bereavement services.

Many, but not all, parents will want help from bereavement services for themselves or
their surviving children. Often these services are independent from healthcare services
and they rely on clients referring themselves for support. Many parents have said how
difficult they found this, feeling unable to even make a telephone call to explain their
situation. Professionals could proactively assist parents who want support to make these
initial contacts.
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Introduction

A seemingly healthy infant dies suddenly and unexpectedly. A parent or someone the
parent trusted with their infant was nearby, but the moment of death went unwitnessed.
The forensic process ensues, including parent and guardian interviews, a death scene
investigation, and autopsy. But another highly consequential process also begins:
the process through which the infant’s parents contend with their profound loss. As
they seck an explanation, and the typically inconclusive results of the forensic process
become known, they will experience intense emotions and a crisis of meaning. They
will continue to face the complexities of coping with their loss for the rest of their lives.
Medical relationships during involvement with sudden infant death syndrome (SIDS)
begin and occur in a context of grief.

Medical and investigative interactions occur at the time of death, during the
investigations, and as results are shared. Bereavement-related supportive services may
be available; they may or may not meet the parents’ needs (a situation which is explored
in more detail in Chapter 7). There is rarely a plan or anticipatory guidance provided
for the future once the death investigation is concluded. The family’s usual medical care
providers may not feel qualified to offer their assessment or advice, provided they even
become aware of the challenges the family faces. All of these services and interactions

will be influenced by the parents’ grief, just as their grief will be influenced by the



interactions. We can improve our care in this area with an awareness of the parents’
emotional state and their needs. In the following, we present the state of knowledge
about psychological coping following the loss of a young child and the process of grief
that is seen.

Important Concepts

Grief is the emotional adaptation to loss and the way it is expressed. Those who
interact with parents around the time of unexpected infant death would agree that the
emotional state of the parents is extremely raw and intense. First moments in dealing
with significant losses are predictably overwhelming but, from the perspective of grief
research, the quality of grief in this setting underscores important concepts at the heart
of the current theoretical understanding of grief.

Conceptually, grief is an attachment reaction. Attachment can be thought of in a
behavioral sense as a naturally occurring system that protects individuals by discouraging
prolonged separation from their primary attachment figure (1). The attachment bond
between a parent and a child is considered the strongest human attachment bond (2). In
the case of a young, dependent child, this is self-evident. The survival of a young child
depends on the protection and nurturing of his or her parent. But the strength of this
bond is bi-directional: a parent’s self-concept and self-worth are strongly tied to meeting
their obligations to their child. This includes, at a baseline, protecting them from harm,
but also providing for their future, a future they have imagined since becoming aware
of their pregnancy. Their child’s safety and future is an extension of their identity. Death
brings an end to the infant and the reality of that future, but not to the bond or the
meaning embedded in it (3). Grief can be understood as an effort to maintain these
bonds in the face of loss. In addition to the empirically based evidence that will be
reviewed later, the innate process that seeks to restore these bonds has been understood
through two important ways of conceptualization: stage models of grief and process
models of grief.

Stage models of grief

Stage models of grief attempt to describe the changing emotional states and tasks that
are commonly seen following death, as attempts are made to adapt and preserve the
attachment bond. The work of Elizabeth Kiibler-Ross (4) is a well-known example of a
stage model, although her work’s primary focus was on how a person reckoned with their
personal impending death. She described five stages a person goes through, following
a significant loss: [1] denial and isolation; [2] anger; [3] bargaining; [4] depression;
and [5] acceptance. The first four stages are negative conditions that are ultimately
passed once a person learns to accept the loss. These negative stages can be seen from
the perspective of frustrated attachment ties and the feelings that occur during efforts
to reactivate them. The presence of these stages has been empirically demonstrated,

144 SIDS — SUDDEN INFANT AND EARLY CHILDHOOD DEATH



although the population in question was made up of elderly, surviving life partners
without pathological levels of grief (5). The current status of the Kiibler-Ross stages
is that they are regarded as descriptive and informative, but should not be taken as a
strict sequence to be accomplished in some fixed period of time. Experience has found
that people move back and forth between stages, retaining and revisiting feelings from
“earlier” stages long after grief has “resolved”. The persistence of these stages has not
been implicated as a key feature of pathological grief.

The inherent limitations to the stage conceptualization, particularly with its
suggestion of a linear process, has been noted since stages of accommodation to loss
were first proposed, as for example, can be found in Bowlby and Parkes” four stages of
normal adaptation to loss: [1] numbness; [2] yearning and searching; [3] disorganization
and despair; and [4] reorganization (6). Similar to Kiibler-Ross’s later proposal, this
conceptualization remains relevant as another informative framework shedding light on
the emotional states involved as a person strives to maintain a meaningful relationship
(attachment) following loss, reconceiving their relationship with that person. While
there may be a more typical sequence where certain feelings predominate, following
a stereotypic sequence does not indicate healthier bereavement. It is also important to
note that acceptance may not be the final, resolved state of a parents’ grief. It may not
be reasonable to recognize that a parent must strive to maintain their attachment bond
to their deceased infant, yet also expect them to accept their infant’s absence from the
world or feel that other relationships can replace it. The idea of reorganization may
better illuminate this stage of adaptation, where the loss is reconceived and incorporated
into a satisfying but changed life.

Process models of grief

Important insights into the process through which this reconceiving of attachment
occurs can be found in the Dual Process Model of Coping with Bereavement (7). The
Dual Model brings attention to the way in which people accommodate to the absence
of a significant figure while maintaining bonds, illustrating the adjustments necessary
to keep the process sustained and yet tolerable. It highlights an oscillation between two
kinds of adjustments involved in the coping process. Loss orientation refers to thoughts
and feelings which are directed toward important elements of the loss. For example,
remembering the sensations that were experienced while embracing their infant when
he or she was alive is loss-oriented and generally creates intense emotions of yearning
and pain. The fact that such experiences are no longer possible as they once were must
be dealt with in order to be reconceived as tolerable remembrances of special aspects of
their relationship.

Alternatively, restoration orientation involves the times when attention is diverted
from what has been lost. Time may be spent apathetically on mundane tasks or in
settings where memories of the deceased are not intrusive. Life occurs without pain

THE PAST, THE PRESENT AND THE FUTURE 145



and time goes on. A parent may feel guilty or disloyal to their child when they discover
they are enjoying themselves, or that they have gone for a long period of time without
noticing their sorrow, yet it is in this way that reorganization may occur. The dynamic
of oscillating from loss orientation to restorative orientation is found in normal grief.
Hindrances or imbalances in the oscillation suggest a more problematic process.

Normal Grief

Most grief is not pathological. Stage theories of adjustment describe an anticipated,
acute experience of loss that is normal. It may be dramatic and can often involve
negative emotions that are only considered normal in this context. Parents are stunned
and dazed by their loss. There is a high level of emotional distress, especially intense
sadness and yearning. Intrusive thoughts and dysphoria are to be expected. Acute grief
involves affective, behavioral, and cognitive elements that are considered normal so long
as they conform to cultural norms and do not persist (8). It may be interesting to note
that in sudden infant death, the immediate expression of loss by parents has been found
to be the same regardless of what the cause of death is ultimately determined to be (9).

Behavioral aspects of acute grief include social withdrawal, fatigue, irritability,
sleep disturbance, and somatic complaints. These behavioral reactions may limit the
ability of professionals to conduct an interpersonal assessment of the acutely bereaved.
There are also cognitive consequences of significant loss that have an influence on our
interactions with parents in the acute setting. An altered sense of reality and problems
with memory and concentration are normal. Cognitive reaction time is significantly
delayed (10) and there are diminished attention and lower scores in global cognitive
performance (11). Normal grief involves preoccupation, lowered self-esteem, and self-
reproach. Rumination — i.e. repetitive, self-focused thoughts and behaviors focused on
negative emotions (“I'm so sad”) and the bereaved person’s difficult circumstances (“how
can I live with this?”) — has been shown to be prevalent in bereaved parents (12).

While not everyone ruminates, those who exhibit higher levels of rumination
regard it as a way to help solve the dilemmas their loss has occasioned. However, research
has shown that they are less able to make sense of their loss. This is important because
meaning making predicts grief severity (13). Parents who are better able to make sense
of their child’s death have better post-loss adjustment. Tellingly, 45% of bereaved
parents cannot make sense of their loss and 21% can find no benefits to their post-loss
experiences (14, 15). Better grief outcomes rely on a parent’s ability to find meaning in

their child’s life and their death (16).

In addition to behavioral and cognitive aspects, acute grief has affective dimensions.
Depression, despair and dejection, anxiety, guilt, anhedonia, and isolation may be part
of normal coping with regards to a loss (17). These are well-described and accepted
parts of normal adjustment to significant loss, with an expectation that the intense
presentation of these symptoms will resolve in a time-limited manner. Mourning is
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the culturally sanctioned manner that allows the symptoms to be experienced and not
challenged, providing quarantine for the bereaved while they “recover”.

Informally, the affective dimensions of grief are sometimes spoken about as a
kind of depression; alternatively, they may be spoken of in terms of psychic trauma
and thus considered a variant of post-traumatic stress disorder (PTSD). But once one
considers diagnostic categories of psychological pathology, this lack of precision becomes
inaccurate. Pathological bereavement is increasingly understood in terms of prolonged
grief disorder (PGD), now set for inclusion in ICD-11 (18, 19). Certain aspects of
pathological grief, presented below, distinguish it from other psychiatric diagnoses. The
intensity of PGD is related to the strength of the attachment bond, and whereas in
depression the intensity is related to a withdrawal from attachment figures, in PTSD it
is related to the enormity of the stressor event. PGD involves abnormal preoccupation
with the deceased, but the preoccupation in depression is with low self-esteem and in
PTSD with a sense of personal safety. Intrusions in PGD are positive remembrances
that provoke yearning or emotional pain, whereas the intrusive thoughts in depression
are self-referential and negative and in PTSD are marked by helplessness and fear (20).
PGD has been shown to be a distinguishable syndrome by confirmatory factor analysis
(21), distinct from grief-related depression (22), anxiety (23), major depressive disorder
(24), or PTSD (19). People with disordered grief may also be clinically depressed or have
diagnostic levels of post-traumatic stress, but pathological grief is a separate affective
category that entails a different therapeutic approach.

Prolonged Grief Disorder

Although the dimensions of normal grief are significant, some bereaved persons
experience more intense grief, which lasts longer than would be expected according
to social norms and causes impairment in daily functioning. In these instances, the
coping abilities of the bereaved leave them unable to adapt to their loss. The high
levels of distress that are initially experienced do not abate, and the bereaved fail to
achieve integrated grief. Prolonged grief disorder (PGD), also called complicated grief
or persistent complex bereavement disorder, defines this pathological category of grief
(19). Prolonged grief disorder affects 2-3% of the general population, with a pooled
prevalence of 9.8% (25). Research establishing PGD initially focused on spousal loss
later in life, which is the most common type of loss currently experienced, but now
extends to many other populations and types of loss with consistent findings.

Prolonged grief disorder is a diagnosis used for bereaved persons who are
abnormally affected (19). Its criteria require that the grief lasts for a period of greater
than six months after a significant loss, along with clinically significant impairment in
social, occupational, or other important areas of functioning. Separation distress must
be present, manifest as yearning and physical or emotional suffering on daily basis or to a
disabling degree. In addition, at least five cognitive, emotional, or behavioral symptoms
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must be present daily or to a disabling degree. These symptoms include role confusion
or a diminished sense of self; difficulty accepting the loss; avoidance of reminders of the
deceased; loss of trust; anger; difficulty “moving on”; emotional numbness; feeling that
life is empty, meaningless, or unfulfilling; feeling stunned, dazed, or shocked by the loss.

Research to judge the significance of PGD in bereaved parents is plagued by
inconsistent methodologies and varied indicators of grief outcomes. Among the
populations studied, however, it would be fair to conclude that the risk for complex
bereavement following the death of a child is greater than twice that reported in other
forms of loss (26) and, in certain situations, may approach a sevenfold increase (27).

Is Parental Grief Distinct?

Many aspects of the death of a young child predict greater difficulty in grief for parents
of dependent children who have died. The loss of a child is considered among the worst
experiences when rated in life event scales (28). The loss is against the normal order
of things (29). As stated above, insofar as grief reflects attachment, parental grief is a
special case. The loss is hostile to defining elements of the close attachment relationship:
to the feelings, hopes, and meanings projected onto the child by the parents; to the
protective obligations of a parent; and to the closeness and intensity of the parent-child
relationship. The loss is hostile to the assumed and socially assigned responsibilities of a
parents. The loss attacks the very premise of all that being a parent incorporates.

As well as the psychological aspects of the bereavement adjustment, the death of
a young child is associated with worsened physical health and mortality in parents.
Research indicates that bereavement following the death of a young child is accompanied
by a significant increase in mortality, physical health problems, and mental health
difhiculties in bereaved parents. Mortality from both natural and unnatural causes
remains elevated for up to 18 years in mothers, with a nearly fourfold increased risk
of death by unnatural causes in the three months following the death (30, 31). Fathers
have an increased rate of death by unnatural causes for three years, and unexpected
death leads to further increased risk (31). Bereaved parents have more health problems
(32), including increased cardiovascular-related disease (33), more diagnoses of chronic
medical conditions, and a greater than 10-fold rate of health-related work absence (34).

Research has shown increased levels of unresolved, complicated, or prolonged grief
in parents of children dying from virtually any cause. Poorer outcomes in bereaved
parents, and features that are consistent with PGD, are seen in much of the parental grief
literature. Parental grief after the loss of a child is well documented to be more intense,
complicated, and long-lasting, with huge fluctuations over time in comparison to grief
related to any other type of loss (35). This view is remarkably unchallenged. Loss-related
risk factors that have been shown to complicate bereavement and adjustment include
the nature of the death (13); the bereaved person’s relationship with the deceased, with
more grief intensity experienced by parents who have lost a child than by adults who
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have lost either spouses or parents; and the existence of unresolved issues or an inability
to find meaning. Personal risk factors include pre-existing psychological morbidity and
vulnerabilities (36), gender (37), social context, and role (38); including the role as a
parent and the role as a competent adult. Research specific to parental loss points to
more severe grief outcomes associated with the death of a younger child (39), parent-
child kinship (40), a more dependent relationship (31), and being a mother (41).
Sudden death in the home also carries increased risk (41), as does a lack of preparation
for death (42). Parents whose only child has died experience greater symptoms (43).
Parental grief may not be an entirely distinct experience but evidence is consistent that
it is more severe. In bereaved parents with prolonged grief, 80% wished to die at some
point following the loss (44).

Considerations Particular to SIDS

Research on parental bereavement adjustment following SIDS has become much less
common in the “Back to Sleep” era. Whether due to the decreased incidence of SIDS, a
bias against the legitimacy of the SIDS diagnosis, or an accusatory environment in these
cases, very few of the more commonly used grief indicator measures have been used to
study grief following SIDS. The grief in these parents, however, is extremely severe in
whatever population it has been studied. Research on parental grief following a SIDS
death has shed light on the greater psychological burdens for parents after the sudden
death of a child (45), when approximately two-thirds of parents whose children died
from SIDS, suicide, or accidents have pathological levels of grief 18 months following
the death. Parents whose infants died from SIDS experience higher levels of isolation
(46), with feelings of self-blame and guilt increasing in the months following the infant’s
death (47). Research samples consistently show high levels of prolonged grief-related
symptoms and extraordinary amounts of self-blame, especially in mothers (48).

Next Steps

In many ways, insights gained through better understanding the severe form of grief
observed in parents following their child’s death from SIDS have great potential to
increase the understanding of important areas of investigation in bereavement research.
This population of parents has the power to inform important questions in PGD and
its treatment. Their high levels of grief-related symptoms and pathology distinguish
these parents as a “boundary population”. Their experience may not be typical, or
especially common, in comparison to the prevalence of bereavement after the death of
a life partner, yet the severity of their symptoms provides important insights into the
diagnostic categorization of pathological grief. Their symptom severity raises important
questions about the specificity of criteria for prolonged grief disorder, namely whether
a condition should be labeled as pathological when it is a highly prevalent outcome of
an event with relatively high incidence. As the disorder becomes established, it is valid
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to consider whether parental grief requires a modified set of diagnostic criteria, in order
to identify the subpopulation of bereaved parents with the most heightened risk for
pathology.

Bereavement support is generally regarded as helpful in parental grief, but its
outcomes are relatively unstudied. Some promising cognitive behavioral approaches
to grief support rely on motivating the bereaved with activities and structure, based
upon the view that quotidian tasks act as “hidden regulators” of behavior (49). The
pervasive isolation and self-blame seen in these parents after SIDS contributes to their
bereavement outcomes, in part, by removing many of those regulators from people’s
lives. Interventions aimed at invigorating daily structure and activities may demonstrate

therapeutic efficacy.

Conclusions

Mortality from SIDS/sudden and unexpected infant death remains significant at this
unique time in human history, a time when the death of a child is an uncommon event,
and, indeed, when a typical death is not the death of a child (50). As long as these deaths
occur, there will be an important population of bereaved parents with significant needs
affecting their own health and productivity, as well as the health of their young families.
Their intense feelings of responsibility and failure in their role as parent to their infant,
provoked by their loss, are rooted in the same attachment bonds that would strengthen
their abilities as parents had the death not occurred.

A child’s death from SIDS is a profound loss. Parental grief in its aftermath is severe,
with physical, behavioral, cognitive, and emotional dimensions. This grief influences
every medical encounter related to the death, from information gathering to the sharing
of conclusions. Most parents’ difficulties are under-recognized and unaddressed, as they
struggle under the weight of adjusting to a loss from which they will not fully recover.
There is an important role for research and support in this area.
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Introduction

Public health programs are tasked with using the best available evidence to make
informed decisions in supporting campaigns, guidelines, policies, and advice in order to
improve the health and wellbeing of countries, communities, families, and individuals
(1). Public health programs, which focus on reducing preventable infant and child
mortality, target modifiable factors that parents, caregivers, and health professionals can
influence the most in order to promote the optimal conditions in which infants and
children may survive, grow, and thrive (2, 3). The “Reduce the Risk of Sudden Infant
Death Syndrome (SIDS)” and subsequent “Safe Sleeping” campaigns (4, 5) are key
components of successful public health programs, which promote evidence-based risk
reduction strategies to reduce infant mortality (2, 6). Although national campaigns and
programs may vary in style, number, and content of key messages, countries that have
adopted similar risk reduction programs, and in particular the advice to sleep babies

on their backs, have experienced marked reductions in sudden and unexpected infant

deaths (2, 4, 5, 7).



Essentials of an Evidence-Based Public Health Approach

Evidence underpinning public health recommendations comes from a systematic
study of completed, peer reviewed, and publicly available research (1, 8). To ensure
that public health practice is underpinned by evidence, it has been proposed that five
key activities need to be undertaken (1). These activities include [1] evaluating needs
for new or improved programs or practices; [2] identifying the best available evidence
on programs and practices that potentially meet the needs; [3] collecting the best
available information on appropriate programs and practices; [4] selecting programs
that fit together with community and population needs and values; and [5] evaluating
the impact on health and wellbeing of putting selected programs into practice (1, 9).
In addition, high-quality programs are those which deliver public health initiatives
that have been demonstrated to be population-centered, equitable, proactive, health
promoting, risk-reducing, vigilant, transparent, effective, and efficient (9, 10).

The Role of Scientific Advisory Groups

Governments and public health organizations have recognized the importance of expert
advice in facilitating efficient access to the best available evidence to support sound
public health practice and policy making (11, 12). Access to, and knowledge of, good
clinical practice also requires an understanding of the needs of stakeholder groups
and the systems they work within, in order to translate evidence into practice. Thus
“scientific” or “expert” advisory groups, on a local and national scale, have an important
role in assisting with both access to, and translation of, best available evidence to inform
clinical practice, individual- and community-based strategies, and national public health
campaigns (13). Specific functions of advisory groups may vary, depending on the topic
or area with which they have been established to assist. However, generally scientific
advisory groups perform three broad functions (13, 14). First, group members provide
expertise, ranging from very specific tacit knowledge through to general advice on
broad, scientific, or practice strategies. Second, participants lend their reputation to the
organization they are representing, in effect signaling scientific quality and credibility
to external bodies. Third, members share their academic and scientific networks with
the organization to assist in providing critical resources to enable the organization
in achieving its goals. For example, this may include access to expert consultants or

opportunities for collaborative research.

Most countries around the world that have initiated national campaigns to
reduce the risk of sudden unexpected death in infancy have established expert groups
or forums to assist in a continual review of the dynamic and emerging evidence base
relating to infant care. Continual review and critique of new research is essential in
order to ensure that recommendations, and the strategies used in dissemination of those

recommendations, are based on the most current, relevant, and best available evidence
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(4, 5, 7). In this chapter, the Red Nose National Scientific Advisory Group, established
to work collaboratively with the Australian national organization Red Nose Saving Little
Lives (formerly SIDS and Kids), will be used as a case study to illustrate the role of
a scientific advisory committee in supporting a nationally recognized, not-for-profit
organization to achieve its vision in reducing infant and child deaths. A brief synopsis
of the organization’s history and current vision and mission will be provided. Both focal
responsibilities, including priority setting undertaken by the scientific advisory group,
and the advantages of having a national reference group will be discussed, together with
common pitfalls to avoid. The sharing of experiences of one particular national advisory
group in this chapter is not intended to represent the depth and breadth of the terms
of reference that may be undertaken by similar groups established in the many nations
which have instituted a safe sleeping public health campaign; however, it is likely that
many commonalities will exist.

Supporting Evidence-Based National Safe Sleeping
Recommendations: The Australian Experience

In Australia, Red Nose Saving Little Lives is a high-profile and well-respected national
not-for-profit organization with a successful history spanning 40 years. The history of
both Red Nose and other SIDS support organizations is explored in more depth in
Chapter 4; Red Nose itself is renowned for delivering a national safe infant sleeping
health promotion program; bereavement support for families who have experienced
an infant or child death; advocacy; and support for research into sudden infant deaths,
perinatal deaths, and stillbirth (15). The organization has evolved markedly since it
was founded in 1977 as the Sudden Infant Death Research Foundation Inc. under the
stewardship of Kaarene Fitzgerald, following the sudden and unexpected death of her
infant son, Glenn. By 1986, the creation of similar organizations in other states and
territories to address the phenomenon of SIDS led to the formation of the National SIDS
Council of Australia (16). This latter organization and its leaders, the majority of whom
were bereaved parents in the organization’s infancy, were instrumental in establishing
the SIDS International and the Global Strategy Task Force (15). These transnational
forums continue to facilitate and nurture collaboration between researchers, educators,
and bereaved parents to achieve a shared vision of reducing infant and child mortality.

Public health campaigns led by the National SIDS Council of Australia in the
1990s have been credited with the 80% reduction in sudden infant deaths achieved
in the two decades following the first “Reduce the Risks of SIDS” campaign in 1991
(3, 6). The organization’s name changed to SIDS and Kids in 2002 in order to recognize
the organization’s history and its future, as the remit expanded from SIDS to include
pregnancy loss, sudden unexpected death in infancy (SUDI), including SIDS and fatal
sleeping accidents, and sudden childhood deaths (15). In October 2016, SIDS and Kids

restructured and rebranded its organization and support service as Red Nose Saving
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Little Lives, in order to improve efliciency in service delivery, increase opportunities
to meet the needs of Australian families, and achieve the organization’s vision of a
future where no child dies suddenly or unexpectedly during pregnancy, infancy, or
their pre-school years (15, 17). To accomplish this vision, Red Nose is committed to its
mission of reducing preventable deaths of babies and children and supporting bereaved
families through the delivery of evidence-based education, bereavement support, and
advocacy (17).

Red Nose National Scientific Advisory Group: A Case Study
History

As Australia’s lead organization in reducing sudden and unexpected infant and child
deaths, and in its role of advocating on the behalf of bereaved parents, Red Nose has
recognized that it has a key role in the translation of scientific evidence into practice;
the provision of advice to health professionals, parents, and the broader community;
and the maintenance of standards. The SIDS and Kids National Scientific Advisory
Group (NSAG) was established in 2004, following a national pathology workshop held
in Canberra in March 2004, sponsored by SIDS and Kids (18) as an idea proposed by
Professor Roger Byard to the SIDS and Kids Chief Executive Officer. The SIDS and
Kids NSAG was renamed the Red Nose National Scientific Advisory Group (herein
referred to as NSAG) in October 2016 with the rebranding of the national organization
mentioned above.

Purpose, membership, and terms of reference

NSAG is a multidisciplinary group of health professionals and researchers who promote
and support Red Nose’s agenda in research, community and health professional
education, and bereavement care. The leading responsibility of NSAG is to ensure that
information provided to parents and health professionals is based upon the best available
evidence and meets the needs of parents and carers living and working in contemporary
Australian society (18, 19). The primary purpose of the group is to enable and support
Red Nose to achieve its mission, through providing a forum that facilitates the translation
of scientific evidence into evidence-based infant care advice which influences practice
for health professionals, parents, and policy makers. In addition, NSAG actively engages
with services and agencies for the maintenance of policy and standards that relate to
optimal infant care.

NSAG membership is voluntary and made up of multidisciplinary, multistate
representation. Members meet up to four times per year, by teleconference or face-to-
face modes. Membership comprises up to 14 people who work in the areas of perinatal,
infant, and early childhood health and mortality and have an active commitment to
the work of Red Nose. Nomination to NSAG, including nomination of Chair, is by
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the group and approved by the Red Nose National Board. The terms of reference for
NSAG also allow resource people to be co-opted to the group to source specific advice or
achieve priority goals, as required (18). During the period 2004-17, this interprofessional
team has included neonatal and child health nurses, midwives, neonatologists,
obstetricians, forensic pathologists, perinatal pathologists, physiologists, neuroscientists,
epidemiologists, maternal and child health educators, and academic researchers with
experience in acute, community, and primary healthcare settings including Indigenous
heath. The breadth of professional experience provided by members ensures a rich and
valuable bank from which to draw the knowledge and expertise required for NSAG to
achieve its goals. Membership includes the Red Nose Chief Executive Officer (CEO),
a consumer advocate, and an Australian Indigenous academic/researcher representative.
Since the establishment of NSAG, and until July 2017, each incumbent for the Red
Nose CEO and national educator role (key support role to NSAG) has possessed a
clinical/health professional background. The skills brought to these Red Nose positions
have been invaluable in terms of understanding the needs of stakeholder groups, the
systems they work within, and the influence required, and the understanding gained has
formed an effective bridge for translating the work of the NSAG members into priority
actions for Red Nose to disseminate to the wider community.

Like similar scientific advisory groups, NSAG is an independent group of advisors
chartered by the Red Nose Board of Directors, and provides expert review and guidance
to improve the rigor and credibility of Red Nose public health and bereavement support
programs and activities. More specifically, terms of reference for NSAG include provision
of advice to Red Nose on research development, research, and policy initiatives, as well as
public and health professional education programs. NSAG’s remit includes identification
of gaps; liaison between Red Nose and other agencies working in the area of perinatal
and infant mortality to promote a united, consistent, and cohesive approach to policy
change and/or education; and facilitation of Australian and international collaborative
research activities including establishing research priorities, identification of funding
sources, and support of the scientific component of Red Nose conferences and meetings.
NSAG members are also available as media spokespeople for Red Nose in their area of
expertise, and contribute to review panels relating to research or education initiative
funding submissions, where appropriate (18).

During the last decade, the outcomes of NSAG’s activities, on behalf of Red Nose,
have been considerable. These include, but are not limited to, the availability of the
first Red Nose (SIDS and Kids) endorsed eLearning program for safe infant sleeping
(2010) in collaboration with Queensland Health in 2010 (20); the launch of a revised
public health campaign “Sleep Safe My Baby” in 2012 (3); participation in the GAPS
workshop, an international research priority setting workshop for SUDI in 2015 (7);
and the development of national guidelines for safe infant sleeping using the NHMRC
guidelines framework (currently under development) (21).

THE PAST, THE PRESENT AND THE FUTURE 159



Several activities of NSAG, some of which comprise core business, will now be
described to highlight the contribution of a scientific advisory group to furthering the
work of a public health organization committed to using, and expanding, the evidence
base in order to reduce perinatal and infant mortality.

Evidence-based recommendations and resources

One of the major activities of NSAG is informing the content of Red Nose’s suite of
parent and health professional education resources, which are made publicly available
in a variety of written and electronic media, in order to ensure that these are based
on quality evidence. Prior to 2004, resources were developed through expert working
groups established by Red Nose (as SIDS and Kids) to review and revise public health
campaign resources, and were primarily print-based. Since 2004, a comprehensive suite
of evidence-based safe infant sleeping resources designed for use by parents and/or health
professionals has been developed in collaboration with NSAG, together with a process
to ensure both periodic critical review and revision to incorporate relevant and recent
quality evidence, and the identification of priority areas for further resource development.
The Red Nose education suite comprises safe sleeping information brochures and posters
designed primarily for parents, health professionals, and childcare providers to support
the Australian safe sleeping public health campaign (last revised in 2012 and launched
as the “Sleep Safe My Baby Campaign”), a childcare education kit, mobile-technology-
based applications, and more detailed Red Nose position statements on a variety of
infant care topics suitable for health professionals, students, and parents, including sleep
position, sleep location and environment, breastfeeding, oesophageal reflux and sleep
position, and immunization. All resources are also made available electronically via the
Red Nose website." This enables more rapid dissemination of updated information as
soon as it becomes available.

New position statements, or revisions of current resources, are drafted by an
NSAG member and/or subcommittee and presented to the group for comment prior to
finalization of content. Statements are then subsequently formatted and presented to the
Red Nose Board, before being made publicly available. Red Nose directly supports this
work through allocation of time and resources via the organization’s national education
and librarian roles. These Red Nose staff members attend NSAG meetings, support
NSAG members, and provide important feedback, particularly regarding identification
of priority areas for further resource or policy development based on frequently asked
questions and enquiries made to Red Nose around a variety of infant care topics.

The process of review by an expert and volunteer multidisciplinary group has
provided an efhicient forum through which to consolidate expertise and identify
gaps and/or inconsistencies in resources across states and territories, together with
opportunities for improvements in the sharing of information and the facilitation

1 See https://rednose.com.au for more information.
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of endorsement of resources by health professional organizations. For example, the
development of a Safe Infant Sleeping eLearning resource arose from a research project
led by an NSAG member in the state of Queensland in 2010, to support implementation
of the Queensland statewide safe infant sleep policy and guidelines (22, 23).> This
eLearning program provided the evidence base underpinning current public health
recommendations and the safe sleeping policy and incorporated links to Red Nose
information statements; in a reciprocal arrangement, new education materials developed
for this eLearning program were shared with Red Nose. This partnership led to a formal
agreement between Queensland’s Department of Health and Red Nose to provide this
free education program as an electronic internet platform supported by Queensland
Health’s Clinical Skills Development Service and shared through a link to Red Nose
for access by health professionals and parents throughout Australia and internationally
(20).° This Red Nose preferred safe sleeping eLearning program has been endorsed for
continuing professional education points by several professional organizations; has been
incorporated into maternal and child health education requirements in several states; and
has recorded over 9,000 successful completions by health professionals and parents. A
subsequent sister program, the Aboriginal and Torres Strait Islander safe infant sleeping
eLearning program was developed in 2012 in consultation with Indigenous stakeholder
groups (24).* Both eLearning programs undergo periodic review and revision.

Since Australia’s first “Reduce the Risk of SIDS” campaign in 1991, Red Nose
has supported three national public health campaigns to raise awareness of messages in
order to promote safe sleeping and reduce risk of sudden and unexpected infant deaths
—in 1997, 2002, and 2012 (3, 25). In preparation for the launch of the 2012 “Sleep
Safe, My Baby” Campaign, NSAG members convened an expert forum following the
ISA-ISPID international conference held in Sydney, Australia, in October 2010 to
review contemporary evidence and establish consensus for messages to be included in
the national safe sleeping campaign. Agreement for five messages was established and
published in a consensus paper (4); however, a meta-analysis of the relationship between
breastfeeding and the risk of sudden infant death, although prepared, had not been
published at the time of the forum. NSAG members actively lobbied for inclusion of
breastfeeding in the new campaign, and after much debate about appropriate wording to
be supportive of all parents regardless of feeding mode, “Breastfeed baby” was included
in the 2012 national safe sleeping campaign (3). NSAG’s role during this public health
campaign preparation included support of Red Nose personnel in the development
of health promotion messages, resources, and campaign materials; assistance during
the campaign launch; and taking on the role of spokespeople for the organization on
scientific matters during interactions with the media (19).

2 'This eLearning resource is available at https://www.sdc.gld.edu.au/courses/126.

3 The free education program can be accessed via Red Nose at https://rednose.com.au/page/e-learning-
education-package.

4 'This eLearning program can be accessed at hteps://www.sdc.qld.edu.au/courses/123.
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Development of safe sleeping policy, clinical guidelines, and
product safety standards

NSAG also supports Red Nose by providing content knowledge and scientific advice in
its role in actively engaging with other Australian organizations, services and stakeholders
involved in the maintenance of policy, guidelines, and standards that relate to infant
mortality and safe infant sleeping. NSAG has actively lobbied for consistency in safe
infant sleeping messages by supporting and informing professional groups, state and
territory health departments, and community interest groups. This support specifically
includes contributions as a key stakeholder in the development of position statements
by professional organizations and government consultation, and priority research setting
initiatives that address infant mortality (26, 27).

Clinical practice guidelines are increasingly becoming a familiar part of health
professional practice, with the principal benefit being to improve the safety, quality
and consistency of care received by patients and their families (28, 29). Various
Australian states and territories have undertaken projects to establish state-based safe
sleeping guidelines relevant to their state policy frameworks during the period 2008-
17 (22, 30-32). In reviewing these policies, however, it is evident that much variation
exists in contemporary policies and guidelines, with regard to content, wording, and
approaches (33, 34). Many policies are not consistent with the current public health
recommendations supported by Red Nose, and only succeed in further confusing
parents, health professionals, and the public. Such confusion serves to ultimately
undermine important public health messages (33, 35). Key stakeholder and consumer
consultation is integral to successful consensus upon consistent messaging, which will
underpin clear practice guidelines based on the best available evidence for use by parents
and health professionals.

For example, successful recent collaborative projects and stakeholder consultation
led by members of NSAG have achieved consistency between Red Nose’s risk minimization
and informed decision-making approach to shared sleeping (36) and position statements
released by leading professional organizations (26, 37). NSAG members have been
instrumental in lobbying for, and embarking upon, the development of national safe
sleeping guidelines using the NHMRC clinical guidelines framework (completion due
in 2018). Effective implementation of any successful national guidelines will be reliant
on the content expertise within the guidelines group; the effectiveness of stakeholder
consultation, particularly with professional organizations; and the utility of the guidelines
being translated into practice across acute and community settings to support parents to
adopt safe sleep recommendations, particularly for our most vulnerable families.

NSAG liaison with Australian government and non-government organizations
in the development, maintenance, and/or promotion of standards (including the
Australian Competition and Consumer Commission [ACCC]; the Queensland
Ofhice of Fair Trading’s Department of Product Safety; Standards Australia; INPAA
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[formerly the Infant and Nursery Products Association of Australia]; and the Australian
coronial system), have informed and supported several standards, investigations, and
recommendations that relate to safe infant sleeping environments and infant products to
ensure consistent messaging to the public. This work includes the ACCC investigation of
convertible prams and pushchairs, the development of a voluntary standard for firmness
of cot mattresses (38), and safety investigations into infant slings, infant hammocks,
infant bean bags, and sleep cocoons, in collaboration with the Office of Fair Trading
(16). Collaborative relationships and partnerships developed by NSAG members with
these organizations have in turn facilitated the progress of research trials in novel areas
in which standards are being developed, such as portable sleep spaces for Australian and
New Zealand community settings and postnatal environments (39). Such partnerships
and consultation with key stakeholders at each stage of the research process, from
conception of the idea to the dissemination of study findings, in such dynamic and
evolving research areas, are integral to the translation of research findings into safe,
practical applications for use by families and contemporary product safety standards.

Public representation and collaborative partnerships

Scientific advisory group members act as media spokespeople in their area of expertise,
which assists the organization in maintaining a credible public profile, highlighting
the role of Red Nose as a trusted public health organization actively engaged in issues
relating to infant safety, family support, and furthering relevant research to benefit
Australian families and their babies. The role of NSAG also extends to partnership
with other stakeholder organizations in order to actively promote issues of importance
in reducing infant mortality and supporting families. Examples include responses to
government changes in monitoring infant formula legislation, tissue testing to assist
in diagnosis of inherited metabolic disease, and expansion of Medicare rebates for
lactation consultants to promote improved availability of breastfeeding support in the
community (15). NSAG also engages in community advocacy and provides responses
for parents and family members who seek further information about systems, processes,
and investigations, including responses to recommendations for improvements.

Role in research

Underpinning high-quality evidence to support the safe sleeping public health agenda
is the need to explore, evaluate, and prioritize emerging research areas. NSAG members
play an active role in research development and provide content expertise to assist Red
Nose in prioritizing areas for future research investment (7). Activities of the group
have included participation in research priority setting, both for the organization
and internationally; committee support for scientific conferences and meetings; and
scientific review of research submissions for collaborative funding. Areas identified by
NSAG for future investigation include improvements to infant death investigation and
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classification systems, evaluations of the effectiveness of current public health campaigns,
genetic-environmental interactions that influence SUDI risk, and progressing the
stillbirth research and community education agenda (7).

Conclusions

The work of NSAG is broad and varied, and focus is concentrated on sustainable
strategies to support public health messages. NSAG, for example, neither engages in
product endorsement nor attempts to police and respond to all inappropriate products,
advertising, and media using imagery or messaging that promotes unsafe or suboptimal
infant care practices. Such work would require full-time monitoring. Instead, the group
focuses on collaborating with key stakeholders to extend the reach of public health
messages to the wider audience through positive engagement in policy, guidelines, and
standards development and provision of resources that promote evidence-based public
health recommendations.

In considering the work of Red Nose within Australia, a systems approach that
recognizes key levels of engagement and influence is useful in examining the work of
NSAG in the promotion of safe sleeping education and research that aims to reduce infant
mortality (9, 10). These examples of NSAG activities were chosen to illustrate how the
context in which scientific advisory bodies operate, and the nature of the partnerships
developed over time, influence decision making at many different levels — from the
micro- (professional) level through the meso- (institutional or organizational) level to
the macro- (policy) level (40). Solid partnerships on a micro-level between researchers
and healthcare professionals who form and/or collaborate with NSAG are essential
in order to build credibility and trust and lay the groundwork for contextualized and
relevant advice, with translation of evidence into practice and impact at institutional
and policy levels.

During the 21st century, the development of safe infant sleeping programs has
matured into a robust process where evidence-based methodologies and frameworks
are increasingly adopted. Scientific advisory groups, such as NSAG, have a key role to
play in organizations which are required to proactively respond to the dynamic and
emerging evidence base upon which decisions are made at many levels. Furthermore,
NSAG provides an organized forum in which to consider and evaluate emerging
evidence for its quality and relevance to contemporary public health recommendations
and parent advice, and to identify areas for future investigation. A scientific advisory
group improves the way scientific advice is gathered and acted upon; it forms a
conduit for knowledge translation into practical advice for families; and in so doing
it improves public confidence in the quality of messages and the public profile of the
public health organization. Organizational support in terms of funding meetings and
resourcing specific projects with organizational personnel time is crucial. The dedication
and commitment of NSAG volunteers is also considerable but is not without many
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benefits in terms of professional growth, strategic engagement and networking, personal

satisfaction, and reciprocity.

Pivotal to future success in further reducing infant and child mortality are

high-quality evidence and partnerships between public health organizations, health

professionals, the scientific community, and consumer groups, in order to effectively

translate evidence into action. Scientific advisory groups have an essential role to play in

supporting public health organizations to deliver on quality, evidence-based education,

bereavement support, and advocacy, so as to achieve the best possible outcomes for

Australian families.
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Introduction

Identification of factors that increase risk of, or are protective against, sudden infant death
syndrome (SIDS) has largely been accomplished through epidemiological case-control
studies. Risk factors include side and prone positioning, prenatal and postnatal tobacco
smoke exposure, sleeping on soft or cushioned surfaces (particularly sofas, couches, and
armchairs), bed sharing, soft bedding, head covering and overheating, and prematurity.
Protective factors include breastfeeding, pacifier use, and room sharing. In this chapter,
we will discuss the evidence for these risk and protective factors. We will also review the
leading theories for SIDS causation including the Triple Risk Hypothesis, rebreathing
theory, and deficient arousal and autonomic regulation, and how these theories create
a plausible explanation for the risk and protective factors for SIDS identified in case-

control studies.



Risk Factors

Side and prone sleep position

The prone sleep position was noted in multiple case-control studies to be associated
with SIDS (1-6), beginning in 1965 in the United Kingdom (UK) (7). Even before
this, in 1944, Abramson reported that prone positioning was found in 68% of young
infants who died of accidental mechanical suffocation in New York City (8). Public
health campaigns, which first promoted non-prone positioning in the 1980s and then
supine placement, only beginning in the 1990s in many Western countries, have all
been associated with a decline in SIDS rates. Subsequent studies have confirmed the
association of prone sleep positioning and an increased SIDS risk (adjusted odds ratio
[aOR] 2.3-13.1) (9-11). Physiologic studies have demonstrated an association of prone
positioning with an increased risk of hypercapnia and hypoxia (12-14), overheating (15),
diminished cerebral oxygenation (16), altered autonomic control (17), and increased
arousal thresholds (18).

Subsequent studies have identified that the risk of side sleep positioning is similar to
that of prone positioning (aOR 2.0 and 2.6 respectively) (10). Side positioning also has
a higher population-attributable risk than prone positioning (11), likely because many
infants who are placed on their side are found prone (10). Placement in, or rolling to,
the prone position, particularly when infants are unaccustomed to that position, places
infants at extremely high risk of SIDS (aOR 8.7-45.4) (10, 19). Thus all caregivers,
including childcare providers, family members, and friends, should place the infant in
the supine position for every sleep.

Prenatal and postnatal tobacco smoke, alcohol, and illicit drug
exposure

Multiple studies have found that both in utero and environmental tobacco smoke
exposure increase the risk of SIDS (20-24) in a dose-dependent manner (25-27). The
strongest risk occurs with maternal smoking; there is a small independent risk when
fathers smoke after the infant’s birth (23, 28).

While it is difficult to separate out the effects of in utero and environmental
smoke exposure, in utero exposure reduces lung compliance and volume, impairs
arousal mechanisms, and decreases heart rate variability in response to stress (29, 30),
all factors which may negatively impact an infant’s ability to respond appropriately to
the environment. Researchers have estimated that one-third of SIDS deaths could be
prevented if in utero smoke exposure were eliminated (31, 32).

Substance abuse often involves more than one substance, and it is difficult to
separate each effect from the others or to separate it from smoking. In addition, there
are few studies that have examined the association between substance use and SIDS.
In one study of Northern Plains American Indians, periconceptual maternal alcohol
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consumption was associated with a sixfold increased risk of SIDS, and binge drinking
during the first trimester of pregnancy was associated with an eightfold increase (33).
In another study, a maternal alcoholism diagnosis was associated with a sevenfold
increased risk (34). Maternal drinking postnatally has also been found to be associated
with increased SIDS risk (34, 35), especially when it occurs within the 24 hours prior to
the infant’s death. Additionally, although the data for maternal drug use and SIDS are
conflicting, overall, maternal prenatal drug use, especially of opiates, is associated with
a 2- to 15-fold increased risk of SIDS (36-38). Thus parents should not smoke during
pregnancy, and there should be no smoking around the infant. In addition, alcohol
and illicit drugs should not be consumed during pregnancy. There is also a substantial
risk when smoking or consumption of alcohol or illicit drugs occurs in the context of

infant-adult bed sharing (11, 39, 40).

Soft or cushioned sleep surfaces (including sofas, couches,
armchairs)

A firm sleep surface, such as a tight-fitting mattress in an infant cot (known in some
countries as “cribs”), bassinet, play yard, or portable crib, is the safest sleep surface.
Sofas, couches, and armchairs are particularly dangerous sleep surfaces; compared with
a crib mattress, these surfaces confer up to 67 times higher risk of infant death (41-43).
A recent study in the United States (US) found that deaths on sofas comprised 12.9%
of all infant sleep-related deaths in 2004-12, including SIDS, accidental suffocation,
and ill-defined deaths (44). Parents should be counseled about the risk of placing the
infant for sleep, or falling asleep with an infant, on a sofa, couch, or similarly cushioned

surface.

Infants are also often placed to sleep in car seats, strollers, swings, infant carriers,
and slings, often because the infant will fall asleep more quickly or because of the belief
that sleeping in a sitting position will alleviate gastroesophageal reflux. However, sitting
in a car seat or similar sitting device exacerbates gastroesophageal reflux (45) and is thus
not recommended for that purpose. Additionally, young infants may not have adequate
head control to support their airway when sleeping in such sitting devices, and sleeping
in these devices may lead to accidental death (46). Slings are of particular concern in this
regard, and infants who are carried in slings should have their heads visible and outside
of the sling to minimize the risk of suffocation (47).

Bed sharing

Bed sharing is defined as the infant sleeping on the same surface as another person.
The practice of bed sharing is common in many cultures and facilitates breastfeeding
(48, 49), which is known to be a protective factor against SIDS (50). However, in case-
control studies, bed sharing has been associated with an increased risk of SIDS (39, 41),
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and it is believed that soft mattresses, other soft bedding, the risk of overheating, and the
risk of overlay contribute to this increased risk.

It is clear that there is increased risk of infant death when bed sharing occurs when
one or both parents are smokers (even if they do not smoke in the bed), when there
was maternal smoking during pregnancy, when the adult bed sharer has drunk alcohol
or taken arousal-altering medications or drugs, when the bed sharing takes place on a
couch or sofa, when there is soft bedding, when bed sharing lasts for the entire night,
and when the infant is <11 weeks of age (11, 39, 40). Indeed, bed sharing was found
in one US analysis of infant deaths to be the most important risk factor for death for
infants <4 months of age (51).

However, there is controversy about bed sharing for infants who are breastfed
and whose parents are non-smokers and have not consumed alcohol, medications,
or illicit drugs. Case-control studies have had conflicting conclusions. An individual-
level analysis of 19 studies from nine datasets in the UK, Europe, Australia, and New
Zealand, with 1,472 SIDS cases and 4,679 controls, found that bed sharing for these
low-risk infants was associated with a fivefold increased risk of SIDS in the first three
months of life (aOR 5.1, 95% CI: 2.3-11.4) and an eightfold increased risk in the
first two weeks of life (aOR 8.3, 95% CI: 3.7-18.6) (52). In this study, there was no
increased risk of SIDS if the bed-sharing infant was >3 months old. However, this study
has been criticized for the large amount of imputed missing data on parental alcohol
and drug use (53). Another analysis of data from two English studies, with 400 SIDS
infants and 1,386 controls, found that, although bed sharing with a smoker or an adult
who had recently consumed >2 units of alcohol was associated with an increased risk
of SIDS, infants younger than 98 days of age who bed shared with an adult who was a
non-smoker and did not recently consume alcohol were not at increased risk for SIDS
(OR 1.6, 95%: CI 0.96-2.7) (43). Both of these studies are limited by small sample size
in the subanalyses (54).

Recommendations regarding bed sharing differ. In the Netherlands, parents are
advised not to bed share if the infant is <3 months old. In the US, parents are advised
to avoid bed sharing for the first year but instead to have the infant sleep on a separate
sleep surface close to the parents’ bed (55). Because there is no increased SIDS risk if bed
sharing does not last the entire night (11), parents are encouraged to bring the infant to
the bed for feeding and comforting, and then to return the infant to his/her own sleep
space when the parent is ready to go to sleep. Other countries, including Australia and
the UK, recommend against bed sharing, particularly when the parent is a smoker or has
consumed alcohol, drugs, or arousal-altering medication (56, 57).

Soft bedding

The presence of soft bedding, including pillows, blankets, sheepskins, bumper pads,
and positioners, in the infant sleep environment has been shown to increase the risk for
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infant death fivefold, independent of the sleep position, and 21-fold when the infant is in
the prone sleep position (9). In addition, the US Consumer Product Safety Commission
has reported an increased risk of accidental suffocation and asphyxial deaths associated
with soft bedding use (58). Soft bedding increases the risk of overheating and head
covering, both of which have been associated with increased SIDS risk. Finally, in an
analysis of US child deaths, the presence of soft bedding in the infant sleep environment
was reported to be the most important risk factor for sudden and unexpected death in
infants 4 months and older (51).

Infants are safest when they do not sleep with blankets (53, 59). If parents are
concerned that their infant will become cold, an infant sleeping bag, sleeping sack,
or wearable blanket is recommended as an alternative to blankets. A safe infant
sleeping bag is one in which the infant cannot slip inside the bag and the head cannot
become covered. One Dutch study found that the odds ratio for a sleeping bag was
0.30 (95% CI: 0.13-0.67); however, when adjusted for confounders, the odds ratio was
no longer statistically significant (aOR 0.73 (95% CI: 0.29-6.43)) (60). Cot bumpers
and similar products that attach to the cot sides are not recommended because of the
risk of entrapment between the mattress or cot and the bumper, the risk of suffocation

against the bumper, and the risk of strangulation with bumper pad ties (61, 62).

Head covering and overheating

In one case-control study, 24.6% of SIDS victims had their heads covered by bedding,
compared with 3.2% of control infants during last sleep (63). Duvets, blankets, and
quilts should be avoided in the infant sleep environment, as they may cover the infant’s
head or face and obstruct breathing (11, 63).

Prematurity

Infants who are born preterm or with low birth weight are at fourfold risk of SIDS,
compared to full term, normal birth weight infants (64, 65). Despite overall declines in
SIDS rates, the rates among infants born preterm or with low birth weight still remain
higher (66). Much of this may be due to an immature autonomic system, with impaired
arousal mechanisms and an increased risk for hypercarbia. The increased SIDS risk does
not appear to be related to apnea of prematurity, as there is no evidence that these
episodes of apnea precede SIDS deaths (67). The increased risk of SIDS, however, may
also be related to prone sleep positioning. Preterm infants are at equal or increased
SIDS risk when placed prone (68). Further, they are more likely to be placed prone
after hospital discharge, presumably because they were placed prone in the neonatal
intensive care unit as a means to improve ventilatory status while requiring mechanical
ventilation (69). It is therefore recommended that preterm infants be placed supine as
soon as they are clinically stable, so that they and their parents can become accustomed
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to the supine position before the infant is discharged to home. The American Academy
of Pediatrics recommends that this transition to the supine position occur by 32 weeks
post-menstrual age (70).

Protective Factors

Breastfeeding

Multiple studies have demonstrated that breastfeeding provides protection against SIDS
(50). Studies do not distinguish between direct breastfeeding and feeding with expressed
breast milk. A meta-analysis of 18 case-control studies found that any breastfeeding was
protective, but that the protective effect increased with increased duration and exclusivity
of breastfeeding (50). A recent individual-level analysis of eight case-control studies in
the US, Europe, Australia, and New Zealand found that two months of breastfeeding
was required before a protective effect against SIDS was seen, and that this protective
effect is seen with any amount of breastfeeding, regardless of exclusivity (70). Parents
are encouraged to feed the infant with breast milk as much and for as long as possible.

Dummy (pacifier) use

Several case-control studies and meta-analyses have found a strong protective effect with
dummy (also known as pacifier) use (71-73). Although the mechanism of protection
is yet unclear, proposed mechanisms include increased arousability and improved
autonomic control (74). Others note that non-nutritive sucking of the pacifier may alter
the upper airway diameter (75). However, it should be noted that the protective effect of
dummy use is seen if the dummy is used when the infant is falling asleep, even though
the dummy often falls out of the mouth soon after the onset of sleep (76, 77). Because
the mechanism by which dummy use confers protection is still unclear, some experts are
reluctant to recommend dummy use as a SIDS risk reduction strategy. However, in some
countries, such as the US, dummy use is promoted as a risk reduction strategy. Because
there is some concern that dummy use may interfere with breastfeeding initiation,
introduction of a dummy for infants who are directly breastfed should be delayed until
breastfeeding has been well established. In infants who are fed with formula or expressed
breast milk, a dummy can be introduced at any time. If the dummy is not accepted by
the infant, it should not be forced.

Room sharing

The safest place in which an infant can sleep is in the parental bedroom, on a separate
sleep surface; this reduces the risk of SIDS by as much as 50% (39, 41, 42, 78, 79).
Infants who have died of SIDS while sleeping in a separate room are more likely to
have been found with their heads covered by bedding and to have rolled into the prone
position if they had been placed on their sides for sleep (80). It is reccommended that the
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infant sleep surface be placed close to the parents’ bed, to allow for easy monitoring and
feeding. Room sharing, without bed sharing, is reccommended for the first 6-12 months

of life (55, 56, 57, 81, 82).

Theories

There have been multiple theories over the years regarding the etiology and mechanisms
of SIDS. This may be partly because the successes in reducing the SIDS rates have
come from epidemiological studies. Thus there has been considerable research into
the underlying mechanisms that may underpin the risk factors identified in these
epidemiological studies.

For many years, it was believed that apneic events, including apparent
life-threatening events, were precursors to SIDS. Home apnea monitors were often
prescribed for these infants as a means to prevent SIDS. However, subsequent research
found that apparent life-threatening events and apnea did not predict SIDS. Indeed, the
increase in the use of apnea monitors beginning in the 1970s did not correlate with a

decline in the SIDS rate (67).

Because many deaths occurred in cribs, much attention has been paid to sleep
surfaces. One theory has attributed SIDS to toxic gases and has proposed that gases such
as antimony, arsenic, or phosphorus can be released from infant mattresses (in particular,
old mattresses) and cause toxicity when inhaled. However, no data support this theory.
In addition, case-control studies have found no benefit to wrapping mattresses in plastic
to reduce toxic gas emission (83, 84).

Another theory that focuses on the infant sleep environment proposed that, in
specific situations, infants may rebreathe exhaled carbon dioxide. Relevant situations
include when the infant is prone and/or when the infant’s face is close to bedding. It is
theorized that, in these conditions, a “pocket” of exhaled carbon dioxide collects around
the infant’s face, and the infant, rather than inhaling oxygen, inhales the exhaled carbon
dioxide. The infant thus becomes increasingly hypercarbic and eventually succumbs
to death if there is no stimulus that interrupts the rebreathing (85, 86). It has been
suggested that the rebreathing theory could explain some of the risk posed by soft
bedding and prone sleeping. However, there are no physiologic data from infants who
died for which evidence supporting rebreathing has been documented.

In recent years, there has been growing consensus among scientists that SIDS is
multifactorial in origin. The Triple Risk Hypothesis (87) (Figure 10.1) proposes that
when a vulnerable infant, such as one born preterm or one exposed to maternal smoking,
is at a critical but unstable developmental period in homeostatic control and is exposed
to an exogenous stressor, such as being placed prone to sleep, then SIDS may occur. The
model proposes that infants will die of SIDS only if all three factors are present, and
that the vulnerability lies dormant until they enter the critical developmental period
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Figure 10.1: Triple Risk Hypothesis. (Adapted by the National Institutes of Health with
permission from (87).)

and are exposed to an exogenous stressor. SIDS usually occurs during sleep, and the
peak incidence is between 2-4 months of age, when sleep patterns are rapidly maturing.
The final pathway to SIDS is widely believed to involve immature cardiorespiratory
control, in conjunction with a failure of arousal from sleep (86, 88, 89). Support for
this hypothesis comes from numerous physiological studies showing that the major risk
factors for SIDS (prone sleeping, maternal smoking, prematurity, head covering) have
significant effects on blood pressure, heart rate, and their control (90), and also impair
arousal from sleep (91).

Conclusions

Epidemiological case-control studies have been critical in identifying factors that are
associated with an increased or decreased risk of SIDS. As such, great strides have
been made in our understanding of the risk and protective factors for SIDS based
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on epidemiologic research, leading to educational interventions that have resulted

in dramatic declines in SIDS rates. Theories regarding the pathophysiology of SIDS

are myriad, but they all rely upon understanding the mechanisms by which these

factors increase or decrease SIDS risk. However, further research — especially on the

physiological mechanisms that contribute to or cause SIDS — is essential to achieving

the reduction of SIDS rates to lowest levels possible.
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Introduction

Whether, and in what circumstances, the risk of sudden unexpected death in infancy
(SUDI) is increased when an infant shares a sleep surface with another person has been
the subject of extensive and vexed debate over the past two decades (1-6). This is largely
because of opposing views as to the potential benefits and risks associated with this
practice. Researchers remain divided on their stance towards shared sleeping and SUDI.
While the United States American Academy of Pediatrics has strongly recommended
against sharing a sleep surface with an infant for many years (7-9), a number of
researchers in the United Kingdom and Australia question labeling a common sleeping
practice a “risk factor” to be advised against. Instead the circumstances, rather than the
shared sleeping itself, are recognized as the potential risk (3, 10-12). Whatever one’s
personal standpoint, from a clinical perspective, parents are entitled to clear information
about the risks and benefits of shared sleeping to enable them to make a well-informed
decision concerning the infant care practices they adopt. Health professionals, in

both hospital and community settings, play a pivotal role in ensuring that parents are



provided with this information, ideally in a non-judgemental manner that is relevant to
their specific circumstances.

This chapter commences by defining the important terms used throughout.
Second, it examines the prevalence of shared sleeping in both Western and non-Western
countries and cultures. Third, it reviews the evidence base concerning the benefits and
the risks of sharing a sleep surface with an infant. Fourth, the use of a risk-minimization,
as opposed to a risk-elimination, approach in the provision of safe sleeping advice and
education is discussed. Finally, the recent move towards devices designed to overcome
the risk associated with “direct” shared sleeping, while still maintaining the close mother-
infant proximity needed to facilitate breastfeeding, is discussed.

Definitions

Various terms have been used in the literature to define environments in which an infant
sleeps in close proximity to a caregiver, including co-sleeping, bed sharing, and room
sharing.

Co-sleeping is most commonly defined as a mother and/or her partner (or any
other person) being asleep on the same sleep surface as an infant (13-15). However, it
was used originally and more broadly to include both room-sharing and bed-sharing
practices (7,9, 12, 16). Variation in definitions frequently creates confusion, particularly
since there is evidence that room sharing decreases the risk of SUDI by as much as 50%
(7, 17-20), and that it is safer than both sharing a sleep surface (17, 18, 21) and solitary
sleeping (when an infant is in a separate room) (18, 20-23).

Bed sharing is frequently used synonymously with co-sleeping (1, 11, 24) to refer
to an infant sleeping on the same surface as another person. It has also been defined
as bringing an infant onto a surface where sleep is possible, whether intended or not
(13,15,25). This definition of bed sharing includes instances where the caregiver is awake.
The latter, more inclusive definition can be problematic. While there is evidence that
sleeping on the same surface as an infant may increase the risk of SUDI under particular
conditions (2, 26, 27), there is no evidence that bringing an infant into bed for a short
time for feeding or comfort while the caregiver is awake poses any risk (28, 29). In fact,
this practice (which would meet the broader definition of bed sharing) is encouraged
in postnatal environments which promote skin-to-skin contact as part of Baby Friendly
Health Initiatives to support breastfeeding initiation and duration (30, 31).

For clarity, in this chapter the terms sharing a sleep surface and shared sleeping will
generally be used in preference to the terms bed sharing and co-sleeping, which will be
taken to be synonymous.

Room sharing is defined as the practice of sleeping an infant in their own safe

sleeping place in the same room as an adult caregiver. There is consensus among
researchers that room sharing between committed caregivers and an infant is protective

against SUDI (17, 18, 32) and should be encouraged.
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The use of the above defined terminology allows for differentiation of the risks
associated with solitary sleeping, room sharing, and environments in which baby and
caregiver share the same sleep surface, without creating unnecessary terminological
confusion.

Prevalence of Shared Sleeping

Sharing a sleep surface with an infant is a normal and often valued part of infant care
in many different cultures. Anthropologists consider it highly probable that infants
slept near or on their mother’s body to be fed and nurtured over the course of human
evolution, in order to maximize the chances of infant survival and flourishing (33).
Today, in most non-Western cultures, mother-infant contact during sleeping remains
the norm (34, 35), and it is also commonly practiced in Western societies (36-38).

Shared sleep behavior has been surveyed in many Western countries, including
the United States, the United Kingdom, New Zealand, and Australia (9, 36, 39-48),
with some studies reporting that the prevalence of shared sleeping has increased over
the past two decades (32, 49). In the United States, a large national infant care practice
study found that the prevalence of shared sleeping nearly doubled between 1993 and
2010. For the 2001-10 period, 46% of parents reported sharing a sleep surface with
their infant (aged less than 9 months) at some point in the previous fortnight, while
13.5% reported usually sleeping with their infant (39). In another national survey, 42%
of mothers reported any shared sleeping at 2 weeks of age (40). A third recent study
found that almost 60% of mothers reported sharing a sleep surface with their infant at
least once (41).

In England, local and national studies show that almost half of all neonates shared
a sleep surface with their parents at least once, for all or part of the night (local = 47%,
national = 46%), and a fifth of babies slept in the parental bed on a regular basis over
the first year of life (42). Similar or higher rates of surface sharing at 3 months of age
have been previously reported in other European countries, including Ireland (21%),
Germany (23%), Italy (24%), Scotland (25%), Austria (30%), Denmark (39%), and
Sweden (65%) (37, 43).

Reports in Australia indicate a population prevalence of sharing a sleep surface
of 40-80%, depending on infant age at the time of measurement (45-47, 50, 51). A
small study conducted in South Australia demonstrated that 80% of young babies spent
some time sharing a sleep surface for at least part of the night (47). A larger Queensland
infant care practice study (n=2,534) demonstrated that shared sleeping was common,
being the usual practice of 46% of parents when their infants were 3 months of age.
Although most infants (51%) were brought into bed for short periods of between one
and three hours, almost a third (31%) shared a sleep surface for six hours or more per
night (45, 46). More recently a Victorian study surveying 1,126 respondent mothers
attending the Maternal and Child Health Service for their infant’s eight-week visit
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found that 44.7% of participants (n=503) had shared a sleep surface with their infant
on at least one occasion since birth (52). Studies of shared sleeping incidence in Western
countries, in which sharing a sleep surface is discouraged, may underrepresent the
prevalence. Ball and colleagues (53) found that 40% of parents reported where they
“intended” their infant to sleep (i.e. a cot), even if the infant had slept in a combination
of cot and parental bed.

Recent studies in non-Western countries generally document a greater prevalence
of shared sleep arrangements, including Brazil (48%) (54), Thailand (68%) (44), and
Malaysia (74%) (55). There are also ethnic and cultural differences within the culturally
diverse societies of Western countries, with shared sleeping common among specific
subgroups (36). These include breastfeeding mother-infant dyads (36, 47, 56, 57),
recent immigrant populations from non-Caucasian countries (36), and indigenous
populations (9, 48, 50, 58-60). Shared sleeping is a well-documented characteristic
of infant care culture among Maori families in New Zealand (48, 61), with 65% of
Maori mothers sharing a sleep surface with their babies for part or all of the night
(58). Sharing the same sleep surface is also the usual, often valued, and accepted way
for Australian Aboriginal infants and their parents to sleep (62). Studies have found
that 68-77% of Aboriginal babies share a sleep surface, with the incidence higher in
regional than in metropolitan localities (50, 60). However, as researchers such as Ball
and Volpe (36) and Blair (63) observe, since the advantages and risks of shared sleeping
are perceived in accordance with the dominant values of any given society, the validity
of these subpopulations’ cultural and behavioral differences is rarely recognized in public
health safe infant sleep information.

It is clear that shared sleeping prevalence differs according to country and culture, as
well as by age at measurement, frequency, and duration. Also differing among countries,
communities, and cultures are the demographics of mothers who share a sleep surface,
as well as the impact of the shared-sleep environment on the infant. In the United
States, shared sleeping is reported to occur more frequently among young, single, poorly
educated mothers living in disadvantaged circumstances (36, 64, 65). Conversely, in
England, shared sleeping straddles all social classes (37, 42), as it does in Sweden and
numerous non-Western cultures, where it is simply perceived as a normal family activity
(66). While both the prevalence of shared sleeping and the incidence of SUDI is high
in certain cultures, including black (United States), Maori, and Aboriginal populations,
other culturally distinct groups such as South Asian families in the United Kingdom
(predominantly Bangladeshi and Pakistani) (36, 67-69), Pacific Islanders in New
Zealand (70), and Southern Europeans (71), and Thais in Australia (72) have a similarly
high incidence of shared sleeping, without a correspondingly higher rate of SUDI. This
gives weight to the argument that it is not the shared-sleep environment per se that
carries the risk, but the circumstances in which the surface sharing occurs, particularly
the presence of other known risk factors for SUDI. These have been shown to be low in
those populations with high shared-sleep prevalence but low SUDI incidence (37, 68).
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Benefits of Shared Sleeping

Anthropological studies of parent-infant shared sleeping have found sleeping with an
infant to be associated with improved settling with reduced crying (73), improved
maternal and infant sleep and increased arousals (25, 52, 73-75), increased duration of
breastfeeding (38, 39, 76, 77), and reduced formula supplementation (78).

Support for the beneficial effects of shared-sleep environments is also provided
in studies of the physiology of mother infant-contact (34, 37). Studies of skin-to-skin
contact (kangaroo care) among preterm and newborn infants have documented the
benefits of continuous infant-mother contact, including improved cardiorespiratory
stability, oxygenation, and thermoregulation (79-81); longer periods of infant sleep and
more restful sleep (80, 82, 83); reduced crying (81); and enhanced milk production
along with more successful, frequent, and longer duration of breastfeeding (12, 84, 85).

Enhanced maternal-infant bonding, attachment, and maternal responsiveness,
particularly when shared sleeping is combined with breastfeeding, have also been
associated with shared sleeping in numerous studies (34, 38, 52, 53, 73, 79, 86-92).
These studies predominantly measure maternal bonding by mothers’ perceptions of
and/or reasons for bed sharing, and by observations of mother-infant interaction during
breastfeeding. Mitchell and colleagues’ (93) recent study of shared sleeping and maternal
bonding is the first study to attempt to directly test the association between maternal
bonding and shared sleeping, using the Postpartum Bonding Questionnaire (PBQ) (94).
An inverse relationship between bonding and shared sleeping was reported. However,
this study did not control for either maternal depression or postpartum traumatic stress
disorder. These conditions have repeatedly been shown to be associated with high scores
on the PBQ, and this was acknowledged as a limitation of the research. Mitchell et al.
(93) also did not differentiate between planned and reactive shared sleeping. Mileva-Seitz
and colleagues (95) contend that the difference between reactive and intentional shared
sleeping is crucial for the interpretation of findings. A recent Australian study found that
mothers who planned to sleep with their baby viewed their shared sleeping as beneficial
for baby, mother, and family, whereas mothers who did not plan to surface share (reactive
bed sharers) reported that they did so predominantly out of a desperate need for sleep
(52). Ramos and colleagues (96) have also previously shown that intentional shared-
sleeping parents are more likely to endorse and be satisfied with shared sleep. Given the
study’s finding (93) that shared-sleeping mothers scored more highly on items relating to
feelings of anger, irritation, and annoyance towards their infant, differentiating between
these groups seems prima facie an important consideration.

Closely related, a study of child attachment security recently found a pattern of
greater secure attachment in bed-sharing infants; it also found that infants who had
never bed shared at 2 months had greater odds of developing resistant attachment at
14 months (colloquially, becoming a “clingy” child reluctant to separate from their
mother) (87). Some caution in interpreting these results should be noted, however,
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due the absence of a dose response — the “some bed sharing” group demonstrated
more secure attachment than the most frequently bed-sharing children. Again, the
consideration for maternal and family rationales for bed sharing is important in the
interpretation of results.

Another benefit of shared sleep is the long-term positive effect it has into
adulthood. Longitudinal studies have suggested that those who shared the parental bed
as infants and children become adults with higher self-esteem, and better social skills
and emotional outcomes (38, 97, 98).

Breastfeeding and shared sleeping

Breastfeeding is universally recognized as the optimal way to feed infants, due to
the numerous health benefits for both infants and their mothers (99). In Australia,
breastfeeding initiation rates are high (96%), although only 39% of infants exclusively
breastfeed to 3 months of age, with the figure falling to 15% by around 6 months (100).
Breastfeeding and sharing a sleep surface constitute an integrated care system which is
mutually reinforcing; breastfeeding promotes shared sleep, which increases breastfeeding
frequency and extends duration of breastfeeding by months (5, 38, 39, 77). Sustained
skin-to-skin contact between mother and infant in the first 24 hours post-birth is critical
to establishing optimal breastfeeding (35, 101, 102). There is also a strong association
between breastfeeding and infant sleep patterns, with breastfed infants exhibiting night
waking behavior that is necessary both for nourishment and for ongoing stimulation of
breastmilk production in the mother (33, 103).

Population-based analysis has confirmed that shared sleeping patterns significantly
affect breastfeeding up to, and beyond, the age of 12 months (39, 54, 57). In studies of
infant sleep and feeding method, the most common reason given by mothers for sharing
a sleep surface was convenience of night-time breastfeeding (34, 56, 59, 88-92, 104).
Mothers who were committed to breastfeeding used shared sleeping to accommodate
the fragmentary nature of infant sleep and ameliorate frequent night-time feeds
(34, 90, 92, 104), often commenting that when bed sharing they barely needed to
awaken in order to latch the infant on the breast (34, 56, 88, 89, 92, 104, 105).

Breastfeeding is also important to the way in which shared sleeping occurs. Several
studies on mother-infant sleep behavior have documented that mothers and infants who
routinely bed share and breastfeed sleep near to, and facing, each other, and experience
a high degree of arousal overlap (waking at the same time) (12). Specifically, a video
study of mothers in their home environment (106) showed that breastfeeding mothers
sleep in a lateral position facing their infant and curled around them. The infant is
flat on the mattress, below pillow height, level with their mother’s breasts, and sleep
in the space created by the mother’s arm. The mother’s arm is positioned above her
infant’s head and her knees are drawn up under her infant’s feet. These results suggest
that a breastfeeding, bed-sharing mother’s characteristic sleep position “represents an
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instinctive behavior on the part of a breastfeeding mother to protect her infant during
sleep” (107) (p. 25). This contrasts with formula-feeding mothers who did not adopt
the “protective” position. Rather, formula-feeding mothers placed their infants high
in the bed, either on or between pillows, and frequently turned their backs on their
infants while sleeping (73, 106). Given the well-recognized importance of close contact
in establishing breastfeeding, and the need for frequent sucking, anthropologists and
infant physiologists consider that mother-infant sleep contact in the form of shared
sleeping is a normal, species-typical parenting behavior for humans (12, 107, 108).
A positive link has been identified between breastfeeding and both shared sleeping
and room-sharing practices in early life to the appropriate early regulation of the
hypothalamic-pituitary-adrenal axis (HPA-axis), or the ability to respond and adapt
to stressors (109, 110). Regulation of this stress response is an important factor for
psychological health (111).

Since breastfeeding is protective against SUDI (112-114) and confers significant
health benefits for both infants and mothers (115, 116), while both not-breastfeeding
(20, 117) and solitary sleep in a separate room (21, 23, 32, 118) are well-established,
independent risk factors, it is desirable to encourage and support exclusive breastfeeding.
Shared sleeping is an infant care practice significantly associated with breastfeeding
longevity. Indeed, McKenna and Gettler (35) most recently proposed that in order
to resolve the bed-sharing debate, the term “breastsleeping” be used to acknowledge
that the breastfeeding shared-sleeping mother-infant dyad “exhibits such vastly
different behavioral and physiological characteristics compared with the bottle/formula
feeding bed-sharing dyad, it must be distinguished and given its own epidemiological
category” (p. 21).

Risks Associated with Shared Sleeping

Despite the above described benefits, under some circumstances sharing a sleep surface
with an infant is strongly associated with SUDI.

Numerous studies have reported a very significantly increased risk of infant
death when infants slept with parents who smoke, with odds ratios (OR) generally
ranging between 3.9 and 17.7 (11, 18, 21, 24, 27, 28, 70, 119-122). Carpenter’s (18)
large case-control study in 20 European regions found the risk of surface sharing was
10-fold greater amongst mothers who smoked. For mothers who did not smoke during
pregnancy, the risk associated with shared-sleep environments was very small (OR at
10 weeks 1.56 [95% CI: 0.91-2.68], and only significant during the first eight weeks
of life (OR at 2 weeks 2.4 [95% CI: 1.2-4.6]). Vennemann and colleagues’ (27) meta-
analysis of 11 published studies on the relationship between shared sleeping and SUDI
showed a significant risk for smoking mothers (OR 6.27 [95% CI: 3.94-9.99]). The
three papers included in this analysis that reported the risk of shared sleeping among
non-smoking parents found the risk to be only slightly, and not significantly, increased
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(OR 1.66 [95% CI: 0.91-3.01]). More recently, Blair, Sidebotham, Pease, and Fleming’s
(24) pooled data from two previous case-control investigations in the United Kingdom
found that for infants who slept next to a parent who smoked (but had not consumed
alcohol), the risk was four times greater than for those who did not share a sleep surface.
A dose-response effect has also been reported when bed sharing, related to whether only
the partner smokes, only the mother smokes, or both parents smoke (119).

A more pronounced effect of smoking and shared sleep among younger age groups
has been reported in at least two studies (18, 119). In 2004, Carpenter and colleagues
(18) demonstrated an interaction with age such that if the mother smoked significant
risks were associated with shared sleeping in the first weeks of life (OR at 2 weeks
27.0 [95% CI: 13.3-54.9]). More recently, Carpenter et al. (119) reported that infants
who share a sleep surface at 2 weeks of age and whose parents both smoke are at a
65-fold risk of sudden infant death syndrome (SIDS), compared with infants who room
shared with non-smoking parents.

There is also evidence of a highly significant interaction between sharing a sleep
surface and parental use of alcohol, drugs, or other sedating medication, over and above
the risk associated with smoking (11, 21, 119, 121-123). Blair and colleagues (11) report
a multivariable odds ratio of 53.26 [95% CI: 4.07-696.96] among SIDS compared to
random control infants. When SIDS infants were compared to high-risk controls with
similar sociodemographic characteristics the risk, while remaining significant, lowered
considerably (OR 11.76 [95% CI: 1.40-99.83]). Subsequent pooled data analyses by
the authors have reported a multivariable risk that was 18 times greater when sharing
a sleep surface with an adult who had consumed more than two units of alcohol. In
Australia, a retrospective case series study examining sleep-related infant deaths from
2008 to 2010 found that alcohol or drug use was present in 70% of infant deaths
involving surface sharing (124). As with smoking, the interaction between substances
and shared sleep was found to be more pronounced in the younger age groups (aOR at

2 weeks 89.7 [95% CI: 25.3-317.7]) (119).

More generally, studies have documented a risk associated with shared sleeping
with younger infants (18, 21, 29, 32, 125) and for infants who were preterm or low
birth weight (18, 119, 121). The risk among young infants has been shown to persist
even among non-smoking parents (18, 21, 27, 32). Vennemann and colleagues (27)
found that the risk of SUDI while bed sharing was 10 times higher among infants aged
less than 3 months. Blair et al. (24) and Carpenter et al. (119) both report a fivefold
increased risk for infants aged less than 3 months.

Sharing a sofa is also associated with a very high risk of SUDI. A recent meta-analysis
(123) found a 23-fold pooled risk for sofa sharing, which is almost eight times the pooled
risk for bed sharing. Parental alcohol and drugs use were implicated, in addition to low
birth weight, and mechanical suffocation by wedging. In the UK in the SWISS (South
West Infant Sleep Scene Study), a sixth of all SUDI occurred when an infant slept on a sofa
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with a parent (126). For most sofa-sharing deaths, sofa sharing was not the usual practice,
and often parents unintentionally fell asleep while settling and feeding their infant (41,
127). Of significant concern, at least a proportion of sofa-sleeping deaths appear to have
been an unintended consequence of the advice never to bed share, as parents tried to avoid
feeding their infants in the parental bed because they had been told this was a risk (127,
128). A 2010 survey of nearly 5,000 mothers in the United States found that to avoid bed
sharing, 55% of mothers fed their infants at night on chairs, recliners, or sofas, and 40%
of these admitted to falling asleep with their infants while doing so (41). Similar findings
have been reported in the United Kingdom (11, 127).

Studies have reported the risk associated with shared sleeping when coupled with
a soft sleep surface, and pillow use (26, 120, 129). Shared sleeping may also increase the
risk of overheating rebreathing, airway obstructions, and head covering (7, 9, 130-132),
all of which are risk factors for SUDI. Unintentional suffocation is becoming increasingly
recognized as a significant contributor to SUDI (26, 133-138). Unsuitable bedding,
temporary sleeping arrangements, and a shared sleeping partner have been attributes of
accidental suffocation deaths of infants (26, 136, 138). The recognition of the contribution
of suffocation at least partially explains findings that the risk of infant death is increased
where there are multiple bed sharers (129), alcohol and other substance use (11, 21, 119),!
and the surface sharer is unusually overtired (18, 122).

The strongest predictor of SUDI has been identified as the combination of recent
maternal alcohol consumption and sleeping together with an infant on a soft shared
surface (bed or sofa) (11, 119, 123, 127). Cumulatively, the above described findings
lead researchers to concur that parents should be strongly advised against sharing a sleep
surface when either parent smokes, or has consumed alcohol or drugs, or is sleeping
on a couch, sofa, or other inappropriate sleep surface. They should also be made aware
that the risks associated with shared sleeping are particularly high if their infant is very
young, premature, or of low birth weight, even if they do not smoke (1, 24, 27, 119).

Shared Sleeping Risks in the Absence of Known Hazards

Where researchers cannot reach a consensus is on whether there is a risk associated with
shared sleeping in all circumstances. Recently, two individual-level analyses (24, 119)
using data from large population-based case-control studies have aimed to quantify
whether there is a risk of SUDI associated with shared sleeping in the absence of known
hazards, particularly, smoking, alcohol, and other substance use. Both studies concurred
that parental smoking, alcohol, and drug use increased the risk of SIDS significantly

1 Suffocation may not explain the interaction between SUDI and drug use in its entirety. Carpenter et al.
(119) found that the use of any illegal drugs by the mother increased the risk of death 11-fold and the use
of alcohol fivefold, even when room sharing. However, other studies have found no associated risk when
the parents did not surface share (11). The precise nature of this interaction remains unexplained, although
it is likely also related to social determinants of health that tend to be more prevalent amongst substance-
using populations.

THE PAST, THE PRESENT AND THE FUTURE 195



when shared sleeping was a factor, particularly among the younger age group of infants.
However, in the absence of these factors, among older infants different conclusions were
reached regarding the risk of bed sharing.

Carpenter and colleagues (119) reported a significantly increased risk of SIDS when
shared sleeping occurred in the absence of parental smoking or alcohol consumption
for infants aged 3 months or less (aOR = 5.1 [95% CI: 2.3-11.4]). No increased risk
was reported among the older age group (aOR = 1.0 [95% CI: 0.3-3.1]). Blair and
colleges (24) also found that the risk of bed sharing in the absence of known hazards
was elevated among young infants (aged less than 98 days); however, it did not reach
significance. However, for infants older than 3 months, bed sharing in the absence of
other hazards was significantly protective, with the researchers reporting that the risk
halved among this group of infants (OR 0.1 [95% CI: 0.01-0.5] p=0.009). Only one
death (0.6%) occurred in an infant older than 3 months of age in the absence of alcohol,
smoking, or sofa sharing, compared to 8.5% among controls. Preliminary data from
a retrospective study of SUDI in Australia also indicate that the incidence of SUDI
involving shared sleeping in the absence of known risk factors is low. Only three of
58 (5%) SUDI involving shared sleeping occurred among infants 3 months of age or
older whose mothers neither smoked nor slept on a couch with the infant (139).

Importantly, it is in the conclusions drawn from these statistics, rather than in
the findings themselves, that these two groups of researchers differ most significantly.
Carpenter and colleagues (119) draw three distinct, yet related, conclusions. First, they
conclude that bed-sharing infants aged over 3 months, whose parents do not smoke or
consume alcohol or other substances and do not sleep on a sofa, are of very low risk.
However, they consider this to be an inconsequentially small group. While it is mentioned
both in this study and elsewhere (140), it should be noted that only one UK study
(24) has reported on the prevalence of this low-risk bed sharing (8.5%). Noteworthy is
that this is still a considerably larger group than some indigenous populations, such as
Australian Aboriginals, who constitute 2.4% of the total population. Second, Carpenter
et al. (119) conclude that their findings regarding shared-sleeping risk are sufficient to
recommend that “professionals and the literature take a more definitive stand against
bed-sharing” (p. 10). They further conclude that any negative effect of such a stance on
breastfeeding promotion is justified, on the basis that the “costs of bed-sharing ... far
outweigh any benefits from increased breast feeding rates” (p. 9).

In contrast, Blair and colleagues determine that despite the findings of these recent
studies, the question of whether there is an increased risk of SUDI for an infant routinely
sharing a bed with a breastfeeding mother who does not smoke, drink alcohol, or use
other recreational or sedating drugs, and who is aware of how to maximize the safety
of the sleep environment for the infant remains unclear (1). As such, acknowledging
the low risk of this group reported by both studies, they consider that to give blanket
advice to all parents never to bed share does not reflect the evidence, particularly given
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that it has been shown to influence parents to seek alternative, more dangerous sleep
surfaces, such as a sofa (24). Third, they consider that, given the considerable evidence
of an interdependent, positive relationship between shared sleeping and breastfeeding,
the “inherent advantages to the infant need to be considered in addition to the possible

risk of SIDS” (24) (p. 6).

The debate, it seems, has never been more polarized. As Ball and Volpe (36) and
Cunningham (52) observe, the crux of the problem is that the question of infant sleep
location is caught between two competing, and at times contradictory, public health
agendas: safeguarding agendas (focused on reducing hazardous sleep environments
known to increase infant mortality or adverse events) and wellbeing agendas (those
centered around the promotion of breastfeeding, appropriate growth and development,

and secure attachment relationships).

Of note, the most recent analysis of the evidence regarding shared-sleep
environments (95) determines that conclusive evidence as to the risks of shared sleeping
is lacking. However, the researchers assert that this is not due to negative findings,
but rather because of a lack of focus on current gaps in knowledge. Consequently,
Mileva-Seitz and colleagues (95) call for the end of the single-discipline, pediatrics-
dominated approach, arguing that a cross-fertilization within the field is both imperative
and long overdue. “It’s time for pediatrics/epidemiology, anthropology/evolutionary
psychology and psychiatry/developmental psychology to join forces in a new subfield
that we label psychoanthropediatrics” (p. 16).

Delivering the Best Possible Advice: Risk Minimization
versus Risk Elimination

The translation of epidemiological findings regarding shared sleeping risk into
recommendations and policy for families and health professionals has resulted in two
divergent approaches: one focused on risk elimination and the other focused on risk
minimization (52, 141).

Proponents of a risk elimination approach seek to reduce the incidence of SUDI by
eliminating those risk factors that are considered to be within parents’ control. Adopting
a risk elimination standpoint, many public health bodies, most notably the American
Academy of Pediatrics, advise parents never to share a sleep surface with their infant
(7,9, 119, 141). At the local level this recommendation has frequently been translated
into aggressive anti-shared-sleeping campaigns that have served more to offend and
anger than to dissuade parents from sharing a sleep surface with their infant (127).
Examples include campaigns featuring bedheads as tombstones, infants sleeping with
meat cleavers, and horror “fairy-tales” ending in death.

Irrespective of how aggressive, or otherwise simplistic, the message never to sleep

with an infant is, an increasing number of researchers question whether a risk elimination

THE PAST, THE PRESENT AND THE FUTURE 197



approach is appropriate at all (4, 36, 127, 141-143). First, such recommendations imply
that any SUDI that occurs in the context of shared sleeping may be directly attributable
to the surface sharing rather than to other risk factors that may be present (127, 141).
Moreover, simplistic rhetoric equating safe infant sleep with sleeping alone can obscure
the importance of both room sharing and breastfeeding (which is associated with night-
time mother-infant proximity) to SUDI reduction (4). As such, it does not accurately
reflect the research evidence which, as discussed above, is nuanced and far from
straightforward. Second, a risk elimination approach does not take account of research
findings that the majority of parents who share a sleep surface do not intend to do so
(52, 53). For these parents, surface sharing most frequently occurs under conditions of
stress, as they try to sooth an unsettled infant in the context of sleep deprivation (144).
Simple advice for parents never to sleep with their infants, a risk elimination approach,
is therefore argued to be impractical for new parents. Third, blanket advice against
shared-sleep environments has failed to emulate the previous success of infant sleep
position advice. This is because the risk elimination approach does not account for the
culturally embedded nature of shared sleeping, which results in the recommendations
being largely rejected by their target populations (4, 36, 127).

It is increasingly acknowledged that risk minimization polices will be more effective
in reducing preventable infant deaths, because risk minimization acknowledges that
infants will be placed to sleep, intentionally or unintentionally, in their parent’s bed
at some stage, particularly if they are breastfed (12, 34, 52, 88, 141, 145). Advocates
of a risk minimization approach contend that in providing safe infant sleep advice,
recommendations and policies should consider the documented benefits of shared
sleeping, the need to promote and support breastfeeding, the high prevalence and
culturally embedded nature of shared sleeping, and the right of parents to make informed
choices about their infant’s care (4). Parents should be provided with information that
includes benefits, risks, and strategies to reduce the risk and increase safety associated
with shared sleep environments, should they decide to, or have no option but to, share
a sleep surface with their infant (5, 12, 21, 36, 73, 113, 127, 146). This approach does
not prevent providing information about the known dangers of some shared-sleeping
practices, nor the circumstances in which it should be avoided altogether (4). Rather,
a risk minimization approach simply recognizes that successful interventions to reduce
the risk of sleep-related infant death need to address the unique needs and influences
of the families they are targeting (4, 36, 85, 141). Parents can then be supported to
ensure that they are aware of specific hazardous circumstances and can make informed
decisions about sharing a sleep surface with their infant. This risk minimization approach
is consistent with, and supported by, recommendations for health professional practice
proposed by UNICEEF (15, 25, 102, 147), the National Institute for Health and Care
Excellence (145), the Australian College of Midwives (148), and Red Nose (formerly
SIDS and Kids Australia) (149, 150).
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Future Directions

To overcome the risk associated with “direct” shared sleeping, while respecting its social
value and importance for initiating and maintain breastfeeding, several devices have been
designed to promote safer sleep in close proximity to a parent. These have been termed
side-car cots, co-sleepers, safe sleep enablers, and infant safe sleep devices (ISSDs) in the
literature (151). There are several sleep enablers available on the market for domestic
use, such as the Finnish Baby Box or the Safe and Secure Sleeper, but there has been
little formal research into the safety or acceptability of these devices. In addition, these
devices may have sides too high to allow physical contact while the infant is contained in
the device (e.g. the Baby Box), or they may have design features such as a flexible sleep
surface that is reliant on being placed on a firm, flat surface for safe use (e.g. the Safe
and Secure Sleeper). Devices to enable “safer” sleep in the context of close contact with
a primary caregiver which have been, or are currently being, evaluated are side-car cots,
the Change for our Children Pépi-Pod® Program and First Days Pépi-Pod® Sleep Space
in New Zealand, and the Pépi-Pod® Program in Australia.

Side-car cots

Several studies have reported on the use of side-car cots in postnatal care. These three-
sided bassinettes temporarily fix to the mother’s hospital bed to facilitate a level, but
separate, sleep surface for an infant which is easily accessed by the mother (152). Trials
based in the United Kingdom of the NECOT side-car cot were positive in relation to
frequency of mother-infant interaction, infant safety, and establishment of breastfeeding
(153). Further trials within institutions have demonstrated it to be a positive alternative
to free-standing cots for participants, and a safer option for infant handling (154).
However, the side-car cot did not demonstrate improved breastfeeding outcomes, nor
did it impact shared sleeping practice post-discharge (152).

The Pépi-Pod® and Wahakura programs: New Zealand

The Change for our Children Pépi-Pod® Program was specifically developed to address
high Maori infant mortality rates. Billed as the sister to the Maori Wahakura, a flax
woven basket (155, 156), the Pépi-Pod® is a rectangular polypropylene box with a
fitted mattress and bed linen to be used on the parent bed. Additionally, the Pépi-Pod®
Program incorporates safe sleep education, and the families involved undertake to
spread safe infant sleep messages amongst their social network (157, 158). Both the
Pépi-Pod” and the Wahakura provide a zone of physical protection while an infant
sleeps, which reduces risk of suffocation, particularly when an infant is placed in a
shared-sleep environment. The community-based Pépi-Pod® and Wahakura programs
have been supported by New Zealand’s Ministry of Health, with over 15,000 pods
and approximately 1,500 handwoven Wahakura distributed through the country
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(151, 158). Findings to date have demonstrated a significant fall in infant mortality
over the intervention period (2011-14), from 2.4 to 1.9 per 1,000 within the whole
population and from 4.5 to 3.5 per 1,000 within the Miori population (151, 159).

A randomized controlled trial with 200 mainly Maori families comparing the
Wahakura with a standard bassinet has been conducted to evaluate safety and potential
effects on infant sleep position, head covering, breastfeeding, bed sharing, and maternal
sleep and fatigue (160). No significant differences were found in risk behaviors for
infants who slept in Wahakura compared with bassinets. However, there was a significant
benefit relating to breastfeeding, with the Wahakura group reporting twice the level
of exclusive breastfeeding at 6 months (22.5% vs 10.7%, p=0.04) (160). The authors
concluded that Wahakura were relatively safe, and can be promoted as an alternative to
direct infant-adult surface sharing (160).

Most recently, a smaller version of the Pépi-pod® (the First Days Pod), developed for
use in birthing facilities, is currently being trialed in New Zealand (161). A collaborative
study will commence in mid-2017 in Queensland, Australia, as part of a randomized
controlled trial of safe sleep enablers in postnatal environments (162).

Pépi-Pod® sleep space and the Pépi-Pod® program: Australia

Many Aboriginal and Torres Strait Islander families surface share as a cultural norm
and experience social determinants of health that increase the risk of SUDI fourfold,
compared to non-Indigenous infants. In collaboration with the NZ Pépi-Pod” Program,
the pilot Pépi-Pod” Program was launched in Queensland in 2013, facilitated by health
services working with Aboriginal and Torres Strait Islander families (163). Responses
relating to use, acceptability, convenience, and safety of the infant sleep space have been
positive. A larger trial of this program (n=300) has also commenced in remote, regional,
and urban Aboriginal communities in Queensland (163). No adverse events have been
reported with the use of the Pépi-Pod” in the Queensland study (164). Preliminary data
suggest that the use of the Pépi-Pod” reduces direct surface sharing with caregivers who
are smokers (165).

Although as yet only preliminary, the findings of studies evaluating safe shared-
sleep enablers are nevertheless encouraging. Importantly, those shared-sleep enablers
trialed have been acceptable to culturally diverse groups in which risk factors for SUDI
are associated with social determinants of health that are not easily amendable to
change. Safe shared-sleep enablers may represent a way forward that diminishes the risk
associated with certain forms of direct surface sharing, while simultaneously allowing
for enhanced breastfeeding, close contact, and maternal responsiveness associated with
shared-sleep environments.

200 SIDS — SUDDEN INFANT AND EARLY CHILDHOOD DEATH



Conclusions

Sharing a sleep surface with an infant is a prevalent parenting practice associated with
both positive and negative outcomes. Whether it is beneficial or dangerous depends on
a range of factors, including the reasons for, and circumstances in which, shared sleeping
occurs, as well as the social and biological connection between the infantand the caregiver.
Indeed, so variable is the range of factors associated with shared sleeping and the impact
it has on different families that it is inappropriate and possibly harmful to recommend
against shared sleeping in any unqualified way, without awareness and consideration of
the individual family circumstances, as well as the broader social and cultural context
in which it occurs. The proliferation of mixed and oftentimes contradictory infant care
messages that have resulted from the polarized debate between advocates and opponents
of shared-sleep environments has served only to confuse and alienate families, rather than
to educate, empower, and protect them. From a public health perspective, clinicians have
a duty of care to provide families with unbiased, accurate, and up-to-date evidence that
includes both the benefits and the risks associated with shared-sleep environments, to
enable informed decision making. As such, a risk minimization approach is supported.
Future research should involve multidisciplinary approaches, and should continue to
investigate new and innovative approaches to improve the safety of infant sleep, while
recognizing the social and cultural importance of shared-sleep environments to many
families. In this regard, the findings of studies involving safe shared-sleep enablers are
promising, and may bridge a hitherto longstanding divide.
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Introduction

The impact on sudden infant death rates of the “Back to Sleep” or “Reduce the Risk”
campaigns introduced across many countries in the late 1980s and early 1990s has
been hailed as one of the great public health success stories of the 20th century (1, 2).
Many countries around the world saw substantial reductions in their sudden infant
death syndrome (SIDS) rates around the time of introduction of the campaigns (Figure
12.1), with falls of between 42% and 92% (Figure 12.2). The rate of SIDS was halved
in the United Kingdom (UK) in just one year, and in New Zealand in two years (1, 3).
Instituting a “Back to Sleep” campaign has been estimated to have saved 3,000 lives in
New Zealand, 17,000 lives in the UK, and 40,000 lives in the United States (3).

Since the initial drop-off immediately after the “Back to Sleep” campaigns, the rate
of SIDS has continued to decline in line with overall post-neonatal mortality (4). For
example, in England and Wales, SIDS rates fell from an average of 2.27 per 1,000 live
births in 1986-88 to 0.66 per 1,000 live births in 1993-95 and 0.32 per 1,000 live births
in 2012-14 (5). These reductions have been accompanied by a shift in the demographics
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Figure 12.1: Epidemiology of SIDS in selected European countries in relation to “Back to
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Figure 12.2: Changes in SIDS rates in different countries following “Back to Sleep’
campaigns. (Based on (34).)
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of SIDS cases, such that most cases now occur in high-risk families with multiple
recognized risk factors (6). As a result, SIDS rates are much higher in families from
deprived socioeconomic backgrounds and particular population groups, such as the Maori
population in New Zealand (7) or the Indigenous and black populations in the United
States (8). While these campaigns appear to have effectively reached some segments of our
population and resulted in behavioral change, this is not universal.

In order to better understand how we can reach those higher-risk groups and achieve
further reductions in SIDS rates, we need a better understanding of the nature and impact
of preventive strategies. In this chapter we will outline the principles of public health
approaches to prevention and the evidence base for different strategies; in light of this, we
will consider the evidence for current approaches to further reduce the risk of SIDS.

Principles of Effective Preventive Strategies

Like many causes of mortality and morbidity, SIDS is a complex phenomenon with
multiple, interacting risk factors. As such, it is unlikely that any single preventive approach
will achieve universal success. Rather, more complex, multifaceted community-based
approaches may contribute to further reductions in SIDS mortality. Much can be
learned in this regard from public health approaches to injury prevention (2, 9, 10).
Approaches to injury prevention are often conceptualized in terms of three domains of
Education, Environmental Modification, and Enforcement of legislation or regulations
(9). To this can be added a fourth aspect of Empowerment (Figure 12.3, Table 12.1).

Education Empowerment

- of the public . -ofindividuals
- of professionals v,j‘ - of communities

\\ / \\

"~,A_,

Environmental =~ Enforcement
Modification . -oflegislation

- of guidelines or
regulations

Figure 12.3: Public health approaches to injury prevention. (Authors’ own work.)
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Table 12.1: Public health approaches to injury prevention and their application to SIDS prevention.

Examples from injury Examples of (potential)

prevention application to SIDS prevention

Education

* of the public Teaching children road safety skills | “Back to Sleep” campaigns

* of professionals | Training health visitors in Training midwives to model safe
recognizing home safety hazards sleeping in maternity wards

Environmental modification

Road speed restrictors in Provision of safe sleeping cribs
residential areas (Wahakura, Pépi-Pods®)
Child-resistant packaging of Baby sleeping bags
medication

Enforcement

* of legislation Legislation on motorcycle helmets | Legislation to reduce parental
and seat belts cigarette smoking

* of guidelines or | Audit of home safety advice given | Inclusion of safe sleeping advice in
regulations by pediatricians parent-held child health records

Empowerment

Multifaceted project empowering | Little Lullaby (www.littlelullaby.
local groups within a high-risk org.uk): online support network
community: the Waitakere for young parents

community injury prevention

project (11)

The most commonly used approaches to health promotion and injury prevention
have been educational, based on the premise that if the public are informed about
health-promoting behaviors, they will tend to follow them. While these have had some
effect (as evidenced by the impact of the “Back to Sleep” campaigns), they tend to be
limited in their impact. The links between changes in knowledge and actual changes in
behavior are weak (9). This is perhaps demonstrated in the persistence of unsafe sleeping
practices and parental smoking (both risk factors for SIDS) among some of the most
vulnerable groups in the population (6). The lessons from injury prevention suggest that
educational approaches based on fear or negative information are less likely to result in
sustained behavioral change than more positive approaches— for example, motivational
interviewing (9).
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In the field of injury prevention, approaches based on environmental or product
modification and on enforcing legislation have typically been shown to have a greater
impacton outcomes (9). Many examples exist within the published literature of successful
interventions which have contributed to reductions in mortality and morbidity. These
include child-resistant containers for medication, flame-retardant sleepwear for children,
and traffic-calming measures in residential areas. Often these environmental measures
are most successful when combined with legislation, as has been seen in the impact of
seatbelt and motorcycle helmet legislation in many countries, and in the legislation
requiring secure fencing around domestic swimming pools in countries such as Australia

and New Zealand.

One of the key differences between educational approaches and those relying on
environmental modification or legislation is that the latter are more passive approaches:
once implemented, they do not require repeated behavioral changes by individuals
(9). In contrast, educational approaches rely on individuals learning the lessons and
then consistently implementing them on every occasion of potential risk. This may
be particularly pertinent in relation to safe sleep messages for SIDS prevention. Often
SIDS deaths occur in circumstances that are out of the ordinary: when a parent gets out
of bed to feed their infant and then falls asleep with the infant on a sofa; following a
party where parents have been drinking and then without thinking take the infant into
their bed; when a family is staying in temporary accommodation or visiting relatives and
they do not follow their usual routine.

While there is a growing evidence base in relation to injury prevention efforts,
there are still major limitations in our knowledge of what works. There is a paucity
of well-designed outcome studies, and the (fortunately) low mortality rates mean that
randomized-controlled trials of single, simple interventions with mortality as the primary
outcome are unlikely to be helpful in measuring effectiveness. This may be particularly
true for SIDS prevention approaches. Nevertheless, it is important both that we learn
from the evidence that is available and that our ongoing approaches to prevention are
based on the best available evidence (bearing in mind that an absence of evidence of
effectiveness does not necessarily equate to evidence of a lack of effectiveness).

A number of key components for successful campaigns can be identified
(Table 12.2) (2, 10, 12).
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Table 12.2: Key components for successful prevention campaigns.

Component Key elements

1.

Establish, as far as possible,
a strong scientific basis for
intervention.

This should include understanding of the nature,
prevalence, and impact of the issue being considered; the
evidence for the effectiveness and cost-effectiveness of any
proposed interventions and any gaps in current evidence;
and clarity over how any impact will be measured. It is
important, also, that interventions are grounded in a strong
understanding of theories of behavioral change.

Focus on a limited number
of simple, achievable
interventions.

Trying to incorporate too wide a spread of interventions
may make a program unachievable and may limit the
value of any individual component; nevertheless, there is
evidence that programs that combine different elements
(e.g. public education around safe sleep combined with
provision of low-cost safe bassinettes) may be more
effective than those that focus solely on one element.

Involve the community in
planning, promoting and
delivering the intervention.

This is a key element of empowerment, and there is
evidence that interventions that come from the community
and involve key players in the community are likely to

be more effective and sustainable in the long term. This
includes identifying key stakeholders and getting them

on board. Careful consideration needs to be given as to
whether an intervention is to be universal or targeted

at particular groups; if targeted, it is essential that the
relevant groups are involved in designing and delivering the
intervention. Effective interventions need to be tailored to

the community they are targeted to.

Promote strong, focused
leadership that is inclusive
in its approach.

Ensure that key players in different agencies and sectors
are on board; have a clear vision and goal that can be well
articulated. High-profile or charismatic leaders can lend
significant support to a program, as was seen with the
engagement of Anne Diamond, a high-profile broadcaster,
in the UK “Reduce the Risks” campaign.

Develop a long-term
strategy.

Short-term interventions are unlikely to lead to sustained

change. Perseverance is essential so that the impact of any
intervention is not lost as the next generation or cohort of
parents comes through.
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6. | Ensure that the Seeking out appropriate funding, for example through
intervention is affordable. | industry partnerships; making any individual intervention
low-cost and affordable.

7. | Monitor the results using | This should include robust local and national surveillance,
sound evaluation methods. | and may require measurement of proxy outcomes (such
as uptake of safe sleeping advice) as well as the primary

outcome (reduction in SIDS deaths).

Understanding Behavioral Change

Human behaviors are complex phenomena and understanding what underlies particular
behaviors, and what influences any changes in behavior, is essential to the development
and implementation of effective interventions that aim to change behavior. The
field of behavioral change theory has sought to bring clarity to these issues. There
are two components to behavioral change theory: first, the process of describing and
understanding the behavior; and second, the process of understanding how that behavior
might be changed and which elements are important in achieving and sustaining a
change in behavior.

Thereare many behavioral change theories described in the literature, and many more
theorists. These theories recognize the “work” required, or the significance of “personal
investment” by the individual and their ability to make a change to their behavior; and
the personal resources (knowledge, skills, and attitudes) required for behavioral change.
They also acknowledge the influence of external factors, recognizing that having the
personal resources (knowledge, skills, or behaviors) required for behavioral change does
not always translate into a change in behavior: many smokers are well aware of the risks
of smoking and yet continue to smoke. Later theories attempt to build on this, situating
behavioral change within the wider environmental context, acknowledging the latter as
an important factor in the individual’s ability to change. Table 12.3 describes some of
the most prominent theories applicable to health interventions.

Table 12.3: Behavioral change theories relevant to health interventions.

Description

Learning theory | Learning theory is more commonly applied to child development and
education; however, it is equally applicable to lifelong learning and to
facilitating behavioral change in adulthood. Learning theory states that skills
and behavior are learned gradually through experience, observation, and
replication of that behavior or skill which builds competence over time.
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Social learning

theory

Social learning theory states that behavior is determined by the
interaction between personal, environmental, and behavioral elements;
therefore an individual’s knowledge acquisition is based on the
observation of others within social interactions and experiences, and
on exposure through the media — for example, watching violence on

television can incite violent behavior in individuals (13).

Social cognitive
theory

Bandura further developed the social learning theory to identify self-
efficacy (the extent to which the individual believes they can master a
skill or have control over a situation) as a central factor in an individual’s
ability to change their behavior; he called this “social cognitive theory”
in order to emphasize the role of cognition (understanding) in behavior
development (14).

The theory of

reasoned action

The theory of reasoned action aims to explain the relationship between
attitude and behavior, by predicting behavior based on the attitudes and
intentions of the individual, including instances where the individual
considers the consequences of engaging in the behavior prior to doing
so. This theory identifies that the strength of intention expressed by the
individual influences the likelihood of them engaging in the behavior,
but it also acknowledges that both personal attitudes and social or other

external pressures influence intention (15).

The theory of

planned behavior

The theory of planned behavior, which builds on the theory of reasoned
action, states that an individual’s attitude, the subjective norms (social
acceptability of a behavior in a given community), and perceived
behavioral control (self-efficacy) towards the behavior all influence
behavioral intention and actual performance of the behavior. This theory
acknowledges that the individual is not always in control of all the
factors that affect behavior performance. This means that actual behavior
performance is proportional to the amount of control the individual has
and the strength of their intention to perform the behavior (16). This
theory incorporates self-efficacy as an important element, recognizing
that behavior is strongly influenced by an individual’s confidence in their
ability to perform a task, whether that be stopping smoking or believing
they are able to breastfeed. This theory offers a more comprehensive
explanation of behavioral change and acknowledges that both personal
(internal) and external factors influence the success or failure in changing
behavior. This theory is often used to underpin behavior change
programs in health.
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Transtheoretical | This is a combination of various behavioral change theories and offers
or stages of a five-step process model for behavioral change. The process involves
change model pre-contemplation, contemplation, preparation for action, action,

and maintenance. An individual will move between these stages,
ideally progressively; however, individuals may regress to an earlier
stage depending on internal (self-efficacy) or external factors that may
influence this trajectory. Once the desired behavioral change has been
achieved, maintenance is the goal but relapse to a previous stage can
occur (17). However, Lumley et al. (18) noted that data from one
research study (19) and a systematic review (20) suggest that the stages
of change model may not apply in pregnancy, and that stage changes in

early pregnancy are not sustained (18).

To summarize, individuals learn and acquire knowledge through observation of
others, personal experience, and social interaction. Replication of that skill or behavior,
and the feedback — either positive or negative — that the individual receives for
performing a skill or engaging in a particular behavior, reinforce the experience of
learning for that individual. In addition, internal resources such as self-belief — based
on previous experience and learning, perceived control over a situation, and desire
(intention and motivation) to change — and external factors such as social norms (peer
pressure and community norms) and environmental factors will influence how the
individual approaches, and is able to engage in, changing their behavior and maintaining
that change in the long term.

Challenges with motivating behavioral change

Having an understanding of the complexity of human behavior and the challenges
of a