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Abstract Although the rate of the sudden infant death
syndrome (SIDS) has decreased over the last two decades,
medical examiners and coroners are increasingly unwilling
to use the SIDS diagnosis, particularly when there is an
unsafe sleeping environment that might pose a risk for
asphyxia. In order to reliably classify the infant deaths
studied in a research setting in the mixed ancestory popu-
lation in Cape Town, South Africa, we tested a classifica-
tion system devised by us that incorporates the uncertainty
of asphyxial risks at an infant death scene. We classified
sudden infant deaths as: A) SIDS (where only a trivial
potential for an overt asphyxial event existed); B)
Unclassified—Possibly ~Asphyxial-Related (when any
potential for an asphyxial death existed); C) Unclassified—
Non-Asphyxial-Related (e.g., hyperthermia); D) Unclassi-
fied—No autopsy and/or death scene investigation; and E)
Known Cause of Death. Ten infant deaths were classified
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according to the proposed schema as: SIDS, n = 2;
Unclassified—Possibly Asphyxial-Related, n = 4; and
Known Cause, n = 4. A conventional schema categorized
the deaths as 6 cases, SIDS, and 4 cases, Known Cause,
indicating that 4/6 (67%) of deaths previously classified as
SIDS are considered related importantly to asphyxia and
warrant their own subgroup. This new classification
schema applies a simpler, more qualitative approach to
asphyxial risk in infant deaths. It also allows us to test
hypotheses about the role of asphyxia in sudden infant
deaths, such as in brainstem defects in a range of asphyxial
challenges.

Keywords Bed sharing - Death scene investigation -
Overlaying - Sudden infant death syndrome -

Sudden unexpected death in infancy - Bedcovers -
Sleep environment - Autopsy

Introduction

Sudden infant death syndrome has been defined by an expert
panel of pediatric and forensic pathologists as the sudden,
unexpected death of an infant less than 1 year of age with
onset of the fatal episode apparently occurring during sleep
and that remains unexplained after a thorough investigation,
including performance of a complete autopsy and review of
the circumstances of death and clinical history [1]. After the
initiation of the national infant safe sleep campaign in the
United States in the 1980s and 1990s, there has been over a
50% decline in the overall rate of deaths attributed to SIDS
[2—4]. Yet, during this same time-frame, the diagnosis of
SIDS has come under increasing scrutiny by death investi-
gators (coroners and medical examiners) [5, 6]. Greater use
of infant death scene investigation and doll re-enactment has
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raised the concern that deaths that in the past might have been
classified as SIDS may actually represent asphyxial deaths.
Indeed, a recent study of 206 sudden infant deaths in Detroit,
Michigan, reported circumstances consistent with asphyxia
in approximately 85% of such deaths [7]. These circum-
stances included prone or face-down sleep position, soft
bedding, bed sharing, overlaying, sofa deaths, and face-
covering. As the declining rate of SIDS deaths has plateaued
over the last few years there has been a corresponding
increase in the infants whose cause and manner of death has
been listed as unknown or unclassified [2, 5, 6]. The rela-
tively stable infant death mortality over the last several years
suggests that a diagnostic shift may be occurring away from
the diagnosis of SIDS towards unknown/unclassified [2, 5,
6]. In addition, we believe that there may be an increasing
willingness to classify some deaths as true “positional
asphyxia” or “suffocation” [5]. Although infant death scene
investigations have shown that potential asphyxial risks are
the most common reason for abandoning a SIDS diagnosis in
favor of an unknown/unclassified cause of death, other risk
factors such as hyperthermia and/or other autonomic dys-
regulation may also be a factor [§—10]. Nevertheless, we feel
that the potential for an external asphyxial stressor (such as
suffocation, overlaying, or re-breathing) needs to be inclu-
ded in any classification schema of sudden and unexpected
infant death.

Taken together, the current epidemiologic, forensic, and
research information prompted us to devise a classification
schema for sudden unexpected infant deaths (SUID) that
takes into account the potential lethal role of asphyxia in
the pathogenesis of these deaths, and which translates to
the everyday practice of forensic death investigators caught
in the dilemma of differentiating lethal asphyxia from sub-
lethal asphyxia in vulnerable infants. The proposed clas-
sification schema is based upon the review of the clinical
history, autopsy, and death scene investigation but places a
special emphasis upon the possible role of asphyxia. We
define asphyxia based upon subjective observations at the
scene that include physical evidence or strong suspicion of
occlusion of the airway (e.g., suffocation in soft bedding),
mechanical impedance of respiration (e.g., overlaying),
and/or potential rebreathing of exhaled gases in the face-
down position. Asphyxia is severe hypoxia and hypercap-
nia combined, with hypoxia defined as oxygen levels in the
lung, blood, or other tissues below the normal level of sea
level, and hypercapnia as arterial carbon dioxide levels
above 40 mmHg. Of note, postmortem measurements of
blood oxygen and carbon dioxide levels are unreliable, and
the concentration of exhaled gases at the scene investiga-
tion is not necessarily a meaningful reflection of the
microenvironment of the infant’s face at the time of death;
moreover, there is no established biochemical and/or tissue
marker of asphyxia for diagnostic use in infants at autopsy

(see below). Thus, the estimation of the role of asphyxia is
typically based upon the judgment and experience of the
forensic pathologist/investigator. In the following study,
we developed and tested a classification schema in a high
risk SIDS (as defined in the reference) population, i.e., the
mixed ancestry population of Cape Town, South Africa in
whom the SIDS rate is among the highest in the world, i.e.,
3.8/1000 [11]. The Division of Forensic Medicine and
Pathology at the University of Stellenbosch, as part of the
National Forensic Pathology Service (South Africa),
investigated 10 SUID deaths [12] as a feasibility sample
that is the basis of the classification schema devised by us.

Materials and methods
Development of classification schema

We propose classifying SUID deaths into one of five cate-
gories: Group A) SIDS (where only a trivial potential for an
overt asphyxial event existed); Group B) Unclassified—
Possibly Asphyxial-Related (when any potential for an
asphyxial death existed); Group C) Unclassified—Non-
Asphyxial-Related (e.g., hyperthermia); Group D) Unclas-
sified—No autopsy and/or death scene investigation; and
Group E) Known Cause of Death (Table 1). Cases in Group
A meet the criteria of the standard definition of SIDS of the
sudden and unexpected, sleep-related death of an infant

<12 months of age that is unexplained by a complete
autopsy, death scene investigation and medical record
review [1]. In SIDS, we propose that the circumstances of
mild asphyxia (e.g., prone sleep position on a firm surface)
may or may not be present (Fig. 1). Group B is used when-
ever a death is potentially due to significantly soft bedding
(e.g., quilts, multiple blankets, and soft pillows), there is an
adjacent adult bed-sharer, or a prone sleeping infant’s face is
found face-down in a potential re-breathing environment
creating a possibility of asphyxia (Fig. 2). Despite the strong
circumstances of asphyxia, their contribution to death cannot
be proven today by current methods. In Group C, the cause of
death is uncertain but there are no circumstances of asphyxia.
Such causes of death include hyper- or hypothermia, or an
underlying natural disease of unclear significance relative to
the pathogenesis of death, e.g., mild infection. Cases in
which there is no autopsy and/or death scene investigation
are classified as Group D, in line with current thinking that
the proper classification of a case a requires complete
autopsy and/or death scene investigation. Group E includes
all known (established) causes of death, including severe
infection, lethal congenital malformations, and inborn errors
of metabolism. Unequivocal or intentional trauma is also
included, notably cases of definitive overlaying (Fig. 3) or
intentional suffocation admitted by the parent or caretaker.
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Table 1 Proposed classification schema for sudden and unexpected infant death

A. SIDS: Sudden and unexpected death of an infant <12 months of age that is unexplained by a compete autopsy, death scene investigation and

medical record review®

B. Unclassified—Possibly Asphyxial-Related: implies a possible asphyxiating environment®

C. Unclassified—Non-asphyxial-Related®
D. Unclassified—No autopsy and/or death scene investigation
E. Known cause of death

* Circumstances of no or at most mild asphyxia, e.g. prone sleeping on a firm surface

® Strong circumstances of asphyxia such as adult bed-sharing, soft bedding, or potential re-breathing

¢ Cause of death uncertain, but no circumstances of asphyxia (e.g., hyper- or hypothermia, underlying natural disease of unclear significance)

(W & & & & &

Fig. 1 The cause of death in this infant is classified as Group A,
SIDS. The circumstances of mild asphyxia may or may not be
present. Here the infant’s head is turned to the side. He is on a firm
mattress in a crib with no pillow

Fig. 2 The cause of death in this infant is classified as Group B,
Unclassified Possibly Asphyxial-Related when any potential for an
asphyxial death exists. The infant is sleeping in an adult bed with soft
bedding and her head is found-face down in that bedding

Analysis of the proposed classification schema

In accordance with standardized protocols, a review of the
clinical history and complete autopsy, including bacterial
and viral studies (all cases), HIV testing (all cases), and
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Fig. 3 The cause of death is classified as Group E, Known cause of
death, due to accidental asphyxiation. The large adult, compromised
by alcohol, is completely overlaying the body of the infant

metabolic studies as indicated by clinical history and/or
hepatic steatosis, was performed in each case. In addition, a
death scene investigation was done by trained death scene
investigators from the Division of Forensic Medicine and
Pathology at the University of Stellenbosch following the
format set forth in the Centers for Disease Control (CDC)
SUID reporting form [13]. The death scene investigation
with photography was performed at the first visit. The body
and documentation were presented to the forensic pathol-
ogist in charge as autopsy is statutorily mandated in all
cases of sudden unexpected deaths in South Africa. This
study received Institutional Review Board approval;
informed consent from the mother and/or father for
research was obtained in each case.

Comparison of proposed classification schema
to standard schema

We compared our classification schema to the San Diego
schema in which the deaths are separately classified as
unclassified sudden infant death [1]. In the latter category,
alternative diagnoses of natural or unnatural conditions are
equivocal, including cases for which autopsies are not
performed.
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Results
Analysis of the proposed classification schema

The authors of this study are part of an ongoing interna-
tional study of infant and stillbirth deaths, including in
Cape Town, South Africa. For the purpose of an initial test
of the classification schema presented in this article, we
analyzed the first 10 cases of SUID to present to the study
from the mixed ancestory population in Cape Town
(Table 2). All cases had a complete autopsy and death
scene investigation. The median postnatal age of all cases
was 2 postnatal months, with a range from 0.5-7 months.
Seventy-one percent of the cases (5/7) were born prema-
turely (<37 gestational weeks at birth), and 50% (5/10)
were male. All cases were found in the early morning after
a sleep period and the deaths were associated with sleep.
All infants were bed-sharing at the time of death (Table 2).
Of these cases, 67% (6/9) were found prone. We classified
the cases as: Group A, SIDS, n = 2; Group B, Unclassi-
fied—Possibly Asphyxia-Related, n =4; Group C,
Unclassified—Non-asphyxial-Related, n = 0; Group D,
No autopsy and/or death scene investigation, n = 0; Group
E, Known Cause of death, n = 4 (Table 2). The 4 known
causes of death represented one case each of: 1) dissemi-
nated tuberculosis with severe hilar adenopathy and airway
obstruction; 2) disseminated cytomegalovirus with myo-
carditis and pneumonitis; 3) E. coli. pneumonia; and 4)

hepatic hemangioendothelioma with right heart failure. In
none of these 4 cases was the diagnosis suspected clini-
cally. The clinical presentation of all of these established
causes mimicked SIDS with mild or no apparent clinical
prodrome, as well as sleep-related death in bed sharing
environments. In all of these cases, death was discovered
after the night sleep period. The difference from SIDS in
these four cases was the determination at autopsy of
unequivocal and severe lethal disease.

The basis of the classification of 4 of 6 unexplained
deaths as Group B was based upon bed sharing with adults,
very soft bedding, and the lack of a known cause of death
(Table 2). Of note, all of the 6 infants in the category were
born prematurely. Although bed sharing in large adult beds
was seen in all deaths in this study, including the four with
known causes (Table 2), the difference between the clas-
sification of Group A versus Group B was based upon the
subjective interpretation of the forensic pathologist con-
cerning the potential for a causal role of asphyxia. Two of
the six unexplained deaths were classified as SIDS because
bed-sharing was not thought to play a significant role in the
pathogenesis of death. In one of these cases, the bed sharer
was another small child; the second child was sharing the
bed with an adult in a significantly removed area of a large
bed as to not have posed a risk to the infant. In all of the four
cases classified as Group B, the infant was bed sharing with
one or more adults and/or one or more children and with
compounding circumstances that set the circumstances

Table 2 Clinicopathologic features of 10 SUID cases classified according to the proposed schema

Feature Group A Group B Group C Group D Group E
SIDSn =2 Possible asphyxia Not possible asphyxia No autopsy or DSI Known cause
n=4 n=20 n=20 n=4
Gestational age 36 weeks 33 weeks No cases No cases 37 weeks
Median, range (35-37 weeks) (32-34 weeks) (3440 weeks)
Postnatal age 2 months 2 months No cases No cases 2 months
Median, range (1-3 months) (0.5-7 months) (1-4 months)
Preterm 50% (1/2) 100% (3/3) No cases No cases 50% (1/2)
Male 50% (0/2) 50% (2/4) No cases No cases 75% (3/4)
Found after sleep 100% (2/2) 100% (4/4) No cases No cases 100% (4/4)
period in morning
Bed sharing 2/2 (100%) 100% (4/4) No cases No cases 100% (4/4)
Number (range) of bed 1(1) 1.5 (1-3) No cases 1.5 (1-4)
sharers
Soft bedding 0% (0/2) 50% (2/4) No cases No cases 25% (1/4)
Found face-down 0% (0/2) 0% (0/4) No cases No cases 0% (0/3)
Found prone 100% (2/2) 50% (2/4)* No cases No cases 67% (2/3)
Autopsy findings Non-significant Non-significant No cases No cases Diagnostic

Legend: There were no cases classified as Group C or Group E. Information is not available for each variable in every case

DSI death scene investigation

? Two infants were found prone, the other two found supine
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apart from those of the two SIDS infants. In one of these
four cases, the infant was born prematurely at 33 gestational
weeks and died two weeks later in a bed sharing environ-
ment (with mother and two brothers); these circumstances
were considered to cause potential asphyxia because of the
possibility of overlaying of the very small infant
(2,400 grams at autopsy). In two additional cases, over-
wrapping in particularly was considered a compounding
factor. Using the standard classification schema of Krous
et al. [1], the South African death investigators in this study
(SW, JD) classified the ten cases reported here as SIDS,
n = 6; Unclassified—none, and Known Cause of Death, 4.
The main difference between the classification schema is
that 2/6 (33%) unexplained cases were considered as SIDS
in the proposed schema, compared to 6/6 (100%) in the
standard schema, and 4/6 (67%) of the unexplained cases
were considered possibly related to asphyxia, whereas this
option is not stipulated in reference current schema [1].

Discussion

The new classification schema proposed here does not
eliminate ambiguity in diagnosing SUID deaths, but rather,
makes that ambiguity a part of the classification process.
From our collective experience in death investigation, we
believe that differentiating between a true asphyxial death
(such as overlaying or suffocation by a plastic bag) and
undetermined/unclassified death is rarely problematic in as
much as an asphyxial or suffocation diagnosis commonly
requires a considerable amount of certainty. As it has in the
past, ambiguity with this new schema exists primarily
between the diagnosis of Group A. SIDS and Group B.
Unclassified—Possibly Asphyxial-Related. To minimize
that ambiguity in the proposed schema, Group B is used
whenever the possibility that significantly soft bedding
(e.g., quilts and multiple blankets), an adult bed-sharer
(especially in small, preterm infants), or a prone sleeping
infant’s found face down in the bedding in a potential re-
breathing environment could have caused the death. Using
a standard schema [1], the South African death investiga-
tors in this study classified the 10 SUDI cases reported here
as 6 SIDS and 4 Known Causes of Death. The differences
between the two classification systems reflects the differ-
ences between accepting any possibility of asphyxia in the
new classification system versus requiring a higher (albeit
unquantified) asphyxial risk to classify a death as unclas-
sified/undetermined in the standard classification schema.
The new classification system relieves the death investi-
gator from having to at least semi-quantify the asphyxial
risk and simply state that a potentially lethal asphyxial risk
is present. The utilization of this new classification schema
appears to reduce the number of cases designated as SIDS
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compared to other more commonly used classifications
methods, as seen in our pilot study in which there were 2/
10 (20%) instead of 6/10 (60%) SIDS cases. Nevertheless,
we believe this proposed system is helpful because it
reflects the reality of the uncertainty of day-to-day practice
and helps focus basic research towards specific underlying
mechanisms.

A major factor in classifying cases as Group B was the
subjective consideration of the role of asphyxia in bed
sharing. The risk of bed sharing is considered to be related
to asphyxia from overlaying from a body part of an adult or
older sibling and/or adult soft bedding, e.g., pillows [14].
The incidence of bed sharing in the mixed ancestory pop-
ulation in the Cape Flat is currently unknown, but this very
small study raises the question that it may be over a
majority of cases. In industrialized countries across socio-
economic groups bed sharing persists, in part because it is
perceived as beneficial to child care by increasing parental
bonding and facilitating breast feeding through the night
[15]. Its high incidence among lower socio-economic
groups, however, reflects at least in part lack of funds and
space (crowding) for cribs [16].

The classification schema here is heavily based upon the
premise that asphyxia plays a major, albeit not exclusive,
role in the pathogenesis of sudden infant death. This pre-
mise is based largely upon forensic observations at the
scene in which potential asphyxiating situations are com-
monly found, e.g., upper airway compression in the face-
down position, soft bedding, and bed sharing [17, 18].
There is also experimental evidence that the prone (face-
down) position leads to rebreathing exhaled gases, partic-
ularly in soft bedding, which is followed in turn by
asphyxia [19]. This asphyxia is postulated to lead to death
if effective life-saving mechanisms (e.g., autoresuscitation
and/or arousal) do not intervene [20]. Yet, other terminal
pathways to SIDS may occur that involve thermoregulatory
and cardiovascular mechanisms as opposed to respiratory
mechanisms [8—10]. Abnormal cardiovascular control is
suggested by subclinical evidence of abnormal heart rate
and heart rate variability in infants who subsequently die of
SIDS and by tracings at the time of death in SIDS infants
that indicated episodic tachycardia and/or bradycardia in
the terminal phase [21-23]. Yet, respiratory and autonomic
terminal pathways are not mutually exclusive of one
another as they are sub-served by the same brainstem and
other neuronal populations and are heavily integrated [24].
The possibility that SIDS infants experience repeated
asphyxial episodes prior to death is supported by reports in
SIDS cases of “hypoxic tissue markers”, i.e., hyperplasia
of pulmonary neuroendocrine cells [25], reduced hypo-
xanthine oxidase in the vitreous humor [26], and elevated
vascular endothelial growth factor in the cerebrospinal
fluid [27], and brainstem gliosis [28, 29]. The possibility
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that these biochemical and tissue markers of hypoxia be
used in routine forensic practice to “measure” asphyxia at
or around the time of death needs to be determined through
further research.

The significance of the possible diagnostic shift in SIDS
is important not only for the epidemiologists and nosolo-
gists, but also for those researchers studying the etiology
and basic pathogenesis of SUID, of which SIDS is a part.
One leading hypothesis is that an important subset of SIDS
is due to a developmental disorder of the brainstem which
leads to impaired protective responses to life-threatening
stressors during infant sleep such as asphyxia, hypercarbia,
and hypoxia [24]. The focus upon the brainstem is because
it plays a critical protective role in the response to asphyxia
and other stressors; brainstem-mediated defense systems
involve chemosensitivity to carbon dioxide and chemo-
sensitivity to oxygen, autoresuscitation, and arousal with
head lifting and turning to escape asphyxiating microen-
vironments by gaining fresh air [24]. Evidence is mounting
that suggests the majority of sudden infant deaths are
associated with intrinsic brainstem defects in markers of
the neurotransmitter serotonin (5-HT) and in regions of the
medulla oblongata that are critical to protective responses
to sleep-related asphyxia [24, 30]. In the proposed classi-
fication schema, a diagnosis of SIDS implies a vulnerable
infant, perhaps due to a brainstem defect, in whom even a
seemingly trivial asphyxial stressor triggers death due to an
inability to mount protective responses to asphyxia
(Fig. 4). At the other end of the spectrum is the normal
infant without a brainstem or other underlying vulnerability
in whom the degree of asphyxia is so severe that it is lethal
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Asphyxial Insult Pathology
- SIDS e Severe
Mild - L B
(Prone position) -~ Pathology
-
- - ”ﬁ'
2’ - 2 -
. e
- I ”
- L
S - ?’I
Unknown " 2 -7 Intermediate
(Bedsharing) e S e e e s e Brainstem
e g i - Pathology
S ’,’ S -
~ -
Pl e
L’ o
- - . i
e - S
, - - ? e
e =t -
'a" =
Severe > Normal

(Wedging) g Accidental or Intentional Suffocation F Brainstem
Fig. 4 SIDS is conceptionalized as a disorder of protective asphyxial
challenge responses in which the vulnerable infant, due to brainstem
pathology in neuronal networks that mediate responses to asphyxia, is
compromised and even a mild asphyxial challenge causes death. At
the other end of the spectrum, the asphyxial challenge Is so severe,

that all infants, with or without underlying brainstem pathology, die

under all circumstances; of course, at this end of the
spectrum, infants with a brainstem defect will also die
(Fig. 4).

In conclusion, this pilot study demonstrates the feasi-
bility of the proposed classification schema in sudden and
unexplained infant death. Although the schema is feasible,
a larger sample size (study in progress) may well contain
more problematic cases of greater difficulty to classify. The
small sample size in this study likewise precludes conclu-
sions regarding the true incidence of either unexplained or
explained deaths in the larger population of infant deaths
among the mixed ancestory in Cape Town. At best, we can
only suggest that implementation of this schema would
result in a reduction in the number of deaths classified as
SIDS. Given the caveat of the sample size, however, the
observed results give an important first glimpse into what
may be causing infant deaths among the Cape Town mixed
ancestry population. It appears that the trained death scene
investigators can, albeit subjectively, easily recognize
potential asphyxial challenges at a death scene that ‘could’
have caused an infant death. We do not believe that it is
either necessary or advisable to quantify these subjective
observations between different parties using the classifi-
cation schema. In addition to the ease and simplicity of
application, the value of our proposed classification system
is that it allows for testing of the hypothesis that brainstem
and other vulnerabilities cause SIDS in infants in whom
minor or no significant external asphyxial element is
present. Further, this classification schema allows for study
of the possibility that brainstem and other abnormalities
may contribute to the Group B. “Unclassified—Possibly
Asphyxia-Related” deaths by postulating that these
abnormalities may prevent infants from being able to
extricate themselves from a mild-to-moderate asphyxiating
environment. Finally, this schema is simple and classifies
deaths in a manner directly transferable from a research
format to a working diagnosis used by many of the medical
examiners/coroners throughout the world.

Key points

1. There is evidence that death investigators are
increasingly unwilling to diagnose SIDS when there is
a possible asphyxial component in an infant’s death.

2. A classification scheme of Sudden Unexpected Infant
Deaths (SUID) is presented which incorporates the
role of asphyxia (bed sharing, soft bedding, rebreath-
ing) that is often found at infant death scenes using the
designator of ‘Unknown—possibly asphyxia related.’

3. Using the designation of ‘Unknown—possibly
asphyxia related’ in the classification of SUID appears
to reduce the incidence of SIDS in a given population.
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4. Allowing asphyxia to be a part of classifying SUID
may correlate with seritonergic brainstem defects
previously described in SIDS.
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