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Abstract

Sudden unexplained death in toddlers has been associated with febrile seizures, family history of
febrile seizures, and hippocampal anomalies. We investigated the mode of inheritance for febrile
seizures in these families. A three-generation pedigree was obtained from families enrolled in the
San Diego Sudden Unexplained Death in Childhood Research Project, involving toddlers with
sudden unexplained death, febrile seizures, and family history of febrile seizures. In our six cases,
death was unwitnessed and related to sleep. The interval from last witnessed febrile seizure to
death ranged from 3 weeks to 6 months. Hippocampal abnormalities were identified in one of
three cases with available autopsy sections. Autosomal dominant inheritance of febrile seizures
was observed in three families. A fourth demonstrated autosomal dominant inheritance with
incomplete penetrance or variable expressivity. In two families, the maternal and paternal sides
manifested febrile seizures. In this series, the major pattern of inheritance in toddlers with sudden
unexplained death and febrile seizures was autosomal dominant. Future studies should develop
markers (including genetic) to identify which patients with febrile seizures are at risk for sudden
unexplained death in childhood, and to provide guidance for families and physicians.
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Introduction

Sudden unexplained death in childhood is defined as the sudden death of a child older than 1
year of age that remains unexplained after a thorough investigation, including reviews of the
clinical history and circumstances of death, and the performance of a complete autopsy with
appropriate ancillary testing [1]. Sudden unexplained death in childhood is most common in
toddlers aged 1-5 years, with approximately 1.3/100,000 deaths per year [2]. In a
retrospective study of 49 toddlers with sudden unexplained death in childhood [3], 24%
(12/49) had a history of febrile seizures, approximately fivefold higher than the general
pediatric population incidence of 2-5% [4-6]. In addition, 67% (8/12) of these children also
had a family history of febrile seizures, at 2.8-fold higher than the general population
incidence of 24% [5]. These observations led to the hypothesis that a pathophysiologic
connection exists between febrile seizures and sudden unexplained death in childhood,
suggesting that a genetic susceptibility to febrile seizures may be important in defining this
subset of patients with sudden unexplained death in childhood.

Among cases of sudden unexplained death in childhood with an individual or family history
or both of febrile seizures, 82% (9/11) demonstrated gross asymmetry and microscopic
anomalies of the hippocampus [3]. These microscopic anomalies were similar to those
observed in chronic temporal lobe epilepsy [7-12] or sudden unexpected death in epilepsy
[13-15], and the mechanism may be similar, or identical, to sudden unexpected death in

epilepsy [15].

Given the striking association of sudden unexplained death in childhood and febrile seizures
in toddlers and their families, we sought to delineate the mode of inheritance of febrile
seizures in these families. We selected cases of sudden unexplained death in childhood with
an individual and family history of febrile seizures. Although this strategy limits our sample
size, we think it holds the greatest potential to provide information on inheritance patterns.
We report on the pedigrees of six such patients.

Study Design and Methods

Classification of sudden unexplained death in childhood

Families were identified from the registry of the San Diego Sudden Unexplained Death in
Childhood Research Project, which is under the direction of H.F.K. and was approved by the
Institutional Review Board at Rady Children’s Hospital. Final classifications of cases as
sudden unexplained death in childhood were based on reviews by H.F.K. of: (1) a Family
Survey completed by the parents; (2) hospital and clinic records; (3) forensic reports of the
death scene investigation, autopsy, and ancillary testing; and (4) microscopic slides from the
autopsy. Slides of the central nervous system were reviewed by pediatric neuropathologists
(H.C.K. and/or M.R.G.).

Identification of families

Families with a child diagnosed with sudden unexplained death in childhood were notified
about the study by the director of the Sudden Unexplained Death in Childhood Program
(L.C.), which provides information and support for families. Families interested in
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participating contacted the study geneticist (I.A.H.), who performed the interviews by
telephone. The inclusion criteria comprised: (1) the death of a toddler aged 1-5 years; (2) a
history of febrile seizures in the toddler; and (3) a family history of febrile seizures.

Pedigree assessment

A three-generation pedigree was obtained, with information for each family member that
included sex, age, cause of death, a history of febrile seizures, other seizures, neurologic
disorders, or developmental delay, and a history of sudden infant death. Information about
each deceased child’s maternal history and perinatal, postnatal, and early childhood periods
was obtained from the Family Survey. A pediatric neurologist (A.P.) reviewed the
neurologic history and details concerning febrile seizures. The inheritance pattern of febrile
seizures was determined using standard definitions for autosomal dominant, autosomal
recessive, X-linked dominant, and X-linked recessive. In pedigrees where members of the
maternal and paternal sides of the family were affected, the pattern of inheritance was
considered “nonclassic.”

Results

Study population

We obtained family histories from a parent of each deceased child. Interviews were
performed 1-10 years (median, 4.6 years) after the event of sudden unexplained death in
childhood.

Clinical summary

All deaths were related to a sleep period (Table 1). Two cases (patients 2 and 3) underwent
an evaluation for febrile seizures by a neurologist, with unremarkable results. None of the
deaths were witnessed, and thus the occurrence of seizure at time of death is unknown.

Autopsy summary

Metabolic screening produced negative results in the four cases (patients 1, 2, 4, and 6) in
whom testing was undertaken (Table 1). None of the patients demonstrated postmortem
evidence consistent with a terminal seizure. Three cases (patients 2, 5, and 6) manifested
intrathoracic petechiae, consistent with agonal upper airway closure [16].

Neuropathology summary

The brain weight was higher than expected for height in five patients (Table 1). The acute
hypoxic-ischemic changes in two patients were considered related to the terminal
cardiorespiratory arrest. Macroscopic asymmetry of the hippocampus was evident in one of
the three cases for whom sections were available, and was previously described [16].

Pedigree summary

No history of consanguinity was evident (Fig 1). In five cases, at least one parent had
manifested febrile seizures, and no history of other neurologic problems was reported. A
classic autosomal dominant pattern of inheritance was observed in three cases (patients 1, 3,
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and 4), with febrile seizures in two generations and not in the grandparents, although the
information on the grandparents was incomplete for patient 3. In a fourth case (patient 6),
the father and a paternal aunt had manifested epilepsy but no febrile seizures; the paternal
grandfather had manifested a history of febrile seizures; and a history of schizophrenia in a
paternal aunt and an unspecified “mental illness” in her son were reported. The pattern of
inheritance was autosomal dominant, but with either incomplete penetrance or variable
expressivity. The patterns of inheritance in patients 2 and 5 were nonclassic, i.e., the
maternal and paternal sides of the family were affected.

Discussion

This series of pedigrees involving six toddlers with sudden unexplained death associated
with an individual and family history of febrile seizures constitutes a first step in the search
for the genetic basis of sudden unexplained death in childhood, to identify those at risk for
sudden death in the setting of familial febrile seizures. In this series, the major pattern of
inheritance for febrile seizures was autosomal dominant. The finding of two families with
febrile seizures on the maternal and paternal sides is not surprising, given the high incidence
of febrile seizures in the general pediatric population, and represents a challenge for future
genetic analyses of this entity.

One of the three cases with hippocampal sections available exhibited maldevelopment of the
hippocampus, reinforcing our previous observations that the hippocampus is abnormal in
some cases of sudden unexplained death in childhood associated with febrile seizures [3,16].
However, in this report, we suggest an emphasis on a history of febrile seizures as the key
feature, a departure from our former emphasis on hippocampal anomalies at autopsy as the
sine qua non of sudden unexplained death in childhood [3,16]. This paradigm shift may
prove more useful clinically, because the focus centers on febrile seizures and sudden death,
and not on neuropathologic findings in the hippocampus that require autopsy for detection.
The patient with developmental asymmetry of the hippocampus and mild sclerosis raises the
possibility that genes related to hippocampal development may play a role in sudden
unexplained death in childhood with hippocampal anomalies, offering an avenue for further
research.

The autosomal dominant pattern of inheritance for febrile seizures in the present families is
identical to that observed in genetic epilepsy with febrile seizures plus and familial febrile
seizures [17,18], raising the possibility that our group with sudden unexplained death in
childhood may fall into these broader categories. Genetic epilepsy with febrile seizures plus
and familial febrile seizures have not been associated with sudden unexplained death at early
ages, and thus our patients may represent a previously unrecognized and extreme end of the
phenotypic spectrum, and may be genetically linked. The association of febrile seizures with
sudden death in childhood is supported by a population-based study from Denmark [19], in
which the risk of sudden death in children with febrile seizures was increased fivefold,
suggesting an increased risk for sudden unexplained death in childhood. A family history of
febrile seizures, hippocampal pathology, and autopsy findings were not addressed in that
study.
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The potential limitations of our study include the small sample of cases with sudden
unexplained death in childhood, involving both an individual and family history of febrile
seizures, available in the San Diego Sudden Unexplained Death in Childhood Research
Project. This small sample underscores that such cases are rare in sudden unexplained death
in childhood, an entity rare in itself. The small size of our cohort implies we cannot rule out
that sudden unexplained death in childhood may occur in the setting of familial febrile
seizures by chance, although the high prevalence of febrile seizures in the children who died
and their families argues strongly against chance occurrence.

A second potential limitation of this study involves ascertainment bias. We have not
analyzed the entire spectrum of families with sudden unexplained death in childhood and
febrile seizures. A third potential limitation, as in all pedigree analyses, concerns the
accuracy of family histories of febrile seizures [20]. Despite these limitations, the finding of
autosomal dominant inheritance of febrile seizures among children with sudden unexplained
death is robust, and demonstrates a consistent genetic pattern in a disorder that is
extraordinarily rare and therefore difficult to study.

Conclusion

Febrile seizures may be the marker of an underlying process that leads to sudden
unexplained death in childhood, and seizures may or may not be directly involved in the
final lethal event. The potential pathophysiologic connection between sudden unexplained
death in childhood and febrile seizures warrants urgent attention to develop means,
potentially including the use of genetic markers, to determine who among the vast number
of young children with febrile seizures may be at risk of sudden unexplained death,
particularly in the setting of autosomal dominant familial febrile seizures, and to avoid
undue alarm for the parents and physicians of those millions of children with febrile seizures
who do not run an additional risk for sudden unexplained death.
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Six pedigrees of families from the San Diego Sudden Unexplained Death in Childhood Research Project with a history of febrile
seizures in autopsied toddlers with sudden unexplained death in childhood and a family history of febrile seizures. Circles
represent females; squares represent males. Ages are given for the youngest generation only and years are indicated by “y” and
months by “m.” Solid circles and squares indicate individuals with a history of febrile seizures. Circles and squares with hatched
lines indicate individuals with a history of a seizure type other than febrile. A line through an individual indicates death. An
arrow indicates the patient with sudden unexplained death in childhood.
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