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Abstract

Background and Objectives

More than 2,900 US children aged younger than 4 years die from unknown causes each year,
accounting for more than 219,000 life years lost annually. They are mostly sleep-related and
unwitnessed with unremarkable autopsies, limiting our understanding of death mechanisms.
We sought to understand potential mechanisms of death by evaluating videos of sudden deaths
in toddlers.

Methods

In our registry of 301 sudden unexplained child deaths, a series of 7 consecutively enrolled cases
with home video recordings of the child’s last sleep period were independently assessed by 8
physicians for video quality, movement, and sound.

Results

Four boys and 3 girls (13-27 months at death) with terminal videos shared similar de-
mographic features to the 293 other registry cases without video recordings. Five video re-
cordings were continuous and 2 were triggered by sound or motion. Two lacked audio. All
continuous recordings included a terminal convulsive event lasting 8-50 seconds; 4 children
survived for >2.5 minutes postconvulsion. Among discontinuous videos, time lapses limited
review; 1 suggested a convulsive event. Six were prone with face down, and 1 had autopsy
evidence of airway obstruction. Primary cardiac arrhythmias were not supported; all 7 children
had normal cardiac pathology and whole-exome sequencing identified no known cardiac dis-
ease variants.

Discussion

Audio-visual recordings in 7 toddlers with unexplained sudden deaths strongly implicate that
deaths were related to convulsive seizures, suggesting that many unexplained sleep-related
deaths may result from seizures.

Introduction

Research on sudden deaths in infants and young children is limited because almost all are sleep-
related and unwitnessed. For infant deaths, some risk factors were identified and public health
campaigns undertaken. However, the incidence of unexpected infant and toddler deaths in the
United States is unchanged for 2 decades."”

In 2021, more than 2,900 children younger than 4 years died suddenly from unknown causes
representing more than 219,000 life years lost; 92% were infants and 8% were 1-4 years.1 These
deaths were more common in the winter and among boys, non-Hispanic Blacks and American
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Glossary

SUDC = sudden unexplained death in childhood; SUDCRRC = SUDC Registry and Research Collaborative; SUDEP = sudden

unexpected death in epilepsy.

Indians, and usually occurred in sleep in the prone position.>”

Sudden infant death risk factors include prematurity, low birth
weight, prenatal and postnatal smoke exposure, maternal al-
cohol and illicit drug use, and unsafe sleep environments.
Breast feeding and pacifier use may reduce risk.>®’

Research on sudden unexplained deaths in childhood
(SUDCs), aged 1-18 years, is limited with less than 1% of
research publications compared with sudden infant deaths.
Most involve 1- to 4-year olds; the fifth leading category of
death in this age group.' Two recent studies found that less than
20% of childhood cases had cardiac, neurologic, metabolic,
genetic, and/or immunologic causes identified through a mul-
tidisciplinary review.>” A febrile seizure history was present in
30% of these children; a ~10-fold increase to the age-adjusted
population.*>*'® Hippocampal anomalies on neuropathology,
supportive of potential epilepsy-related causes of deaths, have
been identified in sudden explained child deaths.''"*

Sudden unexpected death in epilepsy (SUDEP) risk factors
and possible mechanisms of death align with sudden deaths in
children.'®"” Among SUDEP cases recorded on video-EEG,
almost all follow a generalized tonic-clonic seizure, with an
early postictal, centrally mediated depression or cessation of
respiration followed by cardiac arrest.'® Monogenic variants
responsible for sudden unexplained death in childhood in-
clude calcium-mediated, sodium-mediated, and potassium-
mediated channels in ~9% of cases; most were de novo
variations in calcium channel genes expressed primarily in the
heart."® Pathogenic voltage-gated sodium channels can also
contribute to cardiac (e.g, SCNSA) or neurologic (e.g,
SCNIA) causes of death.”® In SUDEP, diverse epilepsy-
related genes have been identified, but it remains unresolved if
they are markers of severe epilepsy or a tendency for con-
vulsive seizures, or have a more specific role in SUDEP
pathogenesis.21

Other genes implicated in epilepsy and SUDEP include
KCNA1I, which encodes the voltage-gated potassium channel
Kvl1.1; HCNI and HCN2, which encode hyperpolarization-
activated cyclic nucleotide-gated cation channels; and PRRT?2,
which encodes a proline-rich transmembrane protein identi-
fied in an early-onset seizure disorder. Genes implicated in
cardiac arrhythmias and SUDEP include long QT syndrome
genes, such as KCNQI and KCNH2, which encode potas-
sium channels, and RYR2, which encodes a ryanodine re-
ceptor for intracellular calcium release.*

Since SUDC is rarely witnessed and postmortem examina-
tions are unrevealing, death mechanisms and causes of death
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remain unknown. We analyzed terminal videos in a consec-
utive series of sleep-related child deaths from the SUDC
Registry and Research Collaborative (SUDCRRC) to docu-
ment observations and explore mechanism(s) of death.

Methods

Standard Protocol Approvals, Registrations,
and Patient Consents

The New York University Sudden Unexplained Death in
Childhood Registry and Research Collaborative (Registry),
created in 2014, is approved by the New York University
Langone Health Institutional Review Board and includes
parental written consent (I14-01061) of those enrolled, as
well as consent for publication of the data presented in this
video series.*

The Registry’s inclusion criteria include children aged 1
month through 18 years who died suddenly and unexpectedly
where the final cause of death is unexplained or unclear after
an autopsy report review.® Cases were referred by medicolegal
death investigation professionals, parents, or clinicians in the
United States, United Kingdom, Canada, Germany, and
Australia. Referrals are made through the study website
(suderrc.org) or direct contact with Registry team members.
The Registry enrolled 301 SUDC cases with complete data
collection (ie., birth and pediatrician records, medical ex-
aminer or forensic pathology biospecimens and reports
[death scene and police investigations, autopsy, and toxicol-
ogy], and parental/caregiver interviews by L.G.). The blinded
multidisciplinary Registry review process occurred in parallel
with child-parents trio whole-exome sequencing. The Regis-
try’s research has identified risk factors, genes and modes of
inheritance, transcriptomic profiles and proteomic changes
compared with explained pediatric deaths, and epidemiologic
data that SUDC incidence is underestimated by the US death
investigation system.4’8’12’14’15‘19‘20‘22_26

Cases

We reviewed the first 8 consecutively enrolled cases in the
Registry with crib camera video recordings of the child’s last
sleep period. These 8 cases were similar to the other 293
Registry cases regarding demographics, clinical histories, and
postmortem findings.

Materials

Videos from home security or commercial crib cameras
recorded the child’s death. Recordings were continuous or
triggered by sound or motion with multiple timestamped
videos.
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Table 1 Characteristics of 301 Sudden Unexpected Pediatric Deaths Enrolled in SUDCRRC by Age

<60 mo (n = 248) >60 mo (n =53)

Age at death, mo, median (IQR)

20.4(16.3-26.9) 151.6 (111-185.9)

% Male, n (%) 149 (60.1) 29 (54.7)
Born <37 wk gestation, n (%) 31/246 (12.6) 5/46 (10.9)
Attained milestones in normal range, n (%) 216 (87.1) 47 (88.7)
Febrile seizure, n (%)*** 71 (29.4) 4 (7.5)
Afebrile seizure, n (%) 4(1.6) 2(3.8)
Cardiac arrhythmia, n (%) 3(1.2) 2(3.8)
Syncope, n (%) 1(0.4) 1(1.9)
First-degree family history febrile seizures, n (%)*** 51 (20.6) 1(1.9)
Circumstances of death, n (%)

Cold symptoms and/or fever in past 48 h*** 116 (46.8) 3(5.7)

Death unwitnessed*** 234 (94.4) 41 (77.4)

Sleep-related*** 232 (93.5) 33(62.3)
If sleep-related and unwitnessed (n = 264), n (%)

Bedsharing* 11 (4.8) 6(18.2)

Body found prone*** 194 (83.1) 16 (48.5)

Face found prone** 125 (54.1) 9(27.3)

Abbreviations: IQR = interquartile range; SUDCRRC = Sudden Unexplained Death in Childhood Registry and Research Collaborative.
Significant by age: *p < 0.05, **p < 0.01, ***p < 0.001; n is listed as fraction for any data with missing values.

Procedures

Parents transferred videos electronically, which were assessed
for quality. Four with poor quality were enhanced by a fo-
rensic photographer to improve contrast for clarity and
resized images to preserve details of child location. Where
possible, videos were edited to include 5 minutes before ab-
normal motion or sound began and 5 minutes after the child’s
last sign of life.

Videos were reviewed independently by 6 forensic patholo-
gists, a pediatric epileptologist, and a sleep medicine/
epileptologist physician. Videos were assessed for image
quality, audio content, motion, and child positioning for each
30-second segment for categorical choices and narrative de-
scriptions of movement and sound. Assessments, using eTable 1
(links.Iww.com/WNL/D313), were based on visual and audio
data without other physiologic monitoring available.

All video cases completed a comprehensive multidisciplinary
review per SUDCRRC’s methodology® and cause of death
certification followed national guidelines.”” Deaths consid-
ered unexplained detailed potential intrinsic and extrinsic
(environmental)) factors that may increase risk of death but do
not explain the death.”’
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Statistical Analysis

Our primary analysis included video analyses for movement
and sound classified as normal, abnormal, or unsure/none
with narrative descriptions. Majority consensus across 6 fo-
rensic pathology reviewers was combined into 1 rater opinion
and agreement measured using Kappa statistic. We then
assessed percentage agreement across 3 raters: 1 combined
forensic pathology opinion, 1 pediatric epileptologist (O.D.),
and 1 epileptologist/sleep medicine physician (A.R.).

We compared demographic and clinical histories for all
Registry cases (n = 301) divided by age (< or >60 months)
with 2-tailed ¢ tests for continuous variables with 95% CIs and
the x* test with Yates correction for categorical variables in a 2
x 2 contingency table (a < 0.05 significant). All statistical
analyses performed with IBM SPSS version 28.0 by L.G.

Data Availability

Consent forms will be released by contacting corresponding
author. Qualified researchers may request access to individual
deidentified imaging data with parental consent through re-
quest to author, approval of SUDCRRC Principal In-
vestigator, and data sharing agreement with NYU Langone
Health.
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Table 2 Child Characteristics and Video Analyses (N = 7)

Child characteristics and significant death investigation findings

Video analysis

Whole-
Personal Family Terminal Face exome
Age (mo)/ Medical history  history history position sequence Video
No. Sex history seizures seizures past72h found results® SUDCRRC final cause of death Video type quality® Movement Sound Overall video assessment
1 23/male Chronic otitis  No No Cold Side None Unexplained sudden death with Continuous Low Abnormal  Abnormal Convulsive seizure with agonal
media, s/p symptoms possible infection, terminal seizure with type breathing preconvulsive and
bilateral x 5wk tongue contusion; found prone with postconvulsive event
myringotomy airway obstruction by the foreign
tubes material (food)
2 17/female Egg allergy No No Cough and Prone None Asphyxia due to obstruction of airway ~ Continuous Medium Abnormal  Abnormal Convulsive seizure with unusual
fever x 48 by enlarged pharyngeal tonsil in the side-to-side trunk movements
h setting of viral and bacterial infections and abnormal vocalizations
including COVID-19, influenza A, and followed by the absence of
Haemophilus influenzae motion or sound
3 17/male Fraternal Yes, Yes, Family Prone None Unexplained sudden death with flu A Continuous Medium Abnormal  Abnormal Convulsive seizure with face
twin, 4 febrile febrile member positive, witnessed seizure before prone into adjacent pillow with
fraternal seizures  seizure  with flu death, personal history of febrile subsequent labored breathing
seizures and seizures, family history of febrile that decreases in frequency and
(onset 12 mo) epilepsy seizures and epilepsy, hamartia of left effort over time
amygdala; found prone faced down
4 27/female None No No None Prone None Unexplained sudden death with Continuous Low Abnormal  n/a Convulsive seizure primarily of
terminal convulsive event; found prone trunk and legs
faced down
5 13/female None No No Diaper Prone None Unexplained sudden death with Motion- High Indeterminant Unremarkable movement and
rash, Haemophilus influenza type f sepsis, triggered sound overall
teething unilateral acute otitis media; and found
prone faced down
6 25/male None No No Cough x24 Prone None Unexplained sudden death with fever, Motion- High Abnormal  Abnormal Appears congested with face
h cough (URI symptoms), triggered movement into pillow. Unclear if
tracheobronchitis and bronchiolitis, voluntary or arousal due to
possible recent COVID-19; and found parasomnia. Then, abnormal
prone, face down vocalization before lack of
movement; suggests convulsive
event
7 15/male Born 35 wk No No None Prone None Unexplained sudden death with Continuous Medium Abnormal n/a Likely seizure with rhythmic
gestation 5 probable febrile seizure, respiratory truncal movements appearing to
Ibs-6 oz, syncytial viral infection, parainfluenza be a hypermotor seizure

fraternal twin,
otitis media 2
wk prior

viral infection, Coxsackie B1 viral
infection, preterm birth, low birth

weight; and found face down following

possible seizure

Abbreviations: COVID-19 = coronavirus disease 2019; s/p = status post; SUDCRRC = Sudden Unexplained Death in Childhood Registry and Research Collaborative; URI = upper respiratory infection.
@Whole-exome sequencing results: none = no likely pathogenic or pathogenic variants identified.

°Video quality: low, medium, high.
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Results

Analysis of 301 Sudden Unexplained Pediatric

Deaths by Age

Table 1 summarizes 301 consecutive Registry cases with a
complete medical record review and family interview,
stratifying children younger than or older than 60 months
at death. These age groups did not differ by sex, race,
ethnicity, prematurity, low birth weight, meeting de-
velopmental milestones, personal or first-degree family

history of afebrile seizures, arrhythmias, syncope, or sudden
death.

Compared with older children, those who died younger than
60 months (n = 248) were more likely to have a history of
febrile seizures (p <-001), first-degree family history of fe-
brile seizures (p < 0.001), upper respiratory infection or
fever in past 48 hours of life (p < 0.001), unwitnessed (p <
0.001), sleep-related (p < 0.001), body prone (p < 0.001),
face down (p < 0.003), and less likely to bedshare (p <
0.011).

Case Reviews of 7 Sudden Pediatric Deaths
With Terminal Videos

Of the 301 Registry cases, 8 (2.7%) had terminal videos. One
video was recorded at a daycare center during a group nap
period; visibility of the child was poor and was excluded. The
7 remaining videos included 4 boys and 3 girls aged 13-27
months (Table 2). Cases 1 through S were in a crib, case 6 was
in a converted crib (side rail removed), and case 7 was in a
portable crib.

Three cases had no significant medical history. Four had
common pediatric conditions: preterm birth with recent otitis
media, chronic otitis media and bilateral myringotomies, egg
allergy, and febrile seizures. The child with febrile seizures had
first-degree relatives with febrile and afebrile seizures. All
children had normal developmental milestones including in-
dependent ambulation.

Cases with videos were similar to cases younger than 60
months in the full Registry cohort. All deaths were sleep-
related; most during nocturnal sleep (6/7) and 1 during
daytime nap. Four had disorders during the past 72 hours
of life: cold symptoms, cough and fever, cough, diaper
rash, and teething; 3 did not. All children were discovered
prone with face down into bedding, except for one’s face
to the side significant for airway obstruction at autopsy.
Whole-exome sequencing failed to identify likely or defi-
nite pathogenic, inherited or de novo, variations in any
case. Six cases had postmortem evidence of infection with
mild pathology not considered significant for primary
cause of death.

Formal neuropathologic examination of the brain was per-
formed on 6 of 7 cases, 3 of which had hippocampal dentate
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gyrus changes previously reported in SUDC (cases 1,2, and 4).
None of these cases had a reported history of febrile seizures,
whereas 1 case with a reported history of febrile seizure had
hippocampi that were microscopically within normal limits.

The Registry’s multidisciplinary case review process con-
cluded 6 of 7 cases as “Unexplained Sudden Deaths” with
associated factors as recommended by the National Associa-
tion of Medical Examiners Panel on Unexpected Deaths Pe-
diatrics and detailed in Table 2.7 Case 2 was considered
asphyxia due to airway obstruction by enlarged pharyngeal
tonsils due to viral and bacterial infections.

Video Analyses of 7 Sudden Pediatric Deaths
The video devices continuously recorded in S cases and were
motion triggered in 2. Video quality was high in 2, moderate
in 3, and low in 2. Two lacked audio.

The 6 forensic pathologists displayed moderate agreement in
evaluating convulsive activity across the 7 videos (K = 0.641, 95%
CI 0.473-0.808, p < 0.001). The final 3 raters (combined fo-
rensic pathologists, pediatric epileptologist, and epileptologist/
sleep medicine physician) had 100% agreement across 4 cases
(1-4), 67% agreement for 1 (case 7), and 33% agreement for
2 (cases S and 6) for the presence of convulsive event.

Abnormal movements were identified in 6 videos. In all 5
continuously recorded videos, a convulsive event was identi-
fied shortly before death. All convulsive events were 8-50
seconds. The 2 motion-triggered videos had time gaps: one
had indeterminant movement and the other had abnormal
movements suggesting a convulsive event.

Abnormal sounds were identified in 4 of S audio-recorded
events; all were respiratory sounds or vocalizations. Agonal,
labored, or deep breathing was identified in 5 cases by audio
or visual analysis. Of the S continuous videos, all had con-
vulsions and 4 were alive postconvulsion for at least 2.5 mi-
nutes. Two of these 4 had abnormal postictal respirations.
One case deemed because of asphyxia was indeterminant for
signs of life post convulsion due to limited video duration
(case 2). Case 1 had a convulsive event with emesis and
suspected postictal aspiration.

Semiology of Convulsive Events

Case 1 was a 13-minute continuous video recorded at the
onset of daytime nap period. The child was prone with face to
right and brief agonal breathing after an ~8-second convul-
sive seizure. Subsequent agonal type breathing lasted ~5
minutes.

Case 2 was a 90-second continuous video. The child was
prone with face down and had a ~30-second convulsive
seizure with side-to-side truncal movements and abnormal
“whimpering” vocalization followed by cessation of motion or
sound.
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Case 3 was a 30-minute continuous video. The child was
prone with face to side initially. A ~40-second convulsive
seizure caused the face to turn more prone into the pillow near
the child’s face. Labored breathing followed, decreasing in
frequency and depth over 25 minutes until there was no
movement or sound.

Case 4 was a 20-minute continuously recorded video without
audio. The child was prone with initial face position inde-
terminant. A ~50-second convulsive seizure primarily in-
volved trunk and lower extremities followed by rhythmic
lower extremity clonic activity alone before ~S-minute
postconvulsion. The child’s face was prone when found.

Case S included ~11-second video segments triggered by a
sound or movement, presumably the child’s. Across 6 seg-
ments over 105 minutes of the final sleep period, the child was
in prone with face prone or to the side. No abnormal move-
ment or sound were identified.

Case 6 included ~10-second video segments triggered by
sound or movement, presumably the child’s. Across 4
segments over a 100-minute sleep period, the child
appeared congested with face movement into his pillow. It
was unclear if the movement was voluntary. The second
segment recorded 1 deep inspiration. The third segment
recorded an abnormal vocalization (sneeze-like sound),
while the child extended his trunk rapidly from the child’s
pose position to sitting, then returned quickly to prone
face down into pillow position. Clinicians considered this
suggestive of a seizure, possibly hypermotor or convulsive, but
determination was limited by discontinuous recording.

Case 7 was a 15-minute continuously recorded video. The
child was prone with face prone initially followed by a ~25-
second paroxysmal motor event primarily involving the trunk,
appearing to be a hypermotor seizure. This followed with
rhythmic hip motions and simultaneous irregular deep and
shallow breathing motions until no further movement or
sound ~S-minute postictal.

The supplement includes eFigure 1 (links.lww.com/WNL/
D313), which visualizes the temporal relationship of abnor-
mal movement and sound.

Discussion

Audio-visual recordings in 7 toddlers with unexplained sud-
den deaths strongly implicated convulsive seizures. Primary
cardiac arrhythmias were not supported; all 7 children had
normal cardiac pathology and whole-exome sequencing
failed to identify any pathogenic cardiac variations. All §
cases with continuous recordings revealed convulsions
before death. Two cases with noncontinuous motion-
triggered recordings were less definitive: one suggested a
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convulsion and the other had indeterminate movement.
Convulsive seizures may be related to most sudden un-
explained deaths in young children. Of 6 cases with sug-
gestive or definite convulsive movements before death,
only 1 had a febrile seizure history. Beyond unexplained
toddler deaths, seizures may be related to unwitnessed,
sleep-related, autopsy-negative deaths in individuals with
and without a history of seizures across all ages. Febrile
seizures are approximately 10-fold more frequent in sudden
unexplained toddler death cohorts than controls.»>'%**
Among our 248 Registry cases who died before 60 months,
29.4% had febrile seizures, consistent with previous studies
implicating febrile seizures in some of these deaths.*”**
Seizures may also contribute to toddler deaths explained by
other factors. Febrile seizures occurred in 22% of toddlers
whose deaths were certified explained because of infections
and accidents, more than S-fold higher than in the age-
matched controls.* This supports that febrile seizures were
the mechanism of deaths attributed to other causes by
current death certification practices.

Seizures may be responsible for some sudden infant deaths,
which are usually unwitnessed during sleep. Infant seizures
are often subtle and may cause isolated apneas, leading to
underdiagnosis. Among 6 infants with recurrent life-
threatening events with normal interictal electroencepha-
lograms, 23 seizures were recorded in which initial elec-
troencephalographic changes were followed by tachycardia
and oxygen desaturations (27 seconds after electrographic
. . .28
onset) and apneic pauses, despite resuscitation.”” Post-
mortem neuropathologic and molecular phenotyping
studies identify epilepsy syndromes in some autopsy-
negative cases otherwise attributable to sudden infant death
11,22,29
syndrome.

Seizures involved in sudden unexplained nocturnal deaths in
young adults are sometimes misclassified as sudden cardiac
death® but typically lack evidence such as cardiac hypertrophy,
coronary artery disease, congenital abnormalities, or other
findings. One consecutive series of adult sudden cardiac deaths
in San Francisco County found that 17% of nonarrhythmogenic
cases had a seizure history that was later determined as the
definite or likely causes of death in most.>" Asian cultures named
this syndrome after the “loud groan” heard during sleep before

death, suggesting a possible “ictal vocalization.”*>

Seizure-related deaths can occur in people without a history of
seizure. Only one of our cases had a (febrile) seizure
history. Yet their postconvulsive course paralleled typical
sudden unexpected deaths in epilepsy recorded in
epilepsy-monitoring units: postconvulsive tachycardia
and breathing instability were followed by death, often
during sleep and prone."® The specificity of hippocampal
dentate gyrus changes in SUDC has been questioned.'>"
Hippocampal findings in our cases did not correlate with a
febrile seizure history; in case 2, they were unrelated to
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death due to tonsillar obstruction. Four cases with defi-
nite terminal convulsions were alive following their
convulsion; 2 had postictal respiratory dysfunction. All 7
cases had asphyxia risk: discovered prone faced down
positioning or airway obstruction at autopsy. Postictal
depression of arousal and reflexes likely contributed as
well.

Death certifications commonly default to cardiac causes when
autopsies are unrevealing.>®** Unwitnessed deaths in
adults with epilepsy are often attributed to cardiac causes
based on age-related cardiac pathologies that do not differ
from age-matched controls.** Neither cardiac arrythmias
nor terminal seizures have pathognomonic autopsy find-
ings. Tongue contusions complicate some epileptic con-
vulsions, including one of our cases, but cannot be reliably
distinguished from a convulsion resulting from cardiac-
induced cerebral hypoxia.'”** Cardiac causes are unlikely
in our cases because whole-exome sequencing was negative
for pathogenic or de novo cardiac disease sequence varia-
tions (although sequence variations may exist in genes or
regulatory elements not currently known to influence car-
diac arrhythmia risk), cardiac pathology was unrevealing,
all were sleep-related and most were found face down.*®
Thus, the preterminal convulsive movements in our cohort
were most likely due to an epileptic seizure.

Our study is limited by sample size, absence of contempora-
neous physiologic monitoring to objectively distinguish
abnormal movement, convulsions and seizures, variable
quality and duration of audio-video recordings, and
SUDCRCC case ascertainment that may be biased and
possibly not representative of the overall SUDC pop-
ulation. However, these recordings of sudden childhood
deaths are a unique data set providing compelling evidence
that terminal seizures may be much more common than
medical histories suggest. The demographic profiles of
these cases overlap with our full SUDCRRC cohort, sug-
gesting that many other unwitnessed sleep-related deaths
in young children could result from seizures. The causes of
the convulsive events in our cases are unknown; mild in-
fections may have lowered the seizure or febrile seizure

threshold.

In a consecutive series of audiovisual recordings of deaths in 7
children, a convulsion preceded death in 6 cases, including
all 5 with continuous recordings. Without video evidence,
death investigations would not have implicated seizures.
Seizure-related deaths are underrecognized in patients with
epilepsy and unrecognized in people without epilepsy.
Accurate diagnosis is limited by lack of pathognomonic
evidence of terminal seizure because autopsies are normal
or show incidental findings, and identification of peri-
mortem seizures may be challenging or absent. Terminal
seizures may play a role in many unwitnessed sleep-related
deaths in toddlers and potentially in infants, older children,
and adults.

Neurology.org/N

Acknowledgment

We thank additional members of the SUDC Registry and
Research Collaborative for their assistance in multidisciplin-
ary case reviews including Thomas Wisniewski, MD;
Christopher William, MD; Dominique Leitner, PhD; Thomas
Andrew, MD; Emily Duncanson, MD; Andrew Guajardo,
MD; Nicole Jackson, MD, PhD; J. Keith Pinckard, MD, PhD;
Peter Lin, MD; Leah Geiser Roberts, DO; Ingo Helbig, MD;
Sarah Ruggiero, MS, LCGC; Stacey Cohen, MS, CGC; John
Pappas, MD; Rachel Rabin, MS, CGC; Michael Ackerman,
MD; and Mekka Garcia, MD. We also thank Kevin Mancini
for his assistance in improving video clarity for assessments
and the medical examiner and coroner offices for their
support in referrals to the SUDCRRC. We are indebted to the
bereaved parents who courageously participated in this study
to help us better understand sudden unexplained death in
childhood and impact a brighter future for all children.

Study Funding

This study received support from SUDC-UK, SUDC Foun-
dation, NYU FACES, and National Center for Advancing
Translational Sciences (NCATS), NIH, UL1TR00144S.

Disclosure

L. Gould reports her previous role in the SUDC Foundation
and SUDCUK Board of Directors/Trustees. C. Reid, A.
Rodriguez, and O. Devinsky report no conflicts of interest
relative to this manuscript. Go to Neurology.org/N for full
disclosures.

Publication History

Received by Neurology July 20, 2023. Accepted in final form
October 13, 2023. Submitted and externally peer reviewed. The
handling editor was Associate Editor Courtney Wusthoff, MD, MS.

Appendix 1 Authors

Name Location Contribution
Laura NYU Grossman School of Drafting/revision of the
Gould, MSc Medicine, and NYU manuscript for content,
Comprehensive Epilepsy including medical writing for
Center, New York content; major role in the
acquisition of data; study
concept or design; analysis or
interpretation of data
Codi-Ann NYU Grossman School of Major role in the acquisition of
Reid, AB Medicine, and NYU data; analysis or interpretation
Comprehensive Epilepsy of data
Center, New York
Alcibiades NYU Grossman School of Major role in the acquisition of
J. Medicine, and NYU data; analysis or interpretation
Rodriguez, Comprehensive Epilepsy of data
MD Center, New York
Orrin NYU Grossman School of Drafting/revision of the
Devinsky, Medicine, and NYU manuscript for content,

MD Comprehensive Epilepsy
Center, New York

including medical writing for
content; major role in the
acquisition of data; study
concept or design; analysis or
interpretation of data
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Appendix 2 Coinvestigators

Name Location Role Contribution
Alison Cuyahoga County  Forensic and Data acquisition
Krywanczyk, Medical Cardiac and reviewer of
MD Examiner's Office, Pathologist Co- videos, review of
Cleveland, OH Investigator manuscript
Kristen NYC Office of the  Forensic and Data acquisition
Landi, MD Chief Medical Pediatric and reviewer of
Examiner, New Pathologist Co- videos, review of
York Investigator manuscript
Melissa Office of the Forensic Data acquisition
Guzzetta, DO County Medical Pathologist Co- and reviewer of
Examiner, Investigator videos, review of
Middlesex, NJ manuscript
Heather Office of the Forensic and Data acquisition
Jarrell, MD Medical Neuropathologist and reviewer of
Investigator, Co-Investigator videos, review of

University of New
Mexico Health
Sciences Center,

manuscript

Albuquerque

Kelly Lear, Arapahoe County  Forensic Data acquisition

MD Coroner’s Office, ~ Pathologist Co- and review of
Centennial, CO Investigator manuscript

Tara Mahar, Erie County Forensic Data acquisition

MD Medical Pathologist Co- and reviewer of
Examiner's Office, Investigator videos, review of
Buffalo, NY manuscript

Katherine Erie County Forensic Data acquisition

Maloney, MD Medical Pathologist Co- and review of
Examiner's Office, Investigator manuscript
Buffalo, NY

Declan Yale Medical Forensic and Data acquisition

McGuone, School, New Neuropathologist and reviewer of

MBBCh Haven, CT Co-Investigator videos, review of

manuscript

Alex Zucker School of  Forensic and Data acquisition

Williamson, Medicine at Pediatric and reviewer of

MD Hofstra/Northwell, Pathologist Co- videos, review of
Hempstead, NY Investigator manuscript

Kathryn Montgomery Forensic Data acquisition

Pinneri, MD  County Forensic Pathologist Co- and reviewer of
Services, Conroe,  Investigator videos, review of
X manuscript

Victoria NYU Grossman Research Collection of

Delavale, School of Coordinator Co- materials and

MPH Medicine, New Investigator communication
York of team members

in review process

Daniel NYU Grossman Neurologist Co- Strategic support

Friedman, School of Investigator to SUDCRRC

MD Medicine, New
York
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