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Underestimation of sudden deaths among

patients with seizures and epilepsy
B3

ABSTRACT

Objective: To determine the definite and potential frequency of seizures and epilepsy as a cause
of death (COD) and how often this goes unrecognized.

Methods: Prospective determination of seizures or epilepsy and final COD for individuals aged
18-90 years with out-of-hospital sudden cardiac deaths (SCDs) from the population-based
San Francisco POST SCD Study. We compared prospective seizure or epilepsy diagnosis and
final COD as adjudicated by a multidisciplinary committee (pathologists, electrophysiologists, and
a vascular neurologist) vs retrospective adjudication by 2 epileptologists with expertise in
seizure-related mortality.

Results: Of 541 SCDs identified during the 37-month study period (mean age 62.8 years, 69%
men), 525 (97%) were autopsied; 39/525 (7.4%) had seizures or epilepsy (mean age: 58 years,
range: 27-92; 67% men), comprising 17% of 231 nonarrhythmic sudden deaths. The multidis-
ciplinary team identified 15 cases of epilepsy, 6 sudden unexpected deaths in epilepsy (SUDEPs),
and no deaths related to acute symptomatic seizures. The epileptologists identified 25 cases of
epilepsy and 8 definite SUDEPs, 10 possible SUDEPSs, and 5 potential cases of acute symptom-
atic seizures as a COD.

Conclusions: Among the 25 patients identified with epilepsy by the epileptologists, they
found definite or possible SUDEP in 72% (18/25) vs 24% (6/25) by the multidisciplinary
group (6/15 cases they identified with epilepsy). The epileptologists identified acute
symptomatic seizures as a potential COD in 5/14 patients with alcohol-related seizures. Epi-
lepsy is underdiagnosed among decedents. Among patients with seizures and epilepsy who
die suddenly, seizures and SUDEP often go unrecognized as a potential or definite COD.
Neurology® 2017;89:886-892

GLOSSARY

CAD = coronary artery disease; COD = cause of death; SADS = sudden arrhythmic death syndrome; SCD = sudden cardiac
death; SUDEP = sudden unexpected death in epilepsy.

Individuals with epilepsy have increased mortality,' with sudden death rates among young adults
27-fold higher than control populations.? Seizures and epilepsy can cause or contribute to death
from sudden unexpected death in epilepsy (SUDEP), drowning, pneumonia, status epilepticus,
accidents, falls, burns, suicide, and consequences of medical and surgical therapies.'

The role of seizures and epilepsy in causing death may be underestimated for many reasons,
including (1) failure to obtain a history of seizures or epilepsy in the decedent; (2) a lack of sei-
zure stigmata of seizures (e.g., tongue bite) or nonspecific findings (e.g., urinary incontinence
and pulmonary edema) at autopsy; (3) failure to recognize seizures as the ultimate cause of death
(COD; e.g., seizures causing lethal aspiration pneumonia); (4) failure to recognize seizures as the
proximate COD (e.g., seizure is the terminal event in a patient with malignant brain tumor); (5)
structural and toxicological findings (e.g., cardiomegaly and serum cocaine metabolite) are given
priority over seizures; and (6) potential arrhythmic causes receive higher priority than epilepsy
in “autopsy-negative” sudden deaths. We cannot assess the frequency of seizure-related and
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[ Figure Flow chart of adjudications by the POST SCD team and epileptologists
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SUDEP = sudden unexpected death in epilepsy.

epilepsy-related sudden deaths because of
these biases and the lack of population-based
comprehensive investigation.

The POstmortem Systematic InvesTigation
of Sudden Cardiac Death (POST SCD)
Study” systematically evaluated nearly every
incident out-of-hospital sudden cardiac death
(SCD) in a metropolitan area over a 37-month
period, including complete autopsies and
review of paramedic run sheets and medical
records. We examined the records of all POST
SCD cases with a history of seizures or epilepsy
to independently assess CODs.

METHODS From February 2011 to March 2014, through
active and real-time surveillance of all cases referred to the med-
ical examiner, the POST SCD Study identified all incident SCDs
aged 18-90 years within the City and County of San Francisco.
California law mandates reporting all out-of-hospital deaths to
the medical examiner.” The following sudden deaths were
excluded: patients with (1) severe noncardiac chronic and ter-
minal illness, including (a) terminal cancer or (b) end-stage renal

disease on dialysis; (2) hospice residents; and (3) an identifiable

noncardiac etiology at the time of presentation: (a) signs of drug
abuse/overdose (IV needles and empty pill bottles), (b) trauma,
(c) violent death, (d) homicide, and (e) suicide. All cases under-
went systematic and comprehensive evaluation, including
retrieval and review of medical records and full autopsy with
detailed heart and cranial vault examination. A multidisciplinary
committee of cardiologists and cardiac electrophysiologists, ana-
tomic and forensic pathologists, and a vascular neurologist (in
selected cases) adjudicated a single most likely COD for each case
by a consensus. For cases with a history of seizures or epilepsy,
data were independently reviewed by 2 epileptologists (D.F. and
0.D.) with expertise in epilepsy-related mortality. SUDEP was
determined using the criteria of Nashef et al.® Definite SUDEP
was a sudden death in benign circumstances (excluding status
epilepticus) in a person with epilepsy without an alternative COD
on postmortem examination. Definite SUDEP plus was a sudden
death in a person with epilepsy and a concomitant condition by
history or on autopsy that could have contributed to but was
unlikely to be solely responsible for death. Possible SUDEP was a
sudden death in a person with epilepsy in which there was
a competing cause that may have been solely responsible for
death. A case was determined not to be SUDEP if there was
a clear alternative COD based on history, postmortem exami-
nation, or toxicology. Not all individuals with a history of seizures
have epilepsy, defined as =2 unprovoked seizures at least 24
hours apart or a single unprovoked seizure with an enduring risk

for further seizures. Medical record documentation of seizure
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history and antiepileptic drug use varied among study partic-
ipants. We defined epilepsy as definite or probable using the
International League Against Epilepsy criteria for epidemiologic

and surveillance studies of epilepsy.”

Standard protocol approvals, registrations, and patient
consents. This study was approved by the local institutional

review board with a waiver of informed consent.

Statistical analysis. Statistical analyses were performed with
Stata (StataCorp LP, College Park, TX), using the Student # test
assuming unequal variance for continuous data, and the Fisher
exact test for categorical data, where appropriate. A 2-tailed p <

0.05 was considered statistically significant.

RESULTS Of 541 consecutive SCDs identified dur-
ing the 37-month study period, 525 (97%) under-
went systematic evaluation and full autopsy (figure).
Of these cases, 39 (7.2% of all SCDs and 7.4% of
autopsied SCDs) had a history of seizures. The POST
SCD team identified epilepsy in 15/39 (38.5%); the
epileptologists diagnosed probable or definite epilepsy
in 25/39 (64%) cases (table 1 and figure). The major
findings that led the epileptologists to diagnose prob-
able or definite epilepsy in these 10 additional cases
included clinical history (10) and current or prior use
of one or more antiepileptic drugs (7). The POST
SCD committee identified 6 definite SUDEP cases.
Of the remaining 9 patients, COD was attributed to

7 cardiac causes (2 hypertrophy, 2 cardiomyopathy, 1
chronic coronary artery disease [CAD], 1 acute CAD,
and 1 heart failure) and 2 noncardiac causes (1 intra-
cranial hemorrhage and 1 incarcerated hernia) (table 2
and table e-1 at Neurology.org).

Among the 6 SUDEDPs identified by the POST
SCD team, 3 had nonspecific cardiac findings
(minor thickening of septal and posterior left ven-
tricle and interstitial fibrosis). One SUDEP case
(17%) was asystolic and apneic when emergency
medical services arrived. Two SUDEP cases were
young women with juvenile myoclonic epilepsy,
including one who recently stopped taking antisei-
zure medications. SUDEP cases were younger than
other SCDs (mean age 45; SD 14.8; range 27-67;
» = 0.001).

The epileptologists classified the COD in the 25 epi-
lepsy cases they identified as follows: definite SUDEDPs
(6; same as POST SCD team), definite SUDEP plus
(2), possible SUDEP (10), and not SUDEP (7).
For the 2 definite SUDEP plus cases, the POST
SCD team determined COD as cardiac hypertensive
heart disease and cardiomyopathy. One was a 52-
year-old man found prone on a pavement in front
of a park bench where he was observed reading, in
no distress, 2 hours earlier. This 75-inch, 236 pound

[ Table 1 Determination of COD

Age, y, mean = SD
Sex, % male
Psychiatric history, %

History of tobacco
abuse, %

History of alcohol
abuse, %

History of drug
abuse, %

Toxicology, %
(+) Tobacco
(+) Alcohol
(+) Hicit drugs
(+) AEDs
Mean heart weight, g

Mean lung weight, g

Probable or definite epilepsy (n = 25)

SUDEP Not SUDEP Seizures/possible epilepsy (n = 14)
Additional Additional cases
cases Additional cases identified by

POST SCD + identified by identified by POST SCD + epileptologists

epileptologists epileptologists epileptologists POST SCD + epileptologists (symptomatic +

(definite (definite (possible epileptologists (not related to possible

SUDEP) SUDEP Plus) SUDEP) (not SUDEP) COoD) epilepsy)

n==6 n=2 n=10 n=7 n=28 n=6

45 = 14.8 40.5 58 +17.4 61.4 = 10.8 621 = 145 59.7 = 12.8

33 100 80 71 50 83

B3] 0 20 43 62.5 50

100 50 70 43 75 83

33 100 60 29 50 67

67 50 30 29 375 33

50 0 10 43 0 88

0 0 0 0 12.5 88

33 100 50 29 50 17

B3] 50 50 29 0 0

325.0 495.0 435.0 453 485.6 454

532/492 840/790 640/640 305/123 723/586 648/550

Abbreviations: AEDs = antiepileptic drugs; COD = cause of death; SUDEP = sudden unexpected death in epilepsy.

888

Neurology 89 August 29, 2017


http://neurology.org/lookup/doi/10.1212/WNL.0000000000004292

[ Table 2 Cause of death determined by epileptologists ]
Definite SUDEP Possible SUDEP Acute symptomatic Not SUDEP
(n=28) (h=10) seizure (n = 5) (n=16)
Age, y, mean = SD 439 + 141 64.1 = 1472 558 = 11.6 622 = 1212
Sex, % male 50 70 100 62.5
Psychiatric history, % 25 0 0 50
History of tobacco abuse, % 87.5 70 20 56
History of alcohol abuse, % 50 40 40 2785
History of drug abuse, % 62.5 10 60 31
Toxicology, %
(+) Tobacco 375 10 20 18.75
(+) Alcohol 0 0 40 12.5
(+) IMicit drugs 50 50 60 375
(+) AEDs &7 30 0 18.75
Mean weight of heart, g 367.5 476.5 441.0 479
Mean weight of lungs, g 609/566 683/613 686/572 728/600

Abbreviations: AEDs = antiepileptic drugs; SUDEP = sudden unexpected death in epilepsy.

2 Significant age difference from definite SUDEP (p < 0.05).

man’s heart weighed 560 g, and his lungs weighed
1,750 g. He had a history of epilepsy after a motorcy-
cle accident requiring a craniotomy and was on phe-
nytoin (none detected postmortem). His coronary
arteries were normal; there was moderate thickening
of his mitral valve and subendocardial fibrosis. The
second was a 29-year-old man with nocturnal con-
vulsions on carbamazepine (postmortem level 3.7).
He had 2 convulsions in the past 6 months. He was
found prone in bed and his face in the pillow. This
71-inch, 170-pound man’s heart weighed 430 g, and
there was subendocardial fibrosis; his lungs weighed
1,510 g (consistent with pulmonary edema). The
coronary arteries and cardiac valves were normal. Sub-
endocardial fibrosis and pulmonary edema are com-
mon findings in SUDEP®’ and could have
contributed to the mechanism of death. This case
could also be considered a definite SUDEP.

For the 10 possible SUDEP cases, the POST SCD
team’s diagnoses were incarcerated hernia without
petforation or sepsis (1), cardiac (7: acute CAD [1],
chronic cardiac artery disease [1], cardiomyopathy
[3], and hypertensive heart disease [2]), and chemical
overdose (2). In these 10 cases, the epileptologists
considered the COD as uncertain because SUDEP
and the cause listed by the POST SCD team were
both possible, and the evidence did not establish
a probable cause. For example, a 51-year-old man
with acute coronary artery changes (plaque rupture)
was witnessed by his wife to have 2 convulsive seiz-
ures, 30 minutes apart, out of sleep. He stopped
breathing within several minutes of the second con-
vulsion and died, despite resuscitative efforts initiated
by emergency medical services 10 minutes later. He

had been seizure free for 10 years and was not taking
antiseizure medication. The ruptured coronary artery
plaque may have resulted from the seizures or poten-
tially triggered cerebral ischemia that provoked the
seizures; death may have been primarily due to car-
diac ischemia, SUDEP, or a combination of both. In
the 2 cases of chemical overdose, one had subthera-
peutic valproic acid levels as well as the cocaine
metabolite benzoylecgonine (0.17 mg/L) and mor-
phine (0.14 mg/L). However, the average benzoylec-
gonine levels in cocaine-related sudden deaths are
3.26 mg/L' and average morphine levels are 0.26
mg/L."" The other overdose had an oxazepam level
of 7 ng/mL, nordiazepam of 344 ng/mlL, diazepam of
270 ng/mL, morphine of 0.36 mg/mL, and pseudoe-
phedrine of 760 ng/mL. Low doses (15 mg) of oxaz-
epam produce peak blood levels of 300 ng/mL,"* and
living drug users with positive tests have an average
level of 1,013 ng/mL." Standard pseudoephedrine
doses produce peak levels of ~450 ng/mL.'* Given
the individuals” history of drug abuse, they were likely
tolerant to opiates or benzodiazepines, and the rela-
tionship of the drug use to death is possible but
uncertain, similar to SUDEP. A comparison of cases
for which there was agreement and disagreement by
POST SCD and epileptologist reviewers is summa-
rized in table 1 and table e-1.

Among the other 14 cases with a history of seizures
but not epilepsy, acute symptomatic seizures were
considered as possible causes or contributing causes
of death in 5 patients.

Demographic and historical features in the defi-
nite SUDEP, possible SUDEP, and acute symptom-
atic seizure groups are summarized in table 2. The

Neurology 89 August 29, 2017 889



890

mean age of the definite SUDEP group was younger
than that classified as possible or not SUDEP. The
acute symptomatic seizure group was composed
entirely of men, whereas the other groups were com-
posed of 50%-70% men.

DISCUSSION Our study reveals that despite the
most rigorous procedures to obtain medical records
and perform comprehensive autopsy and adjudicate
COD among an entire metropolitan population with
epilepsy who die suddenly, the potential role of
SUDEP went unrecognized in 12/18 cases (67%).
Among 25 epilepsy cases, 6 were diagnosed with
SUDEP, whereas 2 definite SUDEP plus and 10 pos-
sible SUDEP diagnoses were missed. Thus, there are
major limitations in determining the COD among
people with seizures and epilepsy. Without the sys-
tematic medical record review and comprehensive
autopsy and adjudication performed by the POST
SCD team, the history of epilepsy and seizures would
have been missed in many cases and the underestima-
tion of SUDEP incidence would be even lower. Fur-
thermore, despite attempts by study investigators to
obtain medical records, these records may have been
limited, suggesting that additional cases of epilepsy
and SUDEP may have been missed.

The potential contribution of seizures and epi-
lepsy to sudden death is often overlooked. There were
marked differences in the adjudications of the POST
SCD  muldidisciplinary committee (cardiologists,
anatomic and forensic pathologists, and a stroke neu-
rologist) and 2 epileptologists with expertise in seizure-
related mortality who separately reviewed cases with
a history of seizures or epilepsy. The differences likely
reflect uncertainties in diagnosing epilepsy with a lim-
ited history and determining COD when there is no
definite structural or toxicological cause, the decision
to choose a single COD, the choice to use positive
(i.e., presence of a potentally lethal structural or
toxicological cause) over negative (lack of alternative
etiology supports SUDEP) findings, as well as the
biases of different disciplines and perspectives. Because
we have captured the entire population of sudden
deaths with seizure history in the metropolitan area,
our study may be more generalizable for out-of-
hospital sudden death risk than prior studies of
selected hospitalized patients with epilepsy.

The underrecognition of SUDEP is widespread
among coroner and medical examiner communities.
In 1 survey, 83.5% of pathologists acknowledged that
SUDEDP is a valid diagnosis if autopsy revealed no
alternative COD in a person with epilepsy, but only
22.9% of these pathologists diagnosed SUDEP in
more than half of the cases that met the criteria.”
Another review of epilepsy cases from a medical
examiner office found that nearly all the Definite

Neurology 89 August 29, 2017

SUDEP Plus cases went unrecognized, with COD
most often attributed to heart disease, alcoholism,
or metabolic disorder.'® Seizure or epilepsy was listed
as a COD or contributing factor in only 1/12 of these
deaths.' In our study, the role of epilepsy was not
identified in either of the 2 definite SUDEP Plus
cases. In our series and that by Atherton et al.,'® def-
inite SUDEP plus composed 25%-48% of all defi-
nite SUDEP cases. Failure to recognize this category
has profound implications on the epidemiology of
SUDEP.

Underrecognition of SUDEP often results from
the priority given to postmortem findings, the gold
standard to determine COD. However, interpreta-
tion of postmortem findings varies widely and deter-
mining COD often requires judgment and
uncertainty. Errors in determining COD can occur
from systematic errors (e.g., assuming an antemortem
diagnosis without corroborative data),'” limited sam-
pling that biases against certain etiologies,'® greater
weight to structural or toxicological than functional
causes, or applying population-based probabilities
(i.e., cardiovascular disease) in autopsy-negative or
nonlethal pathologic findings in specific populations
(e.g., epilepsy).

It is challenging to determine the probability that
one or more gross or histopathologic abnormalities
are the COD or whether they are artifactual. For
example, coronary artery atherosclerosis without
end-organ damage, mitral valve prolapse, and cardio-
megaly are prevalent in the general population,' and
some cardiac abnormalities are more common in
obese individuals.”® The comprehensive postmortem
methods in POST SCD likely identified abnormali-
ties that would usually be missed (e.g., myocardial
fibrosis in a grossly normal heart found on sections
of 5 left ventricle areas) and determined a cardiac
COD rather than SUDEP, contributing to the
underestimation of seizure or epilepsy as a COD.

Postmortem interpretation of toxicology is com-
plex. Drug concentrations are affected by the environ-
ment and condition of the body, transport, storage,
time to autopsy, collection site, and postmortem
redistribution.”’ Although reference ranges help to
distinguish therapeutic from toxic levels, the afore-
mentioned factors and tolerance in individuals with
chronic exposure complicate interpretation.?*=*4

Biases toward selected diagnoses also affect
determination of COD. A common definition of
SCD is a sudden and unexpected death within an
hour of symptom onset,”>?¢ but if unwitnessed, in-
dividuals should have been observed alive within 24
hours of death.”” This broad definition presumes
sudden arrhythmic death syndrome (SADS) with
no history, nor macroscopic or microscopic evi-
dence of cardiac disease in individuals who die



suddenly.?® In the POST SCD Study, just over half
of all SCDs were SADS after postmortem investiga-
tion, including the unexpected large contribution of
sudden neurologic deaths masquerading as sudden
cardiac deaths.”

The need to identify a primary COD forces med-
ical examiners and coroners to make probabilistic de-
terminations. The COD is often uncertain, with
multiple competing causes for whom relative proba-
bilities are difficult to determine. When a thorough
autopsy and toxicological study fails to reveal
a COD in a person with epilepsy, cardiac etiologies
are often presumed.”” An autopsy is performed in
8.5% of deaths in the United States; for many with-
out autopsy, the COD on death certificates is unreli-
able.®® For example, intellectual disability (mental
retardation) is often erroneously listed as the
COD.*" In many cases, the clinical, pathologic, and
toxicologic data do not clearly establish a COD.
Identification of clinical risk factors (e.g., hyperten-
sion and hypercholesterolemia) and pathologic find-
ings of uncertain significance (e.g., cardiomegaly)
often lead to liberal interpretation, exclusion of con-
tributory diagnoses, and biases toward prevalent dis-
eases. Thus, if a person with epilepsy dies suddenly,
an alternative COD can be readily supported by cir-
cumstantial evidence, although the diagnosis of pos-
sible SUDEP specifically allows for a competing
COD.

Seizures of any cause, not just epilepsy, increase
the risk of sudden death.’* A febrile seizure history
is 10-fold more common among toddlers who die
suddenly and for whom no COD is found after com-
plete forensic examination than in the general pedi-
atric population.®® Other forms of acute seizures, such
as alcohol withdrawal and drug-induced seizures, can
cause sudden death.*

There are potential biases of the epileptologists as
well, whose expertise is more restricted and who lack
training in forensic pathology. They may have selec-
tively reviewed deaths among patients with seizures
and epilepsy focusing on potential seizure-related fac-
tors. They agreed that the chance of SUDEP must be
10% or higher to be considered a possible SUDEP,
although no percent probability is provided in the
current criteria. Furthermore, they acknowledge that
it is impossible to accurately quantify the probability
that death was due to SUDEP or a seizure, especially
when competing causes are present.

Our findings confirm that there is often uncer-
tainty in the degree to which seizures contribute to
sudden death, especially in older individuals, people
with comorbid medical conditions, and those with
a history of substance abuse. This uncertainty may
influence estimates of epilepsy-related mortality and
be substantially but not entirely improved by

increasing autopsy rates because forensic science can-
not always distinguish between competing COD.
Studies of the pathophysiology of SUDEP may reveal
genetic and molecular signatures of seizure-related
death that can be probed to improve certainty in
death certification and may help better define the
scope of the problem.
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