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Abstract
Objective
To determine time trends and distinguishing autopsy findings of sudden unexpected death in
epilepsy (SUDEP) in the United States.

Methods
We identified decedents where epilepsy/seizure was listed as cause/contributor to death or
comorbid condition on the death certificate among all decedents who underwent medico-legal
investigation at 3 medical examiner (ME) offices across the country: New York City
(2009–2016), San Diego County (2008–2016), and Maryland (2000–2016). After reviewing all
available reports, deaths classified as definite/probable/near SUDEP or SUDEP plus were in-
cluded for analysis. Mann-Kendall trend test was used to analyze temporal trends in SUDEP rate
for 2009–2016. Definite SUDEPswere compared to sex- and age ±2 years–matched non-SUDEP
deaths with a history of epilepsy regarding autopsy findings, circumstances, and comorbidities.

Results
A total of 1,086 SUDEP cases were identified. There was a decreasing trend in ME-investigated
SUDEP incidence between 2009 and 2016 (z = −2.2, S = −42, p = 0.028) among 3 regions.
There was a 28% reduction in ME-investigated SUDEP incidence from 2009 to 2012 to
2013–2016 (confidence interval, 17%–38%, p < 0.0001). We found no correlation between
SUDEP rates and the month of year or day of week. There was no difference between SUDEP
and non-SUDEP deaths regarding neurodevelopmental abnormalities, pulmonary congestion/
edema, and myocardial fibrosis.

Conclusions
There was a decreasing monotonic trend in ME-investigated SUDEP incidence over 8 years,
with a 28% reduction in incidence from 2009–2012 to 2013–2016. Unlike SIDS and sudden
cardiac death, we found no correlation between SUDEP and the season of year or day of week.
No autopsy findings distinguished SUDEP from non-SUDEP deaths.
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Sudden unexpected death in epilepsy (SUDEP) is likely the
most common cause of epilepsy-related mortality.1 The in-
cidence of SUDEP is estimated to be 1.2 per 1,000 patient-
years in adults with epilepsy. Early studies found the incidence
in children was 0.22 per 1,000 patient-years,2,3 but recent
studies found a similar incidence as adults with epilepsy.4 In
the past decade, multiple efforts sought to educate patients,
families, and clinicians about the risks of SUDEP and po-
tential prevention strategies. Contemporaneously, the Af-
fordable Care Act5 improved access to care for many
underinsured and uninsured patients in the United States. It is
unknown if either of these changes in patient and provider
awareness or patient access to epilepsy care has affected
SUDEP incidence. In addition, understanding the trends of
the SUDEP rate in people with epilepsy (PWE) is important
in order to design studies that assess public health campaigns
targeting SUDEP risk reduction.3,6

Events in episodic disorders may follow a circaseptan (;7
days) rhythm. In epilepsy, studies of seizure diaries have
suggested that seizures are more likely to occur on Tuesdays
and Wednesdays,7 while cardiovascular events are more fre-
quent onMondays.8 It is unknown if SUDEP follows a weekly
or monthly pattern.

This study assessed trends in SUDEP incidence based on
medico-legal investigation (MLI) in 3 geographically and de-
mographically diverse regions of the United States: New York
City (NYC), the state of Maryland (MD), and San Diego
County (SDC) between 2009 and 2016. In addition, since
most SUDEPs follow a seizure, we examined if SUDEP has
a midweek pattern similar to seizures. Finally, we compared
autopsy, toxicology, and clinical characteristics of SUDEP cases
compared to age- and sex-matched non-SUDEP cases to ex-
amine if any features could reliably help distinguish SUDEP
from non-SUDEP deaths.

Methods
Selection of cases
We retrospectively queried all decedents who presented for
MLI at 3 medical examiner (ME) offices across the country:
NYC (January 1, 2009–December 31, 2016), MD (January 1,
2000–December 31, 2016), and SDC (January 1, 2008–
December 31, 2016). Each region has a single authority re-
sponsible for all MLIs in their catchment area with MEs with
clinical research experience. We identified decedents in whom
epilepsy/seizure was listed as cause/contributor to death or
comorbid condition on the death certificate. All investigator

notes, autopsy reports (when performed), toxicology, and
medical records were reviewed independently by 2 epileptol-
ogists with experience in forensic adjudication (D.F. andO.D.).
Definite SUDEP, definite SUDEP plus, probable SUDEP,
probable SUDEP plus, possible SUDEP, and near SUDEP
cases were classified using Nashef et al.9 criteria. A third epi-
leptologist (E.J.D.) reviewed the cases where there was a dis-
agreement on the cause of death, and a consensus was reached.

Estimation of epilepsy prevalence and SUDEP
rate per region and year
Region-, age-, and sex-adjusted epilepsy population was cal-
culated by using epilepsy prevalence estimates (source: the
National Health Interview Survey 2011 and 2015, National
Center for Health Statistics, Centers for Disease Control and
Prevention)10 and general population (source: United States
Census Bureau, 201011 and American Community Survey
2005–201612). Linear interpolation was applied to calculate
epilepsy prevalence for the remaining years.

Comparison of SUDEP and non-
SUDEP decedents
We compared autopsy findings and comorbid conditions
among adult definite SUDEPs (SUDEP group) and patients
with epilepsy who did not die from SUDEP (non-SUDEP
group). Non-SUDEP cases met the following criteria: (1) ≥18
years of age at death with a history of epilepsy that presented
to the same ME offices within the same years; (2) decedents
were residents in corresponding regions; (3) the cause of
death was not SUDEP; (4) an autopsy was performed with no
decomposition; (5) sex- and age ±2 years–matched control
for 2 definite SUDEP cases.

Statistical analysis
The demographics, clinical data, and autopsy findings of the
decedents were analyzed by SPSS Statistics (IBM, Armonk, NY,
version 23). Chi-square and Fisher exact test were used for
comparison of autopsy findings and comorbidities, and the
Mann-Whitney U test was used for comparison of organ
weights among SUDEP and non-SUDEP groups. Holm-
Bonferroni correction was applied to adjust p values in com-
parison of multiple comorbidities between the 2 groups.
SUDEP rate trends were calculated both for each region and for
all regions combined from 2009 to 2016, using Mann-Kendall
and region-adjusted multivariate Mann-Kendall tests. Incidence
rate ratio (SUDEP rate ratio in 2013–2016 compared to
2009–2012), Mann-Kendall test, confidence intervals (CIs) of
rates, and Holm Bonferroni correction were calculated using
fmsb, Kendall, trend, epitools, and stats packages in R (version
3.5.1; R Foundation for Statistical Computing, Vienna, Austria).

Glossary
CI = confidence interval;MD =Maryland;ME = medical examiner;MLI = medico-legal investigation;NYC = New York City;
OCME = Office of Chief Medical Examiner; PWE = people with epilepsy; SDC = San Diego County; SUDEP = sudden
unexpected death in epilepsy.

e868 Neurology | Volume 95, Number 7 | August 18, 2020 Neurology.org/N

Copyright © 2020 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://neurology.org/n


The Rayleigh test can be applied to measure the nonuniformity
of circular data including cyclical time series if the data follow
a von Mises distribution.13 After using the Stephens modified
Watson test14 to determine whether the data followed a von
Mises distribution, we performed the Rayleigh test to determine
if SUDEP deaths occurred with a uniform distribution across
days of the week or months of the year using the circular
package in R. In order to be certain regarding the date of death,
only the cases where the decedent was last seen alive on the
same calendar day were included in the analysis.

The probabilistic bias analysis was performed to account for the
bias due to possible incomplete SUDEP case ascertainment.15,16

The expected SUDEP incidence was calculated based on liter-
ature where epilepsy was not mentioned on the death certificate
on 25%–36% of identified SUDEPs.2,17 To determine the
contribution of information bias on observed trends in SUDEP
rates, we performed Monte Carlo simulation (1,000,000 iter-
ations) where the true SUDEP count for each ME region and
time period was randomly sampled from a uniform distribution
of 1.33–1.56 × the ME-investigated SUDEP count at each year
between 2009 and 2016. A multivariate Mann-Kendall test was
applied for each iteration. Simulations for bias analysis were
performed in R.

Standard protocol approvals, registrations,
and patient consents
This study was determined to be exempt by the New York
University Institutional Review Board because the decedents
do not qualify as human subjects. The research protocol was
approved by ME offices.

Data availability
Anonymized data will be shared by request from any qualified
investigator.

Results
Seizure or epilepsy was listed in the death certificate of 1,441
decedents. Seventy-three cases were excluded from further
analysis (34 cases with zip code of residence outside the ME
office jurisdiction, 11 cases with unknown zip code of resi-
dence, and 27 cases that were determined not to have epilepsy
on consensus review). A total of 1,086 out of 1,368 decedents
with epilepsy where the cause of death was determined as
SUDEP (definite SUDEP, probable SUDEP, or near SUDEP
including SUDEP plus) were included in further analysis
(figure 1). Among 1,086 SUDEP cases, 487 (44.8%) were
black and 686 (63.2%) were male. The median age at death
was 39 years (range, 3 months–81 years) (table 1). A total of
83.2% of deaths (904/1,086) were unwitnessed; 77.1% (837/
1,086) occurred at home. Almost half of the decedents were
found in bed, and 42.4% were in the prone position (table 1).

Temporal trends in SUDEP over 8 years
There was a decreasing trend in the ME-investigated SUDEP
rate in the epilepsy population (z = −2.2, S = −42, p = 0.028)

among 3 regions combined in 2009–2016 (figure 2A). When
the 3 ME offices were examined individually, the decreasing
trend was significant in NYC (τ = −0.79, S = −22, p = 0.009),
but notMD(τ = −0.43, S = −12, p= 0.17) or SDC (τ = −0.29, S
= −8, p = 0.39). There was 28% reduction in ME-investigated
SUDEP incidence in 2013–2016 compared to 2009–2012 (CI,
17%–38%, p < 0.0001) (figure 2B). The decrease in SUDEP
rate from 2009 to 2012 to 2013–2016 was 33% (CI, 17%–46%,
p < 0.001) inNYC, 30% (CI, 10%–46%, p = 0.005) inMD, and
17% (CI, −16%–40%, p = 0.28) in SDC. We performed
a sensitivity analysis examining all categories of SUDEP to
account for potential trends in coexisting conditions that could
lead the adjudicators to be less certain about the classification of
SUDEP, such as the increasing prevalence of opioids and other
drugs of abuse in toxicology reports. The decreasing trends
persisted when possible SUDEP cases were included in the
analysis (z = −2.2, S = −40, p = 0.025). The incidence of
definite/probable SUDEP among children based on MLI was
0.22 per 1,000 patient-years (95% CI, 0.16–0.3). Observed
ME-investigated SUDEP rate of 0.74–0.32 per 1,000 patient-
years was lower than reported SUDEP incidence of ;1 per
1,000 patient-years.3 According to probabilistic bias analysis
performed to account for possible incomplete case ascertain-
ment, the systematic error rate was 2.1%, and z ranged from
−2.6 to −1.96, and S ranged from −48 to −38 in the 95%
simulation interval (figure 3).

Monthly and daily variations in SUDEP
The exact date of death could be determined with certainty
for 478 SUDEP cases. The distribution of SUDEP across the
days of the week or months of the year followed a von Mises
distribution and it did not differ significantly from an
expected uniform distribution across days of the week
(Rayleigh z = 1.09, p = 0.35) or months of the year (Rayleigh
z = 1.33, p = 0.27). No daily or monthly patterns were
observed in specific age groups (<45 year old and ≥45 year
old) (p > 0.05) (figure 4, A and B). While there was a higher
rate of SUDEP on weekends compared to weekdays in our
sample (relative risk, 1.2; 95% CI, 0.98–1.46), the difference
was not statistically significant.

Comparison of SUDEP to non-SUDEP deaths
The demographics of the 190 sex- and age ±2 years–matched
non-SUDEP cases and 380 definite SUDEPs are summa-
rized in table 2. There was no difference between 2 groups
regarding remote neurologic injury including brain tumor,
stroke, head trauma, encephalitis/meningitis, developmental
delay, and autism (p > 0.05). There was also no difference in
the proportion of patients who had undergone epilepsy
surgery or vagus nerve stimulation placement (p > 0.05).
Depression, anxiety, bipolar disorder, and suicide attempt
were significantly more common in the non-SUDEP group
compared to the SUDEP group (p = 0.002 to p = 0.01; table
2). Chronic diseases such as hypertension, diabetes, and
chronic obstructive pulmonary disease were significantly
more prevalent in the non-SUDEP than SUDEP group (p =
0.01 to p = 0.02; table 2). The significant difference between
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groups persisted among psychiatric comorbidities and these
chronic diseases after Holm-Bonferroni correction. There
was no difference in the 2 groups regarding alcohol (p =
0.38) and cannabis abuse (p = 0.08); the non-SUDEP group
had more cocaine, heroin, and amphetamine abusers (p <
0.001). There was no difference between the 2 groups in
next-of-kin reported nonadherence to medicines (p = 0.69,
table 2).

There was no difference in the frequency of epileptogenic
lesions found on autopsies such as hippocampal atrophy/
sclerosis, acute hypoxic–ischemic changes, and neuro-
developmental abnormalities including focal cortical dyspla-
sia, heterotopia, polymicrogyria, and hippocampal
abnormality between SUDEP and non-SUDEP groups. Ce-
rebral infarcts were more common in the non-SUDEP group
(p = 0.004) and vascular malformation was more common in
the SUDEP group (p = 0.02). Myocyte hypertrophy (p =
0.02) and coronary atherosclerosis (p < 0.001) were more
commonly found in the non-SUDEP group; there were no
differences in interstitial or perivascular myocardial fibrosis.
Pulmonary congestion/edema was present in 48.7% of
SUDEPs and 41.1% of the non-SUDEP group (p = 0.09).
There was no difference in brain and heart weights between
the groups. Combined lung weight was higher in the SUDEP
group (p = 0.004) (table 2).

Discussion
We examined clinical and pathologic findings and temporal
incidence trends among 1,086 SUDEP cases from 3MEoffices,
with jurisdiction over 139 million people in urban, suburban,
and rural communities, over an 8-year period. Most cases had
typical SUDEP presentation: unwitnessed, with the decedent
found prone in bed.We observed an overall decreasing trend in
the ME-investigated SUDEP rate in the 3 ME jurisdictions, but
mainly in NYC over an 8-year period using the estimated age,
sex, and geographic region–adjusted prevalent epilepsy pop-
ulation. There was a 28% decrease in SUDEP rate in
2013–2016 compared to 2009–2012.

Our study suggests that the SUDEP rate has decreased over
the past decade in the United States. The SUDEP rate also
declined in patients treated with vagus nerve stimulation
therapy during a 10-year follow-up in the United States.18

However, this study was limited to a specific epilepsy pop-
ulation and lacked a control group. The decrease could be the
result of treatment or a natural consequence of decreased
SUDEP incidence in the general population. A prior study
reported that within a cohort of people with prevalent epi-
lepsy in 2006, there was a 7% decline in SUDEP rate per year
over the next 5 years,19 but this may reflect early deaths of the
highest risk patients in the cohort. However, in our study we

Figure 1 Flowchart of selection of sudden unexpected death in epilepsy (SUDEP) cases

MD = Maryland; NYC = New York City; OCME =
Office of Chief Medical Examiner; SD = San
Diego.

e870 Neurology | Volume 95, Number 7 | August 18, 2020 Neurology.org/N

Copyright © 2020 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://neurology.org/n


include both prevalent and incident epilepsy cases, thereby
replenishing the population at risk. The reasons for this ob-
served decline are unknown. PWE face many barriers to ep-
ilepsy care, including access to specialists and medications.20

The Affordable Care Act5 was passed by the US Congress in
2010 and included several methods for expanding health in-
surance coverage, including expansion of Medicaid eligibility
in many states, including those in our study. The full con-
sequences of this expansion of insurance coverage for PWE
are not known but some evidence supports that it has been
associated with reductions in disparities in epilepsy surgery.21

The decrease in SUDEP rate is mainly driven by NYC in our
study. The presence of 9 level 3 or 4 epilepsy centers in
NYC—most of which expanded the number of epilepsy
physicians and nurse practitioners during this period—may
have contributed to this reduction.22 Improved access to
medications and quality epilepsy care may have led to im-
proved seizure control, including through epilepsy surgery, in
the studied populations that resulted in lower rates of seizure-
related death including SUDEP. Another possibility to explain
the trend could be that the increased availability of better
tolerated or once-daily antiepileptic drugs over the observa-
tion period was associated with improved adherence. Finally,
the decade under study also corresponded to a significant
increase of SUDEP awareness among patients, caregivers, and
clinicians as a result of efforts by advocacy groups.23,24 Re-
latedly, there was a;10,000-fold increase in NIH funding for
SUDEP research between 2009 and 2016.25 In the 8 years of
our study, 441 SUDEP-related journal articles were indexed in

Table 1 Demographics, circumstances, and medical
details of sudden unexpected death in epilepsy
cases (n = 1,086)

Demographics
Median (range)
or n (%)

Age, y 39 (0.25–81)

Male 686 (63.2)

Race

Black 487 (44.8)

White 406 (37.4)

Hispanic 153 (14.1)

Other 40 (3.7)

Circumstances of death

Unwitnessed 904 (83.2)

Location of the death

Home 837 (77.1)

Hospital/emergency department 173 (15.9)

Other 76 (7)

Death in the bed?

Yes 535 (49.3)

Unknown 75 (6.9)

Position at death

Lying prone 460 (42.4)

Lying supine 306 (28.2)

Sitting 18 (1.7)

Other 106 (9.8)

Unknown 196 (18)

Was cardiopulmonary resuscitation performed?

Yes 398 (36.6)

Medical history

Age at onset of seizures, y (n = 535)

0–4 104 (19.4)

5–15 128 (23.9)

≥16 303 (56.6)

Duration of epilepsy, y (n = 535)

0–4 139 (26)

5–9 80 (15)

10–19 121 (22.6)

≥20 195 (36.4)

Etiology of epilepsy

Remote symptomatic 176 (16.2)

Table 1 Demographics, circumstances, andmedical details
of sudden unexpected death in epilepsy cases (n =
1,086) (continued)

Demographics
Median (range)
or n (%)

Unknown 910 (83.8)

Epilepsy surgery/VNS therapy (n = 1,061) 30 (2.8)

Autism spectrum disorder (n = 990) 29 (2.9)

Developmental delay (n = 1,019) 92 (9)

History of nonadherence (n = 782) 412 (52.7)

History of substance abuse (n = 899) 343 (38.2)

Toxicology (n = 1,058)

Antiepileptic drug detected 475 (44.9)

Ethanol detected 140 (13.2)

Illicit drugs detected

Cannabinoids 33 (3.1)

Cocaine/opioids/amphetamines 20 (1.9)

None 1,007 (95.2)

Abbreviation: VNS = vagus nerve stimulation.
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PubMed, compared to 77 during the preceding 8 years26

Greater awareness of SUDEP and SUDEP risk factors among
patients, caregivers, and clinicians may have translated into
interventions to reduce SUDEP risk (e.g., improved medica-
tion adherence and sleep hygiene, willingness to undergo
curative and palliative surgical procedures, and improved

nocturnal supervision). Further studies are needed to de-
termine the mechanisms that underlie our observation of
declining SUDEP rates including comparisons with ME offi-
ces located in states that did not expand Medicare eligibility.
Our observation also has implications for future studies of
public health interventions of SUDEP prevention such as

Figure 2 Temporal trends inmedical examiner (ME)–investigated sudden unexpected death in epilepsy (SUDEP) incidence
in 3 regions in 2009–2016

(A) There was a decreasing monotonic trend in ME-
investigated SUDEP incidence (z = −2.2, S = −42, p =
0.028) in 3 regions in 2009–2016. (B) There was
a 28% reduction in ME-investigated SUDEP in-
cidence in 3 regions in 2013–2016 compared to
2009–2012 (confidence interval, 17%–38%; p <
0.0001).
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educational campaigns.6 Our study suggests that SUDEP rates
are dynamic and such studies will need to employ well-
matched control arms.

We did not observe a relationship between the months of the
year and SUDEP occurrence as reported for sudden infant
death syndrome and sudden cardiac death.27,28 A prior

Figure 3 The distribution of z values in probabilistic bias analysis for the bias due to possible incomplete sudden un-
expected death in epilepsy (SUDEP) case ascertainment

Z ranged from −2.6 to −1.96, and S ranged from −48 to −38 in 95% simulation interval according to probabilistic bias analysis with 1,000,000 simulations. The
systematic error rate was 2.1%.

Figure 4 Plot of the number of sudden unexpected death in epilepsy (SUDEP) cases across the days of the week and the
months of the year for the subset of decedents who were last seen alive on the same day (n = 478)

(A) Days of theweek. (B)Months of the year. Therewas no significantmonthly or daily pattern in total SUDEPs (gray), younger decedents (<45 years) (blue), and
older decedents (>45 years) (orange) (p > 0.05).
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Table 2 Demographics, comorbidities, and autopsy findings of sudden unexpected death in epilepsy (SUDEP) and non-
SUDEP groups

SUDEP group (n = 380) Non-SUDEP group (n = 190) p Value OR (CI)

Demographics

Age at death, y 42 (18–67) 42 (18–67) 1

Male 236 (62.1) 118 (62.1) 1

Race

Black 164 (43.2) 55 (28.9) <0.001

White 144 (37.9) 107 (56.3)

Hispanic 56 (14.7) 19 (10)

Other/unknown 16 (4.2) 9 (4.7)

BMI 27.8 (12.4–69.2) 26.3 (16.9–58) 0.09

Comorbidities

Neurology history

Developmental delay/autism (n = 536) 33 (9.2) 19 (10.6) 1 0.9 (0.5–1.6)

Epilepsy surgery/VNS therapy (n = 551) 12 (3.2) 3 (1.7) 0.3 2.0 (0.6–7.1)

Remote neurologic injurya 88 (23.2) 41 (21.6) 1 0.9 (0.6–1.4)

Psychiatric history

Depression 37 (9.7) 43 (22.6) 0.002 0.4 (0.2–0.6)

Anxiety 3 (0.8) 16 (8.4) 0.002 0.08 (0.03–0.3)

Bipolar disorder 13 (3.4) 16 (8.4) 0.01 0.4 (0.2–0.8)

Schizophrenia 12 (3.2) 8 (4.2) 0.52 0.7 (0.3–1.9)

Suicide attempt 4 (1.1) 10 (5.3) 0.008 0.2 (0.06–0.6)

Other medical history

Sleep apnea 6 (1.6) 4 (2.1) 0.74 0.7 (0.2–2.7)

Asthma 15 (3.9) 8 (4.2) 0.88 0.9 (0.4–2.3)

Diabetes 17 (4.5) 19 (10) 0.02 0.4 (0.2–0.8)

COPD 2 (0.5) 7 (3.7) 0.02 0.1 (0.03–0.7)

Hypertension 31 (8.2) 31 (16.3) 0.01 0.5 (0.3–0.8)

Nonadherence to AEDs

Yes 144 (37.9) 65 (34.2) 0.69

Unknown 101 (26.6) 54 (28.4)

Substance abuse history

Yes 124 (32.6) 105 (55.3) <0.001 0.3 (0.2–0.5)

Alcohol 95 (25) 54 (28.4) 0.58 0.8 (0.5–1.2)

Cannabis 21 (5.5) 18 (9.5) 0.18 0.6 (0.3–1.1)

Cocaine/opioids/amphetamines/other drugs 22 (5.8) 56 (29.5) <0.001 0.1 (0.08–0.2)

Unknown 62 (16.3) 33 (17.4)

Pathologic autopsy findings

Neuropathologic findings

Continued
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population-based study in Sweden suggested a nonsignificant
trend for higher SUDEP incidence on weekends/holidays
compared to weekdays.29 Similarly, we observed a 20% in-
creased rate of SUDEP on weekends compared to weekdays
though wide CIs surrounding this point estimate preclude any
conclusions on whether there is a predilection to SUDEP on
weekends, perhaps related to seizures due to sleep deprivation
or alcohol use.

SUDEP is more common in young adults without serious
comorbidities that could explain the cause of death; as com-
pared to non-SUDEP epilepsy decedents, SUDEP decedents
are less likely to have psychiatric diseases (e.g., depression,
anxiety, and bipolar disorder) and chronic medical diseases
(e.g., diabetes, hypertension, and chronic obstructive pul-
monary disease). We found no difference between next-of-
kin–reported antiepileptic drug adherence between SUDEP
and non-SUDEP groups, although the reliability of this ret-
rospectively acquired data is uncertain.

The most common pathologic finding in autopsies was pul-
monary congestion/edema (;50%) in the SUDEP group.
There was no difference in the 2 groups in neurodevelopmental
abnormalities, which are often the etiology of epilepsy. The
SUDEP group had heavier lungs compared to the non-SUDEP

group. Atherosclerosis and cardiac hypertrophy were signifi-
cantly higher in the non-SUDEP group, whereas there was no
difference regarding interstitial or perivascular fibrosis in the 2
groups.Wemay conclude that interstitial or perivascular fibrosis
is a relatively common nonspecific finding (;20%) in the
SUDEP and non-SUDEP epilepsy population that supports
a previous study that the frequency and degree of cardiac fibrosis
in SUDEP and trauma cases are similar.30 The higher rate of
medical comorbidities and pathologies in the non-SUDEP
group likely reflects a bias inherent in SUDEP classification. The
greater the severity of medical comorbidities and related au-
topsy findings, themore likely a case will be classified as possible
or not SUDEP.

Study limitations
Limitations of our study result primarily fromdata derived from
MLIs. First, for deaths to be considered for SUDEP adjudica-
tion, epilepsy or seizure must have been listed in the death
certificate as the cause or contributor of the death or
a comorbid condition. However, MEs may underestimate the
role of epilepsy as the cause of the death and may not list it in
the death certificate.17,31 Further, access to medical records is
limited, contributing to uncertainty regarding the diagnosis of
epilepsy among decedents. We reviewed medico-legal cases
with a seizure or epilepsy history from the SDC ME Office for

Table 2 Demographics, comorbidities, and autopsy findings of sudden unexpected death in epilepsy (SUDEP) and non-
SUDEP groups (continued)

SUDEP group (n = 380) Non-SUDEP group (n = 190) p Value OR (CI)

Neurodevelopmental abnormalitiesb 29 (7.6) 7 (3.7) 0.07 2.2 (0.9–5)

Hippocampal atrophy/sclerosis 29 (7.6) 14 (7.4) 0.91 1 (0.5–2)

Infarct 10 (2.6) 15 (7.9) 0.004 0.3 (0.1–0.7)

Acute hypoxic changes/edema/congestion 16 (4.2) 16 (8.4) 0.04 0.5 (0.2–1)

Vascular malformation 19 (5.0) 2 (1.1) 0.02 5 (1.1–22)

Cardiopulmonary findings

Atherosclerosis 76 (20) 70 (36.8) <0.001 0.5 (0.3–0.6)

Cardiac hypertrophy 52 (13.7) 41 (21.6) 0.02 0.6 (0.4–0.9)

Cardiac interstitial or perivascular fibrosis 73 (19.2) 39 (20.5) 0.71 0.9 (0.6–1.4)

Pulmonary congestion/edema 185 (48.7) 78 (41.1) 0.09 1.4 (1–1.9)

Toxicology n=378 n=184

AED detected 161 (42.6) 83 (45.1) 0.57 0.9 (0.6–1.3)

Ethanol detected 35 (9.5) 39 (21.2) <0.001 0.4 (0.2–0.6)

Illicit drug detected

Cannabinoids 10 (2.6) 10 (5.4) 0.09 0.5 (0.2–1.2)

Cocaine/opioids/amphetamines/other drugs 27 (7.1) 76 (41.3) <0.001 0.1 (0.07–0.2)

Abbreviations: AED = antiepileptic drug; BMI = bodymass index; CI = confidence interval; COPD = chronic obstructive pulmonary disease; OR = odds ratio; VNS
= vagus nerve stimulation.
a Remote neurologic injury refers to head trauma, brain tumor, stroke, and encephalitis/meningitis.
b Neurodevelopmental abnormalities include focal cortical dysplasia, heterotopia, polymicrogyria, and hippocampal abnormalities.
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2014–2016 and from the MD ME Office for 2016. Seizure/
epilepsy was not mentioned in the death certificate in 17.9% of
SUDEP cases in MD, while seizure/epilepsy was listed in all
SUDEP cases in SDC. Even though all 3 Office of Chief ME
(OCME) offices mandate investigation of all unexpected
deaths occurring outside the hospital or within 24 hours of
hospital admission, interpretation and enforcement of this
policy may not be uniform for deaths in patients with epilepsy.
We reviewed deaths among patients with epilepsy that were
“waived” in SDC; that is, the OCME investigators declined
MLI and none was SUDEP.We attempted to account for these
sources of information bias in ascertaining SUDEP using
probabilistic bias analysis and found that accounting for this
uncertainty in determining SUDEP counts from MLI, de-
creasing trends persisted with a 2% error rate. Another po-
tential confound is the rising opioid epidemic in this time
period. Concomitant positive toxicology may cause more cases
to be classified as possible SUDEP or not SUDEP instead of
definite SUDEP over the study period. Therefore, we per-
formed sensitivity analysis by examining trends on all SUDEP
classifications including possible SUDEP and we still observed
a decreasing trend in SUDEP rate over 8 years. Another limi-
tation is the inherent imprecision in estimates of epilepsy
prevalence that was extrapolated from the Centers for Disease
Control and Prevention telephone survey. There could be
changes in overall case volume and staffing in ME offices over
time; however, there were no substantive changes in MLI cri-
teria. By contrast, we expected an increase in SUDEP ascer-
tainment over the study period because our active collaboration
with these ME offices began in 2011–2012, including the de-
sign of screening forms and educational programs to aid the
investigation of deaths in PWE and seizures, and should have
contributed to increased awareness of the contribution of ep-
ilepsy to sudden death among MEs.

In this large cohort study, we found a significant decreasing
trend in SUDEP incidence based on MLI over 8 years from 3
diverse US regions. Over this same time period, there has
been a significant increase in SUDEP awareness among
patients and clinicians, improved understanding of individual
SUDEP risk factors, and greater health insurance coverage in
the United States. Our findings suggest that there may be
social, economic, and health system factors beyond the in-
dividual patient that can significantly influence epilepsy
mortality. Future studies to focus on identifying these
population-level influences will be important to guide public
health strategies to reduce SUDEP.
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