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Learning Objectives

1. Review epilepsy and SUDEP definitions and 
epidemiology

2. Describe the gross and microscopic features that 
should be evaluated in the neuropathologic workup of 
a seizure disorder

3. Explain the role of genetic testing in cases of epilepsy 
and how to select cases which may benefit from 
molecular diagnostics 



Definition of Epilepsy / Seizure Disorder

• Diagnosed after 2 unprovoked seizures

• May be focal (partial) or generalized
• Focal

• Cognitive, emotional, sensory, and/or motor symptoms

• Simple (consciousness maintained) or complex

• Generalized
• Absence (“petit mal”)

• Tonic, clonic, or tonic-clonic (“grand mal”) (GTC)

• Atonic (drop attacks)

• Myoclonic (muscle jerks)

• Among children
• 3-5% will have a single febrile seizure in the first five years of life

• 30 percent will have additional febrile seizures 

• Of these, 3-6% will develop afebrile seizures/epilepsy



Epilepsy
• Imparts 2- to 3-fold increase 

in mortality (vs. age-matched 
controls)

• Highest in those under age 50, 
and first years after dx

• Often relate to substrate 
causing sz

• Tumor, cerebrovascular disease – 
up to 34% of deaths in epilepsy

• Significant morbidity

A. Age-standardized years lived with disability (per100K)
B. Prevalence of idiopathic epilepsy (per100K)



Definition of Sudden Unexpected Death in 
Epilepsy (SUDEP)

• A fatal complication of epilepsy

• “Sudden and unexpected [death], non-traumatic and non-
drowning, without a toxicological or anatomical cause of death 
after complete autopsy”

• NOT during status epilepticus

• Usage of term
• Clinical

• Pathological (i.e., death certification)

Nashef et al, Epilepsia, 2012



SUDEP

• Accounts for 7.5-17% of all epilepsy-related deaths
• Up to 50% in medically refractory epilepsy (3 or more anti-seizure meds) 

• Multifactorial causes, including cardiac, respiratory, cerebral

• Incidence 1/1000 adult epileptics, 1/5000 pediatric cases

• Most reported cases of SUDEP are in young adults 18-40 years

• Other risk factors:
• Male sex

• GTC → 10-fold higher

• Presence of three or more GTC seizures per year → 15-fold higher 

• Poor compliance with medication 

• Seizures during sleep (“state change”)
Harden et al, Neurology 2017
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Cardunculus



Shlobin et al, Brain Commun, 2024

Manner=Natural

Manner=Natural, accident 
or other



Shlobin et al, Brain Commun, 2024

No hx epilepsy

SCD=Sudden Cardiac Death            SADS=Sudden Arrhythmic Death Syndrome



SADS=Sudden Arrhythmic Death Syndrome  SCD=Sudden Cardiac Death

Shlobin et al, Brain Commun, 2024



Neuroanatomical (Structural) Substrates of Epilepsy

• Post-traumatic

• Developmental 
• Disruptive (Acquired)

• Porencephaly / perinatal infarcts

• Post-meningitic

• Malformative
• Focal cortical dysplasia (FCD) / malformations of cortical development (MCD) / 

microdysgenesis

• Neuronal migration disorders / heterotopias



Structural and Other Substrates of SEIZURES 
          (NOT necessarily = Epilepsy)

• Neoplastic 

• Vascular lesions
• Vascular malformations

• Infarcts

• Miscellaneous
• Alzheimer

• Multiple sclerosis

• Toxic/metabolic
• Alcohol withdrawal

• Agonal metabolic derangements

(Not covering 
today)



The Hippocampus in Epilepsy

• Hippocampal (mesial temporal) sclerosis 
• Ammon’s horn (hippocampal) sclerosis:  

• CA4 (end-folium),  +/- CA1, +/- CA3

• Mesial temporal sclerosis:  
• CA + subiculum + temporal neocortex/parahippocampal gyrus +/- amygdala

• Cause vs. effect

• Can accompany any other substrate

• Hippocampal dysgenesis
• Relationship to personal or family hx of febrile seizures, best recognized 

in toddlers 

• Evolving understanding over pathognomonic features – no consensus







Section guidelines for seizure work-up:



Section guidelines for seizure work-up:
NYC OCME

1. Right hippocampus at level of lateral geniculate 
nucleus and parahippocampal gyrus

2. Left hippocampus at level of lateral geniculate 
nucleus and parahippocampal gyrus

3. Amygdala, right (notched) and left

4. Parieto-occipital cortex (“triple watershed”)

5. Cerebellar hemisphere including dentate 
nucleus

6. Any macroscopic abnormality 





Molecular Testing Studies in Epilepsy

- Next-gen sequencing-based, targeted gene panel (89-189 genes), over 5-year period
- Single-nucleotide variants, small insertions or deletions (indels), structural variants, 

exon-level copy number variants (CNVs)
- Classified as benign/likely benign (B/LB), of uncertain significance (VUS), or 

pathogenic/likely pathogenic (P/LP)
- Unrelated individuals >18yo (n=2,008;  52.6%F); mean age at testing 28.7y (range 18-90y)
- Seizure onset grouped as infant (0-1yr), early childhood (2-4y), late childhood (5-10y), 

adolescence (11-17y) and adult





Note:  NO PATHOLOGY

Clinically actionable genetic findings



- SUDEP cases (definite, n=54; 
definite-plus, n=2; and probable 
SUDEP, n=5)

- Exome-sequencing and rare 
variant collapsing analysis with 
2,936 control exomes

- Screened for variants with 
frequency <0.1% and predicted 
to be deleterious in silico

- De novo mutations in 28 of 61 (46%)
- 4 (7%) had long QT syndrome variants
- 9 (15%) had candidate pathogenic variants 

in dominant cardiac arrhythmia genes
- 15 (25%) had variants in dominant epilepsy 

genes
- DEPCD5 and KCNH2 were among top 30 

genes genome-wide





Molecular Testing in Sudden Death Associated
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Preliminary Genotype-Phenotype Correlations
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Methods
• Cases received (retro- and prospectively) over a 3-year period

• Inclusion criteria:
• “Epilepsy” or “Seizure” on the death certificate, OR
• Cases in which the Medical Examiner (ME) requested molecular genetics for a seizure disorder or syndrome 

(e.g., Lennox-Gastaut)

• Exclusion criteria:
• Seizures due to trauma, alcohol/drug withdrawal, or other terminal metabolic event

• Standard NP examination for epilepsy, including examination of the formalin-fixed brain and histologic sections 
(epilepsy protocol)

• Additional histologic sections on pediatric cases (standard pediatric protocol), 
and as dictated by the findings

• Definition a priori of NP features of interest (described later)

• Sequence analysis of 139 genes:
• ADAR, ADGRG1, ADGRV1, ALDH7A1, ALG13, AP3B2, ARFGEF2, ARHGEF9, ATPIA2, CACNA1A, CACNA1C, CACNA1E, CACNA1H, CACNA2D1, 

CACNA2D2, CASK, CC2D2A, CDKL5, CHD2, CHRNA2, CHRNA4, CHRNB2, CLCN2, CNPY3, CNTNAP2, CPA6, CRLF1, CSF1R, CSTB, DEPDC5, 
DNM1, DOLK, DAD, DYRK1A, EEF1A2, EFHC1, EPM2A, FGFR3 (Chr4:1803571), FGF12, FKTN, FLNA, FOLR1, FOXG1, GABRA1, GABRB1, GABRB3, 
GABRD, GABRG2, GAMT, GCH1, GFAP, GLI2, GLRA1, GNAO1, GNB5, GRIN1, GRIN2A, GRW2B, HCN1, HCN2, HCN4, HNRNPU, IER3IP1, KCNA1, 
KCNA2, KCNAB2, KCNB1, KCNC1, KCND2, KCNH2, KCNJ2, KCNJ10, KCNMA1, KCNQ1, KCNQ2, KCNQ3, KCNT1, KCTD7, KMT2D, LGI1, MECP2, 
NHLRC1, NOTCH3, NPRL2, NSD1, PAFAH1B1, PCDH19, PLCB1, PMM2, PNKP, PNPO, POLG, POLR3.4, POLR3B, PPP3C4, PRICKLE1, PRRT2, 
RELN, RPGRIP1L, RYR2, SCARB2, SCN1A, SCN1B, SCN2A, SCN41, SCN5A, SCN8A, SCN9A, SEPSECS, SIK1, SLC12A5, SLC13A5, SLC25A22, 
SLC2A1, SLC35A2, SLC6A1, SLC6A8, SMC1A, SPTAN1, STX1B, STXBP1, SUOX, SURF1, SYN1, SYNGAP1, SZT2, TBC1D24, TBCD, TCF4, TMYM67, 
TPP1, TSC1, TSC2, TUBA1A, TUBB2A, TUBB2B, TUBB3, TUBB4A, VPS13A



Molecular Genetics Panel





Neuropathologic Features of Interest
• Macroscopic Evidence of Dysgenesis

• Hippocampal asymmetry, e.g., incomplete hippocampal infolding

• Other findings, e.g., gyral abnormalities, nodular heterotopia

• Microscopic Lesions
• Hippocampal dysgenesis: dentate gyrus (DG) irregularities/bilamination*

• Hippocampal sclerosis: 

• End-folium sclerosis (EFS; neuronal loss and gliosis, CA4)

• Mesial temporal sclerosis (MTS; neuronal loss and gliosis, CA4 and CA1/CA3 + amygdala)

• Dysplasia/Neuronal migration disorders, e.g., polymicrogyria (PMG), 
pachygyria, focal cortical dysplasia (FCD), 
subarachnoid glioneuronal heterotopia (SAGNH), 
rhombic lip heterotopia

• Other epilepsy-associated findings, e.g., cerebellar atrophy

*per Kinney et al. 2016
 (Hippocampal Formation Maldevelopment and 

Sudden Unexpected Death across the Pediatric Age Spectrum)

Hippocampus



Example:  Asymmetric Hippocampi (Dysgenesis)



Example: Dentate Gyrus (DG) Bilamination



Example: MTS 



Neuronal loss and gliosis CA1



Dentate gyrus and CA4



Normal End-folium 
sclerosis

CA1 only

CA1 + CA3 + CA4

Blumcke et al, 2007

NeuN immunostains



Example:  
Focal 
Cortical 
Dysplasia



Example:  Focal Cortical Dysplasia

Sisodiya SM. Lancet Neurol. 2009;8(9):830-43.



Example: 
Cortical Gyral Abnormalities





Example:
Periventricular Nodular Heterotopia (PVNH)



Example:
Subarachnoid Glioneuronal Heterotopia (SAGNH)



Results

• Pathogenic or likely pathogenic variants: n = 3 (4.6%)

- With NP findings:

• CACNA1H (frameshift) with MTS

• SCN1A (Dravet Syndrome) (nonsense) with EFS and SAGNH

• SCN2A (splice-site missense) with EFS

• Molecular testing (with full NP workup): n = 65
• Age: 2wks-47yr (median, 22.6yr)
• Sex: 31M, 24F, and 1TGF
• Race: 34 Black, 10 White, 19 Hispanic (14 WH, 5 BH), 2 Asian Pacific



Results
• Variants of uncertain significance (VUS): n = 37 (56.9%)

- With NP findings: n = 33 cases (50.8%)

• GRIN2B with global cerebral dysgenesis (in silico prediction is consistently deleterious)

• SPTAN1 with cerebral dysgenesis, including hippocampal dysgenesis

• CRYAB AR variant carrier with features of cerebral dysgenesis

• GLI2, GLRA1, KMt2D with Down Syndrome, cerebellar hypotrophy and features of hippocampal 
dysgenesis

• CDKL5 with megalencephaly (1800gm) and bilateral mesial temporal sclerosis

• Six others had EFS, with or without other NP

• FLNA, HCN1; GLI2, NSD 1; SCN9A; DSC2; NSD1; CHD2

• Six had microscopic findings of uncertain significance (e.g., ≥1 microscopic DG irregularities) without 
EFS

• CACNA1E; LGI1; SCN9A, CHD2 splice-site; GLI2, GFAP; HCN1; CACNA1C

• VUS for autosomal recessive disorder: TBCD (loss-of-function) carrier with EFS, FCD IIIA, and 
cerebellar polymicrogyria

 

  - Without NP Findings: n = 4 cases (6.2%)

• CDKL5 novel splice-site; CACNA1H; CACNA1E, NOTCH3; RYR2, MYPN



Results

• Likely benign/benign variants: n = 39 (60%)
- With NP findings: n = 35 cases (53.8%)

- Known syndrome:
Doose syndrome and DG bilamination
Lennox-Gastaut syndrome and cerebral dysgenesis

- No diagnosed syndrome:
One with cerebral polymicrogyria and focal disorganization of cerebellar cortex
Two with cerebral dysgenesis and hippocampal dysgenesis
Two with macroscopic and microscopic evidence of hippocampal dysgenesis
Twenty-eight with microscopic findings of dentate gyral irregularities with or without 
other findings

   - Without NP findings: n = 4 cases (6.2%)





Summary and Conclusions

• Epilepsy results from a number of structural brain abnormalities
• A subset  results from “channelopathies” overlapping with cardiac 

arrhythmogenic syndromes

• Autopsies (and ideally molecular testing) are required for 
accurate diagnosis and certification in cases of sudden 
unexpected death

• Forensic settings are front-line
• Identification of genetic variants may impact the care of surviving family 

members

• Genotype-phenotype correlation in epilepsy is in its infancy – 
stay tuned!!
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