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Overview

• What is SUDEP & how often does it happen? 

• What are the known risks for SUDEP? 

• What causes SUDEP? 

• How can SUDEP be prevented?



• Standardized Mortality Ratio (SMR): 2.2-2.6 

• SMR higher for children: 5.3-9.0 

• Predictors of mortality:  
1. Active epilepsy 

2. Symptomatic epilepsy 

3. ASM adherence 

4. Medical intractability

A leading cause of death in epilepsy

1. Ficker et al. Neurology 1998; 2. Ficker. Epilepsia 2000; 3. Sillapaa & Shinnar. N Engl J Med 2010; 4. Klovgaard et al. Epilepsia 2021

40-year follow-up of childhood-onset epilepsy: 30% mortality3

• Deaths related to epilepsy: direct/indirect, SUDEP 

• Deaths related to the cause of epilepsy 

• Deaths unrelated to epilepsy

“sudden death is 24-34X more likely in young PWE1,4”



✓ SUDEP ranks second only to stroke in term of years of potential life lost (YPLL) 

✓ Lifetime risk of 4.6-8% by age 70
Thurman et al. Epilepsia 2014

Systematic search for epidemiologic studies of sudden death in epilepsy



Has epilepsy, death was sudden and unexpected, in benign circumstances 

NOT a consequence of trauma, drowning, or status epilepticus 

• May be witness or unwitnessed ; evidence of a preceding seizure is NOT required 

• Postmortem exam: NOT reveal cause of death =  Definite SUDEP 

• Without autopsy =  Probable SUDEP; a competing cause of death =  Possible SUDEP 

• Survives resuscitation >1 h =  Near-SUDEP 

• A clear cause of death is known = NOT SUDEP

SUDEP is a diagnosis of exclusion

Nashef et al. Epilepsia 2012



1) Sudden death in conjunction with witness first seizure; negative postmortem 
examination  

2) Patient with uncontrolled epilepsy; found dead in the daytime; postmortem 
reveals aspiration of gastric contents of unspecified amount 

3) Epilepsy; cardiorespiratory arrest after witnessed sz; resuscitated but dies 
within a few days, negative postmortem examination

Scenarios

Does not meet criteria for epilepsy → Not SUDEP

Possible SUDEP

Death occurred more than 1 h → Near-SUDEP



• Newly diagnosed epilepsy: 0.09 per 1000 patient-years 

• Candidates for epilepsy surgery: 9 per 1000 patient-years

Risk of SUDEP varies within the epilepsy population

Tomson et al. Lancet Neurol 2008; AAN/AES Joint Guideline 2017 

What is the incidence of SUDEP? 

Are there specific risk factors for SUDEP?

Incidence 

• Overall    1:1,700 pt-yrs 

• Children  1:4,500 pt-yrs 

• Adults     1:1,000 pt-yrs

Population
SUDEP/1,000 

patient-years (CI)
Confidence level

Overall 0.58 (0.31–1.08) Low

Childhood 0.22 (0.16–0.31) Moderate

Adulthood 1.2 (0.64–2.32) Low



Keller et al. Neurology 2018

Canada

Sweden



median age: 26 y (1-70)

Young adult, during apparent sleep, were prone

Verducci et al. Neurology 2019

• Low rate of witnessed death 7%  
• Only 16% of next of kin had heard about SUDEP 

before their relatives’ death



Verducci et al. Neurology 2019

JME, 9 (4%) 

BECTS, 4 (1%) 

LGS, 5 (3%) 

Febrile Sz plus, 7 (3%) 

Dravet syndrome, 13 (5%) 

Dup15q chromosome, 9 (4%) 

• GGE are also at risk 

• SUDEP affects the full spectrum of epilepsies 

• SUDEP risk is NOT limited to frequent GTCS

Epilepsy surgery 42 (18%) 

Neurostimulation 32 (14%)



A major risk factor is the presence & frequency of GTCS

AAN/AES Joint Guideline 2017; Sveinsson et al. Neurology 2020

OR (95% CI)

GTCS during the preceding year 26.8 (14.9-48.4)

Nocturnal GTCS during last year 15.31 (9.6-24.5)

Living alone 5.0 (2.9-8.6)

Sharing household, not bedroom 2.3 (1.1-4.6)

Factor Odds ratio (CI) Confidence 
level

Presence of GTCS vs lack 
of GTCS

10 (7–14) Moderate

Frequency of GTCS
OR 5.07 (2.94–8.76) for 1–2 GTCS 
per y, and OR 15.46 (9.92–24.10) 

for >3 GTCS per y
High

Not being seizure free for 
1–5 y

4.7 (1.4–16) Moderate

Not adding an AED when 
patients are medically 
refractory

6 (2–20) Moderate

Nocturnal supervision (risk 
reduction)

0.4 (0.2–0.8) Moderate

Use of nocturnal listening 
device (risk reduction)

0.1 (0.0–0.3) Moderate



Medication adherence & intensified ASM can reduce SUDEP risk

OR (95% CI)

Nonadherence mentioned 2.7 (1.6-4.8)2

2 ASMs 0.6 (0.3-1.1)2

≥3 ASMs 0.3 (0.1-0.7)2

Efficacious adjunctive ASMs 0.2 (0.1-0.6)1

Statin use 0.3 (0.1-0.9)2

SSRIs 0.6 (0.3-1.4)2

Alcohol dependence, substance abuse 2.3 (1.0-5.2)2, 2.1 (1.1-4.0)2

No increase risk associated with any specific ASM2

1. Ryvlin et al. Lancet Neurol 2011; 2. Sveinsson et al. Neurology 2020 



To evaluate relationships  between OSA and SUDEP risk 

Adults with epilepsy who underwent PSG, N=214 

SUDEP risk using revised SUDEP Risk Inventory (rSUDEP-7) 

(scores 0-10, higher score means greater risk)

Adults with epilepsy and moderate-to-severe OSA 
have higher risk of SUDEP

Soontornpun A, et al. Epilepsy Behave 2024



• SUDEP is typically unwitnessed 

• SUDEP is rare in a clinically monitored setting 

• Hypotheses informed by indirect evidence 

- Death scene & autopsy findings 

- Clinical observations in non-fatal human seizures 

- Animal models of seizure-associated death

How does SUDEP happen?

1. Post-ictal central apnea,  
neurogenic pulmonary oedema 

2. Cardiac arrhythmia 

3. Post-ictal cerebral electrical 
shutdown 



• Study pooled cardiorespiratory arrests during video-EEG admissions worldwide (147 units) 

• 16 SUDEP, 9 near-SUDEP

Ryvlin et al. Lancet Neurol 2013

Secondary generalized tonic-clonic seizure

Post-ictal hyperventilation, HR varied

Post-ictal generalized EEG suppression (all cases)

Central apnea, bradycardia/asystole

Terminal apnea

Terminal asystole

during the first 3 min Terminal (n = 3)

Transient (n = 6)

Time to CPR: SUDEP 13-180 min; near-SUDEP ≤3 min

(n = 6)



Hum Brain Mapp 2018: 39; 

Two population: 18 focal epilepsy vs 11 controls; 26 SUDEP patients

Mueller et al. Hum Brain Mapp 2018

• Volume loss in brainstem regions was 
correlates w/ autonomic dysfunction (HRV) in 
epilepsy patients 

• Patients who died of SUDEP had widespread 
brainstem volume loss in their last MR exam  

• More extensive damage correlated with 
shorter survival time



Serotonin : stimulation of breathing & arousal; defect in 5-HT system -> ↑ susceptibility of SUDEP 
SUDEP is a consequence of an over-activation of adenosine receptor

Tupal & Faingold. Epilepsia 2006; Shen et al. Epilepsia 2010

EHNA/ITU: inhibition of adenosine-removing enzyme
• DBA/2 mice: respiratory arrest(RA) after audiogenic 

seizure(AGS) 

• Fluoxetine reduced incidence of RA

adenosine surge

Deficiency of serotonergic tone



Genetic 

- Genetic epilepsies with increased SUDEP risk 

- Cardiac arrhythmia genes (7-15%) 

- Respiratory genes

Selected gene mutations that increase SUDEP risk

 Massey CA et al. Nat Rev Neurol 2014; Shmuely et al. Epilepsy Behav 2016

Cause of death in 177 Dravet syndrome cases



“A heart and coronary 
vasculature damaged by chronic 
epilepsy as a result of repeated 
surges in catecholamines and 
hypoxemia leading to electrical 
and mechanical dysfunction, 
and of AEs of certain ASMs 
which may predispose to 
hyperlipidemia or arrhythmias”

Epileptic heart

Verrier et al. Epilepsia 2021



Whether PGES is an independent marker of SUDEP is unknown

Lhatoo et al. Ann Neurol 2010; Surges et al. Epilepsy Behav 2011

Post-ictal generalized EEG suppression (PGES) 
• <10 mV, >1 sec, within 30 sec of seizure cessation 
• 40-60% of those who had GTCS

Yes: 
- All SUDEP cases in MORTEMUS were 

preceded by PGES 
- 10 SUDEP cases and 30 controls (US): 

PGES >50 sec associated with increased 
risk (OR 5.22) 

No:  
- 17 SUDEP cases and 19 controls (UK): 

PGES presence or duration did not differ 
between both groups 

- Prior studies examine PGES and SUDEP 
risk have been small and single center



No single mechanism established

Postictal stage

Postictal brainstem 
dysfunction 
A. Arousal → loss of 

protective arousal 
reflexes 

B. Respiratory 
C. Cardiac

Genetic factors?

Friedman et al. J Clin Invest 2013; modified from Massey et al. Nat Rev Neurol 2014

Generalized suppression of brain activity 
Suppression of brain stem functions



SUDEP risk stratification

SUDEP-7 ➝ revised SUDEP-7 ➝ SUDEP-3
2010 2015 2021

SUDEP inventory

DeGiorgio et al. Epilepsy Behave 2010; Novak et al. Front Neurol 2015; Rasekhi et al. Epilepsia 2021; Serrand et al. Eur J Neurol 2023

SUDEP-CARE 2022: drug-resistant focal epilepsy



Can we prevent SUDEP?

Maguire et al. Cochrane Database Syst Rev 2020

adjusted OR 0.4 (0.2-0.8)



1. Optimizing epilepsy care: target GTCS and FBTCS 
• Optimize medical therapy: efficacious adjective ASM, 0.9 vs 6.9 per 1000 person-years 

• Timely referral for non-medical therapy:  

- 2 large studies have shown lower SUDEP and all-cause mortality in epilepsy surgery 
groups, 10.4 vs 5.2 and 4.6 vs 1.9 per 1000 person-years 

- VNS, RNS studies suggest SUDEP rates lower in treated patients 

2. Early cardiopulmonary resuscitation, recommend first-aid course to 
relative 

3. Nocturnal supervision, seizure detection devices, sharing household

Approaches to SUDEP prevention

Ryvlin et al. Epilepsia 2011; Sperling et al. Neurology 2016; Devinsky et al. Epilepsia 2018; Casadei et al. Epilepsy Behav 2020  



➡ May influence adherence, lifestyle choices, treatment decision

Does talking about SUDEP reduce risk?

2012 Institute of Medicine Report 

“To manage fears and prevent unnescessary anxiety, PWE and their families need complete & 
accurate information about the comorbidities and mortality risks associated with epilepsy, SUDEP” 

2017 AAN/AES Recommendations 

“Inform PWE and parents of children with epilepsy of the risk” “Inform PWE that seizure freedom, 
particularly freedom from GTCS, is strongly associated with a decreased risk of SUDEP”

Radhakrishnan et al. Acta Neural Scand 2018



How are we doing at counseling patients?

72%  
of people who had lost a 

loved one to SUDEP wished 
it had been discussed with 

them!!!                                                     

Keller et al. Epilepsia Open 2021



• At the time of epilepsy diagnosis or soon after 

• Preferably discussed by the treating neurologist 

• Face-to-face discussion 

• Written information provided in addition to the verbal discussion 

• Opportunities to follow up about SUDEP discussion afterwards 

• Caregivers to decide if and when the child be informed about the risk of 
SUDEP

Mode of counseling - patients/caregiver preferences

Whitney et al. Epilepsia 2023



• Recognize opportunities to start conversation: 

- “Is epilepsy dangerous?”, ”What can happen?”, “Is there something else that we 
should know?” 

- Seizure free: when you’re discussing the importance of continued adherence: 
“keep up the good work…missing a dose can cause breakthrough seizure, life-
threatening seizure and may increase the risk called SUDEP” 

- “My goal in giving you this information is not to scare you, but to educate you” 

• Explain the risk and modulating factors: typically affects 1 in 1000 adults per year. 
Therefore, annually 999 of 1000 adults with not be affected  

• Stress that measures to be taken can decrease the risk of SUDEP

Talk about SUDEP



Conclusions

• SUDEP is the cause of significant premature mortality & potentially preventable 

• Risk factors: TCS, nocturnal seizures, medication non-adherence, and lack of 
night-time supervision 

• Prevent SUDEP: focus on risk reduction 

- exciting studies exploring interventions for improving post-ictal safety 

- seizure detection devices are currently available, however, their efficacy to 
reduce SUDEP is not confirmed 

• Patients want to be told about SUDEP risk ⇒ time to talk about SUDEP!!!
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