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Overview

1. Define the increased risk of mortality & describe the causes in PWE


2. List the incidence rates of SUDEP in different epilepsy populations


3. List the modifiable & non-modifiable risk factors for SUDEP


4. Identify preventive strategies to reduce SUDEP risk



• Standardized Mortality Ratio (SMR): 2.2-2.6


• SMR higher for children: 5.3-9.0


• Predictors of mortality: 


- Active epilepsy


- Symptomatic epilepsy


- ASM adherence


- Medical intractability

Mortality in Epilepsy

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

40-year follow-up of childhood-onset epilepsy: 24% mortality2

• Deaths related to epilepsy: direct/indirect, SUDEP

• Deaths related to the cause of epilepsy

• Deaths unrelated to epilepsy

“sudden death is 24X more likely in PWE1”



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

✓ Epilepsy onset at age 1 yr: lifetime risk of 8.0% by age 70

Thurman et al. Epilepsia 2014

Systematic search for epidemiologic studies of sudden death in epilepsy



Has epilepsy & death was 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

Nashef et al. Epilepsia 2012



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


2) Epilepsy; found dead in water but not submersed; postmortem exam does 
not show drowning


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


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

Scenarios



Incidence

• Overall    1:1,700 pt-yrs

• Children  1:4,500 pt-yrs

• Adults     1:1,000 pt-yrs

AAN/AES Joint Guideline 2017

No increase risk associated with ASM polytherapy or any individual ASM



SUDEP is more common in children than previously reported

Keller et al. Neurology 2018

Canada

Sweden



• Low rate of witnessed death 7% 

• Only 16% of next of kin had heard about SUDEP before 

their relatives’ death

median age: 26 y (1-70)

Young adult, during apparent sleep, were prone

Verducci et al. Neurology 2019



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%)


• SUDEP affects the full spectrum of epilepsies

• GGE are also at risk

• SUDEP risk is NOT limited to frequent GTCS

Epilepsy surgery 42 (18%)

Neurostimulation 32 (14%)



Mechanism of SUDEP

• 147 units; 16 SUDEP (11 monitored), 9 near-SUDEP


• Early post-ictal tachypnea → cardiorespiratory arrest w/n 3 min ⇢ reversed ⇢ 
terminal apnea → terminal asystole; EEG finding: PGES was observed in all


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

Ryvlin et al. Lancet Neurol 2013



• Volume loss in these regions correlates w/ 
autonomic dysfunction (HRV)


• Severity of volume loss ⇔ time to SUDEP

✓ Focal epilepsy ⇔ mesencephalic damage

✓ ↑ risk of SUDEP if expands into the medulla 

oblongata and nuclei involved in autonomic

Hum Brain Mapp 2018: 39; 

26 SUDEP, 18 focal epilepsy, 11 controls

Mueller et al. Hum Brain Mapp 2018



• DBA/2 mice: respiratory arrest(RA) after audiogenic 
seizure(AGS)


• Fluoxetine reduced incidence of RA

Serotonin : stimulation of breathing & arousal; defect in 5-HT system -> ↑ susceptibility of SUDEP

SUDEP is a consequence of an overactivation of adenosine receptor, opiate receptor

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

EHNA/ITU: inhibition of adenosine-removing enzyme



NO single mechanism established

Postictal stage

Postictal brainstem dysfunction

A. Arousal

B. Respiratory

C. Cardiac

Genetic factors?

modified from Massey et al. Nat Rev Neurol 2014

Generalized suppression of brain activity 
Suppression of brain stem functions



Potential Biomarkers for SUDEP

• Posti-ctal generalized EEG suppression(PGES): longer in generalized motor seizure

• Prolonged PGES (>50s) appears to identify DRE who are at risk


• But not all studies!!! (Surges, 2011) -> “Conflicting evidence regarding relation with SUDEP”
Lhatoo et al. Ann Neurol 2010

<10 mV, >1 sec, within 30 sec of sz cessation 
40-60% of those who had GTCS (1-2% of focal sz)



Potential Biomarkers for SUDEP

Genetic


- Genetic epilepsies with increased SUDEP risk


- Cardiac arrhythmia genes (7-15%)


- Respiratory genes

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



Identifying Patients at Risk

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

SUDEP inventory



Obstructive Sleep Apnea is a Risk Factor for Sudden Unexplained Death in   
Epilepsy (SUDEP)

Atiwat Soontornpun, MD1,2; Noah D Andrews, RPSGT1; James Bena, MS3; Madeleine M Grigg-Damberger, MD4; Nancy Foldvary-Schaefer, DO, MS1
1Department of Neurology, Sleep Disorders and Epilepsy Centers, Cleveland Clinic, Cleveland, OH, USA; 2Department of Internal Medicine, Chiang Mai University, Chiang Mai, Thailand; 3Quantitative Health Sciences, 

Cleveland Clinic, Cleveland, OH, USA; 4Department of Neurology, University of New Mexico, New Mexico, USA

Background

• OSA is at least 2-fold as common in adults with 
epilepsy (AWE).

• SUDEP is second only to stroke in potential years of 
life lost to neurologic diseases in U.S.

• Most cases of SUDEP occur during sleep and are 
associated with terminal apnea. 

• AIM OF STUDY: Evaluate association between PSG-
confirmed OSA and SUDEP risk in AWE using 
revised SUDEP Risk Inventory (rSUDEP-7).

Results

Conclusions

• AWE and moderate-to-severe OSA have higher risk 
of SUDEP using rSUDEP-7.

• AWE and OSA have higher seizure frequency 
including GTCS and nocturnal seizures.

• These findings suggest OSA may participate in the 
pathophysiology of SUDEP and provide further 
support for routine screening of OSA in AWE

Methods

• Retrospective observational study using Cleveland 
Clinic database of AWE who had PSG from Jan 
2004 to Dec 2016.

• Data collection:
§ Demographics & clinical characteristics 

including smoking status, SSRI/SNRI use
§ Epilepsy characteristics: classification, duration, 

nocturnal seizures/drug-resistant epilepsy(DRE), 
seizure frequency, number of antiseizure 
medications(ASMs), ASM standardized dose

§ rSUDEP-7 
§ Sleep variables: AHI, SpO2 nadir, TST <90%, 

ODI 3%, Epworth Sleepiness Scale(ESS) score 
• Statistical analysis

§ Association between rSUDEP-7 and OSA 
groups using Wilcoxon rank sum tests 

§ Relationships between rSUDEP-7and AHI/ODI 
using Spearman correlation 

§ Multivariable linear models adjusted for age, 
gender, BMI and smoking status

Table 1 Demographic and clinical characteristics of patients

ConclusionsResults (cont.)

Total 
(n=214)

AHI <15
(n=139) 

AHI ≥15 
(n=75) 

p-
value

Age, y 43.5 ± 14.4 40.6 ± 14.4 48.9 ± 13.0 <0.001a

Race, Caucasian 179 (83.6) 121 (87.1) 58 (77.3) 0.022b

BMI, kg/m2 31.3 ± 7.9 29.9 ± 7.2 33.9 ± 8.4 <0.001a

Neck 
circumference, cm 39.1 ± 4.8 38.7 ± 4.8 39.8 ± 4.6 0.11a

Active Smoker 49 (22.9) 33 (23.7) 16 (21.3) 0.69c

Cognitive 
Impairment 17 (7.9) 9 (6.5) 8 (10.7) 0.28c

SSRI/SNRI use 63 (29.4) 40 (28.8) 23 (30.7) 0.77c

Focal-onset 
epilepsy 157 (73.4) 100 (71.9) 57 (76.0) 0.44d

Nocturnal seizures 63 (29.4) 33 (23.7) 30 (40.0) 0.013c

Drug-resistant 
epilepsy 72 (33.6) 39 (28.1) 33 (44.0) 0.019c

Epilepsy duration, y 18.0 [6.0, 29.0]15.0 [6.0, 25.0] 25.0 [11.0, 39.0] 0.001d

Seizure frequency, 
per mo 0.0 [0.0, 1.5] 0.0 [0.0, 1.0] 0.1 [0.0, 2.0] 0.33d

ASM standardized 
dose 1.6 [1.0, 2.7] 1.7 [1.0, 3.1] 1.3 [1.0, 2.3] 0.15d

ESS 8.4 ± 4.7 8.3 ± 4.7 8.7 ± 4.8 0.55a

AHI 8.9 [1.5, 21.1] 2.6 [0.7, 8.8] 28.2 [19.4, 45.3] n/a

TST <90%, % 0.5 [0.0, 5.6] 0.2 [0.0, 3.0] 2.4 [0.3, 9.7] <0.001d

SpO2 nadir, % 87.0             
[83.0, 91.0]

89.0                
[86.0, 92.0]

85.0                 
[79.0, 88.0]

<0.001d

SpO2 <90%, % 0.5 [0.0, 5.6] 0.20 [0.0, 3.0] 2.4 [0.3, 9.7] <0.001d

ODI 3%* 3.6 [0.5, 12.4] 1.3 [0.2, 4.3] 14.5 [7.2, 29.3] <0.001d

• A total of 214 participants were included. 
Mean age was 43 y, and 57% were female.

• 134 (62%) of the cohort had OSA.

Figure 1 Comparisons of rSUDEP-7 scores & items by 
OSA severity groups

Statistics presented as Mean ± SD, Median [P25,P75], n(%); p-values: a=t-test, 

b=Fisher’s Exact test, c=Pearson’s chi-square test, d=Wilcoxon rank sum test

*Data not available for all subjects. Missing values: ODI 3%=31
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Figure 2 Association between rSUDEP-7 and PSG and 
Clinical variables

• Higher AI and ODI were positively correlated with 
rSUDEP-7 scores. 

• No significance for agea, raceb, genderb, BMIa, 
smokingb, use of SSRI/SNRIb, epilepsy typeb, ESSa

p-values: a=Wilcoxon rank sum test, b= Pearson’s chi-square test

p-values: a=Spearman’s correlation, b=Kruskal-Willis test

Risk factor rSUDEP-7
Tonic-clonic seizures (TCS), 
past 12 mo

0 seizures ⟶ 0 points
1-3 seizures ⟶ 1 point
≥4 seizures ⟶ 2 points

Seizure frequency, per mo 
past 12 mo

0 seizures ⟶ 0 points
1-49 seizures ⟶ 1 point
≥50 seizures ⟶ 2 points

Epilepsy duration 0-29 y ⟶ 0 points
≥30 y ⟶ 3 point

Number of ASMs 0-2 drugs ⟶ 0 points
≥3 drugs ⟶ 1 point

Cognitive impairment absence ⟶ 0 points
presence ⟶ 1 point 

Total score 10 points (the higher the score, the 
greater risk of SUDEP)

Table 2 Revised SUDEP Risk Inventory (rSUDEP-7) • Those with moderate-to-severe OSA had 
higher rSUDEP-7 scores than those with AHI 
<15 (3 points vs 1 point).

• After adjusting for age, sex, BMI, and smoking 
status, those with AHI ≥15 had mean 
rSUDEP-7 score 1.14 points higher than 
those with AHI <15.



Maguire et al. Cochrane Database Syst Rev 2020



Active & effective epilepsy management


1. Seizure reduction, particularly GTCS reduction


2. Treatment adherence, avoid triggers for seizures


3. Educating care plans for seizure clusters & home management


4. Consider other treatments when ASMs are not sufficient to control seizures


5. Use of noctural supervision/listening device when feasible (cultural acceptance)


If witnessed, turning patient to recovery position & stimulating the patient may help


Basic life supports training to willing caregivers of high-risk patients

Plan for SUDEP Risk Reduction



2008 AES Task Force report


• “The potentially increased risk of death associated with epilepsy should be disclosed in the 
context of a comprehensive education program”


2012 Institute of Medicine Report


• “To manage fears and prevent unnescessary anxiety, PWE and their families need complete 
and 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”

Talking about SUDEP



Talking about SUDEP

1. Louik et al Epilepsy Behav 2017; 2. Ramanchandran Nair et al. Epilepsy Behav 2016; 3. Keller et al. Epilepsia Open 2020

• Only 18% recalled SUDEP discussion - of those that didn’t1:

- 72% of families wished it was discussed, 17% were unsure


• Preference for SUDEP information                                                                                              
around time of diagnosis, from neurologists2


• Ethical considerations


Consistent with principles of autonomy


Truth telling is preserved


Allows for natural psychological adaptation



Conclusions

• Sudden unexpected death (SUDEP) is an important direct epilepsy-related cause


• Pediatric SUDEPs are more common than suspected


• The most significant risk factor is, but NOT limited to, frequent GTCS


• Multiple pathophysiologic may be involved, genetic factors may also play a role


• Awareness/education is the most accessible tool we have for SUDEP prevention


• SUDEP prevention remain a big challenge
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