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Key Areas of Focus

• Characterization of cardiac and respiratory dysfunction in 
epileptic seizures

• Identification of cardiorespiratory control/modulation sites in  
the brain

• Identification of clinical biomarkers of SUDEP risk
• Identification of imaging biomarkers of SUDEP risk
• Creation of a large, multimodal, prospective database of high-risk, 

near-SUDEP and SUDEP patients as an open resource for SUDEP 
researchers

• Mentorship of a new generation of SUDEP researchers



SUDEP Pathomechanisms

SUDEP Risk Factors
GTCS frequency
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SUDEP Biomarkers
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?

• Prolonged post-ictal EEG suppression
Ryvlin 2013, Lhatoo 2010

• Prolonged tonic phase of the GTCS
Tao 2013

•Decerebration during the tonic phase
Alexandre 2015

• Peri-ictal central apnea/hypoxia
Nashef 1996, So 2000, Schuele 2000, Jin 2017

• Peri-ictal peripheral apnea/hypoxia
Tavee 2008, Stewart 2017

• Post-ictal bradycardia/asystole
Ryvlin 2013, Nashef 1996

• Peri-ictal tachyarrhythmia
Ryvlin 2013, Ferlisi 2013, Jin 2017

• Peri-ictal hypotension/baroreflex failure
Bozorgi 2013, Hampel 2017

•Arousal failure/post-ictal immobility
Kuo 2016, Seyal 2013

Proposed Biomarkers of SUDEP
And Markers of GTCS Severity

SUDEP, Convulsive Seizure Severity and their Biomarkers



Peri-ictal cardio-respiratory dysfunction
a) Ictal Central apnea



Peri-ictal cardio-respiratory dysfunction
b) Post-convulsive central apnea 

+ bradycardia



Peri-ictal cardio-respiratory dysfunction
c) Functional evidence of brainstem compromise



Peri-ictal cardio-respiratory dysfunction
d) Structural evidence of brainstem compromise



Peri-ictal cardio-respiratory dysfunction
e) Premortem identification of brainstem dysfunction



Other types of cardio-respiratory dysfunction



Cardio-respiratory Control and Modulation sites
a) Location



Cardio-respiratory Control and Modulation sites
b) Damage



• Premortem risk may be indicated by prolonged ictal central apnea, 
post-convulsive central apnea + bradycardia, abnormal HCVR, (PGES) 

• Abnormal peri-ictal cardiorespiratory responses indicate brainstem 
dysfunction

• There are both structural (MRI and neuropathology) and functional 
(fMRI/HCVR) indicators of brainstem damage in persons with epilepsy

• There is temporal accrual of risk – more damage/dysfunction is seen 
with long duration of epilepsy, and/or proximity to death

• Identification of cardio-respiratory modulation sites in the human 
brain; some of these sites suggest potential for neuromodulation, 
breathing rescue and targeted SUDEP prevention

• Strong evidence of brainstem contributions to SUDEP
• Case control prospective study ……

Key Findings



The CSR Informatics and Data Analytics Core



David Auerbach PhD
Prevalence and 
triggers for ECG 
abnormalities and 
arrhythmias in 
patients with epilepsy
CURE 2021

Nuria Lacuey MD PhD
Defining Breathing 
Network 
Neuromodulatory 
Approaches for 
Prevention of SUDEP
CURE 2020

Licong Cui PhD
An informatics 
framework for SUDEP 
Risk Marker 
Identification and Risk 
Assessment
NINDS 5R01NS116287

Rup Sainju MD
CO2 Responses in 
SUDEP
CURE 2016

Current CSR Database-related Projects
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