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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, Convulsive Seizure Severity and their Biomarkers

Proposed Biomarkers of SUDEP

SUDEP Pathomechanisms And Markers of GTCS Severity
L OSEREECH! SO G *Prolonged post-ictal EEG suppression
ggejjmdum N | . :/;zgiation? SUDEP Risk Factors RyV/ in2 0.1 3, Lhatoo 2010
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T *Peri-ictal central apnea/hypoxia
?? Nashef 1996, So 2000, Schuele 2000, Jin 2017
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tﬂ’t «Peri-ictal tachyarrhythmia
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FULL-LENGTH ORIGINAL RESEARCH

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

The incidence and significance of periictal apnea in epileptic

seizures
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Summary

Objective: The aim of this study was to investigate periictal central apnea as a
seizure semiological featre, its localizing value, and possible relationship with
sudden unexpecied death in epilepsy (SUDEP) pathomechanisms.

Methods: We prosp: studied p i i ical responses, includ-
ing inductance plethysmography, peripheral capillary oxygen saturation (SpOa),
jography, and video el P iphy (VEEG) in 473 patients in

‘a multicenter study of SUDEP. Seizures were classified according to the Intema-
tional League Against Epilepsy (ILAE) 2017 seizure classification based on the
most prominent clinical signs during VEEG. The putative epileptogenic zone was
defined based on clinical history, seizure semiology, neuroimaging, and EEG.

Results: Complete datasets were available in 126 patients in 312 seizures. Ictal
central apnea (ICA) occurred execlusively in focal epilepsy (51/109 patients [47%]
and 10X/312 seizures [36.5%]) (P < .001). ICA was the only clinical manifesta-
tion in 16/103 (16.5%) seizures, and preceded EEG seizure onset by 8 + 4.9 5, in
56/103 (543%) seizures. ICA 260 s was associated with severe hypoxemia (SpO,
<75%). Focal onset impaired awareness (FOIA) motor onset with automatisms
and FOA nonmotor onset semiologies were associated with ICA presence
(P < 001), ICA duration (P = .002), and moderate/severe hypoxemia (P = .04),
Temporal lobe epilepsy was highly associated with ICA in comparison (o
extratemporal epilepsy (P = .001) and frontal lobe epilepsy (P = .001). Isolated
postictal central apnea was not seen; in 3/103 seizures (3%), ICA pensisted into
the postictal period.
Sigeni ICA is a frequent, self-limiting semiological feature of focal epi-

Email: nuria.

Center for SUDEP Resesrch; NIH/NINDS
GranvAward Number: UO1-NSO90405
UO1-NS090407 UO1-NS09041 5

lepsy, often starting before surface EEG onsel, and may be the only clinical mani-
festation of focal seizures, However, prolonged ICA (260 s) is associated with
severe hypoxemia and may be a potential SUDEP biomarker. ICA is more fre-
quently seen in temporal than extratemporal seizures, and in typical temporal sei-
zure semiologies. ICA rarely persists after seizure end. ICA agnosia is typical,
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Peri-ictal cardio-respiratory dysfunction
b) Post-convulsive central apnea

[=EE]
Postconvulsive central apnea as a biomarker for

sudden unexpected death in epilepsy (SUDEP)
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Postictal serotonin levels are associated with peri-
ictal apnea
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Johnson P. Hampson, MS, Carl L Faingold, PhD, Daniel Friedman, MD, Orrin Devinsky, MD, Dr. Rani
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Higher serotonin levels relate to lower seizure-related breathing dysfunction
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Ventilatory response to CO, in patients with epilepsy
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Summary
Objective: Severe periictal respiratory depression is thought 1o be linked to risk
of sudden unexpected death in epilepsy (SUDEP) but its determinants are largely
unknown. Interindividual differences in the interictal ventilatory response to COy
(hypercapnic ventilatory respanse [HCVR] or central respiratory CO; chemosensi
tivity) may identify patients who ane st increased risk for severe periictal
hypoventilation. HCVR has not been studicd previously in paticnts with cpileps;
therefore we evaluated a method to measure it at bedside in an epilepsy monitor-
ing unit (EMU) and cxamined its relationship 1o postictal hypercapnia following
generalized convulsive seizures (GCSs)

Methods: Intcrictal HCVR was measured by a respiratory gas analyzer using a
modified rebreathing technigue. Minute ventilation (Vg), tidal volume, respiratory
rate, end tidal (ET) CO; and O were recorded continuously. Dyspnea during the
test was assessed using a validated scale. The HCVR slope (AV/AETCO,) for
cach subject was determined by lincar regression. During the video-clectroen-
cephalography (!
ing, including measurcment of chest and abdominal movement, oronasal airflow,
transcutaneous (ic) COy, and capillary oxygen saturation (SPO,).

Results: Sixty-cight subjects completed HCVR  festing in 151 4 (standard
deviation) 58 seconds, without any serious adverse cvenis, HCVR slope ranged
from —0.94 10 5.39 (median 1.71) L'min/mm Hg. HCVR slope correlated with
the degree of unpleasantness and intensity of dyspnea and was inversely related
1o baseline ETCO,. Both the duration and magnitude of postictal tcCO, rise fol-
lowing G
Significance: Mcasurement of the HCVR is well tolerated and can be performed
rapidly and safely at the hedside in the

) study, subjects underwent continuous respiratory monitor-

were inversely corelated with HCVR slope.

EMU. A subset of individuals has a very

low scnsi

ity 10 CO;, and this group is more likely o have s prolonged increase
in postictal CO, after GCS. Low interictal HCVR may increase the risk of severe
respiratory depression and SUDEP after GCS and warrants further study.
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biomarker, e b UDER
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Fig. 1. i y dysr lation and k SD in Kv1.1 mutant associated
with cortical seizures in vivo. (A) Diagram of experimental setup for application of 4AP and recording of
EEG and brainstem DC potentials in spontaneously breathing urethane-anesthetized juvenile mice (P18 to
P25). (B) lllustration of brainstem recording area (red circle). (C) Time until death in Kv1.1 wild-type (WT)
and KO mice after focal 4AP application. (D and E) Representative traces of premorbid sequence of the
cortical EEG, brainstem DC current, ECG, and respiration in two Kv1.1 KO mice. Expanded traces shown in
the lower half of the panels illustrate the temporal association between loss of cortical EEG activity, brain-
stem SD, and development of cardiorespiratory arrhythmias. Asterisk, gasping. (D) Immediate postictal
EEG flattening tightly coupled to onset of cardiorespiratory dysregulation and brainsgem SD. Vertical scale:
cortical EEG, 035 mV; brainstem DC, 5 mV; ECG, 0.22 mV; respiration, arbitrary units. (E) Delayed cortical
suppression and cardiorespiratory shutdown >10 min after final intense seizure activity. The respiratory
trace in the box is further expanded and shown in the inset. Vertical scale: cortical EEG, 0.31 mV; brainstem
DC, 18 mV; ECG, 0.43 mV; respiration, arbitrary units.
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Peri-ictal cardio-respiratory dysfunction
d) Structural evidence of brainstem compromise

RESEARCH ARTICLE

A JOLRNAL OF NEUROLOGY

Brainstem network disruption: A pathway to sudden

unexplained death in epilepsy?
5 o The ventrolateral medulla and medullary raphe
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Figure 3 Seratonergic neurons. (A} Tryptophan hydroxylase (TPH2) labelling in the median raphe showing distinct neuronal kbelling and
processes. (B In the VLM, reduced density of neurons were noted (inset cluster of neurons in the floor of the fourth ventricte were occasionally
also noted). (€) TPH2-positive neurans and coarse dendrites in VLM with occasional fine axon crossing in the background (arraw). Inser: TPH2
positive neurons in VLM with more periphersl labelling pattern was occasionally noted. (D) Bar chart showing the differences in labelling index
between the groups in the VLM, which was significanty lower in SUDEP groups than non-epilepsy controls. (E) Line graph of mean TPHZ cell
counts between groups (mean values and standard deviation show as error bars) in the YLM with obex intervals were lower for the SUDEP and
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n 'v epilepsy controls than non-epilepsy controfs (NEC) at all levels. with the greatest statistical difference noted between all epilepsy cases and
\‘ cantrols at obex 9—10mm (P = 0.034). (F) Line graph of TPH2 Iabelling in medullary raphe and VLM (shown as dashed lines and single lines,
7 respectively) of mean values (and error bars representing standard deviations) with respect to obex levels for definite SUDEP and non-epilepsy

sudden death controls (MESD). A positive correlation of medullary raphe labelling index with mare rostral obex levels (P = 0.01) was noted and
lower labelling index in SUDEP than NESD. Magnifications: photomicrographs with s [0 (A), x 20 (B) and x 40 abjective lenses. Scale bar in
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Peri-ictal cardio-respiratory dysfunction
e) Premortem identification of brainstem dysfunction
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Cardiac output Means (L/min)

Other types of cardio-respiratory dysfunction
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Cardio-respiratory Contro

Limbic and paralimbic structures driving ictal

central apnea

Nuria Lacuey, MD, Johnson P. Hampson, MSBME, Ronald M. Harper, PhD, Jonathan P. Miller, MD,
and Samden Lhatoo, MD

Neurology® 2019;92:¢655-¢669. doi:10.1212/WNL.0000000000006920
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and Modulation sites
a) Location
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Cardio-respiratory Control and Modulation sites
b) Damage

SRR B L A | Neuroimaging of Sudden Unexpected Death in Epilepsy
(SUDEP): Insights From Structural and Resting-State
e Functional MRI Studies
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Key Findings

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

« Abnormal peri-ictal cardiorespiratory responses indicate brainstem
dysfunction

* There are both structural 1gMRI 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 proximify to death

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

« Strong evidence of brainstem contributions to SUDEP
* Case control prospective study ......
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