Seizure-induced cardiovascular dysregulation: a clinically relevant sheep model 
for SUDEP therapeutics development
Ruslan V Pustovit1, Yugeesh R Lankadeva1, Lindsea C Booth1, Sally G Hood1, Ming Soh1, Sam F Berkovic2, Terase F Lancefield³, Chis A Reid1 and Clive N May1
1 The Florey Institute of Neuroscience and Mental Health, University of Melbourne, Parkville, VIC, Australia  

2 Epilepsy Research Centre, Department of Medicine, Austin Health, Heidelberg, VIC, Australia

³ Department of Cardiology, Austin Health, Heidelberg, VIC, Australia 
Introduction. Generalised convulsive seizures is the biggest risk factor for premature death in patients with epilepsy. The mechanism by which seizures can trigger terminal events remain unclear. Some studies have shown that seizure-induced cardiac functional defects, mediated by autonomic dysfunction, are frequently observed and may be the leading cause of death in a significant proportion of people with epilepsy. 
Aims. To establish and characterise haemodynamic changes in an unanaesthetised sheep model of convulsive seizure.
Methods. Twelve adult female merino sheep were surgically instrumented to record mean arterial pressure (MAP), heart rate (HR), cardiac output (CO), electrocardiogram (ECG) and electroencephalogram (EEG), cardiac sympathetic nerve activity (CSNA) and renal SNA (RSNA). The effect of seizures induced by intravenous administration of pentylenetetrazol (PTZ) (5.0 mg/kg/min, 4 minutes) was compared with baseline measurements before the seizures. 
Results. Generalised convulsive seizures induced in unanaesthetised sheep by intravenous administration of PTZ led to a rapid increase in the first 10 minutes in MAP (79 ± 5 to 129 ± 6 mmHg, P<0.0001), CO (4.1 ± 0.2 to 7.9 ± 0.5 L/min, P<0.0001) and HR (80 ± 2 to 124 ± 2 beats/min, P<0.0001). Similar abrupt changes were observed in heart rate variability (4826 ± 1766 to 211 ± 98 ms, P = 0.0155) and corrected QT interval at 30 minutes (12.6 ± 0.2 to 14.2 ± 0.4 ms, P = 0.0245). These changes remained significantly elevated for 60 minutes postictally. CSNA (n=4) was significantly elevated during the seizure (15.6 ± 1.2 to 76.8 ± 27.9 bursts/minute, P = 0.03), meanwhile RSNA (n=5) kept reducing and was almost completely abolished by 10 minutes post-seizure (63.8 ± 9.8 to 19.8 ± 3.1 bursts/minute, P = 0.0012).      
Discussion. PTZ-induced seizures in unanaesthetised sheep caused cardiovascular dysfunction driven by elevated sympathetic outflow to the heart and reduced renal sympathetic nerve activity. Therapies that mitigate these cardiac effects may hold promise in reducing the risk of sudden premature death in people with epilepsy.
