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Animal Model of Hypoxic-Ischemic Encephalopathy (HIE) 

Conclusions 
Our results indicate that the performance of the seizure detection algorithm 
is comparable to that of a human scorer marking clinical and electrographic 
events. With refinement, this SDA could be a powerful tool for easily 
obtaining objective metrics for evaluating treatment strategies for hypoxia-
ischemia while reducing the need for time-consuming VEEG review. 
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Neonatal seizures occur in 1.8-3.5 per 1,000 live term births, most commonly as a  
result of perinatal hypoxia-ischemia (HI), which occurs in 1-2 per 1000 live term 
births [1]. Of the neonates who do experience seizures, 30% have adverse 
neurological outcomes [2]. Whether and how to treat this phenomenon remains 
controversial due to the difficulty of correctly identifying seizures, which may consist 
of abnormal EEG with or without behavior, and sometimes seizure-like behavior 
without EEG; these events are labeled as clinical, electrographic (subclinical), and 
behavioral    seizures [3].   
We have used unilateral carotid ligation and hypoxia in neonatal rats as a model of 
hypoxic-ischemic encephalopathy (HIE), and simultaneously recorded EEG, EMG, 
and video to document the experimental seizure yield during and following HI. The 
goal of this project is to develop an automated seizure detection algorithm (SDA), 
specifically for this neonatal model of HIE, that can identify clinical, electrographic, 
and behavioral seizures from EEG/EMG recordings. An objective tool for 
quantifying the seizure outcome would help assess the effect of different 
experimental conditions and therapeutic interventions. 

Automated Seizure Detection Algorithm (SDA) Percent Time in Seizure 

All experimental procedures were performed at 
Weill Cornell Medical College with IACUC 
approval. Neonates delivered from pregnant 
Wistar rats (Charles River) were instrumented 
with EEG headmounts (Pinnacle Systems) on 
P11. The following day, the right common 
carotid artery was ligated under anesthesia with 
surgical silk and the wound was closed. After 
two hours with the dam, pups were connected 
to a video-EEG (VEEG) system via a swivel 
connector and allowed to move freely in a 
closed chamber.  

We have developed a prototype SDA that can discriminate between clinical, electrographic, 
and behavioral seizures from EEG/EMG recordings. A seizure state is detected when the 
SDA output for EEG and/or EMG exceeds an appropriate threshold. 

Figure 1. Clinical seizure during HI. At seizure onset, the EEG (blue) exhibits high amplitude 
spikes followed by suppression and gradual evolution into rhythmic spiking. Surges in EMG power 
(red) reflect behaviors such as forelimb and hindlimb paddling, circling or rearing associated with 
clinical seizure activity. 

Detection of a Clinical Seizure 

Figure 4. Comparison of percent time spent in seizure determined independently 
by the SDA and a human scorer.  Data for individual animals are represented by  
blue dots, while the red lines show the best fit linear regression models. Both clinical 
and electrographic seizures have a regression coefficient of approximately R = 0.7, 
indicating a strong relationship between the scored and detected time spent in seizure.  

% Agreement Between SDA and Human Scorer 

Figure 3. Close-up of clinical seizure detection. The SDA processes EEG and EMG separately.  An 
electrographic or behavioral seizure is detected when the SDA output exceeds a threshold only for the 
EEG or EMG signal respectively. If detections made from EEG and EMG overlap in time, it is deemed a 
clinical seizure. 

Raw EEG and EMG 
signals are sampled at 
400 Hz and stored for 
analysis. 

Signal power is 
estimated by the mean 
Teager energy in a 1s 
window after highpass 
filtering (>5Hz). 

Slow baseline variation 
in power is eliminated 
by large rank filters to 
emphasize seizure 
activity. 

SDA outputs for EEG 
and EMG are modeled 
as two-component 
distributions  and used 
to classify the data into 
seizure and nonseizure 
epochs. 

After a baseline VEEG recording, an 8% O2/N2 mixture was delivered to the 
chamber for 90 min. VEEG monitoring was performed during HI and for one hour 
afterwards. Recorded EEG (2 channels), nuchal EMG (1 channel), and video were 
inspected visually to document electrographic, behavioral, and clinical seizures. 

Figure 2. Framework of the HIE seizure detection algorithm. 
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Figure 5.  Distribution of the agreement between human scores and SDA detections 
(n=15 animals). For each animal, the recording was divided into 10s epochs and the 
percent agreement between SDA scores and human scores determined.  The results 
show high levels of agreement for both clinical and electrographic seizures. 
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