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BACKGROUND

Clinical seizure incidence 11%
Electroencephalographic (EEG) seizure incidence 26%
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BACKGROUND

EEG analysis was not performed in real time
Only clinical seizures were treated 
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BACKGROUND

Seizures most important predictor of adverse 
neurodevelopmental outcomes including math scores, general 

memory, executive function score 
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BACKGROUND – DOES TREATMENT MATTER?
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BACKGROUND
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BACKGROUND

Treatment of seizures may have resulted in improved 
neurodevelopmental outcomes 
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BACKGROUND

Helmes 1997, Clancy 2003, Gaynor 2005, Naim 2015, Topjian 2016, Lin 2017
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RISK FACTORS FOR SEIZURES

DHCA, deep hypothermic circulatory arrest; RCP, regional cerebral perfusion; ECMO, 
extracorporeal membrane oxygenation
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BACKGROUND

The American Clinical Neurophysiology Society recommends EEG 
monitoring in neonates undergoing cardiac surgery requiring CPB

At CHOP, we have been routinely monitoring patients on EEG post 
operatively since June 2012 

Shellhaas 2011
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OBJECTIVE AND HYPOTHESIS 

Objective: Determine seizure incidence and identify pre-operative 
and operative risk factors for seizures in neonates following CPB 
undergoing EEG monitoring

Hypothesis: There will be non-modifiable and modifiable risk factors 
associated with post-operative seizure risk 
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METHODS

Retrospective, single center cohort study of neonates (corrected 
gestational age < 44 weeks) undergoing surgery with CPB from June 
2012 to May 2022

Exclusion criteria:
• Cardiac surgery done off bypass 
• EEG monitoring not performed in the post operative period
• Underwent surgery not categorized by STAT classification
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Patients monitored on EEG for 48 hours post-operatively 

Neonatal EEG seizure defined as a sudden, abnormal EEG event 
defined by a repetitive and evolving pattern with an amplitude of 
at least 2 µV and duration of at least ten seconds

METHODS
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Univariable and multivariable analysis performed 

Variables with significant P value on univariable analysis 
included in initial multivariable model

Multicollinearity assessed with variance inflation factor. 
Backward selection used to select variables in final model. 

P value < 0.05 considered significant 

METHODS
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PATIENT DEMOGRAPHICS

N = 1080 neonates: 

• 59% male
• 58% white,12% black, 30% other
• Median birth weight 3.2 kg (IQR 2.8, 3.5) 
• Median gestational age 39 weeks (IQR 38.0,39.3) 
• 82% prenatal diagnosis 
• 17% preterm neonates <37 weeks gestational age 
• 18% with identified genetic defects
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Overall seizure incidence 9.4% 

86% of patients with seizures had subclinical seizures

23% of patients with seizures had status epilepticus

RESULTS
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RESULTS – UNIVARIATE ANALYSIS

Pre-operative risk factors for seizures (p < 0.05):

• Decreasing gestational age 
• Decreased head circumference 
• Volume expansion at birth 
• Need for urgent cardiac intervention at birth 
• Single ventricle physiology 
• Pre-operative seizures



22

RESULTS – UNIVARIATE ANALYSIS
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RESULTS – UNIVARIATE ANALYSIS

p < 0.001
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RESULTS – UNIVARIATE ANALYSIS
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RESULTS – UNIVARIATE ANALYSIS

Operative risk factors for seizures (p < 0.05):

• Lower temperature on bypass 
• Deep hypothermic circulatory arrest (DHCA) duration
• Use of regional cerebral perfusion (RCP)
• CPB duration
• Total support time
• Open sternum 
• Inhaled nitric oxide (iNO) initiated in operating room (OR) 
• ECMO in OR 
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RESULTS – MULTIVARIATE ANALYSIS
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RESULTS – OUTCOMES

Median length of cardiac intensive care unit (CICU) stay longer in 
patients with seizures (22 days versus 12 days, p < 0.001)

Total hospital length of stay longer in patients with seizures (35 days 
versus 20 days, p < 0.001)

Mortality higher in patients with seizures (27% versus 4%, p < 0.001)
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CONCLUSIONS

Over the past 10 years, post operative EEG seizure incidence is 9.4%

Risk factors for postoperative EEG seizures include decreasing 
gestational age, open sternum, use of nitric oxide in the OR 

Seizures associated with longer duration of cardiac intensive care 
unit length of stay and higher mortality 

The majority of seizures were subclinical and would not have been 
identified without routine post-operative EEG monitoring
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FUTURE DIRECTIONS

Focused comparison of patients undergoing DHCA compared to 
RCP

Impact of status epilepticus, seizure duration, and time to treatment 
on patient outcomes 

Correlation of seizures with abnormalities in neuroimaging

Long term neurodevelopmental follow up 
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