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Abstract 

Background: Guidelines recommend evaluation for electrographic seizures in neonates and children at risk, includ-
ing after cardiopulmonary bypass (CPB). Although initial research using screening electroencephalograms (EEGs) in 
infants after CPB found a 21% seizure incidence, more recent work reports seizure incidences ranging 3–12%. Deep 
hypothermic cardiac arrest was associated with increased seizure risk in prior reports but is uncommon at our institu-
tion and less widely used in contemporary practice. This study seeks to establish the incidence of seizures among 
infants following CPB in the absence of deep hypothermic cardiac arrest and to identify additional risk factors for 
seizures via a prediction model.

Methods: A retrospective chart review was completed of all consecutive infants ≤ 3 months who received screen-
ing EEG following CPB at a single center within a 2-year period during 2017–2019. Clinical and laboratory data were 
collected from the perioperative period. A prediction model for seizure risk was fit using a random forest algorithm, 
and receiver operator characteristics were assessed to classify predictions. Fisher’s exact test and the logrank test were 
used to evaluate associations between clinical outcomes and EEG seizures.

Results: A total of 112 infants were included. Seizure incidence was 10.7%. Median time to first seizure was 28.1 h 
(interquartile range 18.9–32.2 h). The most important factors in predicting seizure risk from the random forest analysis 
included postoperative neuromuscular blockade, prematurity, delayed sternal closure, bypass time, and critical illness 
preoperatively. When variables captured during the EEG recording were included, abnormal postoperative neuroim-
aging and peak lactate were also highly predictive. Overall model accuracy was 90.2%; accounting for class imbalance, 
the model had excellent sensitivity and specificity (1.00 and 0.89, respectively).

Conclusions: Seizure incidence was similar to recent estimates even in the absence of deep hypothermic cardiac 
arrest. By employing random forest analysis, we were able to identify novel risk factors for postoperative seizure in this 
population and generate a robust model of seizure risk. Further work to validate our model in an external population 
is needed.
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Introduction
Cardiopulmonary bypass (CPB) was invented in the 
late 1950s and was rapidly adapted to pediatrics to 
facilitate surgical repair of congenital cardiac defects. 
Achieving adequate oxygenation was a particular chal-
lenge in early CPB; thus, cardiology teams were appro-
priately concerned about the neurologic sequelae of 
reduced cerebral oxygenation during surgery.

Early studies in the 1970s and 80s using continuous 
electroencephalogram (EEG) for prospective seizure 
detection after CPB reported 4–9.1% seizure incidence 
in larger trials but few or no seizures were captured in 
smaller reports [1–6]. Seizure incidence in subsequent 
populations with a spectrum of cardiac lesions and 
broad age distribution ranged 1.5–11.5% [7–12]. In 
contrast, studies restricted to infants with more com-
plex anomalies found a higher incidence of seizure: 
infants with transposition of the great arteries had an 
incidence of 21.3% [13], and patients undergoing Nor-
wood staged palliation for hypoplastic left heart, typi-
cally performed shortly after birth, had an incidence of 
18% [14].

Seizure risk factors included deep hypothermic car-
diac arrest (DHCA) [8, 9, 13], longer bypass time [13], 
acidosis [13], delayed sternal closure [9], younger age 
[8, 9], abnormal neuroimaging [7, 9], and postopera-
tive cardiac arrest or need for extracorporeal mem-
brane oxygenation [9]. Despite publication of these 
risk factors, there are no prediction models that inte-
grate these individual risk factors to triage patients 
by seizure risk. The 2011 American Clinical Neuro-
physiology Society  (ACNS) guidelines suggest 24  h 
of continuous EEG monitoring in infants at risk [15], 
including those who undergo CPB, cardiac arrest, or 
extracorporeal membrane oxygenation.

Our institution adopted a protocol of continuous 
EEG monitoring in all infants less than 3  months of 
age for 48 h following CPB. We recognized that intra-
operative characteristics influencing seizure risk in our 
population might differ from those previously pub-
lished given the evolution of surgical, anesthetic, and 
CPB techniques, together with shorter or no DHCA 
[8, 12]. We hypothesized that these factors would con-
tribute to lower seizure incidence in our cohort. Our 
objective was to determine seizure incidence in infants 
following CPB at our center and develop a predictive 
model for postoperative seizures based on a broad 
spectrum of possible preoperative and perioperative 
risk factors.

Methods
Data Collection
We included all consecutive infants less than 3  months 
old undergoing continuous EEG in the 48  h following 
CPB, as per our institutional protocol, over the 24-month 
period from July 2017 through June 2019 at Lucile Pack-
ard Children’s Hospital. Prior to the start of our study 
period, clinicians were educated on this protocol. The 
postoperative admission order set used for every child 
returning from cardiac surgery was also adapted to 
include an automatic order for EEG. Although we cannot 
exclude the possibility that infants may have been cared 
for outside of our clinical protocols, our standard of care 
was that every infant received EEG after CPB. If a patient 
received two EEGs that met inclusion criteria, only the 
first EEG was considered. Retrospective chart review and 
data extraction was completed by child neurologists. A 
pediatric cardiologist reviewed and confirmed the type 
of congenital cardiac defect and surgical procedure. Data 
collected included postmenstrual age at birth, growth 
parameters, oxygen saturation and respiratory support 
prior to surgery, preoperative and postoperative neuro-
imaging findings (subcategorized by common findings 
or other findings), laboratory values indicative of meta-
bolic stress, duration of bypass and cross clamp during 
surgery, number of code events, presence of abnormal 
neurologic examination findings, and family history of 
seizure or epilepsy. EEG data included time to EEG con-
nection, time to first seizure, whether seizures had a clin-
ical correlate, status epilepticus (defined as one seizure 
lasting > 30  min or frequent seizures occupying > 50% of 
a 1-h recording segment), and antiseizure medications. 
We analyzed surgery type directly instead of calculating 
a Society of Thoracic Surgeons-European Association for 
Cardio-Thoracic Surgery (STAT) mortality score to bet-
ter assess for high-risk subtypes of surgery.

All EEGs were recorded using the 10–20 system with 
Nihon Kohden software. EEGs were reviewed clinically 
by board-certified pediatric epileptologists. EEG data 
were extracted from clinical reports.

All research was approved by an independent institu-
tional review board. This study was conducted under an 
approved wavier of consent. Study data were collected 
and managed using Research Electronic Data Cap-
ture (REDCap) electronic data capture tools hosted at 
Stanford.
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Statistical Analysis
Demographics and seizure characteristics were summa-
rized as counts and percentages for categorical variables 
and medians and interquartile ranges (IQR) for continu-
ous variables.

A prediction model was derived on 88 demographic 
and perioperative features identified preoperatively and/
or during the EEG recording period and a subgroup of 72 
features that were exclusively preoperative using a con-
ditional random forest [16]. The outcome of interest was 
whether a seizure occurred during EEG. Random forest 
models are often used on high dimensional data when 
the number of features exceeds the sample size. Because 
of the large number of features included relative to the 
sample size, we chose to fit the random forest model to 
5,000 trees. A variable importance plot was generated 
to visually inspect features most important in predict-
ing seizure risk, with features ordered by their mean 
decrease in classification accuracy after permuting over 
all trees. Because of low seizure incidence, the predicted 
probability threshold for classifying seizures (default of 
0.5) was recalibrated to account for this imbalance by 
optimizing Youden’s index, which maximizes sensitivity 
and specificity [17]. Accuracy was reported for the con-
tinuous risk model, whereas area under the curve, sensi-
tivity, and specificity were reported using the derived risk 
threshold. Features with the highest variable importance 
values were further examined by predicted seizure risk.

Fisher’s exact test was used to assess the association 
between observed seizure status and whether lactate 
normalized post operatively, whereas the logrank test 
was used to assess whether time from operation to death 
or transfer, death only, or transfer only (as measures of 
immediate clinical outcomes) significantly differed by 
seizure status. For time-to-event outcomes, patients who 
did not die or transfer were censored at their date of dis-
charge. Median survival time and p values were reported.

The cforest function from the R package party was used 
to construct the random forest. The forest was grown on 
5,000 trees, with five variables sampled at each split. All 
analyses were performed using R version 3.5.2 [18]. A p 
value < 0.05 was considered statistically significant.

Results
Patient Demographics
In the 24-month study period, 112 infants ≤ 3  months 
at time of cardiac surgery requiring CPB received con-
tinuous EEG monitoring postoperatively. On average, 
infants were 41  weeks post menstrual age [gestational 
age + chronologic age) at time of surgery, with charac-
teristics given in Table  1. Notably, 20% of infants were 
critically ill on ventilators prior to surgery and 17% were 
on inotrope or vasopressor infusions, whereas 33% were 

chronically hypoxemic. Twenty-three percent of patients 
had abnormal preoperative neuroimaging (ultrasound, 
computed tomography (CT), and/or magnetic resonance 
imaging (MRI). One infant had a history of prior seizures 
and was already on an antiseizure medication initiated at 
an outside institution.

EEG and Seizures
Median time from end of CPB to EEG connection was 
7.8  h (IQR 4.6–18.8  h; Fig.  1). This time delay includes 
the completion of surgery and transport time to the car-
diovascular intensive care unite (CVICU). Twelve infants 
out of 112 developed seizures during the course of EEG 
recording, yielding a seizure incidence of 10.7% (Table 2). 
Median time from the end of CPB to the first seizure was 
28.1 h (IQR 18.9–32.2 h, full range 6–52.3 h). One infant 
had seizures detected immediately after EEG was initi-
ated. Only two infants underwent DHCA; neither devel-
oped seizures. Of the 12 infants with seizures, 5 of 12 
(42%) had status epilepticus. Only 2 of 12 infants expe-
rienced clinical seizures; both of them also had seizures 
without clinical correlate. Two patients had brief, isolated 
seizures without recurrence and were not started on 
medication. The remaining ten patients were loaded with 
1–4 antiseizure medications and achieved seizure control 
on phenobarbital and/or levetiracetam. 

Predicting Seizure Risk
The random forest model predicting seizure risk demon-
strated excellent model fit, with an overall accuracy rate 
of 90.2% (95% confidence interval 83.1–95%). Predicted 
probabilities of seizure risk were classified into a yes/no 
dichotomy based on the recalibrated probability thresh-
old of 0.15. Using this threshold, all 12 infants who seized 
were correctly classified (sensitivity of 1.00 and specific-
ity of 0.89), with an area under the curve of 0.96 (95% 
confidence interval 0.927–0.995; Table 3).

A subset of the variable importance plot derived from 
the random forest model is presented in Fig. 2 (full plot 
in Supplemental Figure  1A). The 12 variables that were 
identified as most important in predicting seizures were 
postoperative neuromuscular blockade, prematurity 
and corrected gestational age at surgery, delayed sternal 
closure, preoperative mechanical ventilation or critical 
preoperative status, preoperative oxygen requirement, 
preoperative code events, bypass duration, preoperative 
neurology consultation, and peak acidosis intraopera-
tively. When we consider variables collected during the 
EEG recording period as well, postoperative neuroimag-
ing abnormalities and peak postoperative lactate were 
also informative in predicting seizures (Supplemental 
Figure 1B).
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Table 1 Patient demographics

Characteristic Patients (n = 112)

Gestational age at birth, median (min, max) 39.0 week (27.0, 41.0)

Chronological age at operation, median (min, max) 24.5 day (1.00, 119)

Corrected postmenstrual age at operation, median 
(min, max)

41.2 week (31.3, 56.3)

Male sex, n (%) 69 (61.6)

Discharge status, n (%)

 Deceased 6 (5.4)

 Transfer 7 (6.3)

 Home 99 (88.4)

Genetic defect identified, n (%)

 No 24 (21.4)

 Yes 27 (24.1)

 Presumed but unknown 61 (54.5)

 Confirmed 22q11 deletion syndrome 7 (6.2)

 Confirmed trisomy 21 10 (8.9)

Cardiac anomaly, n (%)

 VSD 27 (24.1)

 TGA + / − VSD 21 (18.7)

 ToF 14 (12.5)

Cardiac surgery, n (%)

 VSD repair 27 (24.1)

 ASO 21 (18.7)

 ToF repair 27 (24.1)

 Coarctation or aortic arch repair 21 (18.7)

Pre-op oxygenation, n (%)

 > 90% on room air 52 (46.4)

 > 90% on supplemental  O2 23 (20.5)

 80–90% on supplemental  O2 26 (23.2)

 < 80% on supplemental  O2 11 (9.8)

Critical patient when pre-op, n (%)

 No 83 (74.1)

 Sustained ventricular dysrhythmia 1 (0.9)

 Mechanically ventilated 22 (19.6)

 Inotropic support 19 (17.0)

Pre-op imaging abnormalities, n (%)

 No 68 (60.7)

 Yes 26 (23.2)

 Not performed 18 (16.1)

Preop imaging abnormalities n (% of all patients 
imaged)

 IPH 8 (7.1)

 IVH 5 (4.5)

 Ventriculomegaly 4 (3.6)

Postop imaging abnormalities, n (%)

 No 29 (25.9)

 Yes 25 (22.3)

 Not performed 58 (51.8)

Postop imaging abnormalities, n (% of all patients 
imaged)

 SDH 5 (4.5)

 IPH 6 (5.4)

Table 1 (continued)

ASO arterial switch operation for transposition of the great arteries, IPH 
intraparenchymal hemorrhage, IVH intraventricular hemorrhage, max maximum, 
min minimum, O2 oxygen, pre-op preoperative, SDHsubdural hemorrhage, TGA  
transposition of the great arteries, ToF tetralogy of Fallot, VSD ventricular septal 
defect

Characteristic Patients (n = 112)

 IVH 4 (3.6)

 Ventriculomegaly 5 (4.5)

 Stroke/encephalomalacia 5 (4.5)

Further examination of these features identified that 
patients with postoperative neuromuscular blockade, 
surgically delayed sternal closure, critical illness preop-
eratively, and younger age at time of surgery have higher 
seizure risk (Fig. 3). If we include immediately postopera-
tive variables obtained during EEG recording, any type 
of abnormal neuroimaging and higher peak lactate in the 
24 h during and after surgery also contributed to seizure 
risk (Supplemental Figure 2).

Seizures and Clinical Outcomes
Presence or absence of postoperative seizures was not 
associated with whether lactate normalized within the 
48  h after the operation (normalized in 93% patients 
without seizures versus 75% with seizures, Fisher’s exact 
test p = 0.074). Time from operation to death/transfer, 
death only, or transfer only were not significantly differ-
ent among infants who did or did not seize (Supplemen-
tal Table 1).

Discussion
We present a large contemporary cohort of infants 
monitored after CPB and developed a novel predictive 
model based on seizure risk factors. Seizure incidence 
was 10.7% (12 of 112 patients), comparable with recent 
published findings [7–11], despite minimal DHCA at 
our institution (2 of 112 patients). The incidence in our 
cohort, which includes a spectrum of cardiac defects, 
is lower than was reported in studies of subpopulations 
considered to be at the very highest risk, such as infants 
with single ventricle physiology or transposition of the 
great arteries [13, 14].

The median time until first seizure was 28.1  h, nearly 
three times longer than the median time to EEG initia-
tion (7.8 h), indicating most seizures were likely captured 
on EEG despite short delays in EEG initiation attribut-
able to surgery completion, patient transport, and stabi-
lization. Moreover, the full range of time to first seizure 
was 6–52  h, delineating a window of highest yield for 
EEG monitoring that is concordant with current ACNS 
guidelines [15]. In the largest prior study using EEG after 
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infant heart surgery, the range of time to first seizure was 
10–36 h [7]. A systematic review estimated that approxi-
mately 90% of seizures in children with recent cardiac 
arrest or cardiac surgery are detected within 24  h [19]. 

The majority of seizures were electrographic only, reaf-
firming guidelines for continuous EEG as opposed to 
clinical observation or intermittent EEG monitoring for 
accurate diagnosis.

We developed a highly sensitive and specific prediction 
model of seizure risk that identified 14 key risk factors for 
postoperative seizures in our population. Importantly, 12 
of these variables are known even before the EEG record-
ing period begins, and the other 2 can be ascertained 
during the recording period. The principle classes of risk 
include preoperative and postoperative illness sever-
ity and confirmed prior findings of risk associated with 
longer bypass time [13], acidosis [13], delayed sternal clo-
sure [9], younger age [8, 9], and abnormal neuroimaging 
[7, 9]. Preoperative code events, prematurity, mechanical 
ventilation, and oxygen requirement can indicate preop-
erative illness, whereas neuromuscular blockade, delayed 
sternal closure, increased bypass time, and higher lactate 
peak reflect intraoperative and postoperative instability. 
Clinically, delayed sternal closure and prolonged post-
operative neuromuscular blockade are techniques to 
improve cardiac output and ventilation in patients with 
thoracic or myocardial edema, poor lung compliance, or 
prolonged low cardiac output state. Moreover, neuro-
muscular blockade can mask the motor manifestation of 
seizures and lead to a delay in clinical detection. Abnor-
mal neuroimaging can indicate postoperative complica-
tions, such as infarct or hemorrhage, that may acutely 

Fig. 1 Latency to EEG and first seizure. Duration of time in hours from end of CPB to EEG connection (dark gray bar), and then first seizure (light 
gray bar) is depicted along the x-axis for all 12 patients with seizures. Median time from bypass to EEG connection in all 112 patients was 7.8 h, 
indicated by the vertical dashed line. CPB cardiopulmonary bypass, EEG electroencephalogram

Table 2 Seizure statistics

ASM antiseizure medication, CPB cardiopulmonary bypass, EEG 
electroencephalogram, IQR interquartile range

Variable Result

Time from CPB to EEG, median (IQR) (h) 7.8 (4.6–18.8)

Seizures observed on EEG, n (% of seizures) 12 (10.7)

 Status epilepticus 5 (42)

 Subclinical seizures 12 (100)

 Clinical seizures 2 (16.7)

Time from CPB to first seizure, median (IQR) (h) 28.1 (18.9–32.2)

Discharged home on ASM, n (%) 10 (83.3)

Table 3 Sensitivity and specificity table for seizure predic-
tion model

Seized Predicted to seize

No Yes

No 89 11

Yes 0 12
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Fig. 2 Subset of top seizure risk factors extracted from the random forest model, excluding variables captured during EEG recording. Variable 
importance plot of the most important variables to predict seizure risk. Magnitude of variable importance increases along the x-axis. Red dashed 
line represents the absolute value of the lowest scoring important variable, with values to the right of the line indicating variables more important 
to the outcome. EEG electroencephalogram, O2 oxygen, pre-op preoperative

Fig. 3 Seizure risk factors. a–d Box plots of four most important variables in predicting seizure risk. Risk categories are on x-axis (a–c), and continu-
ous risk variables are on y-axis (d); predicted probability of seizure is on the other axis. Patients with seizure are gray marks and patients without 
seizure are black marks. Threshold of significance for seizure incidence was calculated as 0.15, indicated as blue dashed line (a). Probability of 
seizure increased in patients with neuromuscular blockade (a), delayed sternal closure (b), preoperative mechanical ventilator dependence (c), and 
younger age at time of surgery (d), corrected for prematurity. EEG electroencephalogram, pre-op preoperative
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trigger seizures [20]. Thus, we hypothesize that many of 
the most important risk factors are indicative of an over-
all critical condition that predisposes to brain injury and 
thus seizures.

Although not all these factors can be preemptively 
modified, many can be optimized, screened, and treated 
to improve neurologic outcomes. Under current guide-
lines, all infants undergoing CPB should be monitored 
with EEG regardless of the number of risk factors [15]. 
Identifying risk factors may help stratify patients if EEG 
resources are limited, identify a priori that patients’ EEGs 
or clinical status should be scrutinized most closely, and 
inform discussions with families.

In our study, intermediate outcomes of lactate trend 
and discharge status were not significantly associated 
with development of seizures. Given the small number 
of patients with seizures, our sample is likely too limited 
to detect these effects in the face of variability in clini-
cal status, length of stay, and patient demographics. All 
patients in this study are offered developmental surveil-
lance through our High-Risk Infant Follow-Up clinic, 
which may permit analysis of longer-term outcomes, 
such as development, neurologic examination, and rates 
of epilepsy in future studies.

Several features distinguish our study from prior evalu-
ations of EEG monitoring after CPB. First, because very 
few of our patients underwent DHCA, this type of anes-
thesia was not a seizure risk factor in our population. 
This allowed us to determine alternative factors that 
might have been masked in previous populations. More-
over, we employed a data-driven prediction algorithm to 
identify important risk factors for postoperative seizures, 
thereby uncovering new seizure risk associations, includ-
ing critical illness preoperatively, increased number of 
code events, elevated perioperative lactate, postoperative 
neuromuscular blockade, and abnormal postoperative 
neuroimaging. We also confirmed previously reported 
risk factors, including prematurity, increased duration of 
bypass, and delayed sternal closure. Although there are 
models that attempt to preemptively identify children at 
high risk of seizures, most postoperative infants automat-
ically fall into the high-risk category, and thus the models 
do not discriminate well in this population [21–23]. Simi-
larly, adult clinical prediction models for risk of seizures 
in the CVICU setting are based on clinical factors not 
experienced by infants [24]. There is therefore a need for 
a clinically based risk assessment in cardiac infants.

Our study’s first limitation is that it represents a single 
center and lacks a replication group for newly discovered 
predictive factors. Next, even though EEG was initiated 
rapidly, we may have missed some early seizures in the 
hours before EEG began. We were also unable to predict 

what EEG background features indicate low risk of sei-
zure to risk stratify patients prospectively.

Our sample was moderately sized and larger than many 
prior reports but remained underpowered to query sev-
eral specific types of risk due to the low incidence of sei-
zures. We were therefore unable to determine whether 
genetic syndromes, individual cardiac malformations, or 
particular neuroimaging findings were associated with 
altered seizure risk. Of note, we did not divide cardiac 
lesions into cyanotic and acyanotic types as we analyzed 
each individual type of lesion. Patients with cyanotic 
lesions are considered to have higher risk of neurologic 
injury and hypoxia, thus it is possible that seizure risk 
factors may be different in a cohort restricted to cyanotic 
heart disease [14]. Many larger patient cohorts excluded 
children with genetic syndromes, potentially limiting the 
applicability of the results in light of the substantial prev-
alence of genetic syndromes in children with congenital 
cardiac disease. Although the classification threshold 
derived from the random forest model yielded high 
specificity and sensitivity, this threshold may not gener-
alize to external cohorts and therefore should be further 
validated. We hope that combining data sets could yield 
larger numbers of patients and thus power to analyze 
these rare but clinically relevant potential risk factors.

As a predictive model, multicollinearity in our dataset 
does not affect the random forest model accuracy. Hypo-
thetically, interpretation of the data could lead to incor-
rect conclusions that one feature is a strong predictor, 
whereas others in a similar category are not, when in fact 
they are similar in terms of their association to the out-
come. However, Genuer et  al. [25] found that although 
the magnitude of importance values was affected by col-
linearity, the order of importance variables remained the 
same with truly important variables to the outcomes still 
able to be differentiated from noise. Therefore, we are not 
concerned about multicollinearity affecting the identifi-
cation of the most predictive variables in our dataset.

In our model, postoperative neuroimaging abnormali-
ties were predictive of seizure risk. However, postop-
erative imaging was commonly obtained after seizures 
were captured to evaluate for new neurologic injury, so 
this relationship may be confounded by indication. Con-
versely, there was no relationship between preoperative 
neuroimaging abnormalities and seizure. A reasonable 
explanation is that acquired perioperative neurologic 
injury is a risk factor for seizures, though a causative rela-
tionship cannot be proven with our current data set.

Finally, we did not collect or analyze additional imme-
diate, intermediate, or long-term outcomes with clinical 
relevance such as duration of intubation or vasoactive 
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support, discharge neurological examination, develop-
mental outcomes, or development of epilepsy later in life 
as these were not consistently available on chart review.

Postoperative seizures have been implicated in worse 
neurodevelopmental outcomes in many but not all 
cohorts. In the Boston cohort, where postoperative sei-
zures went untreated, patients who seized had worse 
motor performance at 1  year old, lower IQ, more neu-
rologic examination abnormalities at 4 years, and worse 
psychosocial outcomes as adolescents [26–28]. Gaynor 
et  al. [29] also found reduced executive function and 
social skills at 4 years, though IQ was equivalent. In the 
small Norwood recipient study, seizures were associ-
ated with increased immediate mortality [14]. In con-
trast, there are a few reports that postoperative seizures 
or EEG background abnormalities did not or only mini-
mally affected developmental outcomes [30, 31]. Overall, 
the clinical approach at most institutions, including ours, 
is to maximize neurodevelopmental outcomes by detect-
ing and treating seizures rapidly in hopes of preventing 
adverse neurodevelopmental sequelae.

This study provides additional data that continuous 
EEG monitoring after CPB in infants identifies postop-
erative seizures in a significant proportion of infants. 
Based on the range of time to first seizure in our popu-
lation, the 48 h of monitoring recommended by current 
guidelines are likely sufficient to capture the majority of 
seizures following CPB in infants. We identified novel 
seizure risk factors that may help institutions predict 
the highest risk patients if there is a need to prioritize 
which infants receive EEG or other services in the setting 
of limited resources. These risk factors warrant study in 
older infants and children after CPB, as well as replica-
tion in an independent cohort, prior to clinical use.

Conclusions
This study demonstrates that seizure incidence remains 
significant in infants who undergo CPB even without 
DHCA, which was previously identified as a risk factor 
for seizures. Postbypass infants merit continuous EEG 
monitoring for 48  h for seizure detection. We report 
several novel risk factors for seizures and confirm addi-
tional previously reported factors, enabling practitioners 
to identify and risk stratify patients accurately. The high-
est risk infants according to our study experienced pre-
operative oxygen or ventilatory requirements, more code 
events, neurology consultation, and younger age; intra-
operatively, they had worse acidosis, longer bypass times, 
and delayed sternal closure; and in the immediate post-
operative period, during EEG recording, they were under 
neuromuscular blockade, had a higher peak lactate, and 
had new abnormalities on brain imaging.
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