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Our ability to treat congenital heart defects (CHD) has 
improved significantly over the last few decades. CHDs, 
such as transposition of great arteries, that were once 
considered uniformly fatal now have an operative mor-
tality of approximately 2% [1]. As mortality in children 
with CHD declines because of advancements in surgical, 
anesthetic, and perioperative care, our focus has rightly 
shifted to optimizing long-term neurological outcomes in 
these children.

We know that up to one half of infants with CHD are at 
risk for significant neurodevelopmental impairments [2] 
and that, in these infants, brain injury is occurring during 
the prenatal, postnatal preoperative, intraoperative, and 
immediate postoperative periods [3]. This brain injury 
usually manifests acutely with seizures, altered level of 
consciousness, or focal neurological deficits. Seizures can 
also make the brain injury worse by inducing a metabolic 
crisis and causing excitotoxic neuronal injury [4]. Elec-
trographic seizures (ES) occurring during the postopera-
tive phase have been reported in 4–18% of these infants 
[5–7] and have been associated with brain injury as well 
as adverse outcomes [4, 8–13]. Children with periop-
erative ES during infancy show evidence of lower mean 
intelligence quotient scores at 4 years of age [10], social 
and attention problems at 8 years of age [11], and overall 

increased neurodevelopmental risk at 16  years of age 
[13].

Despite the understanding that postoperative ES are 
associated with short-term and long-term adverse out-
comes, there are two major challenges to mitigating 
the risk of ES-associated brain injury in these children. 
Firstly, because most of the ES are subclinical, continuous 
electroencephalographic (EEG) monitoring is required 
for diagnosis, but EEG is a very resource-intensive moni-
toring modality that requires expensive equipment and 
around-the-clock availability of neurophysiologists 
[14–17]. Secondly, there is no evidence that aggres-
sive treatment of ES in these children is associated with 
improvement in long-term outcomes [4]. ES could also 
be just an epiphenomenon, a symptom of brain injury 
sustained in the perioperative time window.

This important study by Levy RJ and colleagues [18] 
attempts to tackle the first challenge by enabling pre-
cise identification of the subgroup of children who are 
critically ill with CHD at risk for ES in the postoperative 
period, i.e., a subgroup that could potentially benefit from 
continuous EEG monitoring. A strength of the study is 
that every infant less than 3  months of age undergoing 
cardiopulmonary bypass (CPB) during the study period 
was enrolled and underwent EEG monitoring for 48  h. 
This study is relevant and timely for two important rea-
sons: Firstly, most of the studies on ES in children with 
CHD were conducted in an era wherein deep hypother-
mic cardiac arrest (DHCA) was the predominant intra-
operative strategy used to minimize cerebral metabolism 
and ensure a clean surgical field during CPB [19]. How-
ever, with increasing recognition of the advantages of 
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alternate strategies, DHCA is less commonly used. With 
decreasing use of DHCA, ES have become less common, 
and the DHCA duration thresholds previously used for 
risk stratification have become less useful at the bedside 
[20, 21]. With this and many other changes to periopera-
tive care of these infants, it is timely that this study has 
reevaluated ES incidence and its risk profile. Secondly, 
because the incidence of postoperative seizures con-
tinues to decrease, it is becoming increasingly difficult 
to justify screening all infants post CPB using continu-
ous EEG monitoring. The yield and cost-effectiveness of 
this strategy will be unacceptable for most institutions. 
Therefore, we need to direct our attention to identifying 
those at risk so that the limited and expensive EEG moni-
toring resources can be offered to only this subgroup. If 
validated in future prospective studies, this model will 
allow more appropriate use of scarce EEG resources and 
more personalized medicine.

The results of this study must, however, be interpreted 
with the following considerations: Firstly, because of the 
retrospective nature of the study, the investigators did 
not have sufficient data to calculate validated severity of 
critical illness scores, such as Pediatric Risk of Mortality 
(PRISM III) or Pediatric Index of Mortality (PIM-2), and 
perioperative risk stratification scores used in the pedi-
atric cardiac critical care unit, such as  Risk Adjustment 
in Congenital Heart Surgery (RACHS-1) or The Society 
of Thoracic Surgeons-European Association for Cardio-
Thoracic Surgery (STAT) scores. Many factors that have 
surfaced in the final model represent ‘quantity of therapy’ 
and are surrogates for severity of critical illness or perio-
perative cardiac dysfunction. The authors rightly con-
clude that the sicker the infant is during the perioperative 
period, the higher the likelihood that the infant will have 
seizures. It would be interesting to evaluate if a combi-
nation of existing severity of critical illness and periop-
erative risk stratification scores predicts risk for seizures 
comparably well in this population. Secondly, with a 
sample size of 112 and the outcome of interest (seizures) 
occurring in 12 infants, inclusion of 88 variables in the 
model with the final model having 14 variables intro-
duces a significant risk of overfitting. The authors have 
attempted to overcome this by employing a random for-
est (RF) modeling with many trees (n = 5000). However, 
RF modeling suffers from poor interpretability and fails 
to determine the significance of each variable in the final 
model. RF algorithms may also change considerably with 
a small change in the data. Also, no statistical modeling 
technique, however robust, can fully compensate for lim-
ited sample size. Thirdly, this model needs prospective 
external validation. Predictive and prognostic models are 
abundant in the medical literature, but few are externally 
validated, implemented, or used in clinical practice [22, 

23]. Worse still, few models are evaluated for their impact 
on health outcomes. Currently, this is a huge gap in the 
prognostic and predictive research realm.

In summary, I congratulate the authors for attempting 
to make EEG monitoring in this vulnerable population 
more high-yield and cost-effective. Concerns regarding 
adverse impacts of postoperative seizures in infant who 
are critically ill with CHD will remain in the realms of 
research unless we work together to (1) precisely iden-
tify the subgroups at risk, (2) engage with stakeholders 
to understand barriers to EEG monitoring, (3) educate 
intensivists regarding potential adverse impact of sei-
zures, and (4) make it cost-effective for institutions to 
implement a program that enables timely diagnosis and 
treatment of seizures.
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