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Introduction
Precision medicine and genomics have changed the way we treat 

and stratify adults and children in the intensive care unit (ICU). 
With the advances in computational analytics, data mining, and cost 
reduction the use of genomics in heterogeneous diseases like sepsis and 
acute respiratory distress syndrome (ARDS) have shown promising 
results. Although up to 30% of children with congenital heart disease 
(CHD) have an underlying structural genetic disorder, there are limited 
functional genomic studies involving children with CHD when critically 
ill. In this commentary, we will discuss how functional genomics have 
advanced the pathophysiologic understanding of cardiopulmonary 
bypass (CPB), sepsis, ARDS, and future directions.

Cardiopulmonary Bypass
CPB is an extracorporeal circulatory machine to sustain oxygen 

delivery to tissues during cardiac procedures. When plasma is 
exposed to the non-endothelial lining of the CPB circuit it activates 
the immune system and releases pro-inflammatory cytokines 
leading to fever, vasodilation, and capillary leak. In an attempt to 
restore the immune system to homeostasis, the compensatory anti-
inflammatory response syndrome (CARS) is also triggered which can 
lead to immunosuppression and increased susceptibility to secondary 
infections [1]. Multiple studies that show characteristics of CARS such 
as low levels (<30%) of HLA-DR on circulating monocytes and low 
TNF – alpha on ex vivo stimulation are associated with postoperative 
infections and mortality [2,3]. Twenty-five percent of children with 
CHD have critical congenital heart disease (CCHD) and require cardiac 
surgery with CPB in the first few days of life. Transcriptomic data of 
neonates with hypoplastic left heart syndrome undergoing cardiac 

Abstract
Advances in structural and functional genomics have paved the way for precision medicine in critically ill children. Patients with congenital heart disease are 
especially susceptible to various critical pathophysiologic states as they navigate the challenges of palliative and reparative cardiac surgeries. In addition to the 
stress of cardiopulmonary bypass, they also experience sepsis and acute respiratory distress syndrome which contributes to the overall morbidity and mortality. 
Enhanced understanding of the genomic mechanisms associated with these critical illnesses can lead to future research aiding the development of a personalized care 
management approach for this high-risk subgroup of critically ill children.

*Correspondence to: Parag N Jain, Department of Critical Care Medicine, Texas Children’s Hospital and Baylor College of Medicine, 6651 Main Street, MC E1420, 
Houston TX 77030, United States of America; E-mail: pnjain@texaschildrens.org

Citation: Moreira A, Jain PN (2021) Precision Medicine in the Pediatric Cardiac Intensive Care Unit. Int J Integr Cardiol, Volume 3:2. 124. DOI: https://doi.
org/10.47275/2690-862X-124

Received: May 10, 2021; Accepted: June 04, 2021; Published: June 10, 2021

surgery with CPB show an altered inflammatory response when pre and 
post-CPB samples were compared. Patients who develop postoperative 
low cardiac output syndrome (LCOS) had differential regulation of 
inflammatory pathways (IL signaling, PDGF, NOTCH1, NGF, GPCR) 
and metabolic pathways (heme metabolism, oxidative phosphorylation, 
protein metabolism including amino acid and derivatives, fatty acid 
metabolism, TCA cycle, and respiratory electron transport chain)
(Figure 1), compared to those who did not develop LCOS [4]. Neonates 
requiring CPB have the challenge of an immature immune system that 
has a reduced inflammatory response to pro-inflammatory triggers (i.e. 
CPB) and reduced neutrophil chemotaxis towards lipopolysaccharides 
increasing the chances of infection postoperatively [5]. In addition, the 
first 3 months of life have proven to be critical for naïve B cells, natural 
killer (NK) cells, and dendritic cells as they converge to an adult-like 
phenotype, and environmental exposures can imprint on these cells 
and lead to alterations of the immune system later in life [6]. Given the 
significant immunologic overlap between CPB and sepsis, we postulate 
the way the immune system responds to CPB may be an indication 
of how the immune system will respond when stressed (i.e., sepsis). 
Further genomic studies can help identify which children have an 
immunosuppressive response to CPB which can help stratify high-risk 
children and attempt immunostimulatory therapy.

Sepsis

Sepsis is an imbalance of the immune system in response to infection 
that leads to organ failure. Similar to the response to CPB, individuals 
with sepsis have a hyper inflammatory response followed by CARS and 
can later lead to a persistent inflammatory/immunosuppressed and 
catabolism syndrome (PICS). The molecular heterogeneity of sepsis 
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has led to many genomic studies to help classify endotypes within 
sepsis and improve early identification and management. Sweeney 
et al pooled data from 14 bacterial sepsis transcriptomic datasets 
(n = 700) from 8 different countries and developed and validated 
a 33-messenger RNA profile to distinguish 3 sepsis endotypes: 
inflammopathic, coagulopathic, and adaptive [7]. The coagulopathic 
endotype demonstrated the highest mortality in both bacterial and 
viral (COVID-19) sepsis. On the contrary, the adaptive endotype had 
the lowest mortality and the least number of clinical manifestations. Of 
the 14 datasets (n = 700), 5 datasets (n =236) were solely in children, 
with the largest study including 188 children admitted to the paediatric 
intensive care for sepsis or septic shock. Using transcriptomic analysis, 
two paediatric sepsis endotypes were identified using only 4 genes 
(JAK2, PRKCB, SOS2, and LYN). Endotype A showed increased odds 
of mortality and independently showed corticosteroid use had higher 
odds of mortality. In addition, Wong HR, et al. (2017) developed a 
transcriptomic model to predict acute kidney injury (AUC 0.95), renal 
replacement therapy, and renal recovery [8-10]. Consistent with the 
concept of balancing the immune system when suffering from sepsis, 
Burnham KL, (2017) et al. collected serial samples on days 1, 3, and 

5 and found 46% of patients oscillated from sepsis response 1 (SRS1) 
to sepsis response 2 (SRS2) [11]. Determining whether sepsis is in the 
hyper inflammatory phase or the immunosuppressed phase will be 
highly important to try therapeutic interventions like GM-CSF. These 
sepsis endotypes and prediction models can help with prognostic 
enrichment for clinical trial enrollment and predictive enrichment for 
immunomodulatory therapies in the future.

Acute Respiratory Distress Syndrome

ARDS is an acute lung injury leading to respiratory failure from 
fluid-filled alveoli causing oxygenation issues. Common etiologies 
for development of ARDS in paediatric cardiac ICU are pneumonia, 
aspiration, sepsis and CPB. The heterogeneity of ARDS is significant 
and separate severity scores have been developed for both adults and 
children given the vast differences in epidemiology and pathophysiology 
[12]. In adults, the Berlin definition uses physiologic values to calculate 
the ratio of partial pressure of oxygen in arterial blood to fraction of 
inspired oxygen (P/F ratio). In children, the paediatric acute lung injury 
consensus conference (PALICC) definition is used which calculates 
the oxygenation index or oxygenation saturation index [13,14]. 
However, these severity scores do not inform clinicians about ongoing 
biologic processes occurring at the molecular level. Since there are no 
randomized controlled trials in children with ARDS, management 
has been extrapolated from adult literature. The ARDS Network trial 
showed low tidal volume (6 ml/kg) and minimizing plateau pressure 
(<30 mmHg) reduced mortality and ventilator days which has been the 
standard of care in the paediatric ICU for lung-protective ventilation. 
By adding genomics to the ARDS stratification, Calfee and colleagues 
identified two phenotypes for adult ARDS, one being a hyper 
inflammatory response which correlated with higher mortality [15]. 
They also found the hyper inflammatory phenotype responded better 
to higher PEEP settings, resulting in less mortality, more organ failure 
free days, and more ventilator free days. Similarly, Yehya N, et al. (2020) 
derived 3 sub phenotypes in paediatric ARDS with differing mortality 
rates and immune responses [16]. As we start using ARDS phenotypes 
in clinical trials, recommendations about ventilator strategies and 
neuromuscular blockade may change.

Future Directions

More genomic studies are needed in the ICU to enhance our 
understanding of the underlying pathophysiology when critically ill 
and develop novel therapeutic interventions. Functional genomic 
studies will augment both prognostic and predictive enrichment 
thereby improving patient selection for clinical trials and optimizing 
selective therapies. As we continue to collect more data and validate 
results, rapid analysis for endotype stratification will allow genomics to 
be used by clinicians at the bedside as a point of care test. Incorporating 
epigenetics into these studies would be useful to determine which 
environmental exposure is causing harm or benefit. Lastly, systematic 
review and meta-analyses of the publicly available genomic data on the 
NCBI GEO database can potentially identify novel pathophysiologic 
pathways associated with various critical illnesses in children, paving 
way for future therapeutic interventions.
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