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ABSTRACT 

A significant number of patients presenting 

with Congenital heart diseases (CHD) 

experience concomitant neurological 

disorders, whether subclinical or overt. These 

neurological manifestations of brain injury 

may become manifest after undergoing 

surgery for CHD correction. Therefore, risk 

stratifying patients with high chances of 

developing adverse neurological outcomes 

before undergoing their surgeries can 

decrease these unfavorable outcomes by 

ensuring optimal surgical precautions. Serum 

neuron-specific enolase (sNSE), a known 

marker of neuronal damage, has been used in 

this study to detect level of brain injury. The 

purpose of this study is to investigate the role 

of serum neuron-specific enolase in detecting 

brain injury in infants and toddlers with 

congenital heart disease prior to performing 

surgery. This study seeks to answer the 

research question, can sNSE demonstrate the 

presence of a significant incidence of baseline 

brain damage in CHD patients, before 

undergoing any interventions. 

KEYWORDS: Congenital heart disease, 

neuronal damage, serum neuron-specific 

enolase, perioperative brain injury. 

INTRODUCTION 

Cerebral damage is a serious complication of 

pediatric cardiac surgery in infants with 

congenital heart disease. Identifying infants at 

risk of brain injury preoperatively can be 

useful in counseling of parents and in early 

diagnosis and rehabilitation therapy and 

would aid in developing therapeutic strategies 

to limit perioperative cerebral damage [1]. 

The presence of preexisting neurological 

problems preoperatively share in increasing 

the risk of adverse neurological outcomes 

after surgery [2]. 
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The use of serum brain markers for diagnosis 

of neuronal injury have long been implicated 

in early detection of brain injury, Neuron- 

specific enolase has been advocated in many 

studies of such kind, an example is its use for 

detection of hypoxic ischemic 

encephalopathy in cases of perinatal asphyxia 

for the application of neuroprotective 

strategies[3]. 

While previous researchers have focused on 

the postoperative period in their investigation 

of brain vulnerability, the pattern of 

preoperative background of neurological 

status has not been well reported in this 

population of children suffering from 

congenital heart disease. It is believed that the 

presence of comorbidity and vulnerability of 

these infants makes this an important 

timeframe to study [4]. 

The aim of this study was to use serum 

neuron-specific enolase (sNSE) to detect the 

level of brain injury in infants and toddlers 

with congenital heart disease prior to 

performing corrective heart surgery. 

Methods 

All relevant studies were identified by 

computerized searches of PubMed using the 

following Medical Subject Headings and 

keywords term: biomarker, cardiac surgery, 

brain injury and neurological complication. 

Epidemiology of congenital heart disease 

Congenital heart disease (CHD) is the most 

common cause of major congenital 

anomalies, representing a major global health 

problem. Twenty-eight percent of all major 

congenital anomalies consist of heart defects 

[5]. Congenital malformations of the heart are 

anomalies formed during embryogenesis that 

evolve during gestation, survive during intra- 

uterine life, and present during the course of 

extra-uterine life. [6]. The incidence of CHD 

in different studies varies from about 4/1,000 

to 50/1,000 live births. [7]. 

Over time, the reported total CHD birth 

prevalence increased substantially (Fig. 1A) 

from 0.6 per 1,000 live births in 1930 to 1934 

to 9.1 per 1,000 live births after 1995. This 

corresponds to 1.35 million newborns with 

CHD every year, representing a major global 

health burden [8]. 
 

 
 

 

 

 

Fig. 1A. Total CHD birth prevalence over 

time. Time course of reported total 

congenital heart disease (CHD) birth 

prevalence from 1930 untill2010. The blue 

line shows the time trend and the squares 

represent the calculated birth prevalence 

values for each time period (van der Linde 

et al., 2011). 

Neurological affection in children with 

congenital heart disease 

Previously, studies of neurological outcomes 

in children with CHD have focused on factors 
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related to surgery, when cerebral perfusion 

may be compromised during 

cardiopulmonary bypass, deep hypothermic 

circulatory arrest, general anesthesia, etc. 

However, the fact that these infants are at risk 

for adverse outcome before entering the 

operating room is supported by an increasing 

body of literature. Brain abnormalities are 

detectable by preoperative neuroimaging and 

neurological examination in a significant 

percentage of infants with CHD. These 

findings are multifactorial, such as 

concomitant associated factors effecting both 

systems causing both congenital brain 

abnormalities and cardiac anomalies, genetic 

causes, combined cardiac and brain 

manifestations of inherited metabolic disease 

or developmental factors contributed to by 

intrauterine hemodynamic alterations and 

acquired brain injury related to prolonged 

cyanosis or hypoperfusion after birth [9]. 

Anthropometric data collected from a 

regional case control study revealed that 

infants with CHD had abnormal in utero 

somatic growth compared to matched 

controls [10]. 

Chromosomal abnormality has been made 

responsible for multiple associations of CHD 

and CNS anomalies. Some authors classified 

them into syndromic lesions where 

chromosomal evidence of association was 

established and non-syndromic where genetic 

evidence was not confirmed as the cause of 

association [11]. 

Hence, it can be strongly stated that 

neurological derangements in children with 

congenital heart disease are present even 

before undergoing surgery, such 

derangements might be subtle or clinically 

covert  and  surgery  only  attributes  in 

amplifying them, thus surgery is not the cause 

but instead a complicating factor. 

Biochemical markers used to detect brain 

injury 

The majority of studies that have previously 

assessed potential biomarkers for neurologic 

injury in children with CHD undergoing heart 

surgery have focused on neuron-specific 

enolase (NSE) and S-100β [12]. Alpha II- 

spectrin breakdown products has also been 

advocated in recent studies and were found to 

be detected in the serum of neonates with 

congenital heart disease in the perioperative 

period and levels increased to a greater 

degree in infants following open-heart 

surgery [13]. Glial fibrillary acidic protein, 

tau protein, matrix metallopro-teinase-9, 

ubiquitin C terminal hydroxylase-L1 and 

neurofilaments were employed in same 

interest [14]. 

These biomarkers, independently of clinical 

and radiological findings, give a general 

picture of cerebral situation at the cellular 

level and the degree of brain dysfunction. 

Serum Neuron specific enolase 

NSE is an isoenzyme of enolase (2-phospho- 

D-glycerate hydrolase), which catalyzes the 

transition of 2-phosphoglycerate into 

phosphoenolpyruvate, the ninth step of 

glycolysis [15]. 

NSE was engaged in many researches in 

monitoring the degree of brain damage in 

traumatic brain injury [16]. NSE also played 

an important role in the prediction of the 

outcome of patients who had brain ischemia 

or bleeding or after they underwent a cardiac 

surgery or a neurosurgery [17]. NSE is also 

produced by some tumor cells of neuro- 
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ectodermal origin. Furthermore, NSE along 

with S100B protein (a structural protein used 

as a marker of brain injury), were researched 

in relation to prion diseases of CNS [18]. 

Although NSE is fairly specific for brain 

tissue, has low variability with regard to sex 

and age, and is rapidly detected in serum 

following injury, in several studies, it was 

unable to differentiate mild injury from 

absence of injury and has been shown to be 

released during hemolysis [13]. 

 

 
Serum NSE as a biomarker in risk 

stratifying patients with CHD before 

surgery 

NSE is a human γ enolase and is one of the 

biomarkers used to detect neuronal tissue 

damage [19]. 

Serum NSE levels correlated with the extent 

of brain damage and in some studies with 

prognosis, particularly in neonates after 

hypoxic ischemic brain injury [20]. 

Literature by Trakas et al., [21] who 

conducted a prospective observational study 

including neonates with congenital heart 

disease undergoing cardiopulmonary bypass 

surgery, where NSE and s100B were 

measured from serum samples obtained 

preoperatively, immediately postoperatively, 

and once daily on postoperative days 1-7, 

concluded that the drop in sNSE levels to 

below preoperative level was due to 

preexisting prenatal brain injury that could be 

enhanced by longer surgical times. 

The findings are clearly contradicted by those 

of Simsic et al., [22] whose study tested 

whether brain injury may be detected with a 

blood test for specific biomarkers in neonates 

undergoing cardiopulmonary bypass. They 

found that preoperative NSE levels were not 

predictors of abnormal preoperative brain 

MRI. However, they stated the level of 

evidence to be (p=0.4). 

According to Trakas et al., [21] the negative 

correlation between NSE levels and brain 

structural abnormalities scores (which 

contradicted the anticipated opposite result) is 

since some neonates with complex congenital 

heart disease have a decreased neuronal 

volume at birth and therefore less volume of 

neurons capable of cell death leading to 

generally lower NSE levels (when compared 

with children without CHD with normal 

neuronal tissue mass). 

Another study performed in order to find the 

potential role of systemic inflammation on 

brain injury in newborns with congenital 

heart disease (CHD) by measuring levels of 

central nervous system (CNS)-derived 

proteins (phosphorylated 

neurofilament-heavy subunit (pNF-H), 

neuron-specific enolase (NSE) and S100B in 

serum prior to and following cardiac surgery 

[23], stated that the amount of NSE in patient 

sera prior to surgery did not differ 

significantly from that in normal cord blood. 

Schmitt et al., [24], investigated whether 

neuron-specific enolase (NSE) in serum or 

cerebrospinal fluid (CSF) reflects subtle or 

manifest brain injury in children undergoing 

cardiac surgery using cardiopulmonary 

bypass (CPB) and concluded that the value of 

s-NSE to ascertain brain injury in children 

undergoing cardiac surgery with CPB is 

highly questionable. 

A study performed by Hoffmann et al., 

(2017)[7], on adult population to investigate 
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the association between serum NSE levels, 

body mass index (BMI), total gray matter 

volume (GMV), and magnetic resonance 

imaging-based indices of aging, hypothesized 

that increased serum NSE levels are a result 

of obesity-associated structural damage of 

gray matter observed in BMI <25. 

DISCUSSION 

Neurological complications contribute 

significantly to mortality and morbidity from 

congenital heart disease with serious long- 

term consequences. Congenital heart disease 

has been shown to adversely influence the 

neuro-developmental outcome of children in 

many ways [25]. Recent advances in medical 

management, trans-cutaneous catheter 

intervention, surgical procedures, and 

cardiopulmonary bypass, have significantly 

increased the survival rate of such children. 

However, up to 50% of children with 

congenital heart disease (CHD) experience 

neurodevelopmental and behavioral problems 

including seizures, cognitive impairment, 

delays in speech, language, visual-motor and 

visual-spatial skills, attention 

deficit/hyperactivity disorder and learning 

disabilities[26]. 

It has for long being debated, wither the 

resultant neurological complications arising 

in children after surgery were due to the 

impact of surgery alone or due to 

predisposition to neurological affection due to 

Congenital heart disease in first place [23]. 

The developing fetus with congenital heart 

defects may be exposed to hypoxia and 

abnormal cerebral perfusion in utero and 

these insults on the brain may continue during 

the neonatal period because of the failing 

heart [27]. 

Up to date, there are promising data on the 

potential use of biomarkers, but there is no 

marker fully suitable for the detection of NC 

after CS, which shows the mechanisms 

leading to the development of these 

neurological injuries [28]. 

The biomarkers that appeared to be better 

indicators of brain injury severity before and 

after cardiac surgery were are S100B protein, 

neuron-specific enolase, glial fibrillary acidic 

protein, tau protein, matrix metalloproteinase- 

9, ubiquitin C terminal hydroxylase-L1 and 

neurofilaments [28]. 

It is fair to mention that the use of sNSE to 

detect brain injury might be subjected to 

limitations, an important fact is the nature of 

NSE, the non-specificity of the test may be 

due to the presence of NSE in platelets and 

erythrocytes [29] and hence, even limited 

hemolysis could substantially increase NSE 

levels in plasma. NSE is also located in 

peripheral neuroendocrine cells, which has 

encouraged studies evaluating its use as a 

marker of neuroendocrine tumors such as 

non-small cell lung carcinoma. However, the 

implementation of spectrometry to exclude 

cases of covert hemolysis is a respectable 

solution. 

During CS, various intra-operative factors 

significantly influence the concentration of 

NSE. The use of both extracorporeal pump 

and cardiotomy suction has been associated 

with increased levels of NSE, although, in the 

case of the latest one, it is possible that these 

levels arise because of contamination from 

sources of non-neuronal enolase [30]. 

In the study by Liu et al. [12]conducted with 

40 children who had congenital heart disease, 

the 20 children that underwent CS presented 
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higher levels of NSE compared to those who 

underwent other types of interventional 

therapy, this shows that the type of 

intervention may have an impact on results 

when using sNSE to detect brain injury. 

Further studies are to be conducted with large 

number of patients having different CHD 

types to find if any relation does exist in 

relation to age, sex or BMI and whether level 

of sNSE differs according to the type of 

congenital heart anomaly. 

Careful preoperative assessment of CHD 

patients, especially cyanotic CHD, before 

surgery or interventional treatment, in order 

to risk stratify patients and pick out those at 

high risk of adverse outcomes of CHD 

surgery and intervention so brain protective 

measures could be taken. 

It is also fair to mention that in this literature, 

comparisons between studies were difficult 

because various brain markers and methods 

were used to assess brain injury in infants 

with complex CHD. 

CONCLUSION 

In conclusion, serum NSE levels were found 

to be significantly higher in patients with 

CHD compared to control group. This proves 

evidence of pre-existing brain injury among 

those subjects, even before undergoing 

surgery. Physicians and other caregivers 

should be more aware of the vulnerability of 

the brain and of the possible hypoxia and/or 

ischemia in infants with CHD, that may lead 

to adverse outcomes after corrective surgery. 

This study is thus in favor of the assumption 

that biochemical monitoring and risk 

stratification of children with CHD at risk of 

adverse neurological outcomes after surgery 

is possible. Further investigations are needed 

to strengthen the hypothesis and include 

serum NSE in routine preoperative 

investigations of patients before surgery. 
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