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Glial Fibrillary Acidic Protein: Diagnostic and Prognostic Role in 
Psychomotor Development Dynamics in Patients with Congenital Heart 
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Congenital heart defects (CHDs) are the most common congenital 
malformations in pediatric pathology. Psychomotor development is 
impaired in 10-50% of the patients with CHD.1 Several biomolecules 
are used as diagnostic or prognostic markers for impaired 
psychomotor developmental; however, neuromarkers have been 
the most efficient. Our study aimed to evaluate serum glial acidic 
fibrillary protein (GFAP) as a predictor of impaired early psychomotor 
development (in the first postoperative year) in patients with CHD 
who had cardiac surgery.

This was a prospective, controlled study, including 80 pediatric 
patients (< 6 years of age) with CHD, who needed elective surgical 
intervention. Each patient was evaluated using the Denver 
Developmental Screening Test II (DDST II) scale before surgery 
and 4-6 months after surgery. DDST II includes 125 items grouped 
into four categories: fine-motor adaptive function, gross motor 
function, personal-social behavior, and language. GFAP levels were 
checked preoperatively: 1) in the operating room after induction of 
anesthesia, but before starting cardiopulmonary bypass, and 2) 24 h 
after surgery.

GFAP value was significantly higher (p = 0.0046) during the 
postoperative phase than the preoperative phase. Significant 
correlations between GFAP and neurodevelopmental scores 
were obtained in two domains: personal-social behavior and 
fine motor function. To establish the role of GFAP as a marker of 
brain development, receiver operating characteristic analysis was 
conducted and a good area under the curve of 0.75 was obtained 
(Figure 1). The analysis yielded a cut-off of 0.688.

GFAP constitutes the cytoskeleton of astrocytes. GFAP is present in 
the central nervous system but reaches the serum upon astrocyte 
injury or death. Therefore, it is used as a neuromarker for brain 
injury. In studies on children who had cardiovascular surgery, a 
significant increase in serum GFAP was observed after surgical 
intervention; moreover, GFAP levels correlated with factors that 
induce neurologic risk, including total by-pass time, aortic cross 
clamping time, and low temperature.2 In our study, correlations 
between these risk factors and GFAP levels or neurodevelopmental 
scores were not found.

Studies on neurodevelopmental dynamics have reported 
contrasting results. In a study by Sanchez-de-Toledo including 39 
patients, no significant difference was found in serum GFAP in the 
immediate postoperative period between children with normal 
and abnormal neurodevelopment.3 A study by Graham on 97 
patients showed that lower neurodevelopmental scores in early 
childhood are associated with higher levels of serum GFAP during 
surgery in neonates.4 Vedovelli et al.5 reported that GFAP could 
predict deficits in communication skills of infants and children.
Vergine suggested that cardiopulmonary by-pass due to body 
temperature changes leads to nervous system injury, and high 
GFAP levels during surgery correlate with delays in psychomotor 
scores after 4-8 years.6 They demonstrated that GFAP > 0.49 ng/
ml is an important risk factor for poor neurologic function in 
the long-term. In our study, a cut-off value of 0.68 ng/ml was 
associated with neurodevelopmental delay in the short-term, that 
is, 4-6 months after surgery.
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According to studies, GFAP is as good neuromarker for identifying 
early acute nervous system injury and long-term psychomotor 
impairment.7

In conclusion, we demonstrated that GFAP > 0.68 ng/ml is associated 
with impairment in neurodevelopmental scores of children with 
CHD requiring cardiovascular surgery. GFAP can serve as a good 
marker for short-term neurodevelopmental impairment. In 
addition, GFAP can prognose neurological outcomes long after the 
neurological insult. This neuromarker should be used in protocols 
for neuroprotective perioperative strategies to decrease neurological 
injury in patients with CHD after cardiovascular surgery.
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FIG. 1. Receiver operating characteristic (ROC) curve for glial fibrillary 
acidic protein (red symbols and blue line represent a fitted ROC curve). 
Gray lines represent 95% confidence interval of the fitted ROC curve. 
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