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Abstract
Objective: S100Β protein has been proposed as a brain injury biomarker in several clinical scenarios. We aimed to determine whether a correlation exists between
S100Β serum levels and clinical background variables at the pre-operative period of pediatric patients with congenital heart disease.
Methods: A prospective case-control study was designed including paediatric patients from one month to with congenital heart disease admitted for surgical
treatment during a 3-month period. We studied 44 patients at the pre-operative period and divided them in two groups: 20 with clinical neurological background
and 24 without them. Clinical pediatric neurological background variables were obtained, and serum levels of S100Β protein were measured using the ELISA
“sandwich” technique.
Results: The cut-off for S100Β serum level in patients with clinical neurological background variables was 16 pg/ml, with sensibility and specificity values of
70% and 70.8%, respectively. S100Β protein levels greater than 16pg/ ml correlated with clinical neurological background variables (p=0.014, OR=2.556, and
95% CI=1.205-5.418). Neurological clinical background variables before operation may modify operative resilience and the risk of neurological complications.
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Introduction
Congenital heart diseases are the most frequent malformations in
pediatric population, with a prevalence of 6 to 8 cases per 1000 live
births.1 Advances in diagnosis and surgical techniques allowed many
cases to reach adult life, but the risk of central nervous system damage
continues to be one of the most feared morbidities in cardiovascular
surgery.2 A great variety of neurodevelopmental disorders have been
identified in up to 50% of pediatric patients, which unfortunately
cannot be predicted at the pre-operative period. These disorders
include weight, height and cognition deficits, that are usually detected
at the postoperative period of the patients with grown-up corrected
congenital heart disease.
The first diagnosis approach for neurological disorders is made by
means of a clinical neurologic examination, and must be completed
with neurophysiological tests and neurological imaging such as
computed tomography, PET and SPECT.3,4 These studies cannot be
carried out immediately in the newborn or infant period because of
hemodynamic instability, critical condition of patients, unavailability
or increased costs. Besides these factors, the studies cannot always lead
to quantify neurological damage in order to predict clinical outcome.
Submit your Article | www.ologyjournals.com/submit-article

Ology
Press

A biomarker is therefore needed not only to detect brain damage, but
also to predict the clinical neurologic outcome. The S100B protein,
fully detected in the brain, is produced by astrocytes in physiological
conditions and different clinical scenarios such as cranial trauma,
cerebral ischemia, neurodegenerative disorders, chronic inflammatory
cerebral disease, cardiac arrest, and cardiopulmonary bypass.5–19
The aim of this study was to find out if there is any correlation
between S100B protein serum concentration levels and clinical
neurologic background at the pre-operative period of pediatric
patients with congenital heart disease.

Methods
We designed a prospective case-control study that included all
pediatric patients (one month to 18years old), with congenital heart
disease, admitted at our institution for surgical treatment, in a 3month
period of time. The only exclusion criteria was previous cardiac
surgery. A clinical neurological background was obtained by means
of a clinical history that was applied to the main responsible parent,
relative or closest person in charge of the pediatric patient.
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We emphasized our interest in neurological peri-natal and postnatal antecedents. Peri-natal neurologic signs considered as positive
were fetal suffering (Neonatal asphyxia), pre-eclampsia, eclampsia,
and APGAR score <8 during the first minute and/or at the 5minutes
after birth. Post-natal neurological background considered as positive
were: neurodevelopmental deficit, epilepsies, syndromatic phenotype
and/or genotype, and clinical neurological sign focalization.
Definitions of these terms were obtained from the respective clinical
practice councils.20,21 We considered fetal suffering as positive major
criteria for peri-natal neurologic antecedents, and clinical neurologic

pathological signs for post-natal neurologic antecedents. All the
remaining factors were considered as positive minor criteria for perinatal and post-natal clinical neurological background. Demographical
and anthropometric complementary data such as gender, weight,
height, congenital heart disease type, and pre-operative oxygen
saturation was also registered. Table 1 Patients were divided in two
groups:
i. With clinical neurological background and
ii. Without clinical neurological background.

Table 1 Population characteristics
With clinical neurological
background

Without clinical neurological
background

n(%)/Mean±SD(Min- Max)

n(%)/Mean±SD (Min-Max)

6±4.812(1-16)

6.54±4.89(1-15)

Female

11(55%)

12(50%)

Male

9(45%)

12(50%)

Weight (kg)

17.64±12.25(3 - 51)

23.75±17.78(5 - 60)

0.201

Height (cms)

103.63±31.64(55-162)

110.63±31.87(64 -160)

0.471

6(25%)

0.418

6(25%)

0.312

Variable
Age (years)
Gender

Peri-natal
neurological background

Fetal distress

8(40%)

Pre-eclampsia

4(20%)

Eclampsia

1(5%)

APGAR
(1st minute)

5

1(5%)

6

1(5%)

7

2(10%)

8

8(40%)

9

3(15%)

7

1(5%)

APGAR

8

4(20%)

(5minutes)

9

8(40%)

10

2(10%)

Neuro-

Deficient

14(70%)

15(62.5%)

development

Normal

6(30%)

9(37.5%)

P
0.714
0.771

0.752

Post-natal neurological

Epilepsia

1(5%)

background

Syndromatic antecedents
Clinical neurologic
compromise
Non cianotic

4(20%)

4(16.7%)

1

7(35%)

1(4.2%)

0.015

12(60%)

15(62.5%)

Cianotic

8(40%)

9(37.5%)

84.95±11.27(63-98)

87.17±10.35(63-98)

Congenital disease type

Preoperative oxygen saturation (%)

In order to include pediatric patients within the group with clinical
neurological background we required a positive major peri-natal
criteria, plus a positive major post-natal clinical alteration or; at least
two positive perinatal and/or post-natal minor clinical pathological
criteria. This study was approved by our institution´s ethics committee,
and signed consent was provided for every case enrolled.
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Determination of protein S100B serum concentration
levels
Peripheral blood samples were obtained from all patients at the
pre-operative period and centrifuged at 3000rpm for 15minutes at
room temperature. Sample plasma aliquots were obtained and frozen
at -80°C until analysis. S100B serum levels were measured by an
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ELISA technique (S100B [Human] ELISA KIT, ABNOVA; KA0037)
in two incubation periods for a total period of 120minutes. During
the first incubation period, a monoclonal specific antibody was
added (biotinylated anti S100B antibody) for 60minutes. Afterwards,
it was added to HRP -streptavidine. After 30minutes of incubation
and washing, this was permitted to react with the substrate solution.
The reaction was stopped by addition of an acid solution and the
absorbance of the resulting product was measured. Results were Table
1. Obtained using a standard curve of S100B in accordance with
manufacturer’s directions and was expressed as µg/L.

Statistical analysis
All the data was registered in a checklist at the pre-operative
period. Information was stored in an electronic Excel page and
processed with an SPSS statistical software v21.0 (SPSS Inc.,
Chicago, Ill, USA). Quantitative variables are presented as a mean,
and variability ranges (minimum and maximum). Categorical data
are presented by means of frequency and percentages in relation to
the population at risk. S100B protein serum concentration levels were
plotted by means of a ROC curve for both groups of patients and area
under the curve (AUC) was determined to compare them Figure 1,
Figure 2. Comparison of categorical variables between patients with
clinical neurological background and the ones without it was done by
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means of a Fisher´s exact test. Odds ratio was also calculated with a
95% confidence interval (CI). For comparing quantitative variables
that were normally distributed we performed a t Student test. Values
of p<0.05 were considered as statistically significant.

Results
We included 44patients for the final analysis, divided in two groups:
20 of them with clinical neurological background, and 24without
them. The demographic and clinical characteristics are shown Table
1. The group with clinical neurological antecedents had a significant
difference in the presence of clinical neurological data (35%, n=7,
p=0.015), compared with the group without clinical neurological
antecedents. Besides this, the rest of variables did not show statistical
differences, which lead to an appropriate comparability between
groups.
S100B protein serum concentration levels were plotted by means
of ROC curves to find the cutoff value of this protein in the presence
or absence of clinical neurological background (Figure 1) (Figure 2).
The area under the curve (AUC) was 0.685 for the group with clinical
neurological antecedents and of 0.315 for the group without clinical
neurological antecedents. The cutoff serum level for S100B to identify
patients with clinical neurological background was 16pg/ml, with a
sensibility and specificity value of 70% and 70.8%, respectively.

Figure 1 S100B protein ROC curve in patients with clinical neurological
background.

Figure 2 S100B protein ROC curve in patients without clinical neurological
background.

Correlation between S100B protein serum level and clinical
neurological antecedents are presented in Table 2. High S100B protein
serum concentration level >16pg/ml correlates significantly with the

presence of clinical neurological background (p=0.014) with a 2.556
odds ratio (OR) and 95% confidence interval of 1.205 to 5.418.

Table 2 Correlation between S100B protein serum concentration levels and clinical neurological background
S100B serum concentration
level(pg/ml)

With clinical neurological
background n(%)

Without clinical neurological
background n(%)

High(>16pg/ml)

14(70%)

7(29.2%)

Low(≤16pg/ml)

6(30%)

17(70.8%)

Discussion
Clinical anamnesis in order to obtain neurological background
is difficult in pediatric population with congenital heart disease for

Submit your Article | www.ologyjournals.com/submit-article

Ology
Press

p

OR (CI 95%)

0.014

2.556 (1.2055.418)

several reasons. Because of young age, physicians must ask for this
information to parents, relatives or closest persons in charge of the
patient. This is a problem that cardiologists and physicians in general
must deal with, particularly in developing countries, because of the
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low social, economic and cultural development of their populations.
In addition we must also consider transcultural means of clinical
proceedings while questioning.
Therefore, a biomarker that correlates with neurological clinical
antecedents would be very helpful in this context, considering that
surgical treatment is not to be delayed for obvious reasons of natural
history of congenital heart diseases. On the other hand, the risk is
increased (neurologically) if we find any neurological antecedents
which on daily basis are not properly detected at the preoperative
period.
In other instances we observed that the behavior of Hypoxic
patients, with cyanosis have better reactions to acute hypoxic events
than the ones that have normal levels of saturation of oxygen. This
gave way to a protocol published recently.22
S100B protein appears to be the potential biomarker that we are
looking for establishing neurological morbidity risk at the preoperative
period of surgery for congenital heart disease, due to its correlation
within clinical neurological antecedents, as shown in this study.
This protein was discovered by Moore in 1965 when he isolated it
from a sub-cellular fraction of bovine brain22–25 and was named S100
because its components are soluble in a 100% saturated ammonium
sulfate at neutral pH. This protein belongs to a 25member family
(E-F hand proteins calcium binding) with various configurations:
alpha or beta units. The subunit β-β (S100B) is highly specific in the
brain, glial cells and Schwann cells. Subunits α-β are present in the
glial system, and subunits α-α were found in striated muscle, heart
and kidneys.26–30 Synthesis of S100B depends on glial cells, mainly
astrocytes, which regulate synaptic plasticity.31,32 Most of the protein
acts intracytoplasmatically, regulating Ca++, transcription and axonal
growth. In the extracellular space, S100B interacts with Receptor for
Advanced Glycation End products (RAGE) receptors elevating IL-6,
IL-8 and glutamate. This protein has growth factor properties.6,32
There are literature reports which evidence that S100B protein
is considered as a possible biomarker for brain damage.33,34 Even
though in the current study we did not measure protein S100B serum
concentration levels during cardiac surgery and at the post-operative
period, but there are some contamination factors during and after
surgery related to its elevation.35,39 such as anesthetics, medication,
dopamine, reanimation procedures, and Cardiopulmonary bypass
timing, with hypothermia during surgery, and so are cardiac shock,
seizures, and sepsis during the postoperative period.
It is also important to consider that S100B levels also can also be
increased, with transfusions. Therefore, it is difficult to explain the
real reason that raises up serum concentration levels of protein S100B
at the time of surgery and postoperatively.40–50
Neurological morbidity outcomes at this time requires not only
the use of a biomarker, but also of anatomical and functional tests
(e.g. PET/CT; computed tomography, electroencephalography, etc.)
in order to demonstrate brain damage. This is the reason because we
focused our attention before surgery, instead of the operative and
postoperative periods. In addition, it is at the pre-operative period
the ideal moment to use a biomarker, because it provides valuable
information that complements –or eventually replaces somehowclinical neurological antecedents in order to establish neurological
morbidity risk in a pediatric patient with cardiac heart disease that is
to be submitted to Cardio-pulmonary bypass.
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Pre-operative mechanisms of brain damage in pediatric patients
with congenital heart disease are complex, multifactorial, and not well
known yet. Release of this protein may occur at the pre-natal period
as a consequence of brain malformations, or because of hemodynamic
alterations and metabolic issues during fetal life. At the post-natal
period, S100B release may due to chronic hypoxia, brain vascular
regulation disorders, brain hypoxia or brain ischemia secondary to
hemodynamic instability or embolic events.51,52
Complex metabolical context in Nitrogen reactive species within
anatomical substrate (astrocytes) induces its release. S100B protein
increased serum concentration levels can be considered a potential
reliable biomarker at low cost.
The high costs as well as low budget pending over population
demanding for highly and costly specialized medical services (as
well as imaging) particularly MRI and PET/CT; that correlates
with clinical neurological background at the pre-operative period of
pediatric patients with congenital heart disease, in which the medical
priority is their heart- life threatening condition, generates a demand
for such markers.
Therefore, it can be useful to identify patients with a variable status
of brain damage before operation, which may probably increase their
postoperative risk of neurological complications.
However, this issue should be addressed in a multicenter scale
study in order to confirm these statements.
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