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ABSTRACT

Aims: To determine the difference in S100B serum levels between pre- and post-
Ventriculoperitoneal (VP) shunts in hydrocephalus patients.

Study Design: Quantitative observational analytic with cross-sectional study approach.

Place and Duration of Study: Department of neurosurgery, Dr. Moewardi Hospital Surakarta,
Indonesia, between March and June 2020.

Methodology: We included 24 patients purposively (10 men, 14 women; age range: 12-60 years)
with hydrocephalus. The blood sample was collected one day before the VP shunt, and the second
collection was four days after the VP shunt. The S100B protein levels were analyzed using ELISA
kit. We also observed changes in consciousness using the Glasgow Coma Scale (GCS).

Results: Of the 24 research subjects, it was found that the levels of S1008 before and after the VP
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shunt had a significant difference (p = 0.008). Nineteen subjects had decreased S1008 levels on the
fourth day of treatment after VP shunt while five subjects experienced increased levels of S1008 in

the blood on the fourth day of the treatment.

Conclusion: There was a significant difference in S1008 protein levels before and after the VP
shunt was performed in hydrocephalus patients at Dr. Moewardi Hospital, Surakarta. Based on
these findings, this protein can be used as a measurement biomarker of VP shunt outcome

Keywords: Hydrocephalus, VP Shunt, S1008, GCS.

1. INTRODUCTION

Hydrocephalus occurs due to disruption in the
production, flow, and absorption processes of
cerebrospinal fluid [1]. The prevalence of
hydrocephalus in the Netherlands and the United
States is reported to be around 0.65 peril and
two peril per year, respectively, while in
Indonesia it reaches ten peril. A total of 40% of
hydrocephalus cases are adult cases [2]. The
standard procedure performed in cases of
hydrocephalus is the VP Shunt. In the United
States, more than 30,000 procedures to relieve
hydrocephalus are performed annually [3].

Research conducted by Beems et al. [4] stated
that high levels of S1008 in cerebrospinal fluid
can indicate possible brain damage in
hydrocephalus, but it is different from serum
levels, which cannot evaluate the severity of
hydrocephalus [4]. In a study conducted by
Brandner et al. [5], high levels of S1008 in
Cerebrospial Fluid (CSF) and serum indicate a
high probability of needing permanent shunt in
hydrocephalus patients caused by subarachnoid
hemorrhage [5]. Therefore, we observed the
change of S1008 protein serum levels to
determine the difference in S1008 levels in the
blood between pre- and post-VP shunts and its
role as a biomarker on the VP shunt outcome in
hydrocephalus patients

2. MATERIALS AND METHODS
2.1 Patient Population

Research subjects were patients diagnosed with
hydrocephalus based on computed tomography
(CT) scan examination and were scheduled for
VP shunt procedure. Between March and June
2020, 24 patients with hydrocephalus were
chosen purposively based on inclusion and
exclusion criteria. We included the patients who
agreed to be part of this study with an age range
of 1-60 years. Patients who underwent another
invasive procedure during the observation time
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experienced a deterioration of conditions or
death, and malfunction of the VP shunt during
observation time were excluded from the study.
Patients who had systemic comorbidities and the

history of neurology or neurodegenerative
disease were also excluded from the study. We
also observed changes in the patient’s

consciousness level using the Glasgow Coma
Scale (GCS).

2.2 Sample Collection and Processing

Blood serum were collected while patients were
hospitalized. Patients who underwent VP shunt
procedure were usually hospitalized for 5 days,
therefore, blood serums were collected twice, a
day before and four days after the procedure,
from each patient. Measurements used the
Biorad Model 680 Microplate Reader instrument
(Bio-rad Laboratories Inc, CA, USA) with
Microplate Manager software ver 5.2.1 (Bio-rad
Laboratories Inc., CA, USA). The reagent kit
used was Human S100B ELISA (BioVendor-
Laboratorni Medicina a.s, Brno, Czech Republic).

2.3 Statistical Analysis

Distributions of data were analyzed using
Shapiro-Wilk test. Data of this study were not
normally  distributed. Therefore, Statistical
analysis was performed using the Wilcoxon
signed-rank test, and the statistical significance
was accepted with p < 0.05. Analyses were
performed using Statistical Product and Service
Solution Software for Windows version 22.

3. RESULTS AND DISCUSSION

3.1 Patient Characteristics

Univariate analysis was carried out to see the
data characteristics of the research subjects.
Table 1 shows that this study had 24 subjects
consisting of 10 (41.7%) males and 14 (58.3%)
females. The median age of the research
subjects was 50 years, with the youngest of 12
years and the oldest of 60 years.




The consciousness level of the research subjects
was assessed before and after the procedure of
VP shunt using the GCS measurement. The
preoperative median GCS score was 15 with the
lowest GCS score of 5 and the highest of 15
while the postoperative GCS median score was
15 with the lowest score of 13 and the highest of
15.

Blood serum samples were analyzed using the
Biorad Model 680 Microplate Reader instrument
(Bio-rad Laboratories Inc, CA, USA) with
Microplate Manager ver 5.2.1 software (Bio-rad
Laboratories Inc., CA, USA). The median of
S1008 levels before the procedure was 28.7
pg/mL with the lowest level of 17.35 pg/mL and
the highest level of 305 pg/mL. After the patient
underwent a VP shunt procedure, the blood
serum sample was collected again on the fourth
day of treatment. The median value of S100B
levels after VP shunt action was 19.6 pg/mL with
the lowest level of 16.74 pg/mL and the highest
of 181.77 pg/mL.

3.2 Bivariate Analysis

To find out the difference in S100B levels, an
analysis was performed using the Wilcoxon
Signed-Rank test. The difference was significant
if the p-value was < 0.05. Table 2 shows the
results of the Wilcoxon test analysis for the levels
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of S100B8. The level of S100B8 before the
procedure had a median value was 28.7 pg/mL
with the lowest level of 17.35 pg/mL and the
highest level of 305 pg/mL. The median value of
S100B levels after VP shunt action was 19.6
pg/mL with the lowest level value of 16.74 pg/mL
and the highest of 181.77 pg/mL. It was found
that the S100B levels before and after the VP
shunt action had a significant difference (P =
0.008). In nineteen subjects, it was found that
S1008 levels decreased on the fourth day after
the VP shunt procedure while five study subjects
experienced increased levels of S1008 on the
fourth day after the procedure.

Table 3 shows the results of the Wilcoxon test
analysis of the GCS level of the research
subjects measured before and after VP shunt
action. The median pre-operative GCS score
was 15 with the lowest GCS level of 5 and the
highest of 15, while the postoperative GCS
median value was 15 with the lowest GCS score
of 13 and the highest of 15. This shows
insignificant differences between the scores of
GCS before and after the procedure (P = 0.06).
However, GCS values did not change in twenty
patients who underwent VP Shunt insertion. GCS
scores increased in four subjects, and none of
the study subjects experienced a decrease in
GCS.

Table 1. Patient demographics

Characteristics

Description (n = 24)

Sex Male 10 (41.7%)

Female 14 (58.3%)
Age 50 (12-60)
Preoperative GCS 15 (5-15)
Postoperative GCS 15 (13 -15)

Preoperative S10088 Levels
Postoperative S1008 Levels

28.7 (17.35 - 305)
19.6 (16.74 — 181.77)

(Primary Data, 2020)

Table 2. Difference in S100p8 levels

Median (Minimum-Maximum)

P-Value

Pre-VP Shunt Level
Post-VP Shunt Level

28.7 (17.35 - 305)
19.6 (16.74 — 181.77)

0,008

Wilcoxon test, S1008 levels on 19 subjects decreased, 0 subjects remained, and 5 subjects increased

Table 3. Difference in GCS levels

Median (Minimum-Maximum) P-Value
Pre-VP Shunt GCS 15 (5-15) 0,06
Post-VP Shunt GCS 15 (13 -15)

Wilcoxon test, no subjects with decreased GCS, 20 subjects remained, and 4 subjects increased



3.3 Discussion

This cross-sectional study showed insignificant
differences between the GCS values before and
after the procedure (p = 0.068). Likewise, studies
conducted on traumatic brain injury patients
showed a good correlation between S100 levels
and the patient's GCS [6]. However, none of the
patients experienced a loss of consciousness
after VP shunt insertion. In accordance with the
research conducted by Beems et al. [4], all
patients who underwent surgery achieved
maximum postoperative GCS levels and did not
experience permanent neurological dysfunction

[4].

S1008 protein is present in several tissues, more
abundant in cerebrospinal fluid [7]. However, the
measurement of S100B3 protein in serum can
represent measurements in cerebrospinal fluid
[8]. Measurement of S1008 protein uses the gold
standard ELISA examination which takes 4-6
hours for examination [9]. In this study, S10083
levels were examined using the Biorad Model
680 Microplate Reader instrument (Bio-rad
Laboratories Inc., CA, USA) with Microplate
Manager ver 5.2.1 software (Bio-rad Laboratories
Inc., CA, USA). The reagent kit used was Human
S100B ELISA (BioVendor-Laboratorni medicina
a.s, Brno, Czech Republic). S10083 protein levels
significantly increased in hydrocephalus patients
compared to healthy groups [10]. The presence
of S100B8 protein in the blood indicates a
functional or morphological disorder in the blood-
brain barrier which is usually found in cases of
astrogliosis and children with hydrocephalus [11].

Previous research conducted by Brandner et al.
[56] stated that high serum levels of S1003
indicate a high probability of using permanent
shunts in hydrocephalus patients, but this study
was only conducted in patients with
subarachnoid hemorrhage [5]. Our study found
that the levels of S100p3 before and after the VP
shunt procedure had a significant difference (p =
0.008). Following the research by Budi and
Parenrengi (2013), there was a significant
relationship between high CSF and serum S1003
levels with lower ventricular size changes after
CSF drainage [8]. Five study subjects
experienced an increase in serum levels of
S10083 after VP shunt placement. This may be
caused by the fluctuation of serum S10083 levels
in hydrocephalus patients during the observation.
In  successful subjects without external
ventricular drainage (EVD), levels of S10083
reached normal on day 7 while subjects who
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failed had a significant increase in S1008 levels
on days 4-7, while in the dependent group, VP
shunt continued to have high S100p levels for 10
days [5].

S1008 as a biomarker has been widely studied in
cases of traumatic brain injury, and there are
significant results that this biomarker will
increase in these cases. This study tries to see if
there was a change in S10083 biomarker levels in
cases of hydrocephalus. Research on
hydrocephalus cases is still rarely done,
especially in Indonesia. The S1008 biomarker
itself has not become a routine examination for
brain injury and hydrocephalus in Indonesia.
Some studies only state that elevated levels of
S100B indicate brain damage in hydrocephalus.
In this study, we looked for changes in S10083
levels in patients with hydrocephalus who
underwent a VP shunt. It is hoped that the results
of this study can become the basis for future
research and allow this serum biomarker to
become an invasive measuring tool to determine
the effectiveness of the VP shunt procedure in
cases of hydrocephalus.

Many factors can affect the level of Future
research needs to be carried out with more
attention to the possibility of other variables that
may influence S100p levels. This study assessed
changes in serum levels of S100B in one
measurement frequency so that it could not show
the highest and lowest levels and the process of
decreasing the levels of these biomarkers in the
serum during observation.

4. CONCLUSION

In this study, we found a significant difference in
S100B protein levels before and after the VP
shunt was performed in hydrocephalus patients
at Dr. Moewardi Hospital, Surakarta. This study
also compared the wvalues of patient
consciousness before and after VP shunt. The
patient's GCS score did not have a significant
difference between before and after the shunting
procedure. Based on these findings, this protein
can be used as a measurement biomarker of VP
shunt outcome.
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