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Introduction. Evaluation of the prognostic potential of
the S100B protein and neuron-specific enolase (NSE)
as predictors of mortality in critically ill patients in in-
tensive care units (ICU). Materials and Methods. The
study was conducted on 62 patients. Basic clinical vari-
ables and blood samples for ST00B and NSE level testing
were obtained during the first four days after admission.
Mortality was described as the patient’s death during
hospitalization in the ICU. Results. 35% of the patients
had died. The level of S100B and NSE was significantly
higher in non-survivors in comparison with survivors
(p=0.007 and p=0.02, respectively). Mortality risk was
significantly higher in patients with higher levels of bio-
markers than the reference values for S100B (OR 9.00;
95% Cl 2.38-33.99; p<0.001) as well as for NSE (OR 5.75;
95%Cl 1.31-25.27; p=0.016). Receiver operating charac-
teristic proved that S100B is a better mortality predictor
than NSE (AUC 0.76 for S100B and 0.68 for NSE). From
all the other variables, the Apache Il score turned out to
be the only significant predictor of mortality (AUC 0.88).
Conclusion. There is a significant correlation between
mortality in the ICU and increased serum concentration
of S100B and NSE. This correlation is stronger for S100B.
Testing for serum levels of S100B and NSE may be useful
for prediction of treatment outcomes in the ICU patients.
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INTRODUCTION

Although the mortality rate in the intensive care unit
(ICU) has tended to decrease over the last few decades,
it is still high, with estimates suggesting a rate of over
40% in Poland (Adamski ez al, 2015; Weigl ez al., 2017).
The APACHE (Acute Physiology and Chronic Health
Evaluation), SAPS (Simplified Acute Physiology Score)
and SOFA (Sequential Organ Failure Assessment) are
the most common scoring systems used for evaluation
of the illness severity and are valuable in predicting treat-
ment outcomes of the patients in the ICU (Del Bufalo e#
al., 1995; Vincent ez al., 1998). At the same time, there is
need for additional tools for estimation of the mortality
risk based on clinical biomarkers.

Biomarkers are defined as biological molecules that
may be used for disease diagnosis or for evaluation of its
progression. Many studies attempt to describe a correla-

tion between the chosen biological markers and a mor-
tality rate (Jensen ef al, 2006; Cruz et al., 2010; Nguyen
et al., 2010).

The S100B protein and neuron specific enolase (NSE)
are known to be markers of brain damage (Barone ez a/,
1993; Hermann ¢ al., 1999; Korfias et al., 2006; Korfias
et al., 2007; Siman e al., 2011; Zongo et al., 2012; Meci-
et ¢t al., 2013; Krzych et al, 2015). S100B is a calcium-
binding protein accumulated in glial cells, astrocytes and
Schwann cells. S100B has been also detected in adipose
cells, skin, melanoma, and glioblastoma multiforme.
However, its biological function remains unknown (An-
derson ¢t al, 2001; Michetti e al, 2012; Donato et al.,
2013). NSE is a glycolytic enzyme present in the cyto-
plasm of neurons, cells of neuroendocrine origin and at
lower concentrations in erythrocytes and thrombocytes.
It may be also used as a biomarker in lung cancer but
its clinical utility is not so clear (Karnak ez a/, 2005; Xu
et al., 2016).

Some recent experimental studies have shown a cor-
relation between S100B and NSE with respect to the
outcomes of ICU patients (Weigand e a/., 2000; Nguyen
et al., 2006; Routsi e al., 2006; Macedo ef al., 2013; Pfort-
mueller ez al,, 20106). In study presented here it was as-
sumed that patients in the ICU with levels of ST00B and
NSE exceeding the reference values had a significantly
higher mortality risk than patients with normal values. A
correlation between the level of the tested biomarkers,
clinical variables at the beginning of hospitalizationand
mortality rate was analyzed.

The study aimed to estimate how useful the testing
for serum concentration of S100B and NSE may be for
predicting the mortality rate in critically ill patients.

MATERIALS AND METHODS

The study presented here was prospective and ob-
servational. The study was authorized by the Bioethical
Committee of Medical University of Silesia in Katowice.
According to the terms of approval, consent to partici-
pate in the study was not needed.

All patients consecutively admitted to the multidisci-
plinary 10 bed ICU were enrolled in the study. Exclusion
criteria were: age below 18 years, pregnancy, high mor-
tality risk within the next 24 hours, and status post head
injury (traumatic and non-traumatic). The study was dis-
continued when the patient died or was discharged from
the ICU. The patients were evaluated considering their
age, sex, duration of hospitalization in the ICU, mechan-
ical ventilation, and reason for admission including their
status post-surgery and clinical indications.
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Table 1. Demographic and baseline clinical characteristics of patients admitted to ICU

e Nopwsurvivors - Survivors prvalue
Age (years) [mean £S.D.] 57+17 69+15 50413 <0.001
Gender [Female/Male] 07 e T o T ose
ICU length of stay (day) [median; IQR] 9421 Wwaze oae s
Admission after surgery [n; %] 30;48% 15:68% 153sm ool T
Mechanical ventilation [n; %] 55.89% 00 e o
APACHE Il score (points) [mean +5.D] 17+7 yaes T e T ool

Lactate (mmol/L) [median; IQR]
CRP (mg/L) [median; IQR]
Creatinine (mg/dL) [median; IQR]

1.24; 0.91-2.13

1.64; 1.29-4.05 1.00; 0.83-1.39

Data are presented as mean and standard deviation (S.D.) or median and interquartile range (IQR), or number (n) and percentage (%).
APACHE=Acute Physiologic and Chronic Health Evaluation; ICU=intensive care unit; CRP=C-reactive protein; NSE=neuron-specific enolase

Mortality was described as the patient’s death during
hospitalization in the ICU. Laboratory testing (lactate,
C-reactive protein [CRP], creatinine) was performed at
least once a day. The severity of the patient’s condition
was assessed on admission using the APACHE 1II Scor-
ing System. Every day, for four days after admission,
venous blood was sampled for S100B and NSE testing.
The blood samples were centrifuged immediately after
sampling at 3000 rpm for 10 minutes. Supernatant was
separated and stored at —80°C for further analysis.

Commercial ELISA enzyme immunometric assay kit
(S100B: Human S100B ELISA, Biovendor, Czech Repub-
lic; NSE: CanAng NSE EIA, Fujirebio Diagnostic AB,
Sweden) was used for quantitative testing of the serum
levels of S100B and NSE. The reference value for S100B
amounted to <0.12 pg/L and for NSE to <15 ng/mlL.

Statistical analysis. The quantitative variables are
presented as a mean and standard deviation (those nor-
mally distributed) or a median and interquartile range
(IQR) (non-normally distributed). The qualitative varia-
bles are presented as an absolute value and a percentage.
Quantitative variables were correlated using Kendall’s
rank correlation coefficient and Spearman’s rank correla-
tion coefficient. The U Mann-Whitney test was used to
assess whether concentrations of biomarkers were higher
in non-survivors. The correlation between biomarkers
and survival or death was analyzed based on contingency
tables supported with the Chi-squared test for assess-
ment of a stochastic relationship between variables. The
effect size was measured using odds ratios, which was
reported along with a confidence interval of 95%. For
modeling of the biomarker influence on mortality risk
(together or separately) the logistic regression model was
used. The quality of all the models was described using
receiver operated characteristic (ROC) curves and calcu-
lation of the area under the curve (AUC). For all calcula-
tions, the “R” statistical software package was used, ver-
sion 3.2.3. Statistical significance was defined as p<0.05.

RESULTS

A total of 98 patients admitted to the ICU were
enrolled in the study and 36 of them were excluded
(Fig. 1). Clinical, demographic and biological data of all
the patients is presented in Table 1. Regarding reason
for admission and clinical indications, there were 16 pa-
tients with sepsis/septic shock, 10 subjects after sudden

cardiac arrest, 9 individuals with neurological disorders
other than brain injury, 6 subjects with acute pancrea-
titis, 5 patients with exacerbation of chronic pulmonary
diseases (COPD, asthma), 4 women after obstetric pro-
cedure complicated with eclampsia, 3 patients with hem-
orrhagic shock, and 9 with other conditions. During
hospitalization in the ICU 22 patients had died (35%).
The patients who died in comparison to the patients
discharged from ICU had significantly higher levels of
S100B (median 0.60 [IQR 0.02-0.78] pg/mL »s. median
0.08 [IQR 0.00-0.07] ug/L; p=.007) and NSE (median
25.74 [IQR 5.23-23.40] ng/mL 2. median 7.57 [IQR
2.01-7.81] ng/mL; p=0.02) (Fig. 2).

In total, 163 samples of S100B and 163 samples of
NSE were obtained. The level of S100B exceeded the
reference value (>0.12 ng/L) in 45 samples (28%). The
NSE level exceeded the reference value (>15 ng/L) in
24 samples (15%). The highest value of S100B amount-
ed t02.55 pg/L and of NSE to 200 ng/L.

Patients with an increased level of S100B and NSE
had significantly higher mortality risk in comparison to
patients with levels of S100B and NSE within the refer-
ence values (Table 2).

S100B (p=0.003) as well as NSE (p=0.021) were re-
lated to predicted mortality risk (Table 3). For NSE, the
correlation was related to S100B, whereas S100B influ-
enced the mortality risk independently of NSE (Fig. 3).

Logistic regression models were used for analysis of
additional predicates, which may improve estimation of

30 excluded:

8 —ICU stay<24h

6 aftercesarean

16 afterhead injury

98 patients screened

68 enrolled

6 excluded:

loss of samples

62 enrolled

22 non-survivors 40 survivors

Figure 1. Flow chart of patients included in this study
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Figure 2. Plasma concentration of NSE and S100B in survivors and non-survivor patientsWhiskers indicate minimum and maximum
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Figure 3. ROC (receiver operating curve) analysis for models: log(S100B), log(NSE) and log(S100B)+log(NSE) AUC (area under the

curve): 0.70; 0.68; 0.76, respectively
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Table 2. The risk of death in patients with elevated levels of ST00B and NSE
Limit Survivors Non-survivors X2 p OR OR Cl 95% R AR Cl 95%
Limit- 36 11 0.2
S100B 12.38 <0.001 9 238-3399 e 0.24-0.75
Limit+ 4 1 0.76
Limit- 37 15 0.2
NSE 6.20 0.02 5.75 1.31-25.27 0.04-0.78
Limit+ 3 7 0.70

Limit +: STO0OB> 0.12 pg/mL; NSE> 15 ng/mL

X2, test statistic; p, the level of significance of the test; Cl 95%, 95% confidence interval; OR, odds ratio; R, risk (probability) of death in this group;

AR, the difference in risk (group above normal, normal)

Table 3. Logistic regression relationship between the level of S100B and NSE and the risk of death

Model Coefficient Estimate Standard error Z value P
logS100B fonstant 1.31 0.73 1.80 0.073
(n=62) logS1008 116 038 3.01 0.003
m,r\lSE constant -1.57 0.54 -2.93 0.003
(n=62) logNSE 0.53 0.23 2.31 0.021
constant 0.71 1.00 0.71 0.475
008 NoE logs1008 1.01 042 241 0.016
logNSE 0.21 0.24 0.90 0.369

mortality risk (lactate, CRP, creatinine, length of stay,
APACHE 1II score). The APACHE II score was also
a significant predictor of mortality (AUC ROC=0.91)
(Fig. 4).

The levels of biomarkers observed in each of the four
days were similar. However, for NSE the statistical sig-
nificance approached the borderline value (»p=0.006) and
the NSE level was the highest on the fourth day of test-
ing (Fig. 5).

DISCUSSION

This study indicates that increased levels of S100B
and NSE are related to decreased survival in critically
ill patients in the ICU. The levels of S100B and NSE

— s S100B) + CRP + A he (AIC]
RNV pache (AI0)

Sensitivity

oo oz o o6
1 - Specificity

Figure 4. ROC (receiver operating curve) analysis for models:
log(S100B) + CRP + Apache Il (AIC criterion) and Apache Il (BIC
criterion) AUC (area under the curve) 0.91 for the AIC model
and 0.88 for the BIC model AIC, Akaike information criterion;
BIC, Bayesian information criterion

were significantly higher in those patients who did not
survive. The level of S100B was almost ten times higher
in this group. Mortality risk in patients diagnosed with
levels of both biomarkets above the reference value was
significantly higher in comparison to the patients with
normal marker concentrations.

The reference value assessed based on healthy vol-
unteers is <0.12 pg/L for S100B serum levels and <15
ng/mL for NSE serum levels. The reference value also
depends on the method used for immunometric analysis
(Diez et al., 1993; Satoh et al., 2002; Zongo et al., 2012).
For other tests, the reference value for S100B amounts
to 0.15 pg/L and levels >0.5 pg/L ate considered to be

$100B
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Figure 5. The serum levels of S100B and NSE over the four
days of the study. The measurements do not differ significantly
(ST00B p=0.731; NSE p=0.054)



Vol. 64

S100B and NSE are predictors of mortality in ICU 651

abnormal (Stranjalis ez al, 2004; Korfias ez al, 2007). In
this study, the average value of S100B and NSE in the
survivors remained within the reference values. In the
Routsi and coworkers (2000)study, increased levels of
S100B were detected in 90% of samples obtained from
critically ill patients in the ICU. In our study, the refer-
ence value for S100B was exceeded in 28% of samples.
The difference may be caused by different methods of
laboratory diagnostics.

Logistic regression analysis was used to estimate which
of the studied biomarkers correlates more with an in-
creased mortality risk. S100B exerts a stronger influence
on mortality rate with odds ratio amounting to 9.0. For
NSE the correlation was related to S100B. The ROC
curve demonstrates this, as the S100B model covers a
larger area than the NSE model. These results are consist-
ent with the Yao and coworkers (2014) study, in which
S100B was a better marker than NSE for predicting out-
comes in patients with sepsis-associated encephalopathy.
Both biomarkers were significantly increased in patients
with encephalopathy in comparison to the patients with
sepsis but without encephalopathy. However, statistical
significance was higher for S100B than for NSE in pre-
dicting the hospital mortality rate (Yao ez al., 2014).

In the Nguyen and coworkers (2006) study, both bio-
markers were tested in patients with sepsis and septic
shock. The level of S100B correlated with a higher mot-
tality rate in comparison with the NSE level, although this
cotrelation was not strong and the area under the ROC
curve amounted to 0.60. Both biomarkers turned out to
be good predictors of early mortality in the ICU (within
the first 72 hours after admission). The area under the
ROC curve amounted to 0.83. In the study presented
here, the predictive strength for S100B and NSE is inter-
mediate (the area under the ROC curve amounts to 0.71)
but it should be noted that this study concerns all deaths
that occurred during hospitalization in the ICU.

The Weigand and coworkers (2000) study has brought
contradictory reports. In that study it was discovered
that NSE is a better predictor than S100B in surgical pa-
tients with sepsis and septic shock. The serum level of
S100B was similar in both, the survivors and the non-
survivors.

Sepsis is often accompanied by brain dysfunction
that results in increased mortality. The mechanism of
this phenomenon is very complex and includes both,
inflammatory and non-inflammatory processes, which
may induce changes in some regions of the brain. These
changes include over-activation of microglia, brain per-
fusion disorders, blood-brain bartier abnormalities and
changes in the nerve transmission (Papadopoulos ez al,
2000; Ebersoldt ef al, 2007; Marshall et al., 2009). These
abnormal processes are reflected in increased levels of
the brain damage markers (Stocchetti, 2005; Hamed ef
al., 2009; Iacobone ef al., 2009).

In critically ill patients in the ICU, diagnostics of brain
function abnormalities is often impossible to perform be-
cause of administration of sedatives and analgesics already
on admission. 50% of the patients included in our study
were admitted to the ICU directly after surgery. In this
case, assessment of brain damage using biomarkers may
be an important tool for the intensive care staff. In criti-
cally ill patients in ICU, the level of S100B was also as-
sessed in the Routsi and coworkers study (Routsi e/ al,
2006). An increased level of S100B was observed in ICU
patients without primary brain damage. According to those
researchers, this increase reflected brain cell dysfunction
and may have been a result of insufficient oxygen supply
to the brain. In addition, increased levels of S100B were

related to other variables indicating tissue hypoperfusion,
such as lactate, pH, low hemoglobin level and arterial oxy-
gen content. In the study presented here, non-survivors
had shown a significantly increased level of lactate, CRP
and creatinine, which confirms the hypothesis that tissue
hypoperfusion in critically ill patients in the ICU results
in brain damage. The Pfortmueller and coworkers (2016)
study focusing on S100B in patients with major trauma
had revealed that the S100B level was approximately the
same in patients with and without head injury. Further-
more, the concentration of S100B raised above 0.2 pg/L
was related to increased mortality.

The results of the Macedo and coworkers (2013)
study are contradictory. In that research, the S100B and
NSE were not found to be useful in predicting the mor-
tality of critically ill patients admitted to the ICU. In the
Macedo study, the blood samples were taken only once,
on admission to the ICU. In the study present here, the
blood was sampled every day during four days of hospi-
talization and the calculations were made based on aver-
age values.

Since Klaus has published the APACHE Scor-
ing System for the first time in 1981, it has become a
gold standard for use in the assessment of illness sever-
ity and mortality risk in patients admitted to the ICU
(Knaus ez al, 1981). In the study presented here, the
average Apache score for the non-survivors was signif-
icantly higher than for the survivors and amounted to
24 points, which makes the hospital mortality rate ap-
proximately 50%. Among additional variables analyzed in
order to improve prediction of the mortality risk, aside
from S100B and NSE, the strongest predictor was the
Apache Scoring System. The area under the ROC curve
amounted to 0.91. Similar correlation was described by
Yao and coworkers (Yao e7 al., 2014). The Apache score
was higher in patients with sepsis-induced encephalopa-
thy in comparison to the group without encephalopathy.
A similar relationship was observed for the tested levels
of S100B and NSE.

Although many studies emphasize that biomarkers have
the highest predictive value in the first 24 hours after ad-
mission to the ICU, the study presented here does not
confirm that (Routsi ¢ a/, 20006; Rodriguez-Rodriguez e
al., 2012; Goyal et al, 2013). The levels of biomarkers
were similar on every day of hospitalization. Only the lev-
el of NSE was higher in the fourth day of testing; how-
ever, this difference was not statistically significant.

This study also had some imperfections. Calculations
were made based on the average values of biomatker lev-
els obtained during the four following days. In many cases
the highest concentration differed from the lowest, and
that may have had an influence on the strength of statisti-
cal tests. Furthermore, the group of patients was heteroge-
neous because of different admission causes. Segregation
of the patients into two categories (the clinical and post-
surgical patients) was not precise. Patients assigned to this
group had sepsis and septic shock, as well as respiratory
failure during the postoperative period. Those differenc-
es in initial admission reasons might have influenced the
mortality rate. However, despite the small number of pa-
tients in the two groups, it was possible to perform an ad-
equate statistical sub-analysis to overcome this drawback.
We believe, however, that the reason of admission per se
was not a strong predictor of concentrations of the bio-
markers. Moreover, our study was also limited by a small
number of patients enrolled. We did not perform sample
size calculations to estimate a number of participants re-
quired to reach the primary goal. Our assumptions were
based on similar studies performed in the recent years.
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Nevertheless, the obtained results seem to be supported
by statistical analysis and consistent with the findings of
many previous studies in the field.

CONCLUSION

There is a significant correlation between mortality in
the ICU and increased serum concentration of S100B
and NSE. This correlation is stronger for S100B. Testing
for serum levels of S100B and NSE may be useful for
prediction of treatment outcomes in the ICU patients.
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