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Prognostic Value and Optimal Sampling Time of S-100B Protein for Outcome
Prediction in Cardiac Arrest Patients Treated with Therapeutic Hypothermia
Hyung-Seok Kim, M.D., Ho-Sung Jung, M.D., Yong-Su Lim, M.D., Jae-Hyug Woo, M.D., Jae Ho Jang, M.D., Jee Yong Jang, M.D.,
and Hyuk Jun Yang, M.D.
Department of Emergency Medicine, Gachon university Gil Medical Center, Incheon, Korea

Background: The aim of this study was to determine the prognostic value and optimal sampling time of serum S-100B protein for the
prediction of poor neurological outcomes in post-cardiac arrest (CA) patients treated with therapeutic hypothermia (TH).
Methods: We prospectively measured serum S100 calcium binding protein beta subunit (S-100B protein) levels 12 times (0-96 hours)
after the return of spontaneous circulation (ROSC). The patients were classified into two groups based on cerebral performance category (CPC): the good neurological outcome group (CPC 1-2 at 6 months) and the poor neurological outcome group (CPC 3-5). We
compared serial changes and serum S-100B protein levels at each time point between the two groups and performed receiver operating
characteristic curve analysis for the prediction of poor neurological outcomes.
Results: A total of 40 patients were enrolled in the study. S-100B protein levels peaked at ROSC (0 hour), decreased rapidly to 6 hours
and maintained a similar level thereafter. Serum S-100B protein levels in the poor CPC group (n = 22) were significantly higher than in
the good CPC group (n = 18) at all time points after ROSC except at 4 hours. The time points with highest area under curve were 24
(0.829) and 36 (0.837) hours. The cut-off value, the sensitivity (24/36 hours) and specificity (24/36 hours) for the prediction of poor
CPC at 24 and 48 hours were 0.221/0.249 ug/L, 75/65% and 82.4/94.1%, respectively.
Conclusions: Serum S-100B protein was an early and useful marker for the prediction of poor neurological outcomes in post-CA patients treated with TH and the optimal sampling times were 24 and 36 hours after ROSC.
Key Words: cardiac arrest; hypothermia; S100 calcium binding protein beta subunit.

Introduction

tients with out-of-hospital cardiac arrest (OHCA). However, the
overall outcomes of patients with OHCA still remain poor.[1-5]

Recent advances in the emergency medical system (EMS),

The unfavorable outcomes reflect the unique and complex

cardiopulmonary resuscitation (CPR) and post-cardiac arrest

pathophysiological processes known as post-cardiac arrest syn-

care have improved return of spontaneous circulation (ROSC)

drome in which OHCA patients with ROSC can develop brain

survival to hospital discharge and neurological recovery in pa-

injury, myocardial dysfunction, systemic ischemia or reperfusion injury in addition to previously developed lesions.[6]
In particular, hypoxic-ischemic brain injury caused by an inter-
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ruption of cerebral blood flow and reperfusion injury following
ROSC are the leading causes of early mortality and morbidity in
patients even after successful ROSC. In some cases, brain dysfunction occurs, causing a significant difference in the quality of
life of patients and their families in addition to the increase in
medical care spending.[7]
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To minimize damage to the brain, an early measure predicting
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the severity of brain damage and outcomes is needed to provide

ing neurological outcome based on the protein levels over time.

intensive care including cerebral resuscitation in an appropriate

Materials and Methods

and timely manner. Consequently, many related areas have been
actively researched.

1) Subjects and period

Mild therapeutic hypothermia (MTH) is reported as the only

This study was conducted in the emergency room (ER) center

effective and proven approach to improve neurological out-

at a regional hospital with 1,300 general ward beds and 100 in-

comes and widely used as the standard treatment for patients

tensive care unit beds. The hospital treats approximately

following CA worldwide.[8,9]

100,000 inpatients per year. Among the adult patients (age 18

However, predicting neurological outcomes after CA remains

years or above) admitted to the ER center due to non-traumatic

challenging. Up-to-date methods used to predict the severity of

OHCA from January to December 2010, those who underwent

brain injury in CA survivors include several clinical and neuro-

MTH after ROSC was achieved following CPR were evaluated

physiological parameters and radiological tests. However, the

for this study.

accuracy and sensitivity of these methods are low and tend to

After emergency life saving measures such as CPR and cere-

predict unfavorable neurological outcomes in most cases.[10]

bral resuscitation, standard care was provided in accordance

Additionally, most patients with ROSC after CPR are given var-

with the 2008 American heart association and international liai-

ious drugs including sedatives, anticonvulsants and muscle re-

son committee on resuscitation guidelines for CPR and emer-

laxants to prevent brain injury while they show unstable

gency cardiovascular care. Patients were excluded if they died

hemodynamics. These drugs are administered at higher doses to

before the completion of MTH, had no biochemical tests, had a

cause MTH, making an accurate neurological diagnosis and per-

neurological disease including intracerebral hemorrhage, cere-

forming a neuroradiological test more difficult.[6] Any tests that

bral infarct, brain tumor, intracranial infection or dementia be-

are easy to perform repeatedly at the bedside without cost con-

fore CA and had any disease that could affect the biochemical

straints and are high performing in terms of accuracy, sensitivity

composition of serum, including small cell lung cancer and re-

and specificity are very useful for early prediction of neuro-

nal failure before CA. When patients had ROSC following CPR,

logical outcomes.

the informed consent was obtained after briefing patient fami-

Biochemical markers have great potential as a clinical tool for

lies on the objectives of the study. The patients who did not

monitoring brain injury and predicting early outcomes. There

agree to participate in the study were also excluded. This study

are several biochemical tests used to evaluate the extent of brain

was approved by the Ethics and Medical Research Committee

damage. However, clinical studies on MTH are scarce and clin-

of the hospital.

ical data is insufficient. Among biochemical markers of brain
injury, S-100 calcium binding protein B (S-100B) is highly spe-

2) Patient variables

cific to the central nervous system and serves as a glial cell

Patient variables were prospectively collected in the in-

marker while neuron-specific enolase (NSE) is a highly specific

ternally developed database on patients who underwent CPR,

serum marker for neuronal degeneration. Since serum S-100B

and included age, gender, patient health history, the location of

protein reflects the extent of hypoxic-ischemic brain damage,

CA, witness status, initiation of CPR by witnesses, CA-basic

the level of S-100B protein can be useful in determining patient

life support (BLS) and advanced cardiac life support (ACLS)

outcomes after MTH according to recent studies.[11-18]

time, BLS and ACLS-ROSC time, CA-ROSC time, cardiac

However, the overall frequency of blood sampling is low in most

rhythm on admission, causes of CA, the dose of epinephrine re-

studies and the timing of blood sampling is different among stud-

ceived during CPR, the number of electric shocks, the amount of

ies, causing difficulty in determining real-time changes in brain

vasopressor given over the 45-hr period after ROSC, acute

injury. In addition, the cut-off values for predicting poor out-

physiology and chronic health evaluation II (APACHE II) and

comes vary among studies, leading to variation in sensitivity

sequential organ failure assessment (SOFA) scores, arterial pH,

and specificity.

serum lactate level, post anoxic seizure and target temperature

In the present study, blood samples were obtained frequently

and time taken during therapeutic hypothermia (TH).

at specific times to assess the changes in serum S-100B levels at
each time to determine the effectiveness of the protein as a biochemical marker and the optimal measurement times for predict-

3) Therapeutic hypothermia
Patients were treated with TH immediately after ROSC if
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they had glasgow coma scale > 8 and systolic blood pressure <

pendent, score 4 represents comatose and persistently vegetative

90 mmHg. TH was not administered to the patients who had

state and score 5 represents brain death or death.

traumatic CA or did not consent to TH. TH was also discontinued if the patients failed to maintain a systolic blood pressure < 90 mmHg for more than 12 hours despite sufficient intravenous fluid and vasopressor therapy.

6) Statistical analysis
Patient variables and S-100B serum protein level at each time
point were compared between the good outcome (CPC 1-2) and

The target temperature range was 32-34℃ and either an ex-

poor outcome groups (CPC 3-5). Since the total number of sub-

ternal cooling or endovascular cooling method was used. Regarding

jects between the 2 groups was less than 30, continuous varia-

®

the cooling device, the Arctic Sun 2000 & ArcticGel

TM

Pad

bles were expressed as median and interquartile range (IQR)

(Medivance, Louisville, KY, USA) was used for external cool-

and nominal variables and class intervals were expressed as a

®

®

Catheter (ZOLL,

number and frequency counts. A chi-square test or Fisher's exact

Chelsmford, MA, USA) was used for endovascular cooling. To

test was used to compare nominal variables and the Mann-

reach the target temperature, 1 L of 4℃ normal saline was used

Whitney U test was used to compare continuous variables.

ing and the Gard 3000

and CoolLine

for infusion and bladder irrigation. All the patients underwent

Repeat measure analysis of variance (ANOVA) test was used

intubation and mechanical ventilation and sedatives and neuro-

to compare and analyze time-dependent changes in serum

muscular blocking agents were steadily administered to main-

S100B protein levels between the good outcome and poor out-

tain appropriate sedation. Intracorporeal temperature was con-

come groups. The cut-off values for optimal prediction of poor

tinuously monitored using a rectal thermometer. According to

outcome were calculated based on the receiver operating char-

the preset TH protocol, the temperature was maintained in the

acteristic curve (ROC curve) for time-dependent serum S100B

target range for 24 hours and regulated in a range of 0.2-0.3℃

level, the area under curve (AUC) value and Youden’s index.

every hour during the rewarming phase. After the initiation of

Sensitivity, specificity, positive predictive value (PPV) and neg-

TH, the temperature was maintained at 36.5℃ for 72 hours.

ative predictive value (NPV) for each cut-off value were also
calculated with 95% confidence intervals (CIs). To reduce

4) Measurement of serum S-100B protein

false-positive results, the cut-off value associated with 100%

A total of 12 blood samples were taken from each patient at 0,

specificity was determined at each time point. Statistical analy-

2, 4, 6, 12, 18, 24, 36, 48, 60, 72 and 96 hours after ROSC.

sis was performed using a SPSS version 16.0 (SPSS Inc.,

Collected blood samples were centrifugated at 3,000 rpm for 10

Chicago, IL, USA) and MedCalc 12.7.7.0 (MedCalc Software,

min and serum was kept in a container and frozen at -70℃ be-

Mariakerke, Belgium). A p value of 0.05 was considered to in-

fore analysis.

dicate statistical significance.

Serum S-100B protein was measured with an electrochemiluminescence immunoassay (ECLIA) using the Elecsys 2020,

Results

including Elecsys S100® and NSE® kits (Roche Diagnostics,
Mannheim, Germany). The range of detection was between 0.05
and 39 ug/L for each blood sample.

1) Subject characteristics (Table 1)
A total of 399 OHCA patients were admitted to the hospital
during the study period. Of those, 187 patients underwent CPR,

5) Assessment of neurological prognosis

104 patients achieved ROSC (78 patients maintained sponta-

At 6 months after ROSC, the patients were classified based

neous circulation for more than 20 min). Forty-four patients un-

on cerebral performance category (CPC) score into the good

derwent MTH and 4 patients were excluded (1 non-consenting,

outcome group (CPC score 1-2) and the poor outcome group

2 with renal failure and 1 with stroke). Finally, 40 patients were

(CPC score 3-5) and S-100B serum protein levels were com-

enrolled in the study.

pared at all time points.

The median age of subjects was 52 years (IQR 44-65.8 years).

A CPC score of 1 represents a slight cerebral disability but

Of the 40 subjects, 31 were male (77.5%). CA occurred at home

good cerebral performance resulting from mild neurological in-

in 16 patients (40%), at work in 7 patients (17.5%), at a public

jury, score 2 represents a moderate cerebral disability, and in-

location in 4 patients (10%) and in the ambulance in 4 patients

dependence in performing activities of daily living, score 3 rep-

(10%). Witnesses to the CA included a family member in 13 pa-

resents severe cerebral disability, conscious, unstable and de-

tients (32.5%) and bystanders in 9 patients (22.5%). There was
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Table 1. Baseline characteristics of the study population (n = 40)
Gender, male (%)
Age, yr
Location of arrest (residence), n (%)
Witness of arrest, n (%)
Bystander CPR, n (%)
Collapse to BLS, min (IQR)
Collapse to ACLS, min (IQR)
BLS to ROSC, min (IQR)
ACLS to ROSC, min (IQR)
Collapse to ROSC, min (IQR)
Shockable rhythm, n (%)
Cause of arrest, cardiac origin, n (%)
Total dose of epinephrine, min (IQR)
Number of defibrillation (IQR)
APACHE II score (IQR)
SOFA score (IQR)
TH start to reaching time, min (IQR)
Post anoxic seizure
lactate at BL, mmol/L (IQR)
PH (IQR)

Good outcome (n = 18)

Poor outcome (n = 22)

16 (88.9)
48.5 (42.5-58)
7 (38.9)
16 (88.9)
7 (38.9)
5.0 (2.0-7.8)
16.0 (8.5-19.3)
25.0 (15.8-36.3)
19.5 (5.0-30.3)
31.5 (23.0-41.3)
11 (61.1)
13 (72.2)
5.5 (2.0-9.3)
3.5 (0.0-7.0)
20.5 (15.0-25.5)
9.0 (7.0-11.0)
233.0 (177.5-353.5)
6 (35.3)
8.3 (6.5-12.1)
7.13 (7.00-7.29)

15 (68.2)
58.0 (47.8-67.3)
9 (40.9)
15 (68.2)
8 (36.4)
6.0 (2.0-10.5)
20 (10.8-25.0)
26.0 (11.8-37.0)
10.0 (5.3-27.0)
30.0 (19.3-48.3)
6 (27.3)
8 (36.4)
3.0 (1.0-7.3)
0.0 (0.0-6.0)
24.5 (19.0-27.0)
10.5 (7.8-12.0)
186.0 (118.8-300.0)
15 (68.2)
8.8 (7.3-12.1)
7.04 (6.95-7.13)

p value
0.149
0.131
0.839
0.149
0.870
0.366
0.070
0.989
0.567
0.724
0.031
0.024
0.234
0.162
0.145
0.291
0.197
0.041
0.821
0.124

Values are expressed as number (percentage) and median (interquartile range) as appropriate. CPR: cardiopulmonary resuscitation; BLS: basic life support; ACLS: advanced life support; ROSC: return of spontaneous circulation; APACHE: Acute Physiology and Chronic Health Evaluation; SOFA:
Sequential Organ Failure Assessment; TH: therapeutic hypothermia; BL: baseline.

no witness to the CA in 9 patients (22.5%) and CPR was ini-

min), respectively. On admission, the median arterial pH was

tiated by bystanders in 15 patients (37.5%). The initial cardiac

7.065 (range, 6.973-7.20) and the median serum lactate level

rhythm was ventricular fibrillation/tachycardia in 17 patients

was 8.4 mmol/L (range, 7.0-12.0 mmol/L).

(42.5%), which was followed by asystole in 15 patients

Based on neurological outcomes determined by the CPC at 6

(37.5%), pulseless electrical activity in 8 patients (20%). The

months, good outcomes were achieved in 18 patients (45%, 11

causes of CA were coronary heart disease in 21 patients

with CPC 1 and 7 with CPC 2) whereas poor outcomes were ob-

(62.5%), non-coronary conditions in 13 patients (32.5%) and

served in 22 patients (55%, 2 with CPC 3, 6 with CPC 4 and 14

unidentified causes in 6 patients (15%). The median times from

with CPC 5).

CA to BLS, ACLS and ROSC were 5.5 min (range, 2-10 min),
17 min (range, 10-23.5 min) and 30.5 min (range, 20-44.75
min), respectively. The median times taken from and the median

2) Comparison of characteristics associated with
neurological outcomes

time from BLS- and ACLS to ROSC were 27 min (range, 16–37

The comparison of patient characteristics associated with

min) and 18.5 min (range, 6-29.25 min), respectively. The dose

neurological outcomes showed a significantly greater number of

of epinephrine received during CPR was 3.5 mg (range, 1.25–8

patients presented with shockable rhythms (ventricular fi-

mg) and the number of electric shocks was 1.5 (range, 0-6.75).

brillation/ventricular tachycardia) (61.6% vs. 27.3%, p = 0.031)

The median APACHE II and SOFA scores were 22.5 (range,

and coronary heart disease as a cause of CA (72.2% vs. 36.4%, p

18.25-27) and 9.5 (range, 7.25-11.75), respectively.

= 0.024) in the good outcome group compared with the poor

The target temperature for hypothermia was 34℃ in 19 pa-

outcome group. However, the frequency of post-anoxic seizure

tients (47.5%), 33℃ in 18 patients (45%) and 32℃ in 3 patients

was significantly higher in the poor outcome group (68.2% vs.

(7.5%). Hypothermia was maintained by endovascular cooling

35.3%, p = 0.024) than in the good outcome group. There were

in 22 patients (55%) and by external cooling in 18 patients

no significant differences between the two groups in terms of

(45%). Time from CA to start of TH was 193 min (range, 145–

other patient characteristics. However, the poor outcome group

288 min), time from start of TH to 34℃ was 212 min (range,

required a longer time from CA to ACLS (16.0 min vs. 20 min, p

150–300 min) and time from CA to 34℃ and rewarming was

= 0.070) and to rewarming (620 min vs. 720 min, p = 0.070)

428 min (range, 320–581 min) and 660 min (range, 480–750

compared with the good outcome group.
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Table 2. Comparison of serum S-100B protein levels between good and poor outcome patients
Sample times (hr)
BL (0)
2
4
6
12
18
24
36
48
60
72
96

Good outcome (n = 18)
0.906 (0.481-2.598)
0.506 (0.228-1.638)
0.295 (0.169-0.690)
0.191 (0.119-0.483)
0.131 (0.075-0.230)
0.152 (0.063-0.283)
0.092 (0.048-0.216)
0.101 (0.057-0.182)
0.095 (0.053-0.259)
0.104 (0.067-0.209)
0.104 (0.050-0.225)
0.120 (0.084-0.271)

Poor outcome (n = 22)
3.870 (1.550-5.555)
1.160 (0.631-2.100)
0.622 (0.224-1.074)
0.378 (0.286-1.217)
0.512 (0.156-1.550)
0.534 (0.225-1.450)
0.410 (0.194-1.300)
0.435 (0.156-1.450)
0.284 (0.143-1.395)
0.352 (0.206-0.841)
0.299 (0.165-0.985)
0.675 (0.175-1.568)

p value
0.006
0.032
0.201
0.019
0.002
0.002
0.001
< 0.001
0.008
0.002
0.002
0.006

Values are expressed as median, ug/L (interguartile range). BL: baseline serum level on return of spontaneous circulation.

Fig. 1. Serial changes of S-100B protein level (total patients, n =
40). ROSC: return of spontaneous circulation.

Fig. 2. Serial changes of S-100B protein level according to neurological outcomes (Good CPC, n = 18 vs. Poor CPC, n = 22), data
*
were presented by median value with 95% confidence interval. p <
†
0.01, p < 0.05. ROSC: return of spontaneous circulation; CPC: cerebral performance category.

3) Changes and comparison of S100B levels according
to neurological outcome

group, although the overall change was not significant. The

Time-dependent serum S-100B protein levels of patients

ANOVA analysis with repeated measures showed time-depend-

showed the highest level at 0 hour from ROSC. Then, serum

ent changes in S-100B protein (F = 2.78, p < 0.019). However,

S-100B protein in patients decreased within 6 hours and re-

there was no significant difference between the two groups (F =

mained at a level similar to the 6-hr level (Fig.1).

1.23, p < 0.324; Fig. 2).

The poor outcome group had significantly higher serum
S-100B protein levels at all time points except for 4 hrs after
ROSC ( 0.295 vs. 0.622 ug/L, p = 0.201) compared with the
good outcome group (p = < 0.001-0.032; Table 2).

4) Receiver operating characteristic curve analysis
AUC values at each time point in the ROC curve analysis
ranged from 0.619-0.837, showing the minimum value at 4

Based on time-dependent changes in serum S-100B protein,

hours and the maximum value at 36 hours. AUC values > 0.7

the decrease in the protein continued for 4-6 hours after ROSC

were maintained at all time points except for 2 and 4 hours.

in both groups. Then, the protein level remained almost un-

AUC values > 0.8 were found at 36 hours (0.837), 24 hours

changed in the good outcome group whereas it became elevated

(0.829), 72 hours (0.809) and 60 hours (0.807).

or decreased depending on the patient in the poor outcome

Cut-off values for S-100B ranged from 0.095 (48 hours)
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Table 3. ROC analysis of S-100B level for the prediction of poor neurological outcomes (n = 40)
Time (hr)
BL
2
4
6
12
18
24
36
48
60
72
96

(A)
(B)
(A)
(B)
(A)
(B)
(A)
(B)
(A)
(B)
(A)
(B)
(A)
(B)
(A)
(B)
(A)
(B)
(A)
(B)
(A)
(B)
(A)
(B)

CV
1.01
7.25
0.623
4.39
0.297
3.74
0.268
2.34
0.131
1.41
0.194
0.899
0.221
0.612
0.249
0.685
0.095
0.432
0.239
0.796
0.139
1.22
0.3
1.014

Sensitivity, %
86.36
13.64
77.27
4.55
72.73
4.55
80.95
9.52
90.48
23.81
80.95
38.10
75.0
40.0
65
35.0
90.0
45.0
68.42
26.32
88.89
11.11
68.75
31.25

Specificity, %
61.11
100
66.67
100
55.56
100
76.47
100
52.94
100
70.59
100
82.35
100
94.1
100
52.9
100
88.24
100
76.47
100
86.67
100

AUC (95% CI)
0.756 (0.595-0.878)

p value
0.001

0.699 (0.534-0.834)

0.0226

0.619 (0.452-0.767)

0.1891

0.724 (0.555-0.856)

0.0112

0.789 (0.626-0.904)

0.0001

0.796 (0.634-0.909)

< 0.0001

0.829 (0.670-0.933)

< 0.0001

0.837 (0.679-0.937)

< 0.0001

0.757 (0.589-0.883)

0.0011

0.807 (0.614-0.919)

< 0.0001

0.809 (0.641-0.922)

0.0001

0.792 (0.609-0.916)

0.0004

(A) at point closest to left upper corner of ROC curve. (B) at the point of 100% specificity for the prediction of bad neurological outcomes. ROC: receiver operating characteristic; CV: cut-off value; AUC: area under curve; BL: baseline serum level on return of spontaneous circulation.

Fig. 3. Receiver operating characteristic curve of S-100B protein
level at 24 hrs for the prediction of poor cerebral performance category.

Fig. 4. Receiver operating characteristic curve of S-100B protein
level at 36 hrs for the prediction of poor cerebral performance category.

to1.01 ug/L (0 hour) showing ranges of sensitivity from 65.0%

hours) to 45% (48 hours) and NPV from 46.2% (2 and 4 hours)

(36 hours) to 90.5% (12 hours), specificity from 52.9% (12

to 60.7% (48 hours).

hours) to 94.1% (36 hours), PPV from 66.7% (4 hours) to 92.9%

The cut-off values corresponding with higher AUC values at

(36 hours) and NPV from 62.5% (4 hours) to 86.7% (72 hours).

24 and 36 hours were 0.249 ug/L (0.685 ug/L) and 0.221 ug/L

For poor outcomes predicted by a specificity of 100%, the

(0.612 ug/L), respectively, showing a sensitivity of 65 (35)%

cut-off value ranged from 0.432 (48 hours) to 7.25 ug/L (0

and 75 (40)%, PPV of 92.9% and 83.3% and NPV of 69.6

hour), showing the ranges of sensitivity from 4.5% (2 and 4

(56.7)% and 60.7 (58.6)%, respectively, with a specificity of
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100% (Table 3) (Fig. 3 and 4).

statistically significantly higher protein levels at all time points
except 4 hours than the good outcome group. Several studies on

Discussion

TH also demonstrated a significant difference in the protein between the 2 groups. However, in previous studies measurements

Emergency medical service and CPR techniques have steadily improved and expanded, along with advances in post-CA

were performed less frequently over a shorter period of time
compared with our study.

care after ROSC. However, the long-term survival and neuro-

In the present study, AUC values of serum S-100B level used

logical outcomes in patients after CA remain low in Korea.[3-5]

for predicting poor neurological outcomes were greater than 0.7

Low initiation of bystander CPR, regional variations in EMS

at all time points except 2 and 4 hours and AUC values > 0.8

and different approaches to post-CA care among hospitals are

were found at 36 hours (0.837), 24 hours (0.829), 72 hours

likely responsible for lower long-term survival and unfavorable

(0.809) and 60 hours (0.807); no AUC value exceeded 0.9. AUC

neurological outcomes compared with developed countries.

values varied among previous studies. Mörtberg et al.[16] re-

The majority of patients who survive after CPR may be left

ported an AUC value of 0.86 at 2 hours (cut-off value of 1.0

unconscious or have severe neurological symptoms due to brain

ug/L, sensitivity of 73% and specificity of 93%), 0.97 at 24

injury, causing an emotional and financial burden on their fami-

hours (cut-off value of 0.18 ug/L, sensitivity of 87% and specif-

lies and society as a whole. Therefore, predicting neurological

icity of 100%), which was the highest in their study. The timing

outcomes early after ROSC is vital for deciding on future treat-

of elevated AUC is similar to our results, but their predictive

ment strategies including end-of-life decisions and amount and

value was higher.

intensity of treatment.[19-21] Although many studies explored

Stammet et al.[17] reported an AUC value of 0.84 (cut-off

the possible predictors of neurological outcomes, neither accu-

value of 0.03/0.3 ug/L, specificity of 100%, sensitivity of 76%,

rate predictors nor adequate time to predict neurological out-

specificity of 78% and false positive rate of 22%). They re-

comes has been established. In addition, the efficacy of TH,

ported the AUC values could increase to 0.95 and 0.91, re-

which is widely used clinically, has not been well-documented.

spectively, when bispectral index or NSE was applied. Zellner et

Because TH can alter the processes involved in brain injury

al.[18] reported an AUC value of 0/67 on admission and at 24

and the use of sedatives and neuromuscular blocking agents

hours (cut-off value of 0.614/5.48 ug/L, sensitivity of 90%/18%

may affect neurological assessment, results of TH-related stud-

and specificity of 31%/90%), 0.74 (cut-off value of 0.12/0.462

ies cannot be applied to patients who do not undergo TH.

ug/L, sensitivity of 90%/35% and specificity of 50%/90%), stat-

Well-designed, prospective studies are therefore necessary to

ing their predictive value was not high. Tiainen et al.[11] com-

ensure the effects of TH.[10,22]

pared patients who underwent TH and those with normal tem-

Among early predictors of neurological outcomes in patients

perature (NT) and reported AUC values of 0.65 and 0.90, re-

after OHCA, cost-effective and easy-to-perform biochemical

spectively, at 24 hours in the two groups (cut-off values of

markers have been identified in previous studies. In particular,

0.21/0.19,

S-100B protein and NSE have been shown to play major roles.

100%/100%), 0.69/0.85 (TH/NT) at 36 hours (cut-off values of

S-100B is a dimeric calcium binding protein present in cells

0.21/0.49,

sensitivity
sensitivity

of
of

30%/59%
20%/18%

and
and

specificity
specificity

of
of

with a biological half-life of 2 hours. This protein is composed

96%/100%), 0.63/0.91 at 48 hours (cut-off values of 0.21/0.12,

of 92 amino acids with a molecular weight of 21,000 - 10.7 kDa.

sensitivity of 22%/88% and specificity of 96%/100%), showing

As a heterodimer with an α-subunit and β-subunit, S100 (αβ

a higher predictive value in the NT group than the TH group.

form) protein is present in melanocytes and glial cells, whereas

Their predictive value was lower than in the present study.

the homodimeric S100 (ββ form) protein is generally expressed

AUC values of serum S-100B level ranged from 0.63-0.97

by astrocytes and Schwann cells.[23] S-100B is produced by as-

depending on measured time points in previous studies and the

trocytes, oligodendrocytes and lemmocytes and represents 0.2%

AUC was higher at 24, 36 and 48 hours. However, the measure-

of total brain proteins. Cerebrospinal fluid may leak following

ment period was shorter than the extended time course covering

brain injury and flow into the bloodstream which can be meas-

60 and 72 hours in the present study, rendering the comparison

ured when evaluating brain damage.[24]

difficult. However, the timing of elevated AUC is similar across

In the present study, serum S-100B protein was repeatedly
measured after ROSC and the poor outcome group maintained

the studies.
In the present study, cut-off values for S-100B ranged from
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0.095 (48 hours) to 1.01 ug/L (0 hour) showing the ranges of

time-dependent changes in serum S-100B protein associated

sensitivity from 65.0% (36 hours) to 90.5% (12 hours), specific-

with prognosis, we set the ROSC as the starting point for stand-

ity from 52.9% (12 hours) to 94.1% (36 hours), PPV from

ardized measurements and performed frequent measurements

66.7% (4 hours) to 92.9% (36 hours) and NPV from 62.5% (4

during the extended period to suggest adequate monitoring time

hours) to 86.7% (72 hours). The cut-off value decreased within

points for prediction accuracy.

4 hours and remained at similar levels thereafter. Regarding

The present study had several limitations. First, regional and

poor outcomes predicted by a specificity of 100%, the cut-off

social differences cannot be eliminated because the study was

value ranged from 0.432 (48 hours) to 7.25 ug/L (0 hour). This

conducted at a hospital, rendering the representative nature of

elevated value at 0 hr rapidly increased within 24 hrs and re-

the sample uncertain. Second, the study results may be subject

mained at similar levels over 60 hours before rising again. The

to variations in serum levels due to a small sample size. Third,

corresponding sensitivity ranged from 4.5% (2 and 4 hours) to

the results are subject to variations in sampling time because the

45% (48 hours) and NPV from 46.2% (2 and 4 hours) to 60.7%

time from CA to ROSC varied among patients and between

(48 hours). In previous studies, the cut-off values ranged from

groups. Additionally, due to inferior pre-hospital emergency

0.03-2.35 ug/L, but the range increased to 0.21-5.48 ug/L de-

care, comparing the results of the present study with the findings

pending on time points with 100% specificity. The cut-off val-

of earlier studies is difficult, particularly with those conducted

ues calculated in the present study are not consistent with these

in developed countries. Finally, TH treatment was likely to af-

ranges, but all cut-off values showed a similar pattern of increas-

fect serum S-100B protein level and variations in the time taken

ing at early time points and decreasing over time. Sensitivity

to induce hypothermia and duration might affect the results of

and specificity values were similar in previous studies while

the study. Further studies are necessary to determine changes in

showing high sensitivity at 24 hours.

the protein levels between pre- and post-TH. To overcome these

S-100B protein levels had relatively good prognostic values

limitations, a standardized study design should be established to

at all time points. The prognostic value range was lower than re-

promote multicenter research aimed to improve understanding

ported in a previous study conducted with patients with NT but

of the changes in biochemical markers and their prognostic im-

similar with a study comparing TH and NT groups. The prog-

portance in patients after CA.

nostic values for neurological outcomes began to rise after 12

In conclusion, the present study found a statistically sig-

hours and continued for 96 hours. The optimal prediction time

nificant association between serum S-100B protein levels and

points were 24 and 36 hours showing AUC values of

neurological outcomes in patients who underwent TH after

0.829/0.837, respectively, cut-off values (100% specificity) of

ROSC showing a high predictive value of the protein. Thus,

0.221/0.249 (0.612/0.685 ug/L), sensitivity (100% specificity)

S-100B is confirmed to be a valid early marker for neurological

of 75/65% (40/35%), specificity of 82.35/94.1%, PPV of

damage. Based on the study results, the authors suggest 24 and

83.3/92.9% and NPV (PPV100%) of 73.7/69.6% (58.6/56.7%).

36 hrs as the optimal time points for measurement of S-100B

Because AUC values increased to > 0.8 at 60 and 72 hours, these

protein for predicting unfavorable neurological outcomes.

time points can be considered appropriate measurement times.

Further large scale, multicenter studies are necessary to de-

Changes in S-100B protein levels and measured time points

termine more appropriate cut-off values.

found in the present study are consistent with the findings in
previous studies. However, protein predictive values, cut-off
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