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Abstract

Aim of the study: We evaluated the impact of patient age and time from collapse to return of spontaneous circulation (ROSC) on the prognostic
accuracy of neuron specific enolase (NSE) after out-of-hospital cardiac arrest (OHCA).

Methods: Using electrochemiluminescence immunoassay, we measured serum concentrations of NSE in 249 patients who were admitted to intensive
care units after resuscitation from OHCA. In each quartile according to age and time to ROSC, we evaluated the ability of NSE at 48 h after OHCA to
predict poor outcome (Cerebral Performance Category 3-5) at 12 months.

Results: The outcome at 12 months was poor in 121 (49%) patients. The prognostic performance of NSE was excellent (area under the receiver
operating characteristic curve, AUROC, 0.91 [95% confidence interval, 0.81-1.00]) in the youngest quartile (18-56 years), but worsened with increasing
age, and was poor (AUROC 0.53 [0.37-0.70]) in the oldest quartile (72 years or more). The prognostic performance of NSE was worthless (AUROC 0.45
[0.30-0.61]) in the quartile with the shortest time to ROSC (113 min), but improved with increasing time to ROSC, and was good (AUROC 0.84 [0.74-
0.95]) in the quartile with the longest time to ROSC (29 min or over).

Conclusion: NSE at 48 h after OHCA is a useful predictor of 12-month-prognosis in young patients and in patients with a long time from collapse to
ROSC, but not in old patients or patients with a short time to ROSC.
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Introduction

After cardiac arrest and resuscitation, prognostication is challeng-
ing." In addition to clinical neurological examination, imaging and
neurophysiological studies, certain biomarkers, particularly neuron
specific enolase (NSE), are considered useful.*>”’ Sedative medi-
cations affect clinical examination and electroencephalography
(EEG) but not biomarkers.” Hypoxic brain injury increases blood
NSE concentrations® and international guidelines recommend the use
of NSE as one part of multimodal prognostication.®

However, also other factors than hypoxic brain damage may
elevate the NSE concentration*®'* and a good outcome is possible
despite high concentrations.®'>"'” In addition, NSE concentrations
can remain low despite severe brain damage.'®

It is not known whether age affects the prognostic ability of NSE
after cardiac arrest. Moreover, the time from collapse to the return of
spontaneous circulation (ROSC) probably affects the severity of
hypoxic-ischemic brain injury, a typical cause of death after cardiac
arrest,'® but it is unknown if this affects the prognostic value of NSE.

We aimed to evaluate the impact of the patient’s age and time from
collapse to ROSC on the ability of NSE to predict poor long-term outcome
in patients resuscitated from out-of-hospital cardiac arrest (OHCA).

Methods
Study population

This study is a sub-study of the FINNRESUSCI study.'® In brief, the
FINNRESUSCI study prospectively collected data on 504 adult
patients who were treated in 21 Finnish intensive care units (ICUs)
after OHCA between March 1st, 2010, and February 28th, 2011. Inthe
current study we included 249 unconscious patients, for whom blood
samples were available. The FINNRESUSCI study protocol was
approved by the Ethics Committee of Helsinki University Hospital and
by each participating hospital.

We assessed neurological outcome according to the Cerebral
Performance Category (CPC)*° at 12 months after cardiac arrest. We
determined good outcome as sufficient neurological function for
managing activities of daily living independently (CPC 1-2) and poor
outcome as severe neurological deficits or death (CPC 3-5). The
cause of cardiac arrest (cardiogenic or other) was determined with
clinical criteria. We chose death in hospital as a secondary outcome.

Data collection

Patient data were collected by using Internet-based case report forms.
Data on previous state of health was collected from the patients
medical history and mortality data were obtained from Statistics
Finland. Neurological status of all patients at 12 months after cardiac
arrest was assessed by phone contact between the patient and a
specialist in neurology who was blinded to treatment details. A
structured interview to determine the Pittsburgh Cerebral Perfor-
mance Category (CPC) was used.

Blood sampling and biomarker analysis

Blood samples were taken at 24 and 48 h after cardiac arrest. The
blood sample was allowed to clot at room temperature for 60 min, after

which it was centrifuged and the obtained serum stored at —70°C.
Serum concentrations of NSE were measured with a commercially
available electrochemiluminescence immunoassay (Roche Diagnos-
tics GmbH, Mannheim, Germany) in April 2015. All analyses were
made in the same laboratory. The range of measurements was 0.05-
370 g/l (or up to 740 g/l for 2-fold diluted samples) and the range of
normal values was 0-16.3 jug/l. The intra and inter assay coefficients
of variation were < 3.9% and < 3.2%, respectively. We considered a
concentration of 500 mg/l or higher of free haemoglobin as an indicator
of significant haemolysis.3 Inline with a real-life situation in Finland, we
included all blood samples to the study regardless of the amount of
haemolysis.

Statistical analysis

We present continuous data as medians with interquartile ranges
(IQRs) and categorical data as absolute numbers with percentages
(95% confidence intervals [Cls]). We tested normality of distribution
with the Kolmogorovw-Smirnov test. We used the independent samples
t test to compare continuous data with normal distributions. When the
distribution was not normal, we used the Mann-Whitney U test or the
Kruskal-Wallis test, as appropriate. We compared categorical
variables by using Pearson’s Chi test or Fisher's exact test, as
appropriate.

To assess the ability of NSE to discriminate between patients with
poor outcome (CPC 3-5) and those with good outcome (CPC 1-2), we
calculated areas under the receiver operating characteristic curves
(AUROCs)?" with 95% Cls. We defined values <0.7 as poor, values of
0.7-0.8 as satisfactory, 0.8-0.9 as good and values >0.9 as excellent.
In addition to NSE levels at 24 h and 48 h after cardiac arrest, we also
studied the change in NSE between 24 h and 48 h after cardiac arrest.
We determined IQRs for patient’ ages and the times from collapse to
ROSC, and for every quartile we calculated the AUROC for NSE at
48h. We compared AUROC:s by using the bootstrap method. Based
on the sensitivity and specificity for different cut-off values, we
selected cut-offs using the Youden index.??2® We also determined the
cut-off value for 99% specificity. We calculated the sensitivity,
specificity, positive predictive value (PPV) and positive likelihood ratio
(LR+) for these cut-off values.

We used logistic regression analysis to create a baseline
multivariate model to predict poor outcome. We evaluated the
predictive value of this model by determining the AUROC. We also
assessed the continuous Net Reclassification Improvement (NRI)
achieved by the addition of NSE into the baseline model. We assessed
event NRI (NRle) and non-event NRI (NRIne). NRle is calculated as
[(the number of individuals with the predicted event, i.e. poor outcome,
given a higher risk after addition of NSE) — (the number of individuals
with the event given a lower risk)]/[the number of individuals with the
event). Likewise, NRIne is the net proportion of individuals without the
eventgiven alowerrisk. The overall NRI is the sum of NRle and NRIne.
The theoretical range of values for both NRIe and NRIne is—1 to +1,
and that of the overall NRI is—2 to +2. 242°

In addition, we determined the Integrated Discrimination Improve-
ment (IDI) achieved by the addition of NSE into the baseline
multivariate model. IDI measures not only the direction of the change
in probability with the addition of new information, but also the
magnitude of the change. We calculated event IDI (IDle) for patients
with poor outcome as [(mean probability of poor outcome with
baseline model+NSE) — (mean probability of poor outcome with
baseline model)] and non-event IDI (IDIne) for patients with good
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outcome as [(mean probability of poor outcome with baseline model)—
(mean probability of poor outcome with baseline model + NSE)]. IDl is
the sum of IDle and IDIne. The theoretical range of IDle and IDIne is—1
to +1 and that of IDI is—2 to +2. #42¢

We considered p values <0.05 as significant. We made the
analyses with SPSS version 21 (SPSS, Chicago, IL, USA) and R
version 3.1.1.

Results

In total, 249 OHCA patients were included in the study (Fig. 1). Blood
samples at 48 h were available for 220 patients. Because the consent
was not available for all patients at 24 h, samples from this time point
are missing for seven patients. The initial rhythm was shockable in 177
(71%) patients. The aetiology of the arrest was cardiac in 199 (79.9%)
patients. Targeted temperature management was used in 193
(77.5%) patients. The baseline characteristics of the study population
are presented in Table 1.

Patient outcomes and prognostic ability of NSE

Overall, 121 patients (49%) had a poor outcome at 12 months. The
median NSE concentration at 24 h was 12.9 pg/l (IQR, 7.6-23.6) in
patients with poor outcome and 8.7 g/l (5.9-13.4) in those with good
outcome (p < 0.001). The median NSE concentration at 48 h was
17.9 g/l (8.1-56.4) in patients with poor outcome and 8.2 g/l (5.9~
12.1) in those with good outcome (p < 0.001). The ability to predict
poor outcome was better for NSE at 48 h (AUROC 0.72 [0.65-0.80)])
than NSE at 24 h (AUROC 0.65 [0.58-0.72]), p=0.005.

The AUROC for the change in NSE concentration between 24 h
and 48 h after cardiac arrest was 0.70 (0.63-0.78[p < 0.001]), which
was not significantly different from the AUROC of NSE at 48h
(p=0.489).

Among those 29 patients, for whom blood samples at 48 h were not
available, poor outcome occurred in 23 patients (79.3%), 13 of whom
died before the 48 htime point. Forthese 29 patients, the concentrations
of NSE at 24 h were 15.3 jLg/l (4.8-47.9) for patients with poor outcome
and 6.3 g/l (2.9-12.5) for those with good outcome.

For three patients, significant haemolysis was found. For two of
those patients, with NSE concentrations 36.0 wg/l and 37.0 g/l

OHCA-patients
treated in ICU:s

n=504 No blood samples
n=253
No survival data
available
n=2
Patients
included in
Missing 24h study
sample n=7 n=249
Missing 48h
sample n=29
24 and 48h
sample
n=213
Good 12 mth Poor 12 mth
outcome (CPC 1-2) outcome (CPC 3-5)
n=128 n=121

Fig. 1 - Flowchart of the study population.

Table 1 - Baseline characteristics for all patients and stratified according to age and time to ROSC.

Time to ROSC

Age

All

>29 min p

21-28 min

14-20 min

p 11-13 min

years

>72

57-63 years 64-71 years

18-56 years

58 60

69

62

62 69 59 59

249

Number of patients, n

0-69.0) 0.608

0.730
0.750

0.215

0.913

63.0 (57.0-74.3) 63.0 (55.5-70.5) 64.5 (57

53 (85.5)
58 (93.5)
31 (50.0)
50 (80.6)

48.0 (42.0-54.0) 60.0 (59.0- 62.0) 67.0 (66.0- 70.0) 77.0 (73.0-81.0)

50 (80.6)
56 (90.3)
34 (54.8)
41 (66.5)

63 (56.5-71.0)
209 (83.9)
227 (91.2)

Age, median (IQR), years

Gender, males, n, (%)
Witnessed, n (%)*

55 (79.7)
63 (91.3)
40 (58.0)
56 (81.2)

0.469

47 (79.7)
52 (88.1)
28 (47.5)
51 (86.4)

52 (88.1)
51 (86.4)
41 (69.5)
50 (84.7)

60 (87.0)
68 (98.6)
43 (62.3)
57 (82.6)

0.071

0.084
0.018

19.0 (10.0-24.0) 0.138

41 (69.5)

146 (58.6)

Bystander CPR, n (%)

Cardiogenic reason of arrest, n (%) 199 (79.9)

24.0 (22.8-26.0) 34.0 (30.3-40.0)
40 (69.0)

17.0 (15.0-19.5)

50 (72.5)

10.0 (6.0-11.0)

43 (69.4)

23.0 (16.0-28.0)

45 (76.3)

Time to ROSC, median (IQR), min 20.0 (13.5-28.0) 20.0 (14.0-29.3) 21.0 (13.0-30.0)

Shockable rhythm, n (%)

0.934

44 (73.3)

0.757

42 (67.7) 49 (71.0)

177 (71.1)

58.0 (42.0-69.0) 52.0 (32.0-61.0) 57.0 (40.0- 64.0) 60.0 (42.0-72.0) 67.0 (52.0-73.0) <0.001 47.5 (33.0-60.8) 56.0 (37.5-65.5) 60.5 (45.8-69.0) 64.5 (52.3-71.8) <0.001

SAPS II, median (IQR), points

24 (34.8) 38 (65.5) 43 (71.7) <0.001

16 (25.8)

0.014

25 (40.3) 26 (37.7) 34 (57.6) 36 (61.0)

121 (48.6)

Poor outcome (CPC 3-5), n (%)

IQR, interquartile range; Witnessed, witness for collapse; CPR, cardiopulmonary resuscitation; ROSC, return of spontaneous circulation; Shockable rhythm, ventricular fibrillation or ventricular tachycardia; SAPSII, Simplified

Acute Physiology Score, CPC, Cerebral Performance Category.




RESUSCITATION 139 (2019) 214 -221

217

respectively, at 48h, CPC was 1-2. For one patient, with an NSE
concentration of 6.8 g/l at 48 h, CPC at 12 months was 5 (death).

Cut-off values

Based on the Youden index, the cut-off value for NSE at 48h as a
predictor of poor outcome at 12 months was 20 pg/l. With this cut-off,
sensitivity was 50%, specificity 92.6%, PPV 84.5% and LR + 6.8 (3.5~
13.1) (p < 0.001). When we required a 99% threshold for specificity,
we obtained the cut-off 37 wg/l (with sensitivity 35.7%, PPV 97.2%,
LR +43.6[6.1-312.4]) (p < 0.001). A specificity of 100% was obtained
with the cut-off value 68 g/l (corresponding sensitivity 17%). Cut-off
values for specificities 95-100% for NSE at 48 h are presented in
Supplementary material, Table S1.

The Youden index-based cut-off values for NSE 48 h according to age
and time to ROSC are presented in Supplementary material, Table S2.

The value of NSE in different age groups

The difference in NSE concentrations between patients with poor
outcome and those with good outcome was most remarkable in the
youngest quartile, whereas there was no statistically significant
difference in the oldest quartile. Distributions of NSE concentrations at
48 h for patients with poor outcome and for those with good outcome,
stratified according to age quartiles, are presented in Fig. 2.

The ability of NSE at 48 h to predict poor outcome in different age
groupsis presentedin Table 2. The ability of NSE at48 hto predictdeath
in hospital is presented in the Supplementary material, Table S3.

The value of NSE in different groups according to time to
ROSC

Distributions of NSE concentrations at 48 h for patients with poor and
for those with good outcome, stratified according to time to ROSC
quartiles, are presented in Fig. 3. The ability of NSE at 48 h to predict

1856 years 65763 years 64-71 years =72 years
L
1504 p<0.001 p=0.002 o p=0.002 p=0.687 A
°
°
NSE 48 1007
(ne/1) °
50
& L]
: "
i = = g
o1
T T T T T T T T
CPC 1-2 35 1-2 35 1-2 3-5 1-2 35

Fig. 2 - Distribution of NSE concentrations (j.g/l) at 48 h
for the patients with good (Cerebral Performance Cate-
gory, CPC 1-2) and poor (CPC 3-5) outcome in quartiles
according to age.

Boxplot figures; each box showing the interquartile
range, with a horizontal line inside the box showing
the median value; bars showing the range of values
except outliers (circles and stars), defined as values
more than 1.5 box lengths from the edge of the box.

Table 2 - The ability of NSE at 48 h to predict poor outcome at 12 months, for all patients and in quartiles according to age and time to ROSC.

Time to ROSC

Age

All

>29 min

21-28 min

14-20 min

1+13 min

years

>72

57-63 years 64-71 years

18-56 years

0.76 0.53 0.45 0.62 0.75 0.84

0.74

0.91

0.72

AUROC

NSE 48h

0.74-0.95
<0.001

74.3

0.61-0.89
0.004
56.7

0.44-0.80
0.132

27.8

0.30-0.61
0.598
6.7

0.37-0.70
0.687
31.0

0.62-0.90
0.002
56.0

0.60-0.88
0.002
47.6

0.81-1.00
<0.001

69.6
100
100

0.65- 0.80
<0.001

50.0

Cl (95%)

Sensitivity

NSE48h >20 g/l

91.7 85.7 95.1 97.8 89.5 76.5

90.2

92.6

Specificity
PPV

87.5 75.0 33.3 83.3 89.5 86.7

71.4
4.9 (1.7-13.7)

84.5

3.2 (1.3-7.6)

0.001
60.0
100
100

5.4 (1.4-20.7)

0.002
36.7
100
100

125 (1.6-99.7)

0.006

11.1

1.4 (0.1-14.0)

1.00
6.7

2.2 (0.7-7.1)

0,201
241

6.7 (1.7-26.5)

0,001
40.0
100
100

6.8 (3.5-13.1)
<0.001
35.7

LR+ (95% Cl)

0,003
33.3
100
100

<0.001
47.8
100
100

oo

Sensitivity

NSE 48h >37 g/l

100
100

97.6

95.2

99.2

Specificity
PPV

50.0

87.5

97.2

2.7 (0.2-41.0)

0.468

5.1 (0.7-38.2)

0.117

43.6 (6.1-312.4)

<0.001

LR+ (95% Cl)

<0.001

0.003

0.078

<0.001 0.001

<0.001

ROSC, return of spontaneous circulation; AUROC, area under the receiver operating characteristic curve; PPV, positive predictive value; LR+, positive likelihood ratio.
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"
p=0.132
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Fig. 3 - Distribution of NSE concentrations (j.g/l) at 48 h for the patients with good (Cerebral Performance Category,
CPC 1-2) and poor (CPC 3-5) outcome in quartiles according to time from collapse to ROSC.

Boxplot figures; each box showing the interquartile range, with a horizontal line inside the box showing the median
value; bars showing the range of values except outliers (circles and stars), defined as values more than 1.5 box lengths

from the edge of the box.

poor outcome in different groups according to time to ROSC is
presentedin Table 2. The prognostic value was poor in the first quartile
(=13 min), but improved with increasing time to ROSC, and was good
for patients with the longest time to ROSC (>29 min).

The ability of NSE at 48 h to predict death in hospital in different
quartiles according to time to ROSC is presented in the Supplemen-
tary material, Table S3.

The main results remained essentially unchanged after exclusion
of the patients with haemolytic blood samples (Supplementary
material, Table S4).

The value of NSE in addition to other prognostic data

Our baseline risk prediction model including age, time to ROSC, initial
rhythm and Simplified Acute Physiology Score (SAPS) Il points®’
without age points had an AUROC of 0.81 (0.75-0.86) for predicting
poor outcome at 12 months. When 48 h NSE was added to this model,
the AUROC increased to 0.84 (0.79-0.89) (p=0.021).

Regarding different age groups, adding NSE to the baseline risk
prediction model improved the AUROC only for the youngest patients
(18-56 years) (p=0.013).

Considering different times to ROSC, adding NSE to the baseline
model improved the AUROC only for patients with longest time to
ROSC (29 min or more) (p < 0.001).

AUROC, NRIl and IDI data for all patients and according to age and
time to ROSC quartiles are presented in Table 3.

NSE analyses were available in 9 of 21 participating hospitals at
the time of the FINNRESUSCI study. These hospitals treated 35.3% of
the study patients. The prognostic ability of NSE was dependent on
age and time to ROSC in both hospital groups (Supplementary
Tables S5 and S6).

Discussion

The main finding of our study is that the ability of NSE to predict one-
year outcome was dependent on both the patient’s age and the time

from collapse to ROSC. In young patients, NSE at 48h had an
excellent predictive value, whereas the predictive value was poor in
the oldest patients. For patients with a short time from collapse to
ROSC, NSE at 48 h was not able to predict outcome, but it showed a
good predictive ability for patients with a long time to ROSC. These
findings are important as NSE is one of the parameters commonly
used in prognostication of patients resuscitated from cardiac arrest.
Further refinement of the use of NSE by identifying appropriate and
inappropriate patient groups is of great importance.

We suggest that there may be a plausible explanation for our
findings: NSE is a marker of neurological injury, but it may not be able
to predict a poor long-term prognosis that is caused by other factors
than hypoxic brain injury. For young patients, poor outcome after
cardiac arrest is often associated with hypoxic brain damage, whereas
poor long-term outcome in elderly patients may often be influenced by
other factors (e.g. heart failure, pulmonary or renal disease, infirmity),
i.e. factors that may not be reflected by post-resuscitation NSE levels.
For patients who die after initially successful resuscitation, hypoxic
brain injury is the most common cause of death, but deaths because of
circulatory failure also occur frequently.®

In the normal population, NSE levels do not vary significantly in
different ages.?® However, in patients with Alzheimer’s disease, NSE
concentrations in serum tend to decrease with increasing severity of
brain atrophy.® It might be possible that Alzheimer’s disease and
other neurodegenerative disorders that are more common among the
old than in younger people may cause loss of neuronal tissue, which
might decrease the response of increasing NSE concentrations after
hypoxic brain injury.

In addition to age, the time from collapse to ROSC influenced the
ability of NSE to predict poor outcome. NSE at 48 h showed good
predictive ability for patients with along time to ROSC, but not for those
with a short time to ROSC. A possible explanation is that for cardiac
arrest patients with a long time to ROSC, the cause of poor outcome is
often hypoxic brain injury that typically causes high NSE concen-
trations, whereas a poor outcome despite a short time to ROSC may
not be caused by hypoxic encephalopathy, but rather the underlying
conditions responsible for the cardiac arrest. In the study by
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Streitberger et al. on 1053 resuscitated patients, the cause of death
was other than hypoxic brain injury for the majority of patients who died
even though the NSE concentration was 17 g/l or lower.*

In our study, the cut-off obtained with the Youden method was
20 wg/l, whereas it was 29 g/l in the study by Stammet et al. For a
99% threshold of specificity, the cut-off was 37 Lg/l, as compared to
68 g/l in the study by Stammet et al. Requiring 100% specificity
results in low sensitivity, which limits the clinical use of biomarkers,
and a lower specificity for cut-off values has been proposed by
Stammet et al.®"

Optimal cut-off values for NSE at 48 h to predict poor neurological
outcome have varied between 25 and 97 g/l in different studies.*'"'®
There are several possible explanations for the large variation: there are
differences in laboratory methods,®® in patient case-mix,*'® in
definitions of poor outcome'® and in the time between the cardiac
arrest and the assessment of neurological outcome.®*'6:3%36
Commonly, outcome has been determined at six months after cardiac
arrest,>'®* whereas we assessed outcome at 12 months.

For some individuals, NSE concentrations after cardiac arrest and
resuscitation may be high although their prognosis is good.® %7
Also, ischaemic or haemorrhagic stroke or traumatic intracerebral
bleeding increase the serum NSE values, but high levels do not
exclude the possibility of a good outcome.'®'* In addition,
extracerebral sources of NSE may cause bias: high NSE concen-
trations have been found in association with several diseases,
including small cell lung cancer® and many neuroendocrine tumors.®”
Therefore, itis advisable to avoid decisions about futility of care on the
basis of NSE concentrations alone. Nevertheless, NSE is a useful part
of multimodal prognostication based on repeated clinical examination,
electrophysiological studies and brain imaging.” However, it is
important to realise that haemolysis may increase NSE concen-
trations,*'® and NSE measurements from haemolytic blood samples
must not be used for prognostication.

Strengths and limitations

Our study has a number of strengths. This was a nationwide
multicentre study with 249 patients. All blood samples were analysed
in the same laboratory at one time and long-term neurological
outcome was defined by an experienced neurologist blinded to the
NSE results.

There are also limitations. Firstly, we did not have blood samples
from all FINNRESUSCI study patients. In fact, there was a difference
in the proportion of shockable rhythms between our study (71.1%) and
the original FINNRESUSCI study (56.8%) and in the proportion of
cardiac aetiology of CA (79.9% vs. 66.3). Accordingly, the proportion
of patients with good outcome was higher in our study (51%) than in
the original FINNRESUSCI study (38.5%), indicating some degree of
selection bias. Secondly, we do not know the best CPC or the cause of
death of our study patients. Third, the number of patients in the
subgroups was rather small.

Conclusions

In this observational study, we found that the ability of NSE at 48 h to
predict long-term outcome after resuscitation from OHCA was good
for young patients and for patients with a long time from collapse to
ROSC, but poor for the oldest patients and for those with a shorttime to

ROSC. If these findings are confirmed in other studies, they should be
taken into account when prognostication guidelines are updated.

The FINNRESUSCI Study Group: Satakunta Central Hospital, Dr.
Vesa Lund, Paivi Tuominen, Satu Johansson, Pauliina Perkola, Elina
Kumpulainen; East Savo Central Hospital, Dr. Markku Suvela, Sari
Hirvonen, Sirpa Kauppinen; Central Finland Central Hospital, Dr. Raili
Laru-Sompa, Mikko Reilama; South Savo Central Hospital, Dr. Heikki
Laine, Pekka Kettunen, lina Smolander; North Karelia Central
Hospital, Dr. Matti Reinikainen, Tero Surakka; Seindjoki Central
Hospital, Dr. Kari Saarinen, Pauliina Lahdeaho, Johanna Soini; South
Carelia Central Hospital, Dr. Seppo Hovilehto; Péijat-Hame Central
Hospital, Dr. Pekka Loisa, Alli Parviainen, Pirjo Tuomi; Vaasa Central
Hospital, Dr. Simo-Pekka Koivisto, Dr. Raku Hautamaki; Kanta-Hame
Central Hospital, Dr. Ari Alaspaéd, Tarja Heikkild; Lappi Central
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Hospital, Dr. Seija Alila, Dr. Jussi Pentti, Reija Koskinen; Lansi-Pohja
Central Hospital, Dr. Jorma Heikkinen; Helsinki University Hospital,
Jorvi Hospital, Dr. Jukka Vaahersalo, Dr. Tuomas Oksanen, Dr. Tero
Varpula, Anne Eronen, Teemu Hult, Taina Nieminen; Meilahti Hospital
Medical ICU, Dr. Tom Bé&cklund, Leevi Kauhanen; Meilahti Hospital
ICU, Dr. Kirsi-Maija Kaukonen, Dr. Ville Pettild, Leena Pettila, Sari
Sutinen; Turku University Hospital, Dr. Juha Perttila, Keijo Leivo;
Tampere University Hospital, Dr. Sanna Hoppu, Dr. Jyrki Tenhunen,
Dr. Sari Karlsson, Atte Kukkurainen, Simo Varila, Samuli Kortelainen,
Minna-Liisa Peltola; Kuopio University Hospital, Dr. Pamela Hiltunen,
Dr. Jouni Kurola, Dr. Esko Ruokonen, Elina Halonen, Saija Rissanen,
Sari Rahikainen; Oulu University Hospital, Dr. Risto Ahola, Dr. Tero
Ala-Kokko, Sinikka Salkio.

Conflicts of interests

None.

Acknowledgments

This study was funded by Dr. Kaukonen'’s Clinical Researcher Grant
from the Academy of Finland. Writing of the manuscript was funded by
a grant from Maire Jokinen’s foundation to Dr. Wihersaari.

The authors thank biostatistician Tuomas Selander, MSc, for help
with the statistical analyses.

Appendix A. Supplementary data

Supplementary material related to this article can be found, in the online
version, at doi:https://doi.org/10.1016/j.resuscitation.2019.04.021.

REFERENCES

1. Sandroni C, Cariou A, Cavallaro F, et al. Prognostication in comatose
survivors of cardiac arrest: an advisory statement from the European
Resuscitation Council and the European Society of Intensive Care
Medicine. Resuscitation 2014;85:1779-89.

2. Booth CM, Boone RH, Tomlinson G, Detsky AS. Is this patient dead,
vegetative, or severely neurologically impaired? Assessing outcome
for comatose survivors of cardiac arrest. JAMA 2004;291:870-9.


https://doi.org/10.1016/j.resuscitation.2019.04.021
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0005
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0005
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0005
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0005
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0010
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0010
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0010

RESUSCITATION 139 (2019) 214 -221

221

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Stammet P, Collignon O, Hassager C, et al. Neuron-specific enolase

as a predictor of death or poor neurological outcome after out-of-
hospital cardiac arrest and targeted temperature managementat 33°C
and 36°C. J Am Coll Cardiol 2015;65:2104-14.

. Streitberger KJ, Leithner C, Wattenberg M, et al. Neuron-specific

enolase predicts poor outcome after cardiac arrest and targeted
temperature management: a multicenter study on 1,053 patients. Crit
Care Med 2017;45:1145-51.

. Oddo M, Rossetti AO. Early multimodal outcome prediction after

cardiac arrest in patients treated with hypothermia. Crit Care Med
2014;42:1340-7.

. Nolan JP, Soar J, Cariou A, et al. European Resuscitation Council and

European Society of Intensive Care Medicine 2015 guidelines for post-
resuscitation care. Intensive Care Med 2015;41:2039-56.

. Sandroni C, D’Arrigo S, Nolan JP. Prognostication after cardiac arrest.

Crit Care 201822:.

. Tiainen M, Roine RO, Pettila V, Takkunen O. Serum neuron-specific

enolase and S-100B protein in cardiac arrest patients treated with
hypothermia. Stroke 2003;34:2881-6.

. Esscher T, Steinholtz L, Bergh J, Nou E, Nilsson K, Pahlman S.

Neurone specific enolase: a useful diagnostic serum marker for small
cell carcinoma of the lung. Thorax 1985;40:85-90.

Pfeifer R, Ferrari M, Borner A, Deufel T, Figulla HR. Serum
concentration of NSE and S-100b during LVAD in non-resuscitated
patients. Resuscitation 2008;79:46-53.

Sandroni C, Cavallaro F, Callaway CW, et al. Predictors of poor
neurological outcome in adult comatose survivors of cardiac arrest: a
systematic review and meta-analysis. Part 2: patients treated with
therapeutic hypothermia. Resuscitation 2013;84:1324-38.
Cunningham R, Young ISWJ, O’Kane MJMS, et al. Serum neurone
specific enolase (NSE) levels as an indicator of neuronal damage in
patients with cerebral infarction. Eur J Clin Investig 1991;21:497-500.
Skogseid IM, Nordby HK, Urdal P, Paus E, Lilleaas F. Increased serum
creatine kinase BB and neuron specific enolase following head injury
indicates brain damage. Acta Neurochir (Wien) 1992;115:106-11.
Schaarschmidt H, Prange HW, Reiber H. Neuron-specific enolase
concentrations in blood as a prognostic parameter in cerebrovascular
diseases. Stroke 1994;25:558-65.

Daubin C, Quentin C, Allouche S, et al. Serum neuron-specific enolase
as predictor of outcome in comatose cardiac-arrest survivors: a
prospective cohort study. BMC Cardiovasc Disord 201111:.

Zellner T, Gartner R, Schopohl J, Angstwurm M. NSE and S-100B are
not sufficiently predictive of neurologic outcome after therapeutic
hypothermia for cardiac arrest. Resuscitation 2013;84:1382-6.
Stammet P, Wagner DR, Gilson G, Devaux Y. Modeling serum level
of s100beta and bispectral index to predict outcome after cardiac
arrest. J Am Coll Cardiol 2013;62:851-8.

Laver S, Farrow C, Turner D, Nolan J. Mode of death after admission to
an intensive care unit following cardiac arrest. Intensive Care Med
2004;30:2126-8.

Vaahersalo J, Hiltunen P, Tiainen M, et al. Therapeutic hypothermia
after out-of-hospital cardiac arrest in Finnish intensive care units: the
FINNRESUSCI study. Intensive Care Med 2013;39:826-37.

Jennett B, Bond M. Assessment of outcome after severe brain
damage. Lancet 1975;1:480-4.

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Hanley JA, McNeil BJ. The meaning and use of the area under a
receiver operating characteristic (ROC) curve. Radiology
1982;143:29-36.

Youden WJ. Index for rating diagnostic tests. Cancer 1950;3:32-5.
Greiner M, Pfeiffer D, Smith RD. Principles and practical application of
the receiver-operating characteristic analysis for diagnostic tests. Prev
Vet Med 2000;45:23-41.

Pencina MJ, D’Agostino RBS, D’Agostino Jr. RB, Vasan RS.
Evaluating the added predictive ability of a new marker: from area
under the ROC curve to reclassification and beyond. Stat Med
200827:.

Leening MJ, Vedder MM, Witteman JC, Pencina MJ, Steyerberg EW.
Net reclassification improvement: computation, interpretation, and
controversies: a literature review and clinician’s guide. Ann Intern Med
2014;160:122-31.

Pickering JW, Endre ZH. New metrics for assessing diagnostic
potential of candidate biomarkers. Clin J Am Soc Nephrol
2012;7:1355-64.

Le Gall JR, Lemeshow S, Saulnier F. A new Simplified Acute
Physiology Score (SAPS Il) based on a European/North American
multicenter study. JAMA 1993;270:2957-63.

Lemiale V, Dumas F, Mongardon N, et al. Intensive care unit mortality
after cardiac arrest: the relative contribution of shock and brain injury in
a large cohort. Intensive Care Med 2013;39:1972-80.

Casmiro M, Maitan S, De Pasquale F, et al. Cerebrospinal fluid and
serum neuron-specific enolase concentrations in a normal population.
Eur J Neurol 2005;12:369-74.

Chaves ML, Camozzato AL, Ferreira ED, et al. Serum levels of S100B
and NSE proteins in Alzheimer’s disease patients. J
Neuroinflammation 20107:.

Stammet P, Dankiewicz J, Nielsen N, et al. Protein S100 as outcome
predictor after out-of-hospital cardiac arrest and targeted temperature
management at 33 degrees C and 36 degrees C. Crit Care 201721:.
Stern P, Bartos V, Uhrova J, et al. Performance characteristics of
seven neuron-specific enolase assays. Tumour Biol 2007;28:84-92.
Choi S, Park K, Ryu S, et al. Use of S-100B, NSE, CRP and ESR to
predict neurological outcomes in patients with return of spontaneous
circulation and treated with hypothermia. Emerg Med J 2016;33:690-
5.

Vondrakova D, Kruger A, Janotka M, et al. Association of neuron-
specific enolase values with outcomes in cardiac arrest survivors is
dependent on the time of sample collection. Crit Care 201721:.
Pfeifer R, Franz M, Figulla HR. Hypothermia after cardiac arrest does
not affect serum levels of neuron-specific enolase and protein S-100b.
Acta Anaesthesiol Scand 2014;58:1093-100.

Roger C, Palmier L, Louart B, et al. Neuron specific enolase and
Glasgow motor score remain useful tools for assessing neurological
prognosis after out-of-hospital cardiac arrest treated with therapeutic
hypothermia. Anaesth Crit Care Pain Med 2015;34:231-7.

Mjones P, Sagatun L, Nordrum IS, Waldum HL. Neuron-specific
enolase as an immunohistochemical marker is better than its
reputation. J Histochem Cytochem 2017;65:687-703
22155417733676.


http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0015
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0015
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0015
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0015
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0020
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0020
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0020
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0020
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0025
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0025
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0025
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0030
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0030
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0030
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0035
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0035
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0040
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0040
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0040
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0045
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0045
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0045
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0050
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0050
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0050
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0055
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0055
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0055
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0055
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0060
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0060
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0060
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0065
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0065
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0065
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0070
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0070
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0070
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0075
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0075
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0075
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0080
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0080
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0080
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0085
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0085
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0085
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0090
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0090
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0090
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0095
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0095
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0095
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0100
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0100
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0105
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0105
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0105
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0110
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0115
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0115
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0115
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0120
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0120
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0120
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0120
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0125
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0125
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0125
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0125
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0130
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0130
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0130
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0135
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0135
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0135
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0140
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0140
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0140
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0145
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0145
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0145
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0150
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0150
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0150
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0155
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0155
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0155
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0160
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0160
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0165
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0165
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0165
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0165
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0170
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0170
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0170
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0175
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0175
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0175
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0180
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0180
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0180
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0180
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0185
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0185
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0185
http://refhub.elsevier.com/S0300-9572(19)30138-8/sbref0185

	Usefulness of neuron specific enolase in prognostication after cardiac arrest: Impact of age and time to ROSC
	Introduction
	Methods
	Study population
	Data collection
	Blood sampling and biomarker analysis
	Statistical analysis

	Results
	Patient outcomes and prognostic ability of NSE
	Cut-off values
	The value of NSE in different age groups
	The value of NSE in different groups according to time to ROSC
	The value of NSE in addition to other prognostic data

	Discussion
	Strengths and limitations
	Conclusions
	Conflicts of interests
	Acknowledgments
	Appendix A Supplementary data
	References


