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Abstract

Background Serum neuron-specific enolase (NSE) is the only recommended biomarker for multimodal prognos-
tication in postcardiac arrest patients, but low sensitivity of absolute NSE threshold limits its utility. This study aimed
to evaluate the prognostic performance of serum NSE for poor neurologic outcome in out-of-hospital cardiac arrest
(OHCA) survivors based on their initial rhythm and to determine the NSE cutoff values with false positive rate (FPR)
< 1% for each group.

Methods This study included OHCA survivors who received targeted temperature management (TTM) and had
serum NSE levels measured at 48 h after return of spontaneous circulation in the Korean Hypothermia Network,

a prospective multicenter registry from 22 university-affiliated teaching hospitals in South Korea between October
2015 and December 2018. The primary outcome was poor outcome at 6 month, defined as a cerebral performance
category of 3-5.

Results Of 623 patients who underwent TTM with NSE measured 48 h after the return of spontaneous circulation,
245 had an initial shockable rhythm. Median NSE level was significantly higher in the non-shockable group than in the
shockable group (104.6 [40.6-228.4] vs. 25.9 [16.7-53.4] ng/mL, P<0.001). Prognostic performance of NSE assessed by
area under the receiver operating characteristic curve to predict poor outcome was significantly higher in the non-
shockable group than in the shockable group (0.92 vs 0.86). NSE cutoff values with an FPR < 1% in the non-shockable
and shockable groups were 69.3 ng/mL (sensitivity of 76.0%) and 102.7 ng/mL (sensitivity of 42.1%), respectively.
Conclusion NSE prognostic performance and its cutoff values with FPR < 1% for predicting poor outcome in OHCA
survivors who underwent TTM differed between shockable and non-shockable rhythms, suggesting postcardiac
arrest survivor heterogeneity.
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Prognosis

Background

Blood biomarkers are an attractive modality for predicting
outcomes in postcardiac arrest survivors, which are easy to
obtain, quantifiable, observer independent, and insensitive
to sedation [1-6]. Among the biomarkers, neuron-specific
enolase (NSE) is the only recommended biomarker for mul-
timodal prognostication in postcardiac arrest survivors [7,
8]. Current American Heart Association guidelines suggest
that high NSE values within 72 h after cardiac arrest could
be a robust predictor of poor outcome. The recently updated
European Resuscitation Council/European Society of Inten-
sive Care Medicine (ERC/ESICM) guidelines recommend
that an NSE threshold level >60 ng/mL at 48 and/or 72 h
after cardiac arrest indicates poor outcomes in their prog-
nostication strategy algorithm [7, 8]. However, varying NSE
thresholds have been reported from different studies, and
high NSE cutoff values for achieving high specificity result in
low sensitivity [9, 10]. The clinical utility of the absolute NSE
threshold is limited and further evidence is needed.

Serum NSE levels reflect neuronal cell damage and
hypoxic-ischemic brain injury [11]; however, outliers have
been reported in patients with good outcomes despite high
NSE levels and those with poor outcomes despite low NSE
levels [4, 7, 12]. In addition to extracerebral sources of NSE
and the different measurement techniques, such incon-
sistency in NSE thresholds suggests that NSE level may
be influenced by other clinical factors [4, 7, 12]. A recent
study discovered the prognostic accuracy of NSE was
decreased in elderly patients and those with a short time
from collapse to return of spontaneous circulation (ROSC)
(1-13 min) [12]. However, the impact of the initial rhythm
on NSE prognostic value is unclear.

We hypothesized that optimal cutoff values of NSE for
poor neurologic outcomes differ between shockable and
non-shockable out-of-hospital cardiac arrest (OHCA).
We aimed to assess the prognostic performance of NSE
measured at 48 h after ROSC for poor neurologic out-
come in comatose postcardiac arrest survivors treated
with targeted temperature management (TTM) based on
shockable and non-shockable initial rhythm and to estab-
lish NSE cutoft values for poor neurologic outcome with
false positive rate (FPR) < 1% in shockable and non-shock-
able cardiac arrest, respectively.

Methods

Study design and population

This study is a sub-study of the Korean Hypothermia
Network prospective registry (KORNH-PRO) [13].

Briefly, KORHN-PRO 1.0 is a web-based registry of
OHCA survivors treated with TTM in 22 academic
hospitals in South Korea between November 2015 and
December 2018. KORHN-PRO registry (http://pro.
korhn.or.kr/) collected 136 variables with 839 datasets
and was registered on the International Clinical Trials
Registry Platform (NCT02827422). All the variables were
defined based on the Utstein template [14]. The partici-
pating institutions were distributed evenly across the
country. The inclusion criteria of the KORNH-PRO reg-
istry were comatose adult (aged > 18 years) patients with
non-traumatic OHCA who were treated with TTM, and
the exclusion criteria were patients with active intrac-
ranial bleeding or acute ischemic stroke, limitations in
therapy, a do-not-attempt resuscitation order, cerebral
performance category (CPC) 3 or 4 before OHCA, body
temperature<30 °C on admission, and unknown out-
comes for 6 months after the ROSC. Among the patients
enrolled in the KORHN-PRO registry, this study included
those who underwent serum NSE level measurement
48 h after ROSC.

All the enrolled patients received post-resuscitation
care in accordance with the then-current international
guidelines. The active withdrawal of life-sustaining treat-
ment (WSLT) was legally prohibited in South Korea until
February 2018, and all patients were admitted to hospi-
tals with conservative treatment until death or recovery.
The researchers conducted clinical follow-ups to deter-
mine the neurologic status according to the CPC score at
discharge, 1 and 6 months after OHCA, through face-to-
face visits or standardized follow-up telephone interviews
with the patient or a primary caregiver (family member).
The Institutional Review Board of all participating hospi-
tals reviewed and approved the study protocol, including
the Institutional Review Board of Asan Medical Center
(2015-1052). Written informed consent was obtained
from legal surrogates before the enrollment due to the
patient’s comatose state.

Data collection and endpoints

Demographic and clinical data were extracted from the
web-based registry. The variables investigated in this
study were: age, sex, medical history, witnessed arrest,
bystander cardiopulmonary resuscitation (CPR), arrest
cause, initial documented rhythm (shockable vs. non-
shockable), time from CPR to ROSC, time from ROSC
to TTM initiation, target temperature, serum NSE
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levels measured 48 h after ROSC, and the poor neurolog-
ical outcomes at one and six months after cardiac arrest,
defined as a CPC score of 3-5. Of the 22 sites, 17 pro-
vided NSE levels 48 h after ROSC.

Statistical analyses

Continuous variables were presented as median with
interquartile ranges due to their non-normal distribu-
tion based on the Kolmogorov—Smirnov test. Categori-
cal variables were expressed as numbers and percentages.
Demographic and clinical characteristics between groups
with initial shockable and non-shockable rhythms were
compared using the chi-square or Fisher’s exact test for
categorical variables and the Mann—-Whitney U test for
continuous variables, as appropriate. Univariate logis-
tic analysis was first performed to evaluate the prog-
nostic ability of each variable, and the variables with a
P value 0f<0.05 in the univariate analysis were analyzed
by multivariate logistic regression based on a backward
elimination method. The results of the logistic regression
analysis were summarized using odds ratios (ORs) and
the respective 95% confidence intervals (CIs). Variables
were tested for goodness of fit using a Hosmer—Leme-
show test. The receiver operating characteristic curves
with 95% confidence intervals were examined to deter-
mine the performance of the NSE level 48 h after ROSC
in predicting a poor neurological outcome at six months.
The area under the curve (AUC) for each group was cal-
culated and compared using DeLong’s test [15]. The opti-
mal cutoff value of the NSE level at 48 h for each group
was determined using the Youden index, which defines
the cutoff in terms of the maximal sum of sensitivity and
specificity. We also determined the NSE cutoff values
with FPR<1% in shockable and non-shockable cardiac
arrest. A two-tailed P value of<0.05 was considered sig-
nificant. Statistical analyses were conducted using SPSS
24.0 (SPSS Inc., Chicago, IL, USA) and MedCalc® Sta-
tistical Software version 20.118 (MedCalc Software Ltd,
Ostend, Belgium; https://www.medcalc.org; 2022).

Results
During the study period, 1373 comatose OHCA survi-
vors were enrolled in the KORHN-PRO registry (Fig. 1).
Among these cases, 623 patients were included in our
study after excluding 750 patients who did not undergo
the NSE test in participating hospitals during post-resus-
citation care (n=366), died within 48 h after cardiac
arrest (n=227), were lost to measured NSE level at 48 h
(n=147), or were not followed up (n=10).

The demographic and clinical characteristics of the
patients with initial shockable and non-shockable
rhythms are summarized in Table 1. Patients with initial
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shockable rhythm were younger. Patients with initial
shockable rhythm had a higher rate of witnessed cardiac
arrest (83.2% vs. 60.9%, P<0.001) and received bystander
CPR more frequently (71.0% vs. 56.9%, P<0.001). The
cause of arrest also differed between both groups;
almost all patients with initial shockable rhythm were
presumed to have cardiogenic cause of cardiac arrest
(96.7%), approximately two-fifths (41.8%) of those with
initial non-shockable rhythm. Resuscitation duration
was significantly shorter in the initial shockable group,
whereas the no-flow time did not differ between both
groups. Serum NSE level at 48 h after ROSC was lower
in the patients with initial shockable rhythm (median, vs.
104.55 ng/mL, P<0.001). Time interval to TTM and tar-
get temperature did not differ between the two groups.
However, withholding or withdrawing therapies occurred
more frequently in patients in the initial non-shockable
group. The median time to withdrawing therapies from
ROSC was 121.0 h in this cohort. The rate of good neu-
rological outcome at 6 months was significantly higher
in the initial shockable rhythm group than in the non-
shockable group (69.0% vs. 16.1%, P<0.001).

In multivariate logistic regression analysis using the
significant variables in the univariate logistic regression
analysis, NSE level at 48 h after ROSC (adjusted OR,
1.05; 95% CI, 1.04—1.06; P<0.001) was associated with
poor neurologic outcomes at six months (Table 2). In
subgroup analysis according to initial documented arrest
rhythm (shockable or non-shockable), the adjusted ORs
of NSE at 48 h after ROSC were 1.05 (95% CI, 1.03—1.06;
P<0.001) in patients with shockable rhythm and 1.06
(95% CI, 1.04-1.09; P<0.001) in patients with non-
shockable rhythm, respectively.

The predictive performance of NSE level at 48 h after
ROSC for poor neurologic outcome at 6 months was
superior in patients with initial non-shockable rhythm
(AUC, 0.923; 95% CI, 0.897-0.949) to those with initial
shockable rhythm (AUC, 0.860; 95% CI, 0.806-0.914,
P=0.04) (Fig. 2). The optimal cutoff value based on the
Youden index was 57.61 ng/mL in the total population;
35.34 ng/mL and 49.19 ng/mL in patients with initial
shockable rhythm and non-shockable rhythm, respec-
tively (Table 3). An NSE value of>102.72 ng/mL in the
initial shockable group predicted a poor neurological
outcome at 6 months with a 0.6% FPR and a 42.1% sen-
sitivity. In the initial non-shockable group, the NSE cut-
off value with an FPR < 1% was 69.28 ng/mL with a 76.0%
sensitivity. When the previously suggested NSE value
of >60 ng/mL was applied, it predicted a poor outcome
with a 4.7% FPR and a 57.9% sensitivity in the initial
shockable group and a 3.3% FPR and a 78.2% sensitivity
in the initial non-shockable group.
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All OHCA patients
from November 2015 to December 2018
(N=10,258)
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Patients excluded (N=8,872):

A 4

4

No sustained ROSC (N=6,297)

Not treated with TTM (N=668)

Known DNR order (N=617)

Able to obey verbal commands after ROSC (N=448)

Suspected or confirmed acute stroke (N=310)

Poor pre-arrest neurologic status (N=149)

Age < 18 years (N=100)

Known terminal disease with life expectancy < 180 days (N=30)
Temperature on admission < 30°C (N=3)

Refused to participate in follow-up (N=263)

Enrolled patients into
(N=1,373)

KORHN-PRO registry

Patients excluded (N=750):

\4

No NSE measurement in participating hospitals (N=366)
Death within 48 hours after cardiac arrest (N=227)
Missing NSE measurement at 48 hours (N=147)
Follow-up loss (N=10)

A 4

Patients included for analyses
(N=623)

v A

Patients with
initial shockable rhythm
(N=245, 39.3%)

Patients with
initial non-shockable rhythm
(N=378, 60.7%)

Fig. 1 Flow diagram of the patient selection process. DNR, do-not-attempt resuscitation; KORHN-PRO, Korean Hypothermia Network prospective
registry; OHCA, out-of-hospital cardiac arrest; ROSC, return of spontaneous circulation; TTM, targeted temperature management; NSE,

neuron-specific enolase

Discussion

In this prospective multicenter registry-based cohort
study, we discovered that NSE level measured at 48 h
revealed better prognostic performance for poor neu-
rological outcome in patients with initial non-shocka-
ble rhythm than in those with initial shockable rhythm
(AUC, 0.92 vs. 0.86, P=0.04). We also identified different
NSE cutoff values with an FPR < 1% for the shockable and
non-shockable rhythm groups as 103 ng/mL and 69 ng/
mlL, respectively. Our findings suggest the heterogeneity
of postcardiac arrest survivors and implied that inter-
pretation of some diagnostic test such as NSE may need
to vary depending on the patient’s important prognostic
characteristics, such as initial rhythm.

Previous guidelines suggested an NSE threshold
of >33 ng/mL on days 1-3 for poor outcomes with
FPR<3% [16]. However, patients with high NSE levels
sometimes had good neurologic outcomes, particularly
patients treated with TTM [17]. The results are conflict-
ing; however, higher NSE thresholds have been war-
ranted to avoid the wrong prognostic decision-making.
In the TTM substudy, NSE had an AUC of 0.85-0.86 at
48-72 h, and NSE cutoff values with FPR from 5 to 1%
ranged from 42 to 68 ng/mL, and 33-45 ng/mL at 48
and 72 h, respectively [9]. A multicenter study on 1,053
in-hospital cardiac arrest and OHCA patients treated
with TTM at 32-34 °C reported that the NSE at 72 h had
an AUC of 0.85-0.90 and the NSE threshold for poor
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Table 1 Demographic and clinical characteristics of study patients according to initial documented cardiac arrest rhythm
Characteristics Total (N=623) Patients with initial Patients with initial non- p value

Age, years
Male
Previous medical history

58.0 (47.0-68.0)
455 (73.0%)

Hypertension 221 (35.5%)
Diabetes mellitus 46 (23.4%)
Acute myocardial infarction 41 (6.6%)
Congestive heart failure 21 (3.4%)
Chronic kidney disease 43 (6.9%)
Witnessed 429 (69.8%)
Bystander CPR 389 (62.4%)
Arrest cause
Presumed cardiac 395 (63.4%)
Other medical cause 96 (15.4%)
External cause 132 (21.2%)
No flow time, min 0(0.0-7.0)
Resuscitation duration, min 23.0(13.0-36.0)
Time from ROSC to TTM initiation, hours 6(2.5-5.1)
Target temperature
33°C 450 (72.2%)
34-35°C 137 (22.0%)
36°C (5 8%)
ECMO<48h 9 (4.7%)
Hemodialysis <48 h 104 (167%)
Intra-arterial balloon pump 1(0.2%)
NSE at 48 h after ROSC, ng/mL 50.02 (22.58-182.07)
Absent pupillary reflex at>72 h* 243 (39.0%)

Withholding or withdrawing therapies

None 522 (83.8%)

No therapeutic escalation 14 (2.2%)

No CPR in case of a re-arrest 70 (11.2%)
Withdrawing therapies 17 (2. 7%)
Time from ROSC to withdrawing therapies, hours 121.0(91.0-198.0), n

(

Good neurologic outcome at 6 month 230 (36. 9%)

shockable rhythm shockable rhythm (N=378)
(N=245)

56.0 (44.5-63.0) 60.0 (48.0-71.0) <0.001
197 (80.4%) 258 (68.3%) 0.001
78 (31.8%) 143 (37.8%) 0.13

33 (13.5%) 13 (29.9%) <0.001
18 (7.3%) 23 (6.1%) 0.54
7 (2.9%) 14 (3.7%) 0.57
3(1.6%) 39(10.3%) <0.001
203 (83.2%) 226 (60.9%) <0.001
74 (71.0%) 215 (56.9%) <0.001
<0.001
237 (96.7%) 8 (41.8%)
5 (2.0%) (24 1%)
3(1.2%) 29 (34.1%)
1.0 (0.0-5.0) .0(0.0-8.0) 0.14
190( 1.0-32.5) 250(50 37.0) 0.001
6(2.5-4.9) 6(24-53) 0.46
045
81 (73.9%) 269 (71.2%)
48 (19.6%) 89 (23.5%)
6 (6.5%) 20 (5.3%)
19 (7.8%) 0(2.6%) 0.003
28 (11.4%) 76 (20.1%) 0.005
1(0.4%) 0 (0%) 039
25.89 (16.69-53.40) 104.55 (40.63-228.38) <0.001
37 (15.1%) 206 (54.5%) <0.001
<0.001
228 (93.1%) 294 (77.8%)
0 (0%) 4(3.7%)
14 (5.7%) 6 (14.8%)
3(1.2%) 4(3.7%)
94.0 (84.0-96.5), n=3 1600(1140 201.0),n=14 0.12
169 (69.0%) 61 (16.1%) <0.001

Values are expressed as median (interquartile ranges) or n (%) as appropriate

*The results were missing in 41 patients, including 17 in the shockable rhythm group (6.9%) and 24 in the non-shockable rhythm group (6.3%), respectively

CPR Cardiopulmonary resuscitation; ECMO Extracorporeal membrane oxygenation; ROSC Return of spontaneous circulation; TTM Targeted temperature management;

NSE Neuron-specific enolase

outcome with FPR 0.5% was >90 pg/L [17]. These are
consistent with our result that the prognostic value of
NSE at 48 h for poor outcome was an AUC of 0.91 (95%
CI, 0.89-0.93). When postcardiac arrest survivors were
classified according to their initial rhythm, NSE at 48 h in
initial non-shockable rhythm group had the highest AUC
of 0.92 (95% CI 0.90-0.95).

A higher prognostic value of NSE in initial non-shock-
able rhythm group than initial shockable rhythm group
may be attributed to the following factors. Firstly, a non-
cerebral cause-of-death caused by circulatory failure
would be more prevalent in OHCA patients with initial
shockable rhythm compared to the patients with non-
shockable rhythm, where death caused by neurologic
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Table 2 Logistic regression analysis for poor neurologic outcome at six months in the patients with out-of-hospital cardiac arrest

Characteristics OR 95% Cl P value Adjusted OR 95% Cl P value
Age, years 1.03 1.02-1.04 <0.001 1.05 1.02-1.07 <0.001
Male 0.65 0.44-0.95 0.03
Previous medical history
Hypertension 152 1.07-2.15 0.02
Diabetes mellitus 2.30 1.50-3.51 <0.001 1.74 091-3.33 0.09
Acute myocardial infarction 1.14 0.58-2.22 0.70
Congestive heart failure 1.18 0.47-2.96 0.73
Chronic kidney disease 233 1.10-4.94 0.03
Arrest characteristics
Witnessed 0.39 0.27-0.58 <0.001
Bystander CPR 0.63 0.45-0.89 0.01
Initial shockable rhythm 0.09 0.06-0.13 <0.001 022 0.12-041 <0.001
Resuscitation duration, min 1.06 1.04-1.07 <0.001 1.02 1.00-1.04 0.02
Arrest cause
External cause Reference <0.001 Reference 0.03
Presumed cardiac cause 0.06 0.19-0.19 <0.001 033 0.13-0.83 0.02
Other medical cause 0.77 0.33-1.76 0.53 0.74 0.24-2.25 0.59
Target temperature
33°C Reference 0.58
34-35°C 1.19 0.80-1.78 040
36°C 0.84 0.42-4.58 1.68
NSE at 48 h after ROSC, ng/mL 1.05 1.04-1.06 <0.001 1.05 1.04-1.06 <0.001

Cl Confidence interval; CPC Cerebral Performance Category; CPR Cardiopulmonary resuscitation; NSE Neuron-specific enolase; OR Odds ratio

injury may be more prevalent [18-20]. Additionally, the
predictive performance of NSE was positively associ-
ated with the severity of hypoxic-ischemic damage. A
recent study demonstrated that the prognostic perfor-
mance of NSE differed by age and resuscitation duration
[12]. The predictive value was poor for the patients with
short resuscitation duration (AUC of 0.45) but was good
for those with long resuscitation duration (AUC of 0.84).
The patients with initial non-shockable rhythm in our
study appeared to have more severe hypoxic-ischemic
damage including brain, which the patients with initial
non-shockable rhythm showed prolonged resuscitation
duration, higher NSE level at 48 h after ROSC and higher
rate of absent pupillary reflex at>72 h after ROSC com-
pared to those with shockable rhythm. A significant pro-
portion of OHCA patients died due to protracted shock
and multiorgan failure early after cardiac arrest before
any possible neurological outcome assessment, which
indicates the severity of hypoxic-ischemic damage [21].
In our study, 227 of 1373 (16.5%) patients died within
48 h, and the rate of initial non-shockable rhythm was
significantly higher in excluded patients with early death

compared to study patients (see additional file 1, 81% vs.
61%; P<0.001). Mortality from post-cardiac arrest shock
and brain injury share similar risk factors [18], and the
extracerebral organ failure occurring later did not signifi-
cantly influence the outcome [21]. NSE serves as a sur-
rogate marker for brain injury; thus, the predictive value
of NSE is limited in other medical conditions resulting
in deterioration. Thirdly, the occurrence of death after
awakening as the result of persistent circulatory failure
or cardiac ischemia might occur more frequently in the
patients with initial shockable rhythm which contrib-
ute to decrease the predictive performance of NSE [22].
Finally, NSE level increases in several medical conditions,
such as neuroendocrine tumors, small cell lung can-
cer, and use of medical devices, which potentially cause
hemolysis, including extracorporeal membrane oxygena-
tion, hemodialysis, and intra-arterial balloon pump, and
can lead to false positives. In our study, extracorporeal
membrane oxygenation was performed more frequently
in patients with shockable rhythm, whereas hemodi-
alysis was more frequently in those with non-shockable
rhythm.
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i Inithial rhythm
—— Initial shockable rhythm
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AUC (95% Cl)

P-value for AUC comparison

Initial shockable rhythm

Initial non-shockable rhythm

0.860 (0.806-0.914)

0.923 (0.897-0.949)
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0.041

Fig. 2 Prognostic performance of neuron-specific enolase in out-of-hospital cardiac arrest treated with targeted temperature management
stratified by initial shockable and non-shockable rhythms for predicting a poor neurological outcome at 6 months. AUC, area under the curve; Cl,

confidence interval

The 2021 ERC/ESICM guidelines modified the NSE
recommendation to a 60 ng/mL cutoff level at 48 h and/
or 72 h, given the prognostication algorithm for post-
resuscitation care. A recent validation study reported an
FPR of 4% for poor outcome prediction at the guideline-
recommended NSE threshold of > 60 ng/mL and revealed
that a <2% FPR for poor neurologic outcome prediction
was achieved with an NSE cutoff value of>101 ng/mL
at 48 h [23]. In our cohort, the guideline-recommended
NSE cutoff value of >60 ng/mL at 48 h yielded a speci-
ficity of 95.7%, an FPR of 4.3%, and a sensitivity of 74.3%
for predicting poor neurologic outcomes at 6 months.
The threshold was increased to 86.95 ng/mL with an
FPR of 1% and a sensitivity of 61.5%. Stammet et al.
reported that FPR decreased from 5 to 1% and increased
the NSE threshold from 42 to 68 ng/mL with decreasing
sensitivity from 61 to 47% [9]. When the threshold was
set to achieve an FPR of 0%, an impractically high NSE
threshold, the sensitivity decreased to 27% [6, 9]. To

enhance the clinical utility of NSE, establishing differ-
ent thresholds for different patient populations would be
warranted.

Current guidelines for post-resuscitation care for
OHCA survivors do not differentiate the OHCA patients
based on their initial rhythm. However, some experts sug-
gested that different treatment strategies for each group
should be considered [24, 25]. When using the NSE level
as a prognostic marker for OHCA survivors, stratifying
OHCA survivors based on the initial rhythm may be a
reasonable approach. In our study, we identified differ-
ent NSE cutoff values with an FPR < 1% for the shockable
and non-shockable rhythm groups as 103 ng/mL with a
42.1% sensitivity and 69 ng/mL with a 76.0% sensitivity
for predicting a poor neurological outcome at 6 months.
These NSE thresholds are higher than the guideline-rec-
ommended NSE threshold of >60 ng/mL, particularly
in shockable rhythm patients. Our findings suggest that
some postcardiac arrest patients with initially shockable
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Table 3 Predictive value of neuron-specific enolase levels 48 h after the return of spontaneous circulation for poor neurologic

outcome

Timing Patients AUC Cutoff value Sensitivity Specificity PPV (95%Cl) NPV (95%Cl) Accuracy (95%
(ng/mL) (95% CI) (95% CI) cl)
(Classification)

1-month Total (N=623)  0.91 (0.89-0.93) 57.61 (Youden 745 (69.9-87.7) 94.7 (91.0-97.2) 96.1(93.4-97.7) 68.0(64.2-71.6) 81.9 (78.6-84.8)

index)
86.95 (< 1% FPR)

60 (Previously
suggested)

Shock- 0.85 (0.80-0.91) 34.15 (Youden
able rhythm index)
(N=245) 102.72 (< 1%

FPR)

60 (Previously

suggested)
Non-shock- 0.92 (0.90-0.95) 49.19 (Youden
able rhythm index)
(N=378)

69.28 (< 1% FPR)

60 (Previously
suggested)

63.1 (58.2-67.9)
73.5(68.9-77.8)

72.5(61.4-81.9)

40.0 (29.2-51.6)

53.8 (42.2-65.0)

813 (76.6-85.5)

76.3 (71.2-80.9)

785 (73.5-82.9)

6-month Total (N=623)  0.91(0.89-0.93) 57.32 (Youden 753 (70.8-79.5)

index)
86.95 (< 1% FPR) 61.5(56.3-66.4)
60 (Previously 743 (69.7-78.6)
suggested)

Shock- 0.86 (0.81-0.91) 3534 (Youden  73.7 (62.3-83.1)

able rhythm index)

(N=245) 102.72 (< 1% 42.1 (30.9-54.0)
FPR)
60 (Previously 57.9 (46.0-69.1)
suggested)

Non-shock- 0.92 (0.90-0.95) 49.19 (Youden 81.1(76.3-85.2)

able rhythm index)

(N=378)

69.28 (< 1% FPR)

60 (Previously
suggested)

76.0 (70.9-80.6)

78.2(733-82.7)

99.1(96.9-99.9)
95.2(91.5-97.6)

83.0(76.4-884)
994 (96.7-
100.0)

94.6 (89.9-97.5)
96.8 (88.8-99.6)
100.0
(94.2-100.0)
96.8 (88.8-99.6)
95.2(91.6-97.6)

99.2 (97.2-99.9)
95.7 (92.2-97.9)

84.0 (77.6-89.2)
994 (96.8-
100.0)
95.3(90.9-97.9)
96.7 (88.7-99.6)
100.0

(94.1-100.0)
96.7 (88.7-99.6)

99.2 (96.9-99.8)
93.4(93.7-97.9)

67.4(59.0-74.9)

97.0(81.7-99.6)

82.7(71.0-90.3)

99.2(97.0-99.8)

100

99.2(97.0-99.8)

96.4(93.8-98.0)

99.1 (96.6-99.8)
96.7 (94.1-98.2)

67.5(58.9-75.0)

97.0(81.7-99.6)

84.6(73.1-91.7)

99.2(97.1-99.8)

100

99.2 (96.9-99.8)

60.7 (57.5-63.7)
67.3(63.5-70.9)

86.2(81.3-90.0)

774(74.1-80.3)

80.8 (76.9-84.3)

50.4 (44.6-56.3)

453 (40.4-50.2)

46.9(41.6-52.3)

69.3 (65.6-72.9)

63.6 (60.6-66.5)
685 (64.8-72.1)

87.7(829-91.2)

79.3(75.9-82.2)

83.4(79.4-86.8)

49.6 (43.8-55.4)

445 (39.8-49.4)

46.1 (40.9-51.4)

762 (72.7-79.5)
814 (78.1-84.4)

79.6 (74.0-84.5)

80.0 (74.4-84.8)

81.2(75.8-85.9)

83.9(79.8-87.4)

80.2 (75.8-84.1)

81.7 (77.4-85.5)

82.7 (79.5-85.6)

76.7 (73.2-80.0)
82.2(79.0-85.1)

80.8 (75.3-85.6)

81.6(76.2-86.3)

83.7 (78.4-88.1)

83.6(79.5-87.2)

799 (75.5-83.8)

81.2(76.9-85.0)

AUC, area under the curve; Cl, confidence interval; FPR, false positive rate; NPV, negative predictive value; PPV, positive predictive value

rhythm with higher NSE levels >60 ng/mL may have
a chance of good neurologic outcome. A multimodal
approach for predicting neurological outcomes is essen-
tial to avoid unethical decisions for WLST. Moreover,
our findings implied that physicians consider to continue
postcardiac arrest care and re-evaluate patients, particu-
larly those presenting with a shockable rhythm, although
they showed NSE >60 ng/mL at 48 h and/or 72 h, along
with one of the poor prognostic factors including no
pupillary and corneal reflexes at >72 h, bilaterally absent
N20 somatosensory evoked potentials wave at >24 h,
highly malignant electroencephalography at >24 h, status
myoclonus <72 h or a diffuse and extensive anoxic injury
on brain image.

Our study had several strengths. First, our find-
ings were less biased as only a small percentage (2.7%)
of our study participants received WLST due to the
legal prohibition in South Korea until February 2018.
Second, our study included 623 Asian patients from a
nationwide, multicenter prospective registry, which
adds to the generalizability of our findings beyond the
Western populations that have been previously studied
[9, 17]. Despite these strengths, our study had several
limitations. First, excluding 513 out of 1,373 (37.4%)
patients who did not have NSE data at 48 h may have
contributed to a selection bias. Nevertheless, compar-
ing the clinical characteristics and neurologic outcomes
between the study patients and those excluded from
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our study due to a lack of NSE values at 48 h (see Addi-
tional file 2) revealed no significant differences. How-
ever, the excluded patients who died <48 h after cardiac
arrest were older and had longer resuscitation duration
compared to the study patients (see Additional file 1).
Second, we included the patients who underwent renal
replacement therapy and extracorporeal membrane
oxygenation, which could have led to outlier NSE val-
ues. The participating hospitals are academic hospitals
with a department of laboratory medicine, and the lab-
oratory medicine specialist reported NSE values after
assessing the hemolysis index. However, the hemolysis
index of each sample was not included separately, and
thus, the impact of NSE hemolysis on prognostic per-
formance should be acknowledged. Third, NSE thresh-
olds would be associated with poor outcome, but it is
notable that the patients with an initial non-shockable
rhythm appeared to be more critically ill compared to
those with an initial shockable rhythm. We identified
significantly different characteristics between the two
groups, which could potentially be used as predictive
factors for outcomes, such as age, witnessed cardiac
arrest, arrest cause and resuscitation duration. These
disparities might lead to significantly different NSE cut-
off values. Fourth, we did not differentiate the patients
who died after neurologic recovery and did not evaluate
the cause of death, which may have led to survivorship
bias. Fifth, two different NSE measurement instruments
were utilized though the participating centers [26].
The Roche-method (NSE Cobas €601, CNSE) resulted
in average 15% higher values of NSE compared to the
DiaSorin-method (LIAISON®NSE, LNSE) [27]. Finally,
the inherent risks and potential biases of the registry-
based study should be acknowledged. Although the
central manager of KORNH-PRO registry regularly
qualified the data, there may be instances of incomplete
or missing data, non-standardized treatment across all
participating centers in the registry and selection bias.

Conclusions

NSE value at 48 h for predicting poor outcomes in
OHCA survivors treated with TTM revealed superior
predictive performance in those with initial non-shock-
able rhythm than those with an initial shockable rhythm.
The cutoff values with an FPR<1% were much higher in
patients with initial shockable rhythm than the previously
suggested NSE cutoff of 60 ng/mL and in patients with
initial non-shockable rhythm. Our findings suggested the
heterogeneity of postcardiac arrest survivors and some
important arrest characteristics such as initial rhythm
could be used to improve the predictive performance of
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NSE. However, it is essential to acknowledge that our
study serves as a starting point for further investigations
rather than providing conclusive evidence. Further vali-
dation studies, ideally randomized controlled trials, are
warranted to evaluate whether the utilization of different
NSE cutoff values can improve the performance of the
post-cardiac arrest prognostication strategy algorithm.
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