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ABSTRACT
Background: Accurate prediction of survival to hospital discharge in patients who achieve return
of spontaneous circulation after cardiopulmonary resuscitation (CPR) has significant ethical and
socioeconomic implications. We investigated the prognostic performance of serum neuron-spe-
cific enolase (NSE), a biochemical marker of ischemic brain injury, after successful CPR.
Methods: In-hospital or out-of-hospital patients with nontraumatic normothermic cardiac arrest
who achieved return of spontaneous circulation (ROSC) following at least 5 minutes of CPR were
eligible. Neuron-specific enolase levels were assessed immediately, 6 hours, 12 hours and 2 days
after ROSC. Subjects were followed to death or hospital discharge.
Results: Seventeen patients (7 men, 10 women) were enrolled during a 1-year period. Median
(range) NSE levels in survivors and non-survivors respectively were as follows: immediately after
ROSC: 14.0 µg/L (9.1–51.4 µg/L) versus 25.9 µg/L (10.2–57.5 µg/L); 6 hours after ROSC: 15.2 µg/L
(9.7–30.8 µg/L) versus 25.6 µg/L (12.7–38.2 µg/L); 12 hours after ROSC: 14.0 µg/L (8.6–32.4 µg/L) ver-
sus 28.5 µg/L (11.0–50.7 µg/L); and 48 hours after ROSC: 13.1 µg/L (7.8–29.5 µg/L) versus 52.0 µg/L
(29.1–254.0 µg/L). Non-survivors had significantly higher NSE levels 48 hours after ROSC than
surivors (p = 0.04) and showed a trend toward higher values during the entire time course follow-
ing ROSC. An NSE concentration of >30 µg/L 48 hours after ROSC predicted death with a high
specificity (100%: 95% confidence interval [CI] 85%–100%), and a level of 29 µg/L or less at 48
hours predicted survival with a high specificity (100%: 95% CI 83%–100%).
Conclusions: Serum NSE levels may have clinical utility for the prediction of survival to hospital
discharge in patients after ROSC following CPR over 5 minutes in duration. This study is small, and
our results are limited by wide confidence intervals. Further research on ability of NSE to facilitate
prediction and clinical decision-making after cardiac arrest is warranted.
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Introduction

Overall survival from out-of-hospital cardiac arrest is ap-
proximately 3% to 5%.1,2 To appropriately guide post-re-
suscitation management in cardiac arrest victims who
achieve return of spontaneous circulation (ROSC), the ap-
parent severity of hypoxic brain damage is usually consid-
ered. As a result, a predictive test with the potential of be-
ing applicable to comatose patients in the emergency
department or critical care unit early after cardiopul-
monary resuscitation (CPR) has great appeal.

Several clinical scales, electrophysiological techniques,
and imaging methods have been found to facilitate recov-
ery prediction in patients after cardiac arrest.3–9 However,
the final outcome of patients resuscitated from cardiac ar-
rest typically remains unclear for a significant period of
time. Recently, studies have suggested a possible prognos-
tic role of nervous system–specific proteins and biochemi-
cal markers of cerebral tissue damage. Cerebrospinal fluid
analysis has demonstrated the presence of a number of po-
tentially prognostic enzymes.10,11 Neuron-specific enolase
(NSE) is an isoenzyme of the glycolytic enzyme enolase
(2-phospho-D-glycerate hydrolase), and has been shown to

be highly specific for neuronal tissue that is released into
the cerebrospinal fluid and the cerebral and systemic circu-
lation after neuronal damage.12–15 Neuron-specific enolase
is a dimeric enzyme composed of 2 γ-subunits, and is
nearly exclusively located in cells of neuroectodermal ori-
gin.16 In healthy individuals, NSE is only negligibly present
in the peripheral blood. Various investigators have found
an increase in serum NSE levels after neuronal damage as-
sociated with intracerebral hemorrhage, ischemic stroke
and brain injury, indicating that NSE is both a sensitive
and quantitative marker of parenchymal brain injury.17–22

Reduced cerebral perfusion during CPR, and resulting
cerebral ischemia, can cause leakage of cytosolic brain en-
zymes into the cerebrospinal fluid and blood. Previous
studies have demonstrated elevated NSE levels in cere-
brospinal fluid and serum in patients after cardiac arrest
with CPR.23–25 However, limited data are available on the
predictive value of NSE levels on survival after CPR.25–27

This observational study was designed to investigate the
prognostic ability of serum NSE concentration, as a bio-
chemical marker of ischemic brain injury, to predict sur-
vival to hospital discharge in cardiac arrest victims with
CPR of at least 5 minutes duration. The study was de-
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RÉSUMÉ
Contexte : La prédiction exacte de la survie après le congé de l’hôpital chez les patients dont la
circulation spontanée a été rétablie après la réanimation cardiorespiratoire (RCR) a des implica-
tions éthiques et socio-économiques importantes. Nous avons étudié la performance pronostique
de l’énolase neurone-spécifique (NSE) sérique, un marqueur biochimique de la lésion cérébrale is-
chémique, après une RCR réussie.
Méthodes : Les patients à l’hôpital et à l’extérieur de l’hôpital victimes d’un arrêt cardiaque nor-
mothermique non traumatique qui connurent un retour de la circulation spontanée (RCS) après 5
minutes de RCR furent admissibles. Les niveaux d’énolase neurone-spécifique furent évalués im-
médiatement, 6 heures, 12 heures, et 2 jours après le RCS. Les sujets furent suivis jusqu’à leur
décès ou jusqu’à leur congé de l’hôpital.
Résultats : Dix-sept patients (7 hommes, 10 femmes) furent inscrits au cours d’une période d’un
an. Les niveaux médians de NSE chez les survivants et les non-survivants respectivement étaient les
suivants : immédiatement après le RCS : 14,0 µg/L (9,1–51,4 µg/L) par rapport à 25,9 µg/L
(10,2–57,5 µg/L); 6 heures après le RCS : 15,2 µg/L (9,7–30,8 µg/L) par rapport à 25,6 µg/L (12,7–38,2
µg/L); 12 heures après le RCS : 14,0 µg/L (8,6–32,4 µg/L) par rapport à 28,5 µg/L (11,0–50,7 µg/L); et
48 heures après le RCS : 13,1 µg/L (7,8–29,5 µg/L) par rapport à 52,0 µg/L (29,1–254,0 µg/L). Les
non-survivants présentaient des niveaux de NSE beaucoup plus élevés 48 heures après le RCS que
les survivants (p = 0,04) et démontraient une tendance vers des valeurs plus élevées pendant toute
la période suivant le RCS. Une concentration de NSE de > 30 µg/L 48 heures après le RCS prédisait
le décès avec une spécificité élevée (100 % : intervalle de confiance [IC] de 95 % 85 %–100 %) et
un niveau de 29 µg/L ou moins après 48 heures prédisait la survie avec une spécificité élevée
(100 % : IC de 95 % 93 %–100 %).
Conclusions : Les niveaux sériques de NSE peuvent avoir une utilité clinique dans le cadre de la
prédiction clinique de la survie jusqu’au congé de l’hôpital chez des patients ayant connu un RCS
à la suite de la RCR d’une durée de plus de 5 minutes. La présente étude est de petite envergure
et nos résultats sont limités par les intervalles de confiance larges. Des recherches plus appro-
fondies sur la capacité du NSE à faciliter la prédiction et la prise de décision après un arrêt car-
diaque sont justifiées.
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signed to be hypothesis generating rather than conclusive.

Methods

Patient population
All patients with ROSC after CPR of at least 5 minutes
duration following non-traumatic normothermic in-hospi-
tal or out-of-hospital cardiac arrest, and admitted to the in-
tensive care unit of the General Hospital in Wels, Austria,
between April 2001 and March 2002 were eligible. Pa-
tients with a history of cancer before CPR and patients
who were transferred to our institution from other inten-
sive care units were excluded. Patient were also excluded
if investigations or autopsy revealed a non-cardiac etiol-
ogy for the cardiac arrest.

Venous blood samples for NSE analysis were obtained
from an antecubital vein immediately after RSOC (base-
line), and 6 hours, 12 hours, and 2 days later. Blood sam-
ples were collected directly into sampling tubes, allowed to
coagulate, and centrifuged at 3000 rotations per minute for
10 minutes. All analyses were performed immediately af-
ter blood sampling. The study protocol was approved by
the local Ethics Committee (Human Subjects Institutional
Review Board).

Outcome variables

Clinical outcomes
All patients were followed to the point of death or survival
to hospital discharge. Neurologic outcome was assessed
using the Glasgow Coma Scale (GCS) score.28 Functional
neurologic recovery was assessed twice daily for the first 2
days after cardiac arrest. A GCS score of ≤7 was classified
as poor neurologic outcome, and a score of ≥8 was classi-
fied as good neurologic outcome.

Laboratory analysis
The assay used to measure NSE is based on electro-
chemoluminescence immunoassay technology, and was
performed on the Elecsys System (Roche Diagnostics,
Germany). The normal range of NSE levels from this as-
say is 3–14 µg/L.

Statistical analysis
A 2-tailed sample size calculation was performed using
following assumptions: p value 0.05; power 80%; 300%
absolute difference of NSE levels at 48 hours between sur-
vivors and non-survivors; and an anticipated NSE level of
12 µg/L in the survivor group.17 This generated a sample
requirement of 8 patients per group.

Data are presented as medians (with range in parenthe-
ses) unless otherwise specified, and 95% confidence inter-
vals (CIs) are included when appropriate. Continuous data
(such NSE concentrations at baseline and peak) were com-
pared using unpaired t tests or the Wilcoxon matched-pairs
signed rank test as appropriate. Group comparisons be-
tween surviving and non-surviving patients were per-
formed using the Mann–Whitney U test. A linear regres-
sion model was fit to examine the relationship between
NSE concentration and time to ROSC. The accuracy of
NSE levels to differentiate between survivors and non-sur-
vivors was evaluated with the use of receiver operating
characteristic (ROC) analyses according to standard proce-
dures. A p value <0.05 was considered to indicate statisti-
cal significance, and no adjustment was made for multiple
statistical comparisons.

Results

Study population
Seventeen patients (7 men, 10 women) with a median age
of 62 (range 34–86) years were enrolled in the study. Two
patients with a history of cancer before CPR were ex-
cluded, as were 12 patients who were first admitted to
other intensive care units and subsequently transferred to
our institution. The underlying cause of cardiac arrest was
deemed to be acute myocardial infarction in 12 patients;
cardiomyopathy in 2 patients; valvular heart disease asso-
ciated with left ventricular dysfunction in 2 patients; and
no structural heart disease in 1 patient who had ventricular
fibrillation. Three patients were deemed to have a non-car-
diac cause for their arrest (stroke, pulmonary embolism
and sepsis) and were therefore excluded from the analysis.
The first documented cardiac rhythm was ventricular fib-
rillation in 11 patients and bradyasystole in 9 patients.

Clinical outcomes
Eight subjects (1 male) survived to hospital discharge) and
9 subjects (6 males) died in hospital. Survivors and non-
survivors median ages were 59.3 (35–86) and 65.2 (34–79)
years respectively (p = 0.46). Time from collapse until
ROSC (defined as ECG activity associated with a palpable
pulse and a measurable systolic blood pressure)29 was 20.4
(6.5–48.5) minutes, 9.1 (6.5–34) minutes, and 26.4
(8.0–48.5) minutes in the total study population, survivors,
and non-survivors respectively. Good neurologic outcome
at 48 hours was achieved in 41.2% (n = 7) of subjects. The
GCS score was 3 (3–15) and 10 (3–15) immediately after
and 48 hours after the admission to the intensive care unit
respectively.
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Neuron-specific enolase levels
Blood samples at all time points were not available for
some patients: the NSE values at 6 hours and at 12 hours
after ROSC were unavailable in 1 patient; and levels at
48 hours were unavailable in 3 patients (all of whom
died). Table 1 shows the median and range in serum NSE
levels for the various pre-defined intervals in the 2 study
groups. Neuron-specific enolase values were non-signifi-
cantly higher levels in non-survivors compared with sur-
vivors at each measured time point after ROSC (Fig. 1),
and at 48 hours after ROSC non-survivors had signifi-
cantly higher NSE levels than survivors (p = 0.04;
Fig. 2). The secular trend of NSE levels over the 48-hour
sampling period differed between non-survivors and sur-
vivors (Fig. 1). In survivors, NSE levels increased over
48 hours after ROSC, and in non-survivors NSE levels
tended to decrease.

A 48-hour NSE level of >30 µg/L was highly specific
(100%: 95% CI 85%–100%) for the prediction of death
(sensitivity 79%: 95% CI 68%–88%). In contrast, a 48-
hour NSE level of 29 µg/L or less was highly specific
(100%: 95% CI 83%–100%) for the prediction of survival
(sensitivity 78%: 95% CI 67%–89%). The overall accuracy
of NSE to differentiate survivors and non-survivors follow-
ing cardiac arrest was evaluated through ROC analysis.
The area under the curve (AUC) was highest at 48 hours
after ROSC (AUC = 0.87 ± 0.06; Fig. 3). There were no
significant associations found between time until ROSC
and individual peak serum levels of NSE on linear regres-
sion modelling.

Discussion

The decision to continue or withdraw active care following
ROSC is frequently faced in both emergency departments
and critical care units. This challenging issue has signifi-
cant ethical and socioeconomic implications.30,31 Results of
CT and MRI can provide significant information in is-
chemic situations,32 but both modalities have a limited ca-

pacity to identify generalized edema or differentiate be-
tween permanent and reversible injury. As a result, practi-
cal markers of ischemic brain damage associated with un-
favourable outcome and early death would have significant
clinical utility in the management of patients after CPR.

Our study, although small, suggests that elevated serum
NSE levels in the first 2 days following CPR of at least 5
minutes duration may facilitate prediction of early death.
Elevated serum NSE levels in patients after CPR indicate
hypoxic brain damage and may correlate with outcome.
Non-survivors of the index hospital stay had a non-signif-
icant increase in NSE levels immediately after ROSC and
at 6 and 12 hours and had significantly higher NSE levels
at 48 hours. The maximum NSE level measured within
48 hours after ROSC was also significantly higher in
non-survivors. Neuron-specific enolase levels at 48 hours
after ROSC predicted death with high accuracy. In addi-
tion, the secular trend of NSE levels over the first 2 days
after ROSC may have prognostic relevance; while NSE
levels rose over time in non-survivors, they tended to de-
crease in survivors. NSE concentrations that increase to
30 µg/L or more by 48 hours may portend an un-
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Fig. 1. Neuron-specific enolase levels in µg/L at baseline and
6, 12, and 48 hours after CPR in survivors and non-survivors.
Values are expressed as median. * p = 0.04.

Table 1. Serum neuron-specific enolase (NSE) levels* for the two study groups

NSE levels,† µg/L

Study group Baseline 6 h‡ 12 h‡ 48 h§

Survivors 14.0 (9.1–52.4) 15.2 (9.7–30.8) 14.0 (8.6–32.4) 13.1 (7.8–29.5)

Non-survivors   25.9 (10.2–57.5)   25.6 (12.7–38.2)   28.5 (11.0–50.7)   52.0 (29.1–254.0)

p value 0.12 0.69 0.48 0.04

*Values are expressed as median and range.
†Normal, 3–14 µg/L
‡NSE values at 6 and 12 h were unavailable for 1 patient.
§NSE values at 48 h were unavailable for 3 patients (all of whom died).
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favourable outcome. Only one patient with an NSE con-
centration at 48 hours after ROSC of less than 30 µg/L
died during the index hospital stay.

To be clinically useful, a test for prediction of outcome
after cardiac arrest must have a high specificity for an un-
favourable outcome. Based on the assumption that the de-

fault approach is ongoing clinical care and further observa-
tion, high specificity is more important than high sensitiv-
ity as an unfavourable test result could lead to withdrawl of
care earlier in some patients (thus the implications of a
“false positive” test for a bad outcome are enormous). We
found that an NSE level >30 µg/L at 48 hours after ROSC
appears to predict death with a very high specificity. Neo-
plastic cells in neuroendocrine tumours, small cell carci-
noma of the lung, and neuroblastoma usually produce
NSE, hence the established role of NSE as a diagnostic
marker since patients with these tumours usually have ele-
vated NSE levels.33–35 Since the frequency of such condi-
tions in cardiac arrest survivors is low, it is unlikely this
would interfere with the general prognostic ability of NSE.
Our findings are consistent wtih the results of previous
studies that found elavated serum NSE levels in cardiac ar-
rest patients were indicative of unfavourable neurologic
and survival outcome.17,23,25,32

Study implications and limitations
The major limitation of our study is the small sample size
and resulting low power and wide confidence intervals. As
a result of this and unadjusted multiple statistical compar-
isons, our data must be viewed as hypothesis generating
rather than conclusive. The accuracy of NSE for outcome
from cardiac arrest requires further evaluation. In addition,
our study was observational and NSE levels were not used
to make clinical decisions. This precludes our ability to
comment on the incremental value of NSE, beyond other
clinical, laboratory, or imaging modalities, in aiding deci-
sion making. It is our hope that this study will provide fur-
ther encouragement for the development of large prospec-
tive clinical trials.

Conclusions

This study suggests that NSE levels in the first 48 hours
after cardiac arrest with at least 5 minutes of CPR may
facilitate the prediction of survival to hospital discharge.
In particular, a NSE level >30 µg/L at 48 hours after
ROSC may predict non-survival with a very high speci-
ficity. Because of our small sample size, this study has
limited power and wide confidence intervals. Given this,
and the methodology we employed, our results should be
viewed as hypothesis generating. Further research is war-
ranted to evaluate the potential role of NSE in outcome
prediction and facilitation of decision making after car-
diac arrest.
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Fig. 3. Receiver operating characteristic curve for the overall
performance of neuron-specific enolase to predict survival
at 48 hours after return of spontaneous circulation.
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Fig. 2. Box-whisker plot showing neuron-specific enolase
levels at 48 hours after CPR in survivors and non-survivors.
Small box indicates median; dotted large box indicates the
25% to 75% interquartile range; whiskers indicate 95% con-
fidence interval. P value for a difference between survivors
and non-survivors is 0.04.
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