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Abstract

Background To determine neurologic outcome in patients
with out-of-hospital cardiac arrest (OHCA) and treatment
with mild therapeutic hypothermia (MTH).

Methods Seventy-three consecutive OHCA patients
treated with MTH were retrospectively analyzed. Serum
neuron-specific enolase (NSE) was measured 24, 48, and
72 h after admission. In patients with no motor response
48 h after termination of analgosedation (n = 40), clinical
neurological examination and evoked potentials (EPs) were
determined. Neurological outcome was assessed after
2 months based on the cerebral performance categories
(CPC), and categorized as good (CPC 1-3) or poor (CPC 4
and 5).

Results Forty-three patients had a CPC score of 1-3 and
30 patients had a CPC 4-5. The best predictive value for
poor neurologic outcome was an increase of NSE
by >4.3 ng/mL between day 1 and day 2 (sensitivity 80 %,
specificity 100 %, positive predictive value (PPV) 100 %,
negative predictive value 86 %). Absolute NSE values
were less reliable in the prediction of poor outcome with
the highest sensitivity (88 %) and specificity (95 %) if
values reached >36.3 ng/mL on day 3. Somatosensory EPs
(SSEPs) showed a specificity of 100 % and PPV of 100 %;
however, sensitivity for evoked potentials was low (29 %).
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Intriguingly, two initially comatose patients with excessive
NSE values (24 h NSE: 101 and 256 ng/mL, and 48 h
NSE: 93 and 110 ng/mL, respectively) had physiological
SSEPs and regained a CPC score of 1.

Conclusion In patients treated with MTH after OHCA
changes in NSE are more suitable than its absolute serum
levels for the prediction of poor neurologic outcome. Since
unequivocal prediction of poor neurologic outcome is of
utmost importance in these patients the decision to limit
therapy must be based on several prediction tools with the
highest PPV and specificity including SSEPs.
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Introduction

Although scientific and organization efforts in cardiopul-
monary resuscitation (CPR) have led to an improved rate of
restoration of spontaneous circulation (ROSC) after out-of-
hospital cardiac arrest (OHCA), it remains a fatal condition
[1-3]. After successful initial resuscitation, the patient’s
outcome is predominantly dependent on neurological
recovery following temporary anoxia [4]. Early prediction
of neurologic outcome in patients having survived OHCA
is eminently important to determine the extent of post CPR
care or the time point to potentially withdraw further
treatment [5]. Reliable and unequivocal prediction of poor
neurologic outcome is of utmost importance to avoid futile
escalation of intensive care in these patients on one hand
and to avoid fatal limitation of therapy in patients who
might potentially recover.
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Mild therapeutic hypothermia (MTH) has been shown to
ameliorate brain damage and reduce mortality and mor-
bidity in patients with ROSC after OHCA due to
ventricular fibrillation (VF) and thus has become standard
of care in these patients [6, 7].

Early prediction of neurologic outcome in comatose
patients is based on the assessment of clinical variables with
differing sensitivities and specificities, including neurolog-
ical examination, the assessment of evoked potentials (EPs),
and biochemical markers like the neuron-specific enolase
(NSE). With several reports confirming reliable prediction of
poor neurologic outcome with NSE, this enzyme has
attracted most attention in recent years (refer to [8] for
review). NSE is a dimeric enzyme composed of 2 y subunits
with a molecular weight of 78 kDa and biologic half-life
of &~ 24 h, present in neurons and other cells of neuroecto-
dermal origin. Elevations of NSE are associated with
increased severity of postanoxic neuronal injury. The
PROgnosis in PostAnoxic Coma (PROPAC) study group
determined peak NSE more than 33 ng/mL within the first
72 h of postanoxic coma to be predictive of poor outcome,
with a false-positive rate of 0-3 % [9]. This cut-off value was
consecutively adopted in the 2006 guidelines of the Ameri-
can Association of Neurology [4]. Even with the introduction
of MTH as standard of care in patients after cardiac arrest,
elevated NSE seemed to remain a valid marker of the
severity of postanoxic injury [10]. In a prospective study
including 90 patients treated with MTH after OHCA, peak
NSE >33 ng/mL at 48 h had 100 % specificity for poor
outcome [11]. Similar results have been reported by several
investigators [12, 13], including a multicenter study with 102
patients, in which even a lower cut-off >28 ng/mL at day 2
for poor outcome was found [14]. However, others deter-
mined higher NSE values for prediction of poor outcome
with an FPR of 0 % (>78 pg/L, [15]) or showed good sur-
vival rates even in patients with NSE levels >33 ng/mL
[16], thus raising important concerns about the ability of
NSE in predicting outcome in patients treated with MTH.

The present study, therefore, aimed at investigating the
predictive value of NSE in comparison to other clinical
factors in a homogenous cohort of patients admitted to a
cardiac intensive care unit after OHCA treated with mild
therapeutic hypothermia.

Methods

Patients

Seventy-nine consecutive patients admitted to our univer-
sity hospital cardiology department with successful resus-

citation after OHCA were retrospectively analyzed. From
these patients, six patients died of non-neurologic causes

(septic and cardiogenic shock) before analgosedation was
terminated and were excluded from further analysis. All
surviving patients (n = 73) with ROSC after OHCA,
Glasgow-come scale <8, and without contraindications
were referred to MTH described in detail below, after major
contraindications (intracerebral hemorrhage or other uncon-
trolled bleedings) were excluded. All patients were initially
analgosedated with midazolam and sufentanil to a Richmond
agitation and sedation (RASS) score of —4 until completed
rewarming. In case of myocardial ischemia as the suspected
cause for cardiac arrest, patients were transferred to the
catheter lab for coronary angiography and revascularization
when indicated prior to admission to the ICU. Only routinely
collected clinical data were used.

None of the patients were neurologically disabled prior to
OHCA. Upon induction of MTH all patients were sedated
for at least 40 h post CPR and sedation was stopped at
the earliest possible time after reaching normothermia.
The Acute Physiology and Chronic Health Evaluation
(APACHE) IV score [17] was calculated based on patient’s
demographics, admission source, primary admission diag-
nosis, and detailed laboratory and physiologic variables
collected over the first 24 h. The patients’ baseline charac-
teristics are outlined in Table 1.

This investigation was performed as a quality control
measure, it was strictly retrospective and no identifying data
were part of the analysis. As such, it was approved by the
local ethics committee of the University of Cologne and
conforms to the principles outlined in the Declaration of
Helsinki.

Treatment Protocol

Peripheral cooling was initiated in OHCA patients by the
first responding emergency medical service by means of
rapid infusion of 2 L ice cold saline (4 °C) and/or applying
cool-packs to the femoral or neck area. Emergency medical
doctors joined the patients either on site or during transport
to the clinic to improve medical care, as a usual routine in
German emergency medical service. Cooling to the target
temperature of 33 °C was continued in hospital using an
endovascular cooling device (Coolgard 3000/ICY® cathe-
ter, Zoll Medical Corp., Chelmsford, Massachusetts, USA).
Core temperature was continuously registered in the blad-
der through a thermal sensor at the tip of a transurethral
urinary catheter. A target temperature of 33 °C was
maintained for 24 h. MTH was terminated by rewarming
through the same endovascular device at a controlled rate
of 0.3 °C per hour until the physiologic body temperature
of 37 °C was reached. All patients were initially analg-
osedated with midazolam and sufentanil to a RASS score
of —4 by emergency medical staff and continued on the
ICU until rewarming was completed.
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Table 1 Patient’s characteristics

Characteristics All patients CPC 1-3 CPC 4-5 P Value
(n=173) (n = 43) (n = 30)
Age (years)
Mean 61.5 58.8 65.3 0.04
Range 26-86 26-86 29-85
Sex
Female, no./total no. (%) 9/73 (12.3) 6/43 (14.0) 3/30 (10) 0.73
Cause of cardiac arrest
Myocardial infarction, no./total no. (%) 54/73 (73.9) 36/43 (83.8) 18/30 (60) 0.03
Primary arrhythmia, no./total no. (%) 18/73 (24.7) 6/43 (14.0) 12/30 (40) 0.01
Pulmonary embolism, no./total no. (%) 1/73 (1.4) 1/43 (2.3) 0 1
Time from collapse to emergency medical services arrival (min) 6.0 £ 0.6 49 £0.7 73 £0.6 0.08
Basic life support provided by bystander, no./total no. (%) 20/73 (27.3) 12/43 (27.9) 8/30 (26.6) 0.45
First recorded rhythm
Ventricular fibrillation or pulseless ventricular tachycardia, 60/73 (82.2) 43/43 (100) 17/30 (56.6) <0.01
no./total no. (%)
Asystole, no./total no. (%) 13/73 (17.8) 0 13/30 (43.4) <0.01
Time from collapse to return of spontaneous circulation (min) 277 +£23 28.8 £ 2.5 26.3 + 2.8 0.66

CPC Glasgow-Pittsburg cerebral performance categories, good outcome = CPC 1-3, poor outcome = CPC 4-5, EMS emergency medical
service, BCLS basic cardiac life support, ROSC restoration of spontaneous circulation, APACHE acute physiology and chronic health evaluation

After admission to the ICU, patients were monitored by
continuous recording of ECG, pulse oxymetry, and intra-
vascular blood pressure measurement (Drigerwerk AG,
Liibeck, Germany). Blood gas analysis was performed
every 3 h (ABL800 FLEX, Radiometer Medical ApS,
Brgnshgj, Denmark). All patients included in the present
analysis showed signs of cardiogenic shock and initially
required circulatory support with crystalloid fluids and
continuous infusion of vasopressors and inotropes adapted
to a target mean arterial pressure (MAP) >65 mmHg. In
unstable patients hemodynamic monitoring was completed
by transpulmonary thermodilution and arterial pulse con-
tour analysis (PiCCO, Pulsion Medical Systems AG,
Munich, Germany). Nutritional support was provided par-
enterally and/or enterally according to expected demand.
Intravenous insulin was administered if plasma glucose
levels exceeded 180 mg/dL. All OHCA survivors were
oxygenated by pressure-controlled ventilation (Evita 4 or
Evita XL, Drigerwerk AG) until they were able to be
weaned from mechanical ventilation. The decision to wean
patients from invasive mechanical ventilation was solely
based on clinical aspects such as the underlying cardiac
disease, infectious complications, seizures, or myoclonus
status, among others.

Clinical Assessment of Neurological Outcome
Neurological outcome was registered in all patients

2 months after CPR based on the Glasgow-Pittsburgh
cerebral performance categories (CPC) of the Utstein
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recommendations [18]. CPC 1 represents conscious and
alert, CPC 2 conscious and alert with moderate cerebral
disability, CPC 3 conscious with severe cerebral disability
precluding independent existence, CPC 4 comatose or in
persistent vegetative state, and CPC 5 brain dead. The results
of clinical examination, serum NSE, EP analysis, and stan-
dard CPC evaluations were assessed independently of one
another. For statistical analyses, neurologic outcome was
dichotomized into good (CPC 1-3) and poor (CPC 4-5). We
defined a CPC of 4 and 5 after 2 months as “poor outcome”
based on the clinical observation that the chance of recovery
of consciousness in patients who were still unconscious
2 months after CPR is virtually zero (refer to [19]). The
outcome at 2 months was either assessed during a routine
follow up visit in the outpatient clinic or by a phone inter-
view with the attending physician if the patient had been
discharged to a different hospital or rehabilitation center.

Blood Sampling and Measurement of Serum NSE
Levels

Samples for NSE were collected from consecutive hypo-
thermia-treated OHCA patients on day 1 (<24 h), day 2
(24-48 h), and day 3 (48-72 h) in standard serum tubes
(Sarstedt AG, Nuembrecht, Germany). Samples with visi-
ble hemolysis or chemical indication for hemolysis were
excluded. Samples were processed routinely by the insti-
tute for clinical chemistry of the university hospital of
Cologne, and serum NSE values were determined using an
electrochemiluminescence immunoassay according to the
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manufacturer’s instructions (COBAS®, Roche Diagnostics,
Mannheim, Germany). The range of detection of this spe-
cific assay ranges between 0.050 and740 ng/mL (including
dilution), with normal values <16.3 ng/mL. Since the
present investigation is based on retrospective analyses,
NSE values were not available at all time points for some
patients (Table 4).

Clinical Neurological and Electrophysiological
Examinations

Neurological assessment was performed 48 h after termi-
nation of analgosedation by the attending neurologist in
comatose patients with no motor activity (n = 40). As part
of neurologic examination brainstem reflexes (pupillary
light reflexes, eye movements, and corneal reflexes), and
the presence of seizures or myoclonus status epilepticus
were documented. Motor response was determined as
spontaneous or absent, with or without painful stimuli. Eye
movements were classified as absent or spontaneous upon
cervico-ocular testing.

The neurologic electrophysiological assessment con-
sisted of EPs, including somatosensory evoked potentials
(SSEPs) as well as brainstem auditory evoked potentials
(BAEPs) according to standard techniques [20, 21]. Regis-
tration of SSEPs was performed from the somatosensory
cortical areas and at the spinal C7 level to exclude peripheral
nerve conduction failure. The results were evaluated using
the laboratory ‘s standard normal values. N20-Latencies and
N20/P25 amplitude of the SEP and wave I, III, and V latency
and wave V/Va amplitude of the brainstem AEP were used
for further analysis. Latencies of EP were considered
abnormal when they exceeded the 2.5-fold SD of established
normal values. Amplitudes of EP were considered abnormal
when the side-to-side difference exceeded 50 % or when the
amplitude was below the 2.5-fold value of the established
standard value. Evoked potentials were documented for
each side separately and graded according to the following
classification: (1) normal, (2) pathological amplitudes and/
or latencies, and (3) absent. All EPs were assessed by a
certified EP examiner, who was aware that the patient had a
postanoxic coma, but blinded as to the clinical course.

Data Analysis

Quantitative data are presented as mean = standard error
of the mean (SEM). Continuous data are reported with
medians and interquartile range (IQR). Groups were
dichotomized into good (CPC 1-3) and poor (CPC 4-5)
outcome and differences were compared using the Stu-
dent’s ¢ test or Fisher’s exact test. The discriminative
ability of NSE or EPs (BAEPs or SSEPs) to predict out-
come at 2 months from hospital admission following

OHCA was evaluated using receiver operating character-
istic (ROC) to calculate cut-off levels (closest distance to
the upper left corner or Youden-Index). Area under the
curve (AUC), SEM, and 95 %-confidence interval (95 %
CI) were calculated. Calculations were performed using
GraphPad Prism for Windows (GraphPad Prism version
5.0, La Jolla, CA, USA). A p value <0.05 was considered
statistically significant.

Results
Patient’s Characteristics

Gender distribution was 9/73 females and was not different
between outcome groups (6/43 in CPC 1-3, 3/30 in CPC
4-5, p = 0.73). Overall mortality at 2 months was 26 %
(19 patients). The distribution of underlying causes for
cardiac arrest was 54/73 myocardial infarction, 18/73 pri-
mary rhythm disorders, and 1/73 with pulmonary embolism.
These underlying causes for OHCA were significantly dif-
ferent between outcome groups with a rate of myocardial
infarction between outcome groups (83.8 % (36/43) in CPC
1-3 vs. 60 % (18/30) in CPC 4-5, p = 0.03, Table 1), and
primary arrhythmia occurring significantly more often in
the poor outcome group (14 % in CPC 1-3 vs. 40 % in CPC
4-5). All patients received MTH as part of standard care.
An initial non-shockable rhythm (asystole) as recorded by
EMS occurred in 13/73 (17.8 %) patients and resulted in
poor outcome in all of these patients (p < 0.01, Table 1).
General resuscitation variables, such as frequency of
bystander CPR, time to ROSC, and time-interval from
collapse to EMS arrival were not different between outcome
groups (Table 1).

Neurological Outcome

33/73 patients showed early recovery with movement of
the limbs within 48 h after cessation of analgosedation,
which was accompanied by a good neurologic outcome
(CPC 1-3). 40/73 patients had no signs of motor activity
and were subjected to further neurological examination to
evaluate prognosis. Out of these 40 patients, 10 recovered
and were successively categorized as good outcome (CPC
1-3), resulting in poor outcome in 30/73 patients. Dichot-
omization resulted in a total of 43/73 patients categorized
CPC1-3(n=22;CPC2n = 14;CPC 3 n = 7) and 30/73
with CPC 4-5 (CPC 4 n = 11; CPC 5 n = 19, Table 1).

NSE in the Prediction of Poor Neurological Outcome

Between both outcome groups, absolute NSE values were
not significantly different at the 24-h time point (median
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CPC 1-3: 34.4 ng/mL vs. CPC 4-5: 41.7 ng/mL, n.s.), with
a great range of values detected, especially in the good-
prognosis group (CPC 1-3: 12.3-255.8 ng/mL vs. CPC
4-5: 15.0-192.2 ng/mL). At 48 h, absolute NSE values
were significantly higher in the poor prognosis group
(median CPC 1-3: 26.0 ng/mL vs. CPC 4-5: 86.6 ng/mL,
p < 0.0001). This significant difference was preserved
throughout day 3. Within the good-prognosis group, abso-
lute NSE were not different between day 2 and day 3
(p = 0.08), but exhibited a significant decrease when
compared between day 1 and day 2 (p = 0.02). Out of the
cohort, two patients exhibited excessive NSE values (NSE
on day 1 of 101 and 256 ng/mL, and NSE values of 93 and
110 ng/mL on day 2, respectively). Focal ischemia was
excluded by computer tomography scan or magnetic reso-
nance imaging. These two patients regained consciousness
and showed a good neurologic outcome (CPC 1 and phys-
iological SSEPs). Data are presented in Fig. 1a; Table 2.
At day 2, the NSE value with 100 % specificity and
100 % PPV was 112.4 ng/mL for the prediction of poor
neurologic outcome, with a sensitivity of 30 % (Fig. 3a). A
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Fig. 1 Absolute serum NSE values between groups at different time
points. Groups were dichotomized into good outcome (CPC 1-3,
n = 43) and poor outcome (CPC 4-5, n = 30). NSE values are
presented in ng/mL as mean + SEM

cut-off value of 42.4 ng/mL was calculated with a speci-
ficity of 86 %, sensitivity of 85 %, PPV of 82 %, and NPV
of 88 %. On day 3, a NSE value of 65.4 ng/mL exhibited a
specificity of 100 %, sensitivity of 76 %, PPV of 100 %,
and NPV of 83 %. The calculated cut-off value was
36.3 ng/mL with a specificity of 95 %, sensitivity of 88 %,
PPV of 94 %, and NPV of 90 % (Fig. 3a; Table 4). The
AUC for the 72-h time point was 0.94 £ 0.05, 95 % CI
0.84-1.0, p < 0.0001 (Fig. 3a).

With regard to relative changes, NSE decreased within
the good-prognosis group from day 1 to day 2 (mean
—15.2 £ 5.7 ng/mL, p = 0.17) and further decreased in
the period between day 2 and day 3 (mean —12.4 + 3.3
ng/mL). In the poor prognosis group, NSE values signifi-
cantly increased from day 1 to day 2 (mean +31.2 +
8.6 ng/mL) to a median value of 86.6 ng/mL (p = 0.01).
Up to day 3, values slightly but not significantly decreased
by a mean of —2.0 4+ 4.8 ng/mL (p = 0.48, Fig. 2;
Table 3). Between groups, the change in NSE from day 1
to day 2 was significantly different (—15.2 & 5.7 vs.
+31.2 &+ 8.6 ng/mL, p < 0.0001), whereas no difference
was found from day 2 to day 3 (—12.4 £33 vs.
—2.0 + 4.8 ng/mL, p = 0.09).

Receiver Operating Characteristic analyses revealed that
an increase in NSE of >4.3 ng/mL between day 1 and 2
provides the best predictive values with a specificity of
100 %, sensitivity of 80.0 %, PPV 100 %, and NPV of
86 % to predict poor outcome (AUC 0.86 £ 0.07, 95 % CI
0.72-1.0, p < 0.0001, Fig. 3b). Between day 2 and 3, an
increase of mean NSE value of >8.0 ng/mL was associated
with a specificity of 100 %, sensitivity of 37.5 %, PPV
100 %, and NPV of 62 % to predict poor outcome
(Fig. 3b). The calculated best cut-off value was an increase
of >4.3 ng/mL between day 1 and 2, with a specificity of
100 %, sensitivity of 80 %, PPV 100 %, and NPV of 86 %
(Fig. 3b; Table 4). From day 2 to day 3, the best cut-off
value was a decrease of <—6.2 ng/mL with a specificity of
81 %, sensitivity of 63 %, PPV 71 %, and NPV of 68 %
(Fig. 3b; Table 4). The AUC was 0.70 £ 0.01 (95 % CI
0.51-0.89, p = 0.06) for this time point.

Table 2 Statistical analyses of NSE values between groups at different time points

Parameter Day 1 Day 2 Day 3

CPC 1-3 CPC 4-5 CPC 1-3 CPC 4-5 CPC 1-3 CPC 4-5
Mean (SEM) 443 (7.1) 54.3 (8.4) 332 (3.5) 85.8 (8.2) 254 (2.7) 77.8 (7.8)
Median 344 41.7 26.0 86.6 224 75.5
Range 12.3-255.8 15.0-192.2 9.7-109.5 19.6-156.5 11.8-63.6 13.8-129.1
95 % CI 29.9-58.7 36.8-71.7 26.0-40.4 68.9-40.0 19.7-31.0 61.4-94.2

Unit of means (ng/mL)

CPC Glasgow-Pittsburg cerebral performance categories, good outcome = CPC 1-3, poor outcome = CPC 4-5, 95 % CI 95 %-confidence

interval (lower—upper)
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Fig. 2 Delta NSE values. a Delta NSE values between day 1 and day
2 and between day 2 and day 3 between groups. b Change of NSE
values in CPC 1-3 between day 1 and day 2. ¢ Change of NSE values
in CPC 4-5 between day 1 and day 2. Groups were dichotomized into
good outcome (CPC 1-3, n = 43) and poor outcome (CPC 4-5,
n = 30). NSE values are presented in ng/mL as mean &= SEM

Table 3 Delta NSE values between groups at different time points

Delta NSE CPC 1-3 CPC 4-5 P value
ANSE day 1 to day 2 —152+£57 +31.2+8.6 <0.0001
ANSE day 2 to day 3 —124 £33 —20+438 0.09

Values are mean + SEM
ANSE change of NSE

Evoked Potentials in the Prediction of Poor Neurologic
Outcome

In the present analysis, the predictive value of evoked
potentials only applies to those patients who did not show
any motor response 2 days after termination of analgose-
dation (40/73 patients). In these patients, the absence of
SSEPs had a specificity of 100 %, sensitivity of 29 %, PPV
of 100 %, and NPV of 48 % in the prediction of poor
outcome, as ten patients recovered to a CPC 1-3 (Table 4).
BAEPs were calculated to have a specificity of 100 %,
sensitivity of 26 %, PPV of 100 %, and NPV of 47 % to
predict poor outcome (Table 4).
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Fig. 3 ROC analyses of absolute and delta NSE values. a ROC analyses
of absolute NSE values at different time points (day 1, 2, and 3). b ROC
analyses of delta NSE values between groups from day 1 to day 2 and
between day 2 and day 3

Clinical Examination in the Prediction of Poor
Neurologic Outcome

40/73 patients showed no early motor response. As men-
tioned above, out of these patients, ten recovered and were
categorized CPC 1-3. Two days after termination of
analgosedation the absence of motor response had a spec-
ificity of 23 %, sensitivity of 72 %, PPV of 57 %, and NPV
of 38 % to predict poor outcome, whereas the absence of
brainstem reflexes at the same time displayed a specificity
of 85 %, sensitivity of 26 %, PPV of 71 %, and NPV of
44 % (Table 4).
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Table 4 Cut-off values for the
prediction of poor outcome with
biochemical, neurophysiologic,

and clinical variables

NSE neuron-specific enolase,
ANSE change of NSE, SSEPs
somatosensory evoked
potentials, AEPs acustic evoked
potentials, PPV positive
predictive value, NPV negative

Variable Patients Sensitivity Specificity PPV NPV
() (%) (%) (%) (%)
NSE 36.8 ng/mL at day 1 57 70 62 55 72
NSE 42.4 ng/mL at day 2 62 85 86 82 88
NSE 36.3 ng/mL at day 3 37 88 95 94 90
ANSE > +4.3 between day 1 and 2 45 80 100 100 86
ANSE > —6.2 between day 2 and 3 32 63 81 71 68
SSEPs (if absent) 40 29 100 100 48
AEPs (if absent) 40 26 100 100 47
No brainstem reflexes 32 26 85 71 44
No motor response 32 72 23 57 38

predictive value

Discussion

The present investigation shows the higher predictive value
of the relative changes in NSE between day 1 and 2 after
OHCA compared to its absolute levels in MTH-treated
patients. To date research on outcome prediction focused
on the definition of peak NSE values; however, reports
with constantly rising cut-off levels questioned the validity
and reliability of this biomarker as clinical aid for the
crucial decision of treatment termination in comatose
patients. Before the adoption of MTH as standard of care in
patients with ROSC following cardiac arrest, several
groups reported that peak NSE levels >33 ng/mL within
48 h were predictive of poor neurologic outcome (catego-
rized by CPC 3-5) in patients with postanoxic coma [4].
However, later reports variably proposed higher cut-off
values. A critical issue in this controversy is the varying
frequency, in which MTH was applied in the respective
studies. MTH is known to improve neurologic prognosis,
but it may also have a direct effect on absolute NSE levels.
While some studies report similar cut-off values in patients
treated with MTH [11, 14] compared to normothermic
conditions [9], others found lower absolute NSE levels in
the subset of patients subjected to MTH [13, 15]. Most
prominently, Steffen et al. [15] report a NSE cut-off value
of 78.9 ng/mL after MTH and 27 ng/mL measured 3 days
after admission in patients with normothermia. Another
recent study further elevated the proposed cut-off value,
reporting a 100 % predictive value for a cut-off value of
serum NSE of >97 ng/mL for the highest observed NSE
value to predict poor neurologic outcome, defined as death
or vegetative state. Importantly, two third of patients were
treated with MTH, but a differentiation between patients
with or without MTH treatment with regard to prognostic
values was not proposed in this study [8]. The frequent
increase of NSE cut-off values in recent years for the
assessment of neurologic outcome raises doubts regarding
their reliability. This is underlined by the finding of two
patients in our collective with excessive NSE values (day 1
NSE of 101 and 256 ng/mL, and day 2 NSE values of 93
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and 110 ng/mL, respectively), who regained consciousness
and showed a good neurologic outcome (CPC score of 1
and physiological SSEPs). From our data we calculated a
cut-off value of serum NSE determined on day 2 of
42.4 ng/mL; however, an 86 % specificity and 85 % sen-
sitivity of this value questions its clinical relevance. In
contrast, the relative change in NSE levels between day 1
and day 2 >4.3 ng/mL predicted death or vegetative state
(CPC 4-5) in our study population with absolute specificity
and high sensitivity (Table 4).

It has been suggested that the magnitude of NSE serum
levels may vary depending on the biochemical assay. With
regard to the patients with excessive NSE values in the
present study, the rise and decay of serum concentrations
followed the typical kinetics for NSE in repeated measures.
A relevant modification of the values by hemolysis or the
analytical method is, therefore, unlikely. In addition, the
assessment of delta NSE values would largely level out
methodological differences, which may result in a better
comparability of results between individual centers.

According to the 2006 guidelines of the American
Association of Neurology, bilaterally absent cortical
responses (N20) on SSEP 24 h after cardiac arrest are
100 % predictive of poor outcome [4]. Therefore, the
assessment of EPs (including SSEPs and BAEPs) in
patients who do not show motor response 2 days after
termination of analgosedation is part of clinical routine in
survivors of OHCA at our institution. However, the studies
supporting these guideline recommendations were carried
out before hypothermia was established as standard treat-
ment. The present findings confirm the reliability of SSEPs
even after MTH treatment with a specificity and PPV of
100 % for the prediction of poor prognosis. In a prospec-
tive study, Bouwes and colleagues [22] recently reported
similar findings when SSEPs were performed during
hypothermia (32-34 °C) as well. On the other hand, a
retrospective analysis by Leithner et al. [23] raised some
caution when interpreting “poor” signs on SSEPs in MTH-
treated patients: in a retrospective analysis of 58 patients
with bilaterally pathological or absent N20 responses they
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identified one patient with a severe reduction of N20
amplitudes and another with absent N20 responses deter-
mined in normothermia 3 days after CA both of which
regained full neurologic recovery (CPC 1).

With regard to clinical examination, the absence of motor
response 48 h after termination of analgosedation was per se
not suitable to predict poor outcome. Additionally, the
absence of brainstem reflexes was also not considered
suitable in the prediction of poor outcome, although dis-
playing a somewhat higher specificity (Table 4). These
findings are in line with recent studies, reporting a high
false-positive rate for the absence of motor response to
painful stimulation with [24, 25] or without specific MTH
treatment [8]. Intriguingly, a recently published case report
describes the transient reversal of diagnosed brain death
shortly after rewarming, indicating that clinical examination
for the assessment of neurologic prognosis should at least be
performed at a core body temperature of >37 °C [26].

In the present study population with underlying cardiac
disease we found that all patients with a first recorded non-
shockable rhythm (asystole) had a poor prognosis although
MTH treatment was consistently applied (Table 1). This
finding is supported by the generally lower rate of survival
in these patients [2, 27], but fuels the ongoing debate of
possible protective effects of MTH in patients with an
initial thythm other than VF [28]. There is some evidence
for a beneficial effect of MTH in patients presenting with
other than VF and, therefore, MTH is also recommended
for this group of patients although the supporting body of
evidence is weak [2, 29]. In 2009, a subgroup analysis of
patients with MTH and initial non-shockable CA found
that MTH did not have a significant effect on neurologic
outcome in patients with non-shockable rhythm [30]. On
the other hand, another recent study reports improved
neurologic outcome and reduced risk of death in patients
treated with MTH, who suffered a witnessed OHCA due to
non-shockable rhythm [31]. In a recently published meta-
analysis, the authors report a slightly reduced in-hospital
mortality in patients with MTH after a non-shockable CA,
but as stated by the authors, the evidence is limited,
especially as most studies had substantial risk of bias and
quality of evidence was very low [28]. Our data represent a
typical population with OHCA due to an underlying car-
diac disease suggesting that such patients with non-
shockable rhythm rather do not benefit from MTH treat-
ment. Whether, in contrast, MTH is harmful under these
conditions can only be speculated and would have to be
answered in randomized trials. A cardiac rhythm primarily
documented as asystole could in fact be a degenerated VF
and, therefore, only resembles a deterioration of the
patient’s condition by prolonged hypoxia. This may conflict
assumptions regarding the relevance of a non-shockable
rhythm per se. Careful evaluation of these aspects has to

involve differences between in- and out-of-hospital cardiac
arrest and differences between initial shockable, converted-
to-shockable, and never-shockable rhythms.

Conclusions

Among the various tests used in clinical routine to predict
neurologic outcome in comatose patients after OHCA
treated with MTH, the present study identified the change
in NSE on day 2, SSEPs, and the initial presence of a non-
shockable rhythm to have the highest predictive value.
Since unequivocal prediction of poor neurologic outcome
is of utmost importance to avoid fatal limitation of therapy
in patients who might potentially recover this decision
must always be based on several prediction tools and be
viewed in the overall clinical context.
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