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Abstract

Background The neurological prognosis of patients after
cardiopulmonary resuscitation (CPR) is difficult to assess.
GFAP is an astrocytic intermediate filament protein
released into bloodstream in case of cell death. We per-
formed a prospective study aiming to compare the
predictive potential of GFAP after resuscitation to the more
widely used biomarker neuron-specific enolase (NSE).
Methods One hundred patients were included at 48 h
(tolerance interval 412 h) after cardiac arrest. A serum
sample was collected immediately after study inclusion.
We determined serum levels of GFAP and NSE by means
of immunoassays. Primary outcome was the modified
Glasgow outcome scale at 4 weeks. Values below four
were considered as a poor functional outcome.

Results Median GFAP levels in poor outcome (n = 61) and
good outcome (n = 39) patients were 0.03 pg/L (interquartile
range 0.01-0.07 pg/L) and 0.02 pg/L (0.01-0.03 pg/L;
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p = 0.014), respectively. GFAP revealed a sensitivity of 60.7%
and a specificity of 66.7% to predict a poor functional outcome.
All patients having a GFAP level >0.08 pg/L had a poor
functional outcome. For NSE, sensitivity was 44.3% and
specificity was 100.0% for predicting a poor outcome. Multi-
variate regression analysis revealed GFAP, NSE, and the
Karnofsky index to be independent predictors of outcome.

Conclusions The release patterns of GFAP and NSE after
CPR show differences. GFAP levels above 0.08 pg/L were
associated with a poor outcome in all cases, and patients
with strongly elevated values (>3 pg/L) consistently had
severe brain damage on brain imaging. Both biomarkers
independently contribute to outcome prediction after CPR.

Keywords Cardiac arrest - GFAP - NSE - Outcome -
Biomarker

Introduction

The prediction of functional outcome in patients
after cardiopulmonary resuscitation (CPR) is challenging.
Besides the neurological examination, brain imaging, EEG,
and somatosensory evoked potentials (SEP) are used to
assess brain status [16, 30]. Blood biomarkers could pro-
vide additional independent information on brain damage
on a molecular basis and could therefore be helpful to
stratify patients according to their prognosis [14, 26].

At present, neuron-specific enolase (NSE) is the most
commonly used blood test for this indication [1, 10, 24, 25].
It has, however, little brain specificity. NSE is mainly
located in neurons and neuroendocrine cells, but is also
expressed by small-cell bronchial carcinoma and in some
benign lung diseases. A general problem of NSE in outcome
prediction after CPR is that sensitivity values are only
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moderate if specificity is set to 100%. Furthermore, the
recommended NSE cutoff levels after resuscitation vary
from guideline to guideline, and target temperature man-
agement (TTM) seems to also have an influence on NSE
cutoff points [27]. This underlines the vulnerability of this
marker, making a reliable outcome prediction based on NSE
levels difficult.

In comparison with NSE, less data are available for glial
fibrillary acidic protein (GFAP). This protein is a main
component of intermediate filaments in the cytoplasm of
glial cells (particularly astrocytes) [6, 7]. GFAP is con-
sidered to be highly brain specific. As a structural protein,
it is not released from cells under physiologic conditions,
and healthy individuals do not show detectable GFAP
levels in their blood stream [2]. Events that cause astroglial
cell necrosis, however, lead to the release of GFAP into
plasma. Thus, GFAP was detected early in the time course
of intracerebral hemorrhage [8, 9] and traumatic brain
injury [4, 22]. It is released with some delay in ischemic
stroke [2, 5]. In the context of resuscitation, two small
studies did not find differences in GFAP levels between
patients resuscitated from cardiac arrest with a good and a
poor prognosis [12, 21]. In contrast, a retrospective study
[15] and a recently published prospective evaluation in 125
post-cardiac arrest patients that was based on a newly
developed prototype GFAP immunoassay [17] showed
higher GFAP levels in patients with a poor prognosis.

The following study was performed to characterize the
release pattern of GFAP in a prospective cohort of resus-
citated patients and to evaluate the predictive potential of
GFAP in comparison with NSE.

Materials and Methods
Study Design and Patients

This prospective study was performed between March
2011 and January 2013 in three secondary- and tertiary-
care hospitals in Germany (Hochtaunus-Kliniken Bad
Homburg, Kerckhoff-Klinik Bad Nauheim, and University
Hospital Frankfurt am Main). It was approved from the
ethics committee of the University Hospital Frankfurt am
Main (No. 45/11). Consent for being included in the trial
was obtained from legal representatives or, in case the
patients had regained consciousness, from the patients
themselves. Participation in the study did not alter any
aspects of the patients’ clinical treatment, including the
induction of TTM.

Sample size calculation was performed using an online
tool for studies of diagnostic test accuracy (www.sample-
size.net). At a confidence level of 0.95, we assumed 50
patients having a poor functional outcome and 50 patients

having a good functional outcome [21]. Based on previ-
ously published data on biomarkers in patients resuscitated
from cardiac arrest, we assumed a probability of a positive
GFAP test result in the poor outcome group of 0.6 and a
probability of a positive GFAP test result in the good
outcome group of 0.06 [15]. This resulted in a likelihood
ratio of 10.0 (3.3-30.7).

Inclusion criterion was a documented successful out-of-
hospital or in-hospital CPR within the last 60 h. Exclusion
criteria were: (1) age under 18 years, (2) previous stroke within
the last 12 months, (3) traumatic brain injury within the last
12 months, (4) any brain tumor in medical history. The latter
three exclusion criteria were chosen based on previous
exploratory studies on GFAP. In ischemic stroke [13] and
intracerebral hemorrhage [9], GFAP is released within the first
few days after symptom onset. In traumatic brain injury, GFAP
can immediately be detected in serum [29]. In patients with
singular mass lesions in the brain, GFAP is a marker of
glioblastoma [28]. Other neurological conditions were not
found associated with GFAP release [19].

We documented whether the CPR was performed within
a hospital (i.e., during a hospital stay) or outside a hospital.
In addition, the following parameters were prospectively
collected: age, sex, Karnofsky index [3] prior to resusci-
tation, cause of cardiac arrest, time span to CPR, duration
of CPR, first documented rhythm, defibrillation during
CPR, and TTM after CPR. Brain imaging was not sched-
uled as part of the study protocol. However, available brain
scans (i.e., those administered in clinical routine) were
evaluated for the presence of hypoxic brain damage,
including pathologies such as ischemic stroke and intrac-
erebral hemorrhage.

Blood Sampling

At 48 h (tolerance interval +12 h) after CPR, blood was
collected in a serum-separating tube and was rapidly trans-
ported to the laboratory facility of the respective hospitals.
Blood tubes were centrifuged at 1500-2000g for 10 min as
soon as possible but no longer than 1 h after blood collec-
tion. Serum was separated, immediately frozen, and stored
below —80 °C. Samples were later on shipped on dry ice.

Measuring GFAP and NSE Serum Levels

Quantification of serum GFAP concentrations was per-
formed at Roche Diagnostics, Penzberg, Germany. All
scientists involved in the analysis were fully blinded to the
clinical data. A prototype electro-chemiluminometric
immunoassay for the in vitro quantification of GFAP in
human serum and plasma was used on an Elecsys®17
platform [9, 17, 28].
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NSE was measured on a fully automated analyzer
(Cobas e®). Here, the “sandwich principle” was used for
quantification of NSE serum levels.

Outcome Assessment

Mortality rate was determined at 4 weeks after CPR. The
modified Glasgow outcome scale (MGOS) was used as the
primary outcome measure [23]. The assessment was done by
phone interview. The rater was blinded to the results of the
laboratory testing. The MGOS distinguishes outcome into six
categories and has been applied for outcome determination
after cardiac arrest in the appraisal of biomarkers (MGOS 5:
normal life, MGOS 4: disabled but independent, MGOS 3:
conscious but disabled and dependent, MGOS 2: uncon-
scious, MGOS 1: deceased with a documented hypoxic brain
damage, MGOS 0: deceased with unknown cerebral status).
Thus, compared to the “regular” Glasgow outcome scale,
patients with an unknown cerebral status at their death are
stratified in a separate group. For the primary endpoint,
MGOS was dichotomized into a good (MGOS 4 + 5) and a
poor (MGOS 0-3) functional outcome category.

Statistical Analysis

The Kolmogorow—Smirnov-test was used to evaluate
whether data are normally distributed. Parametric data
were then compared using mean values = SD and the
t test. Nonparametric data were displayed using median and
interquartile (IQ) ranges, and comparisons between groups
were performed by means of the Mann—Whitney U test.
We used receiver operating characteristics (ROC) curve
calculations to determine cutoff values for an optimal
differentiation between patients with a good and poor
functional outcome for each biomarker. Sensitivity, speci-
ficity and predictive values were then derived from cross-
tabulations. Multivariate analysis (simultaneous inclusion

model) was used to identify whether GFAP and NSE are
independent predictors for a poor functional outcome. For
doing so, biomarkers were grouped into quintiles, due to
nonparametric distribution. Age, sex, Karnofsky index,
time to CPR (dichotomized into <5 vs. >5 min [12]),
duration of CPR (dichotomized into <5 vs. >5 min [15]),
first determined cardiac rhythm (ventricular fibrillation vs.
all others), TTM, and the performance of CPR within a
hospital (vs. outside) were used as co-variables. The
threshold of significance was set at p < 0.05. SPSS ver-
sion 22 (SPSS Inc., Chicago, IL, USA) was used for all
statistical analyses.

Results

One hundred patients were prospectively included in this
trial. Baseline variables of the study cohort are displayed in
Table 1.

At 4 weeks after CPR, 15% of the patients had died
(MGOS 0-1). Regarding the primary endpoint, 61% of
patients had a poor functional outcome (MGOS 0-3), and
39% reached the good functional outcome -category
(MGOS 4-5). Median NSE serum levels at 48 h after CPR
were significantly higher in the poor functional outcome
group (26.3 pg/L [1Q range 10.8-60.8]) as compared to the
good outcome group (16.1 pg/L [IQ range 10.4-21.2];
p = 0.025; see Fig. 1). Median GFAP serum levels were
also significantly increased in the poor outcome group as
compared to patients with a good functional outcome
(0.03 pg/L [1Q range 0.01-0.07] vs. 0.02 pg/L [IQ range
0.01-0.03]; p = 0.014; see Fig. 2).

For GFAP, we noticed that most of the patients had low
serum values, but nine patients showed levels more than
100-fold higher than the median GFAP levels (i.e., >3 pg/
L, max. 144 pg/L). Of those, five patients had died at
follow-up, and all survivors showed a poor functional

Table 1 Baseline
characteristics and biomarker

levels

Good outcome (n = 39) Poor outcome (n = 61) p
Age (years; mean £ SD) 60.9 £+ 14.1 73.0 £ 12.8 <0.001
Sex (m; %) 69 57 0.293
Karnofsky (median [quartiles]) 100 [80, 100] 50 [30, 80] <0.001
CPR out of hospital (%) 79 46 0.001
Primary cardiogenic (%) 74 59 0.136
Time to CPR <5 min (%) 51 59 0.537
Duration of CPR 5 <min (%) 28 30 1.000
Initial rhythm: VF (%) 72 34 <0.001
NSE (pg/L, median [quartiles]) 16.1 [10.4, 21.2] 26.3 [10.8, 60.8] 0.025
GFAP (pg/L, median [quartiles]) 0.02 [0.01, 0.03] 0.03 [0.01, 0.07] 0.014

SD standard deviation, m male, CPR cardiopulmonary resuscitation, VF ventricular fibrillation, NSE
neuron-specific enolase, GFAP glial fibrillary acidic protein
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Serum NSE (pug/l)

poor outcome good outcome

Fig. 1 NSE serum levels in patients with poor and with good
functional outcome (displayed by means of boxplots). The boundaries
of the box indicate the 25th and 75th percentile, respectively. The
whiskers indicate the 10th and 90th percentile, respectively. Outliers
(between 1.5 and 3 times the interquartile range) are marked with
circles. Extreme values (>3 times the interquartile range) are marked
with asterisks. The y-axis is on a logarithmic scale
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Fig. 2 GFAP serum levels in patients with poor and with good
functional outcome (displayed by means of boxplots). The y-axis is on
a logarithmic scale

outcome with a persistent vegetative state (MGOS 2). A
detailed reevaluation of the available imaging data (all CT
scans) in the acute phase (7 out of 9 patients) revealed large
ischemic infarctions (e.g., bilaterally in the posterior
cerebral artery territory) and brain swelling in all cases.
NSE values in patients with massively elevated GFAP were
also strongly increased (range 14.0-360.2 pg/L; mean
161.0 £ 132.7 pg/L).

Fifteen patients had high NSE values (above 60 pg/L),
and the highest value was 360.2 pg/L. Hypoxic or ischemic
brain damage was detected with CT in 13 of these 15 cases
(in the remaining two patients, no brain imaging was
available). In the 15 patients with strongly elevated NSE

ROCNSE
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Fig. 3 Receiver operating characteristics (ROC) analysis for NSE for
the differentiation between a poor and a good functional outcome

values, the mean GFAP values were also substantially
increased (15.1 £ 38.5 pg/L). Overall, GFAP showed a
more prominent positive skew (right-tailed) of the serum
values as compared to NSE (see Figs. 1, 2). GFAP and NSE
values revealed a significant correlation with each other
(Pearson’s correlation coefficient r = 0.384, p < 0.001).

ROC analysis revealed a cutoff point of 34.0 ng/L for
NSE for an optimized differentiation between the two end-
points (AUC of 0.633; 95% CI 0.524-0.742; p = 0.025; see
Fig. 3). Sensitivity was determined to be 44.3%, and
specificity was 100.0% for predicting a poor functional
outcome (positive predictive value 100.0%, negative pre-
dictive value 53.4%). For GFAP, a cutoff point of 0.02 pg/L
was determined (AUC 0.646; 95% CI 0.540-0.753;
p = 0.014; see Fig. 4). Cross-tabulation revealed a sensi-
tivity of 60.7% and a specificity of 66.7% for predicting a
poor outcome (positive predictive value 74.0%, negative
predictive value 52.0%). A GFAP cutoff point of 0.08 pg/L
provided both specificity and a positive predictive value of
100% (at a sensitivity of 21.3% and a negative predictive
value of 44.8%) for a poor functional outcome. If both
biomarkers were analyzed in combination and were elevated
above their respective cutoff values, sensitivity was 34.4%,
and specificity was 100.0% (positive predictive value 100%,
negative predictive value 49.3%).

In a subgroup analysis, we focused on only those patients
who were treated with TTM following CPR (n = 36 in the
poor outcome group and n =29 in the good outcome
group). As compared to the entire patient cohort, ROC
analysis in this subgroup revealed a slightly higher diag-
nostic accuracy both for NSE and GFAP to differentiate
between patients with a poor and a good outcome (NSE:
AUC 0.786, p < 0.001; GFAP AUC 0.721, p = 0.002).
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Fig. 4 Receiver operating characteristics (ROC) analysis for GFAP
for the differentiation between a poor and a good functional outcome

In a multivariate regression analysis, the Karnofsky
index (pre-CPR) as well as GFAP- and NSE serum levels
were found to be independent predictors of poor neuro-
logical outcome (see Table 2).

Discussion

Our prospective and multicenter study revealed that GFAP
and NSE are both independent predictors of poor func-
tional outcome in resuscitated patients. Both markers have
their strength in high positive predictive values, meaning
that the chance of having a good functional outcome in the

case of elevated serum values (i.e., a false positive finding)
is very low. On the other side, a clear drawback of both
parameters is the reduced sensitivity, meaning that a sig-
nificant proportion (depending on the cutoff levels used) of
patients with a poor functional outcome are not detected by
means of biomarker elevation.

Although being not brain specific and hampered by lim-
itations as discussed above, NSE has been extensively
studied as a prognostic biomarker in CPR [1, 10, 24, 25, 27].
The cutoff values for NSE for predicting a poor functional
outcome in our study were comparable to those obtained in
previously published investigation, which underlines that we
investigated a representative sample of patients resuscitated
from cardiac arrest.

Until now, little data are available for GFAP as a pre-
dictor of functional outcome in patients resuscitated from
cardiac arrest [12, 15, 17, 21]. However, from a patho-
physiological point of view, GFAP appears to be an
interesting biomarker candidate for further evaluation in this
context. It is not released into the blood under physiologic
conditions [2, 9, 20]. It is also not released in patients with
transient focal cerebral ischemia, where primarily functional
but not structural deficits on a cellular level occur [31].
However, cell damage with the loss of structural integrity
leads to GFAP release. Significant correlations of serum
GFAP levels with lesion size and functional outcome were
reported in patients with traumatic brain injury [4, 22],
intracerebral hemorrhage [8, 9], and ischemic stroke [5, 13].
In contrast, patients with trauma without cerebral involve-
ment and patients with other neurological diseases did not
show elevated GFAP levels [18, 19]. Taken together, it
appears worthwhile to study GFAP in CPR survivors, where
a global ischemia of variable duration causes heterogeneous
brain damage on a cellular level.

Table 2 Multivariate analysis
(simultaneous inclusion model)

p Exp(B) 95% CI

Age (years) 0.840 0.993 0.927-1.064
Female sex (vs. male) 0.631 0.648 0.110-3.813
Karnofsky index <0.001* 0.874 0.817-0.936
Time to CPR >5 min (vs. <5 min) 0.058 6.382 0.936-43.492
Duration of CPR >5 min (vs. <5 min) 0.797 1.243 0.236-6.541
First rhythm VF (vs. others) 0.497 0.503 0.069-3.663
TTM (vs. no TTM) 0.616 1.543 0.284-8.378
In-hospital CPR (vs. out-of-hospital CPR) 0.864 1.236 0.110-13.876
GFAP (quintiles) 0.005* 2.623 1.328-5.181
NSE (quintiles) 0.011* 2.316 1.209-4.438
Constant 0.153 247.675

The association of the respective condition with poor functional outcome increases with increasing values
for exponential B [Exp(B)]. Lower Karnofsky index values, higher GFAP values, and higher NSE values
emerged as independent predictors of poor functional outcome (*p < 0.05)

CPR cardiopulmonary resuscitation, VF ventricular fibrillation, 7TM targeted temperature management, CI

confidence interval
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Our study unmasks differences of GFAP and NSE release
after CPR. Elevated GFAP values were found in a smaller
number of patients than elevated NSE values. But all
patients with GFAP values >0.08 pg/L had a poor func-
tional outcome, and those patients with strongly elevated
values (>2 pg/L) consistently showed severe ischemic or
hypoxic brain damage on brain imaging. In view of the
pathophysiological considerations mentioned above, these
findings are well understandable. GFAP as a robust struc-
tural protein is released only in cases of substantial cellular
damage. Our multivariate statistics identified both markers
to be independent predictors of outcome. However, the
diagnostic accuracy did not improve in this study if both
markers were used in combination. The most likely reason
for this discrepancy is that our study was not statistically
powered to demonstrate an additional value of GFAP in
comparison with NSE alone in outcome prediction. The
Karnofsky index as a performance status measure (“the
general well being”) prior to CPR was the only clinical
variable that independently contributed to outcome predic-
tion in our dataset. Most likely due to the limited number of
cases other predictors could not be identified, although a
strong tendency was found for prolonged time intervals from
cardiac arrest to CPR (p = 0.058).

According to the ROC analyses, the overall potential of
GFAP and NSE to differentiate between the two outcomes
is poor. Thus, our study does not have direct clinical
implications on an individual patient level. However, prior
to a “withdraw of life support” order based on prognostic
parameters (including clinical variables and imaging), it
may make sense to analyze both markers for the purpose of
reassuring the results [11]. In other words, combining both
markers will further reduce the change of having a false
positive finding (i.e., elevated biomarkers despite a good
functional outcome). On the other side, as mentioned
above, both GFAP and NSE do not function as predictors
of a poor functional outcome with a high sensitivity. Thus,
in clinical routine, a substantial proportion of patients will
remain having a poor neurological outcome despite low
biomarker levels after CPR.

The results of our study are highly consistent with the
findings of the recently published study by Larsson et al.
[17]. They also showed that GFAP levels were significantly
increased in the poor outcome group after a survived car-
diac arrest. A 100% specificity at a cutoff value of 0.04 ng/
L at 96 h after cardiac arrest was suggested. In contrast to
our findings, however, Larsson et al. did not identify GFAP
as an independent predictor of functional outcome, and
differences in release kinetics based on pathophysiological
considerations were not elaborated.

Strengths of our study are its prospective design and the
measurement of GFAP with an advanced GFAP prototype
assay. The levels and the cutoff point of NSE reported here

(as the more established parameter) were found in the
range to what has been previously published, thereby
underlining the validity of our study. Clearly, the predictive
value of serum levels of GFAP with respect to long-term
outcome (e.g., 6 months after CPR) should be addressed in
further studies.

Conclusion

Our study revealed differences in the release pattern of
GFAP and NSE into serum after CPR. GFAP as a structural
protein was found markedly increased only in patients with
severe brain damage. Elevated GFAP values (>0.08 pg/L)
were associated with a poor prognosis in all cases. The
biomarker may therefore be used in combination with NSE,
in order to reduce the number of false positive findings
(i.e., patients having a good prognosis despite elevated
biomarker levels). On the other side, low levels are not
necessarily associated with a good functional outcome.
Further studies are needed to confirm our results.
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