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Abstract

Aim: We evaluated serum tau protein as biomarker for poor neurological outcome over an extended observation period in patients after successful

cardiopulmonary resuscitation (CPR) treated with mild therapeutic hypothermia (MTH) or normothermia (NT).

Methods: This is a retrospective analysis of a prospective observational study including 132 patients after successful CPR. Serum tau was determined

in 24 h intervals for up to 168 h after CPR. Patients were treated with MTH targeting a temperature of 33 �C for 24 h or NT according to current guidelines.

Neurological outcome was assessed with the Cerebral Performance Categories Scale (CPC) at hospital discharge.

Results: Forty-three percent of the patients were treated with MTH. Serial serum tau levels (pg/ml) showed a peak between 72�96 h after CPR (159

(IQR 27�625). Patients with poor neurological outcome (CPC 3�5) at hospital discharge (n = 68) had significantly higher serum tau levels compared to

patients with good neurological outcome at 0�24 h (164 (48�946) vs. 69 (12�224); p = 0.009), at 24�48 h (414 (124�1049) vs. 74 (0�215); p < 0.001),

at 48�72 h (456 (94�1225) vs. 69 (0�215); p < 0.001) and at 72�96 h (691 (197�1173) vs. 73 (0�170); p < 0.001). At 72�96 h the AUC to predict poor

neurological outcome was 0.848 (95% CI: 0.737�0.959). Serum tau levels were not significantly different between patients with MTH and NT in

multivariate analysis after adjusting for clinical relevant covariates.

Conclusion: Serum tau showed highest values and the best prognostic discrimination of poor neurological outcome at 72�96 h after CPR. Prolonged

elevation may indicate ongoing axonal damage in patients with hypoxic encephalopathy.
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Introduction

Despite advances in the critical care management of patients after
out-of-hospital and in-hospital cardiac arrest (CA) including targeted
temperature management (TTM),1,2 favourable long-term outcomes
only range between 7 and 22%.3�6

Neuro-prognostication remains difficult and is currently based
on a multimodal approach including clinical assessment, electro-
encephalography, somatosensory evoked potentials (SSEP),
neuroimaging and blood derived biomarkers.7,8 Neuron�specific
enolase (NSE) is still considered as the gold standard9,10 and is
used beside S-100B,11�14 and others including secretoneurin
(SN),15 glial fibrillary acidic protein (GFAP),12,16 brain- derived
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neurotrophic factor (BDNF)12 and neurofilament light chain (NF-
L).17

Recently serum tau levels showed a high accuracy in predicting
poor outcome after out-of-hospital cardiac arrest (OHCA) independent
if mild hypothermia (MTH) (33 �C) or normothermia (NT) (�36 �C) was
applied.18 In two smaller observational studies, delayed increase of
serum tau was associated with poor outcome in hypothermic
patients.19,20 Tau is a microtubule-associated axonal protein with a
stabilizing function under physiological conditions. Following axonal
disruption, tau can be detected in brain extracellular fluid,21

cerebrospinal fluid (CSF)22�24 and serum.25�28 Whereas brain
extracellular tau is only elevated for 48 h after traumatic brain injury,
prolonged and sustained elevated serum levels have been reported in
severe subarachnoid hemorrhage (SAH) patients21 and CA pa-
tients19,20 with poor outcome. Because of prolonged elevated serum
tau levels despite of the relatively short half-life of tau protein (115 h),29

we speculate there is ongoing axonal injury possibly triggered by
inflammatory processes.Theassociationof tau in thebrainextracellular
fluid with elevated IL-6 levels in SAH patients30 and the association of
elevated tau fragments with systemic inflammatory markers31 support
our considerations.

Therefore, we hypothesized that serum tau elevation beyond
72 h may occur in patients with poor neurological outcome after
successful cardiopulmonary resuscitation (CPR) possibly indicat-
ing ongoing axonal damage.

The aim of our study was to investigate serum tau kinetics and
predictive performance of serum tau over an extended observa-
tion period to better understand ongoing pathophysiological
processes and improve prognostication, independent if MTH or
NT is applied.

Methods

Study design

This is a secondary analysis of our previously published study
investigating SN after successful CPR.15 This prospective obser-
vational single centre trial included 152 consecutive adult patients
(age � 18 years) with an in-hospital or out-of-hospital cardiac arrest
with presumed cardiac cause admitted to the medical intensive care
unit (ICU) of the University Hospital of Innsbruck from September
2008 to April 2013 after successful CPR. The presence of a
neuroendocrine tumor, stroke, intracranial haemorrhage or trauma
as non- cardiogenic cause of CA as well as life expectancy of less
than 24 h as determined by the treating physicians were considered
as exclusion criteria.

Of 152 consecutive CA patients, 20 (13%) were excluded due to
lost follow up (n = 4), missing values due to missing serum samples
(n = 6) or death not related to hypoxic ischemic encephalopathy
(HIE) (n = 10) leaving 132 patients eligible for final analysis. (ESM
Fig. 1)

Measurements

Blood samples were drawn from an arterial catheter for the daily
determination of all biomarkers starting at the day of CPR up to 7 days
and assigned to following time intervals: 0�24 h (day 1), 24�48 h (day
2), 48�72 h (day 3), 72�96 h (day 4), 96�120 h (day 5), 120�144 h
(day 6) and 144�168 h (day 7).

Description of assay methods

Blood (9 ml) was collected in EDTA tubes, immediately centrifuged for
10 min, the upper phase (serum) collected in cryovials1 and stored at
�80 �C. Serum tau levels were determined with a commercial ELISA
(Innogenetics/Fujirebio Gent, Belgium) detecting total tau as reported
previously by us.30 The detection limit was �50 pg/ml for serum tau.

Additionally, serum lactate (Roche, Mannheim, Germany), as an
established marker for circulatory shock was measured after
admission within 24 h.

Sequential Organ Failure Assessment Score (SOFA) and Acute
Physiology and Chronic Health Evaluation II (APACHE II) scores were
calculated at the day of ICU admission. CA data such as the rate of
bystander resuscitation, time to return of spontaneous circulation
(ROSC) and first monitored rhythm were collected from the
emergency or heart alarm protocol according to the Utstein Style.32

Targeted temperature management

According to the guidelines at study initiation, MTH was routinely
applied to comatose patients with an initially shockable rhythm that
had received advanced life support within 15 min and showed a
ROSC less than 60 min after collapse. After the change in the
guidelines in 2010 recommending the use of MTH also in patients
with non- shockable rhythms with a low level of evidence, we also
applied MTH to comatose patients with initially non - shockable
rhythms, if the event was observed and time to ROSC less than
25 min.33 Patients that underwent MTH were maintained at a target
temperature of 32�34 �C using an intravascular cooling device
(Thermogard XP, Zoll1, Intravascular Temperature Management
Systems) and then gradually rewarmed with a rate of 0.2�0.4 �C/h.

Fig. 1 – Kinetics of serum tau [pg/ml] (median + IQR) in all patients.
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Core body temperature was measured in the urinary bladder using a
Foley catheter.

Outcome measures

To assess neurological outcome the Cerebral Performance Categories
(CPC) Scale was used34,35 (see a detailed description in the ESM). To
receive binary outcome parameters patients were classified into two
groups according to their neurological outcomes: ‘good outcome’ (CPC
1 and 2) and ‘poor outcome’ (CPC 3�5). The 5 categories of CPC have
been described in detail elsewhere, briefly they comprise: 1. Good
cerebral performance. 2. Moderate cerebral disability. 3. Severe
cerebral disability 4. Coma/vegetative state. 5. Brain death.34

As primary outcome measure the CPC was assessed by a
physician either at death at our ICU or in survivors at discharge from
hospital (also including long-term acute care facilities) following a
standardized protocol. The CPCs for patients being transferred to
another hospital were determined by follow-up telephone interview of
the patient himself/herself, his/her family member or personnel of his/
her rehabilitation facility at hospital discharge.

Ethics

The study protocol was approved by the Ethics Committee of the
Medical University of Innsbruck (protocol number UN3493 272/4.31).
Written informed consent was obtained from next of kin or
retrospectively from patients who recovered.

Neurologic examination

Neurologic examinations were performed after complete weaning off
sedation in all patients who survived including clinical examinations,
neuroimaging findings, bilateral median nerve SSEP recordings and
bedside electroencephalograms (EEG) with standardized auditory
and noxious stimulation. A neurologist with expertise in neurocritical
care performed neurological examination in accordance to the
American Academy of Neurology guidelines10 Physicians involved
in primary care and prognostication of study patients were blinded to
serum tau analysis.

Medical decision making

Decisions about further medical treatment were based on clinical,
neurophysiological and imaging data as well as concomitant
underlying diseases of the patients and were taken after completion
of MTH, complete weaning off sedation and diagnostic procedures in
an interdisciplinary conference of treating intensivists and neurolo-
gists.1,10 NSE levels were available for the prognostication process
and were included in the decision process. Serum tau levels were not
available for the treating physicians and did not influence this critical
process in any case. Patients were allocated to following subgroups:
(1) Withdrawal of therapy, (2) Withholding of therapy, (3) Maximal
therapy. A detailed description is given in the original publication.15

The medical consensus was discussed with the patient’s family also
considering the patients’ presumed will.

Statistical analysis

Categorical data are given as counts and percentages, continuous
data as medians and interquartile ranges. Normal distribution of

continuous data was checked by the Kolmogorov�Smirnov test. As
serum tau and most other variables were not normally distributed the
Mann Whitney-U-test was used for univariate comparison of
continuous variables between patients. Chi-Square-test was used
to compare the categorical data.

The accuracy of serum tau levels to differentiate between good
and poor outcome was evaluated by the receiver operating
characteristic (ROC) analysis. Overall specific ROC curves were
built for serum tau at every 24 h interval up to 168 h. The 95%
confidence interval for the area under the curve was calculated with

Table 1 – Characteristics of patients with good or poor
neurological outcome.

Patient
characteristics

Good
outcome
(n = 64)

Poor
outcome
(n = 68)

p - value

Age in years,
median (IQR)

59 (50�70) 67 (57�76) 0.004

Female, n (%) 19 (29.7) 15 (22.1) 0.318
Bystander-initiated
CPR, n (%)

51 (79.7) 39 (57.4) 0.006

Time to
ROSC > 20 min,
n (%)

23 (35.9) 48 (70.6) <0.001

Cardiac arrest out-
of-hospital, n (%)

56 (87.5) 59 (86.8) 0.900

Mild therapeutic
hypothermia, n (%)

36 (56.3) 21 (30.9) 0.003

Shockable first
monitored rhythm
(VFib + VTac)

49 (76.6) 28 (41.2) <0.001

First monitored
rhythm
Ventricular

fibrillation (VFib),
n (%)

48 (75.0) 27 (39.7)

Asystole, n (%) 7 (10.9) 27 (39.7)
Pulseless

electrical activity
(PEA), n (%)

5 (7.8) 12 (17.6)

Ventricular
tachycardia (VTac),
n (%)

1 (1.6) 1 (1.5)

Unknown, n (%) 3 (4.7) 1 (1.5)
Outcome at
hospital discharge,
n (%)
CPC 1 50 (78.1)
CPC 2 14 (21.9)
CPC 3 3 (4.4)
CPC 4 2 (2.9)
CPC 5 63 (92.6)

SOFA score on
admission

10 (8�11) 11 (9�13) 0.012

APACHE II on
admission

23 (20�26) 27 (24�31) <0.001

Lactate at 0�24 h
after CPR [mg/dl]

41 (28�67) 60 (32�116) 0.010

CPR cardiopulmonary resuscitation, ROSC return of spontaneous circula-
tion, MTH mild therapeutic hypothermia, CPC Cerebral Performance
Categories Scale, SOFA Sequential Organ Failure Assessment Score,
APACHE II Acute Physiology and Chronic Health Evaluation II.
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the formula of Hanley and Mc Neil (1982).36 The cut- off points for
prediction of poor neurological outcome were determined at the
specificities of 95, 96,97,98,99 and 100%, because in our clinical
situation high specificity is more important than sensitivity in a
predictive model.

A general estimating equation (GEE) model according to Liang
and Zeger37 was fitted in order to compare the effect of MTH and
covariates on the longitudinal measurements of serum tau over 96 h.
The reported model assumes an unstructured correlation structure.
Furthermore, we performed a GEE model on neurological outcome as
dependent variable. In univariate analysis we only assessed the effect
of longitudinal tau (over 96 h) on neurological outcome. In multivariate
analysis all variables, which showed statistical significance in the
univariate analysis and had clinical importance, were included in the
model. For the GEE modelling serum tau was logarithmically
transformed to achieve normal distribution.

Values with a p-value < 0.05 were considered as statistically
significant. SPSS software (SPSS Inc., Chicago, Illinois, USA) was
used to analyse data.

Results

The median age was 64 (IQR 53�75) years, and 26% (34/132) were
female. Ninety patients (68%) received bystander resuscitation and
17 patients (13%) encountered in-hospital CA. The initial rhythm was
ventricular fibrillation in 75 patients (57%) (Table 1). In 68 patients (52%)
poor neurological outcome (CPC 3�5) was recorded at hospital
discharge, of whom 11 received the maximal ICU care, in 10 and
47 patients therapy was withheld or withdrawn, respectively. (ESM Fig. 1)

Patients with beneficial neurological outcome (64; CPC 1,2) were
significantly younger (p = 0.004), had a higher rate of bystander-
initiated CPR (p = 0.006), a lower rate of prolonged ROSC-time
(>20 min) (p < 0.001), a higher rate of shockable first monitored
rhythms (p < 0.001) and MTH treatment (p = 0.003). Furthermore,
SOFA and APACHE II scores as well as serum lactate levels at
admission were significantly lower in patients with good neurological
outcome (see Table 1).

Serum tau kinetics

In all patients serum tau levels markedly increased within 24 h,
reaching a plateau between 24 and 96 h and decreased thereafter
(Fig. 1). Peak levels occurred between 72�96 h after CPR (159 pg/ml
(27�625 pg/ml). In patients with poor neurological outcome, the same
kinetics were observed whereas patients with good neurological
outcome did not show an increase in the days after CPR. The number
of patients analysed at each time interval is given in Table 2.

Total serum tau and hospital outcome

Patients with poor neurological outcome (CPC 3�5) had significantly
higher serum tau levels when compared to patients with good
neurological outcome (CPC 1�2) within the first 24 h (164 (48�946)
vs. 69 (12�224) pg/ml; p = 0.009), at 24�48 h (414 (124�1049) vs. 74
(0�215) pg/ml; p < 0.001), at 48�72 h (456 (94�1225) vs. 69
(0�215) pg/ml; p < 0.001), at 72�96 h (691 (197�1173) vs. 73
(0�170) pg/ml; p < 0.001) at 96�120 h (260 (132�731) vs. (27
(0�168) pg/ml; p = 0.001) and 144�168 h (189 (119�603 vs. 0
(0�36); p = 0.19). (Fig. 2)

Table 2 – Diagnostic accuracy of serum tau at different time intervals to predict poor neurological outcome.

time interval N AUC [95% CI] FPR,% cut-off, pg/ml Sens, % Spec, %

0�24 h n = 128 0.645 [0.540�0.750] 5 764 30 95
4 937 25 96
3 1007 21 97
2 1109 17 98
1 1268 2 99
0 1274 2 100

24�48 h n = 93 0.775 [0.679�0.870] 5 647 38 95
4 666 38 96
3 874 31 97
2 913 21 98
1 1092 21 99
0 1102 21 100

48�72 h n = 73 0.783 [0.671�0.894] 5 778 41 95
4 792 41 96
3 881 38 97
2 1225 24 98
1 1423 10 99
0 1443 10 100

72�96 h n = 53 0.848 [0.737�0.959] 5 790 50 95
4 835 50 96
3 880 50 97
2 1158 25 98
1 1167 25 99
0 1218 20 100

TAU serum tau, N number of patients measured, AUC area under the curve, CI confidence interval, FPR false positive rate, Sens sensitivity, Spec specificity.
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The predictive performance of serum tau increased over time
reaching a maximum at 72�96 h after CPR and then decreasing
again. The AUC at 72�96 h was 0.848 (95% CI: 0.737�0.959). At a
specificity of 97% (FPR 3%) with a sensitivity of 50% the cut-off for
poor outcome was 880 pg/ml. (Fig. 3,Table 2).

In a GEE model with neurological outcome as dependent
variable, serum tau was significantly associated with poor
outcome in univariate analysis (Wald Chi -Square (95% CI):
14.758 (�5.689E-7 - (�1.845E-7); p < 0.001). Tau remained a

significant predictor also in multivariate analysis (Wald Chi-Square
(95% CI): 14.651 (0.000- (�5.473E-5)); p < 0.001) when adjusting
for the covariates age, shockable rhythm, time to ROSC > 20 min
and MTH (Table 3).

Serum tau and targeted temperature management

Fifty-seven patients (43%) were treated with MTH. The majority
(49 patients, 86%) initially presented with a shockable rhythm and
tended to have lower SOFA scores. APACHE II scores where even
significantly lower in this subgroup (MTH vs. NT: 24 (IQR 20�27)
vs. 27 (IQR 23�31); p < 0.001). Serum tau tended to be lower and
showed a markedly lower variability in patients treated with MTH,
but the differences reached statistical significance only at 0�24 h
and 72�96 h after CPR (ESM Fig. 2). In patients with poor
neurological outcome statistical significance was reached only at
0�24 h (ESM Fig. 3) and in patients with good neurological
outcome at 72�96 h (ESM Figure 4). In the GEE model we could
observe a statistically significant effect of MTH on serum tau levels

Fig. 2 – Serum tau [pg/ml] (median + IQR) in patients with good and poor neurological outcome. *p < 0.05. **p < 0.01.

Fig. 3 – ROC curve at 72�96 h after cardiopulmonary
resuscitation.

Table 3 – Generalized estimating equation model with
outcome as dependent variable.

Wald Chi-Square (95% CI) p-value

Age 6.793 (�0.65 to (�0.009)) 0.009
Shockable rhythm 10.621 (�2.656 to (�0.661)) 0.001
Time to
ROSC > 20 min

12.557 (0.711 to 2.470) <0.001

MTH 0.427 (�1.270 to 0.635) 0.514
TAU 14.651 (0.000 to (�5.473E-5)) <0.001

CI confidence interval, ROSC return of spontaneous circulation, MTH mild
therapeutic hypothermia, CPR cardiopulmonary resuscitation, TAU serum
tau over 96 h.
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over 96 h after CPR (Wald Chi-Square (95% CI): 5.034
(27.751�411.117); p = 0.025). After adjustment for clinical rele-
vant covariates (age, first monitored rhythm, time to ROSC > 20
min, bystander initiated CPR, lactate and MTH) the effect of MTH
was not statistically significant anymore (Wald Chi-Square
(95% CI): 2.294 (�47.098 to 367.324); p = 0.130). (ESM Table 1)

CPC assessment at hospital discharge
The median follow up time was 11 (IQR 4�24) days for all patients,

20 (IQR 11�38) days for patients with good and four (IQR 2�9) days
with poor neurological outcome. 62,5% of the survivors with good
neurological outcome (n = 64) were discharged from our hospital to
home, 37,5% patients were transferred to a secondary hospital or
rehabilitation institution. Survivors with poor neurological outcome
(n = 5) were all discharged to a secondary hospital.

Discussion

In the present study, we analysed serum tau in patients after successful
CPRtreatedwithMTHorNToveranextendedobservationperiodof168 h.
Serum tau showed significantly higher levels in patients with poor
(vs.good)neurologicaloutcomewithapeakat72�96 h.Bestperformance
for prognostication could be also demonstrated at 72�96 h. Application of
MTH seemed to have minor influence on serum tau levels.

In patients with poor neurological outcome serum tau levels
peaked at 72�96 h after CPR, whereas patients with good
neurological outcome did not develop a relevant increase. Our results
are consistent with two small studies including 22 and 25 hypothermic
CA patients, respectively: the first showed peaking serum tau levels at
96 h19 and the second two peaks within an observation time of up to
108 h (within 24 h and after 24�48 h after CPR) in patients with poor
neurological outcome.20 In the study of Mattsson et al.18 a significant
increase of serum tau occurred between 24 and 48 h in patients with
poor outcome. However, one could speculate that a delayed
potentially more pronounced peak was not detected due to the
limited observation period of 72 h.

Direct comparisons of absolute values and cut-off points have to
be drawn with caution, because each study with CA patients used a
different analysis method.18�20 The two small studies reported about
serum tau levels from zero to 600 pg/ml19 and 700 pg/ml,20

respectively, which is similar to our study (0�1500 pg/ml). Mattsson
et al.18 do not provide ranges but showed generally lower serum tau
levels at several timepoints. The reference value of serum tau in
healthy volunteers is 4.5 pg/ml.38

Although serum tau has only a relatively short half-life in serum,20

we found prolonged high levels at later timepoints after CPR. This
supports the hypothesis, that there is a continuous release of tau from
injured neurons.18 Tau is normally secreted from injured neurons to
the CSF. Under hypoxic conditions, it may pass the blood brain barrier
secondary to disruption and is consequently detectable in blood.39

According to serum kinetics with prolonged elevation beyond the initial
injury, we speculate that further release of tau is resulting from
secondary brain damage in hypoxic encephalopathy promoted by
inflammatory processes. This is in line with the findings of a previous
study of our group, which show sustained elevated cerebral micro-
dialysis (CMD)-tau protein concentrations in the extracellular brain
tissue in SAH patients.21 Furthermore, we found an association
between tau levels and IL-6 suggesting neuroinflammation asunder-
lying mechanism for ongoing axonal damage.30 Recently it was also
shown, that tau fragments, although not capable of predicting

neurological outcome, are associated with elevated levels of systemic
inflammation in CA patients.31 Unfortunately, we did not have the
opportunity to compare tau levels with other inflammatory markers such
as IL-6, but it would be interesting to address this topic in further studies.

Tau is a microtubule-binding protein responsible for axonal stability
and integrity.40 Axonal injury might thus be an explanation for raising
axonal biomarkers such as NF-L and tau. A recent MR- diffusion tensor
imaging study suggests that both hemispheres are predominantly
affected by axonal injury after CA.41 Recently, serum NF-L showed
better predictive performance than tau in a large cohort of comatose
resuscitated patients.17 Both markers seem to be very specific for the
brain. Although tau is also expressed in other organs than the brain
(Courtesy of Human Protein Atlas, www.proteinatlas.org),42 there is no
data available that any extracerebral pathology leads to a significant
increase in serum tau.

In our study, accuracy in terms of poor neurological outcome was
increasing over time achieving a maximum at 72�96 h after CPR,
independent whether MTH or NT was applied. We would have
expected a further improvement of predictive performance after 96 h,
but due to a diminished sample size after death and patient transfer
reliable prediction was not maintainable (data not shown). Cut-off
points with a high specificity for poor outcome were combined with an
acceptable sensitivity, but in general, it is rare to have a low FPR with a
high sensitivity in CA studies.43,44 Tau was significantly associated
with poor outcome in univariate and multivariate analysis after
adjusting for clinically relevant covariates.

In the TTM trial18 the prognostic accuracy of serum tau for poor
neurological outcome was increasing over time reaching a maximum
at 72 h after CPR (AUC of 0.91), but it remains unclear if there would
have been further improvement later in the course due to the limited
observation period. Compared to our study, the TTM trial18 included a
higher number of patients and yielded better results in outcome
prediction, but focused on the first 72 h. The two studies mentioned
above also investigating serum tau in CA patients were limited
because of their small sample size, but had a prolonged observation
time. They reported about an association between delayed serum tau
peaks after 24�48 h and poor 6-month outcome20 and best prediction
at 96 h after CPR in hypothermic patients.19

Based on existing data, we believe that there is an additional value
of prognostication in the late phase beyond 72 h after CPR. Our
findings support current recommendations for neuro-prognostication
after CA suggesting prolonged evaluation of biomarkers, especially if
MTH is applied.8

We observed slightly lower serum tau levels in patients treated with
MTH. The influence of MTH on serum tau levels was significant in
univariate analysis, but did not remain significant in multivariate
analysis when adjusting for clinically relevant covariates. Patients
treated with MTH tended to be less severely ill reflected by lower
APACHE II scores at ICU admission. In conclusion, the application of
MTH might have a minor influence on serum tau levels. Similar
findings were reported in the large TTM trial.18

Limitations

The limitations of the study are consistent with those of the original
study.15 Thus, the study is designed as a single � centre study and
patients were not randomized to the MTH or NT group.

The planning of this study together with the power calculation was
originally targeted on SN. Serum-tau was considered as secondary
end-point in the originally protocol.
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The assessment of long � term outcome was not part of the original
study protocol. Median follow-up time for patient with good neurological
outcome at hospital discharge was 20 (IQR 11�38) days. Although this
is a quite long observation period, we can’t rule out later improvement or
worsening of neurological outcome. Little data exist about the recovery
trajectory after hospital discharge in CA patients, but CPC at hospital
discharge has shown to be a good predictor of long-term outcome.45

In our study we had 10 (7,5%) drop-outs because of death not
related to HIE. Thereby we wanted to avoid misclassification to a
“neurological death” and confounding of outcome assessment. This
sensitive topic was recently addressed by Taccone et al.46 reporting
about 4,2% of death after awakening in non-survivors of CA.

Neuro-prognostication was performed according to the AAN
guidelines.10 This may have influenced the decision to withdraw care
in individual patients when compared to the current recommendations
given by ESC and ESICM.47 On major difference is the change in NSE
cut�offs and the time to neuro-prognostication. However, neuro-
prognostication was always performed by independent neuro-
intensivists based on a multifaceted approach and did not change
over time.

In our study we included both, IHCA and OHCA patients. However,
the proportion of IHCA patients was only 13% and we only found
significant differences in the rate of bystander CPR and application of
MTH, but not in severity of illness scores (SOFA and APACHE II) and
outcome.

Conclusions

In our study, we could show that peak levels and best prognostication of
serumtau isachieved at72�96 h afterCPR in a population consistingof
hypothermic and normothermic patients. Sustained elevations beyond
72 hafterCPRmightbeasignofongoing neuroinflammatoryprocesses
in hypoxic ischemic injury. The influence of MTH seems to be negligible.
Further studies are needed to support repeated biomarker assessment
beyond 72 h after cardiac arrest.
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