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Introduction
Accurate prognostication is a key aspect of the man-
agement of unconscious patients after cardiac arrest 
[1]. The focal points include not only avoiding fruit-
less and expensive treatment in the intensive care unit 
(ICU) but also needing to continue care for patients who 
have a realistic chance of survival but whose awaken-
ing and neurological recovery takes longer than usual. It 
is, of course, paramount not to withdraw care too early 
in patients who have a reasonable chance of full recov-
ery. Current post-cardiac arrest care guidelines recom-
mend a multimodal approach using a combination of 
clinical examination, neurophysiological investigations, 
such as electroencephalogram (EEG) and somatosensory 
evoked potentials (SSEP), radiological imaging with com-
puted tomography (CT) or magnetic resonance imaging 
(MRI) of the brain, and brain injury biomarkers [1]. The 
strategy in unconscious patients is to use several inves-
tigative means, and if two or more investigations point 
toward a high risk of severe brain injury, to initiate fam-
ily discussion and consider withdrawal of intensive care. 
Conversely, if the findings are contradictory, continu-
ing care is recommended unless there are other reasons 
(e.g., comorbid conditions) for the withdrawal of care. 

Biomarkers have been an important part of many cardiac 
arrest prognostication algorithms for almost 20  years 
[2, 3]. The fundamental concept is that all biomarkers 
derived from neuronal tissue measure the severity of 
brain injury. However, as many patients do not survive 
due to multiorgan failure, severe circulatory shock, and 
comorbid conditions, a biomarker predicting brain injury 
is of limited utility in these conditions.

In recent years, many novel brain injury biomarkers 
originating from slightly different parts of the brain have 
been introduced (Fig. 1). A deeper understanding of these 
will aid clinicians’ use of brain injury biomarkers together 
with other means of prognostication. Compared to other 
investigations, biomarkers have certain advantages, as 
their results are, for example, not affected by sedative or 
pain medication or muscle relaxants. Biomarkers are eas-
ily obtained if standardized methods for determination 
are available. However, interpretation can be difficult, 
since confident and conclusive thresholds may vary, even 
for neuron-specific enolase (NSE), a biomarker studied in 
cardiac arrest for over 20 years [1]. The ideal brain injury 
biomarker should only be expressed in the central nerv-
ous tissue to avoid elevated levels due to other situations. 
For instance, several studies have shown the influence of 
blood sample hemolysis on NSE concentrations, which is 
the main disadvantage of NSE.

Several promising novel biomarkers have been pro-
posed and preliminary evidence has emerged: neurofila-
ment light (NfL), ubiquitin carboxy-terminal hydro-lase 
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L1 (UHC-L1), glial fibrillary acidic protein (GFAP), and 
tau protein (tau) (Fig. 1). Two studies using NfL showed 
an excellent ability to predict the outcome after cardiac 
arrest, and NfL may even replace NSE in the future [4–6]. 
The latest joint guidelines of the European Resuscitation 
Council (ERC) and the European Society of Intensive 
Care Medicine (ESICM) recommend against the use of 
S100 calcium-binding protein B (S100B) and the novel 
biomarkers NfL, GFAP, and tau for prognostication, 
given the lack of conclusive evidence [1].

In this chapter, we discuss six biomarkers—two 
familiar ones (NSE, S100B) and four more recently 

studied in relation to cardiac arrest (NfL, UCH-1, TAU, 
and GFAP)—focusing on their use for neurological out-
come prediction in patients at risk of hypoxic brain injury 
after cardiac arrest. Table 1 presents a selection of recent 
studies on the performance of these biomarkers to pre-
dict neurological outcome after cardiac arrest. These bio-
markers appear to originate histologically from slightly 
different parts of brain tissue, and a deeper understand-
ing may aid the clinician in using biomarkers for deter-
mining the magnitude of brain injury in clinical practice.

TAU
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S100B

Fig. 1 Central nervous system histological origin of six brain injury biomarkers studied in patients after cardiac arrest. Green dots represent 
biomarkers released after glial cell injury, blue dots represent biomarkers derived from injured neurons, and pink dots represent biomarkers of 
axonal injury. GFAP glial fibrillary acidic protein, NSE neuron-specific enolase, NfL neurofilament light, UCH-L1 ubiquitin C-terminal hydrolase-L1, 
S100B S100 calcium-binding protein B
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Table 1 Selected studies on the prognostic ability of six brain injury biomarkers after cardiac arrest (CA)

Biomarker Study N CA location 24-h threshold 48-h threshold 72-h threshold

NSE ng/ml Zandbergen, 2006 [12] 231 NS 31.7 23.8 32.3

AUROC NA NA NA

Sensitivity (%) NA NA NA

Lee, 2013 [14] 224 NS 80.8 52.7 NA

AUROC 0.80 0.90

Sensitivity (%) 27 60

Larsson, 2014 [15] 125 OHCA/IHCA 49 40 22

AUROC 0.73 0.79 0.85

Sensitivity (%) 27 37 50

Stammet, 2015 [16] 686 OHCA 107 120 50

AUROC 0.75 0.85 0.86

Sensitivity (%) 9 27 52

Helwig, 2017 [17] 100 OHCA NA 34 NA

AUROC 0.63

Sensitivity (%) 44

Streitberger, 2017 [9] 828 OHCA NA NA 85.5

AUROC 0.90

sensitivity (%) 49

Streitberger, 2017 [9] 225 IHCA NA NA 1227

AUROC 0.79

Sensitivity (%) 0

Nakstad, 2020 [19] 237 OHCA 172 87 79

AUROC NA NA NA

Sensitivity (%) 8 36 39

S100B ng/ml Larsson, 2014 [15] 125 OHCA + IHCA 1.3 0.61 0.38

AUROC 0.78 0.75 0.83

Sensitivity (%) 23 21 30

Stammet, 2017 [24] 687 OHCA 2.59 3.67 1.83

AUROC 0.80 NA NA

Sensitivity (%) 10 5 5

Duez, 2018 [23] 115 OHCA 1.05 0.95 0.72

AUROC 0.81 0.81 0.74

Sensitivity (%) 23 17 11

Jang, 2019 [22] 97 OHCA 0.19 0.16 0.20

AUROC 0.93 0.92 0.86

Sensitivity (%) 78 78 61

NfL pg/ml Rana, 2013 [26] 61 OHCA 321 405 309

AUROC 0.93 0.85 0.92

Sensitivity (%) 79 57 75

Moseby-Knappe, 2019 [5] 717 OHCA 1232 1539 1756

AUROC 0.94 0.94 0.94

Sensitivity (%) 53 65 64

Wihersaari, 2021 [4] 112 OHCA 150 359 390

AUROC 0.98 0.99 0.98

Sensitivity (%) 78 83 85

UCH-L1 pg/ ml Ebner, 2020 [36] 717 OHCA 12,175 7945 9170

AUROC 0.85 0.87 0.86

Sensitivity (%) 4 9 1
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Neuron‑Specific Enolase
NSE is a neuronal glycolytic enzyme that is abundant in 
the neurons of brain gray matter and involved in axonal 
transport [7]. NSE has a half-life of between 24 and 30 h, 
and its production is upregulated during ischemia and 
axon injuries. Extra-cerebrally, NSE is present in red 
blood cells (RBCs) and in thrombocytes; hence, assess-
ing the degree of hemolysis in the blood sample is always 
essential, but especially when NSE is used in patients 
undergoing treatments that may result in hemolysis 
(extracorporeal membrane oxygenation [ECMO], renal 
replacement therapy [RRT], or use of an intra-arterial 
balloon pump [IABP]) [8, 9]. Additionally, neuro-endo-
crine cells and small cell carcinomas express NSE; thus, 
malignant tumors or hematologic malignancy can affect 
the concentration [7]. Importantly, variations in NSE 
levels differ between laboratories, which can influence 
thresholds between studies and concentrations measured 
in the clinical setting [10].

Studies suggest that NSE levels peak at 48–72 h after 
cardiac arrest, and the prognostic accuracy is also high-
est at 48  h [7]. The ERC/ESISCM 2021 guidelines for 
post-resuscitation care specify a threshold for poor 
prognosis of > 60 μg/l at 48 or 72 h [1]. However, there 
is no international consensus on the threshold [11]. 
Previously, a NSE concentration > 33 ng/ml at 48 h after 
cardiac arrest was considered to indicate poor neuro-
logical prognosis, but this was mainly based on one 
study by Zandbergen et al. [12], which was published in 
2006 before the widespread introduction of standard-
ized post-cardiac arrest care and targeted temperature 

management (TTM), which may have influenced the 
threshold specified in the prognostication guidelines 
used at that time [12, 13]. Since that study, high serum 
NSE levels have been demonstrated to have moder-
ate accuracy in predicting neurological outcomes 
at 48–72  h after cardiac arrest with area under the 
receiver operating characteristic (AUROC) curves of 
between 0.63 and 0.90 (Table  1) [14–17]. Most stud-
ies considered in this review have been conducted on 
out-of-hospital cardiac arrest (OHCA) patients, but a 
few studies included in-hospital cardiac arrest (IHCA) 
patients [9, 15]. Only Streitberger et  al. [9] presented 
the predictive accuracy separately for both cohorts, and 
NSE predicted outcome more accurately after OHCA 
than after IHCA (AUROC 0.90 vs. 0.79) in their study. 
As most studies do not differentiate between the causes 
of death, this may partly explain the discrepancy, (e.g., 
hypoxic brain injury may not be the most likely cause of 
death after IHCA [18]).

NSE has confounding sources, and it is not unusual 
to see high outlier values in patients who recover with 
good neurological outcome, which can increase the 
determined threshold value of poor prognosis with a 
0% false positive rate to impractically high levels, also 
compromising the test’s sensitivity [16, 19]. In a study 
by Stammet et al., the threshold of poor prognosis for 
a 0% false positive rate at 48 h was as high as 120 ng/
ml [16]. In turn, the threshold values with a 1–5% false 
positive rate were between 68 and 42 ng/ml, retaining 
moderate sensitivity (47–61%) [16]. Correspondingly, 
in the study by Streitberger et al. [20], the threshold for 

Table 1 (continued)

Biomarker Study N CA location 24-h threshold 48-h threshold 72-h threshold

GFAP pg/ml Larsson, 2014 [15] 125 OHCA + IHCA 1090 300 530

AUROC 0.59 0.63 0.67

Sensitivity (%) 16 23 14

Helwig, 2017 [17] 100 OHCA NA 80 NA

AUROC 0.65

Sensitivity (%) 21

Ebner, 2020 [36] 717 OHCA 3425 2952 3581

AUROC 0.88 0.88 0.89

Sensitivity (%) 17 19 12

Tau pg/ml Mattsson, 2017 [48] 689 OHCA 874.5 148.8 72.7

AUROC 0.81 0.90 0.91

Sensitivity (%) 4 33 42

AUROC area under the receiver operating characteristic curve, CA cardiac arrest, NA not applicable, NS not specified, OHCA out-of-hospital cardiac arrest, IHCA 
in-hospital cardiac arrest, Nfl neurofilament light protein, S100B S100 calcium-binding protein B, GFAP glial fibrillary acidic protein, UCH-L1 ubiquitin C-terminal 
hydrolase L1
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poor prognosis at 72 h with a 0% false positive rate was 
85.5 ng/ml, but with a 5% false positive rate the thresh-
old decreased to 59.2 ng/ml, simultaneously increasing 
the test sensitivity from 49% to 60%. As NSE’s prog-
nostic accuracy is adequate only when used as part of 
a multimodal approach, it is acceptable to allow a small 
number of false positives to achieve at least moder-
ate sensitivity. The smallest threshold (34 ng/ml) for 
poor prognosis at 48 h with a 0% false positive rate was 
reported in the study by Helwig et al. [17]; thus, in that 
study, the prognostic accuracy of NSE was rather low 
(AUROC 0.63). Furthermore, ascending concentra-
tion in serial measurements has been found to improve 
prognostic accuracy; however, the optimal sample tim-
ing is still uncertain [7, 16].

S100 Calcium‑Binding Protein B
S100B is abundant in glial cells and specifically expressed 
in specific astrocytes surrounding the blood vessels in 
the brain [7, 21]. Extra-cerebrally, S100B is present in 
Schwann cells of the peripheral nervous system. Healthy 
adults express very low levels of S100B, and S100B does 
not move freely over an intact blood–brain barrier [21]. 
Of non-neuronal sources, muscle cells, adipocytes, and 
chondrocytes are found to express S100B, which may 
create a confounding source of S100B in CA patients 
receiving chest compressions [7, 21]. However, the half-
life of S100B is only about 30  min, and compression-
originated S100B possibly soon vanishes from blood [7]. 
S100B is considered an early biomarker after cardiac 
arrest, as the level usually peaks at 24  h. Four studies 
in the last decade examined S100B after cardiac arrest 
(Table 1) [15, 22–24]. In three studies, the best prognos-
tic accuracy appeared 24 h after cardiac arrest (AUROC 
of between 0.78 and 0.93). In the study by Larsson et al. 
[15], the best accuracy was, interestingly, found at 72  h 
(AUROC 0.83). The thresholds to predict poor neuro-
logical outcome with a 0% false positive rate at 24 h had 
great variability (0.19–2.59 ng/ml). The highest threshold 
was reported in the largest study included in this review, 
that was conducted by Stammet et al. [24] with the TTM 
After Cardiac Arrest trial cohort. Other studies reported 
low sensitivities (< 24%), but Jang et  al. [22] reported 
a sensitivity of 78%. In the study by Jang et  al., the pri-
mary endpoint was 3-month neurological outcome, while 
in all the other studies, the outcome was assessed after 
a 6-month follow-up [15, 22–24]. Two of the included 
studies reported prognostic accuracy for both S100B and 
NSE, or the prognostic accuracy of NSE for the same 
patient cohort was reported in another manuscript: in 
both cases, S100B predicted the outcome better at 24 h, 
but, at later time points, NSE was more accurate than 
S100B [15, 16, 24].

Neurofilament Light
Neurofilaments (light [NfL], medium [NfM], heavy 
[NfH], and β-internexin), are approximately 10  nm in 
size, and are abundant structural scaffolding proteins 
exclusively expressed in neurons, predominantly within 
large, myelinated axons within the cerebral white mat-
ter [25]. Their function is largely unknown but hypoth-
esized to be essential for radial growth and enabling rapid 
nerve conduction. Pathological processes that cause 
axonal damage release neurofilaments into the extracel-
lular fluids, cerebrospinal fluid (CSF), and peripheral 
blood. However, even under normal circumstances, NfL 
is continuously released from axons in an age-dependent 
manner, with typical NfL reference ranges in the CSF 
increasing by twofold between ages 20 and 50 years and 
further doubling by the age of 70. A similar age-depend-
ent increase is also seen in blood.

NfL has been extensively studied as a biomarker of 
neural injury in neurodegen-erative disorders, with 
mild increases in Alzheimer’s disease but more dynamic 
changes in disorders with a greater intensity of neu-
rodegeneration (e.g., fronto-temporal dementia or 
amyotrophic lateral sclerosis [25]). However, the large 
increases in NfL in blood following hypoxic brain injury 
suggest that NfL may better serve as a prognostic bio-
marker for acute neurological injury than for chronic 
neurodegeneration. Studies using conventional enzyme-
linked immunosorbent assay (EILSA) technology have 
demonstrated the large increases and predictive power 
of plasma neurofilaments in cardiac arrest [26, 27]. Now, 
semi-automated ultra-sensitive immunoassays (e.g., sin-
gle molecular array [Simoa]) can quantify plasma NfL at 
low levels, even in healthy individuals [25].

In the Carbon dioxide, Oxygen and Mean arterial pres-
sure After Cardiac Arrest and REsuscitation (COMAC-
ARE) trial using the Simoa platform, individuals with a 
poor outcome (Cerebral Performance Category [CPC] 
scale ≥ 3) had a median plasma NfL level > 2300  pg/
ml [4]. In contrast, those with a good outcome had lev-
els < 20  pg/ml. Consequently, NfL predicted the out-
come of OHCA patients with an AUROC of 0.98 (95% CI 
0.97–1.00) as early as 24 h after the event (Table 1) [4]. 
While admission levels of plasma NfL were elevated in 
individuals with subsequent poor outcomes compared to 
good outcomes, the considerable overlap means that NfL 
is unlikely to be useful at this early stage (AUROC 0.65). 
This study by Wihersaari et  al. [4] corroborates earlier 
findings in a larger sample size by Moseby-Knappe et al., 
who also demonstrated a vastly superior prognostic per-
formance of serum NfL in comparison to other plasma 
biomarkers (e.g., tau, NSE, and S100b) and clinical data 
in the TTM After Cardiac Arrest trial [5]. Despite these 
encouraging results, it has been reported that one-third 
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of individuals with a good outcome had high levels of 
plasma NfL; thus, NfL has only modest specificity [28]. 
This leads to the conclusion that plasma NfL thresholds 
for normal ranges for continuing care should be applied 
rather than thresholds for poor outcome and terminating 
care.

NfL has several key advantages as a plasma biomarker. 
First, there is a consensus on the assay of choice (Simoa), 
which clinical laboratories in Sweden, the Netherlands, 
and France have validated for broad use in clinical labo-
ratory practice. This gives a greater chance of thresholds 
being transferrable between research cohorts and, even-
tually, clinical routines. Furthermore, NfL in plasma is 
very stable, largely unaffected by preanalytical variabili-
ties or hemolysis, and the sample can remain at room 
temperature > 48 h without compromising measurement 
quality or accuracy. In addition, an accurate measure-
ment of NfL does not require immediate centrifugation 
and can even be extracted as a whole blood dry spot for 
longer term storage/transportation for remote setting 
assessment [29]. Plasma or serum NfL is also not suscep-
tible to freeze–thaw cycling, which is useful for research 
settings or external laboratory testing [30]. Plasma NfL is 
predominately derived from the central nervous system 
but, however, is elevated in peripheral neuropathies [31]. 
However, based on the reported high levels in cardiac 
arrest patients with poor outcomes, this mild magnitude 
of change in peripheral neuropathies is unlikely to be a 
confounder.

Ubiquitin C‑Terminal Hydrolase L1
Ubiquitin C-terminal hydrolase L1 (UCH-L1) is a 26 kDa 
neuronal deubiquitinase primarily expressed in neurons 
and neuroendocrine cells [32]. UCH-L1 is important not 
only for neuroaxonal stability but also for repair after 
brain injury [33]. Specifically, it is involved in the process 
of ubiquitination of proteins destined for degradation via 
the proteasomal pathway. Therefore, it has an essential 
role in the removal of oxidized or misfolded proteins in 
both normal and pathological conditions [34]. UCH-L1 
is more commonly evaluated in traumatic brain injury 
(TBI), where it has been permitted for use by the U.S. 
Food and Drug Administration (FDA) for indicators of 
good outcome to avoid unnecessary CT scans following 
concussion [35].

Use of UCH-L1 in cardiac arrest patients has been 
evaluated in only two studies that were both conducted 
with the same patient cohort (the patient cohort from 
the TTM trial) [28, 36]. UCH-L1 was shown to predict 
poor outcome after cardiac arrest with good accuracy 
(AUROC of between 0.85 and 0.87), was significantly bet-
ter than NSE at 24 and 48 h, and the prognostic accuracy 
was further improved by the addition of GFAP (AUROC 

of between 0.90 and 0.91) [36]. At 72  h, both UCH-L1 
and NSE performed to the same degree. This is in line 
with the reported short half-life of UCH-L1 (< 12  h) in 
comparison to NSE [36, 37]. Moseby-Knappe et al. dem-
onstrated that UCH-L1 levels were within normal ranges 
in 63.8% of patients with good outcome at 24 h, however 
this increased to 88.1% at 72 h [28]. By contrast, predict-
ing poor outcome diminished overtime with elevated 
UCH-L1 above normal levels in 85.3% of poor outcome 
patients at 24 h but 70.3% at 72 h. Ability to predict poor 
outcome was inferior to NfL, Tau, and GFAP [4, 5] but 
ranked highly in specificity, suggesting UCH-L1 may 
have a role in the diagnostic challenge of cardiac arrest. 
The successful FDA approval of serum UCH-L1 paves 
the way for UCH-L1 to be used for purposes other than 
TBI particularly as multiple plex assays with NfL, Tau, 
and GFAP are available. However, further independent 
studies defining normal reference ranges and their added 
value over and above other putative biomarkers for car-
diac arrest are still lacking. Lastly, given the limited num-
ber of studies available, the impact of high expression of 
UCH-L1 from the pancreas and kidney, as a potential 
confounder, has largely been unexplored.

Glial Fibrillary Acidic Protein
GFAP is a structural component of intermediate fila-
ments in the astrocyte cytoskel-eton that is considered 
a highly brain-specific marker [38]. GFAP production is 
upregulated following ischemia, which is believed to be 
a neuroprotective mechanism, but can also lead to glial 
scarring [38]. As a structural protein, GFAP is released 
from damaged astrocytes and elevated levels are not in 
general detected in healthy individuals [7]. Serum GFAP 
has been found to predict neurological outcome after 
head trauma, and elevated blood levels have been meas-
ured after cardiac arrest, intracerebral hemorrhage, and 
ischemic stroke [15, 38].

To the best of our knowledge, GFAP has been investi-
gated after cardiac arrest in six studies [15, 17, 36, 39–
41]. Three studies [39–41] were conducted before the 
introduction of a highly sensitive method (immunoas-
say) to measure serum GFAP [42], and we did not include 
their results in this review. The accuracy of GFAP to pre-
dict neurological outcome seems to be better at 48 and 
72 h after cardiac arrest compared to earlier time points, 
with AUROC values of between 0.65 and 0.89; see Table 1 
[15, 17, 36]. The largest study included in this review, 
which was conducted in the TTM trial cohort by Ebner 
et al. [36], reported a threshold of 2952 pg/ml with a 0% 
false positive rate for poor prognosis 48  h after cardiac 
arrest, but again the sensitivity remained low (Table  1). 
The corresponding thresholds determined in the two 
other included studies were much lower (300 and 80 pg/
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ml), but these studies have methodological differences 
compared to the study by Ebner et al. Helwig et al. [17] 
determined the neurological outcome with a modified 
Glasgow Outcome Scale at 4 weeks, and a study by Lars-
son et al. [15] included both IHCA and OHCA patients. 
All the GFAP studies included in this review compared 
the predictive accuracy of GFAP to other biomarkers [15, 
17, 36]. In the study by Larsson et  al., NSE and S100B 
were more accurate in predicting poor neurological out-
comes, and they were more sensitive compared to GFAP, 
with AUROC values at 48 h for NSE, S100B, and GFAP of 
0.79, 0.75 and 0.63, respectively [15]. In the study by Hel-
wig et al. [17], both NSE and GFAP showed rather mod-
est accuracy in predicting the outcome at 48 h, and NSE 
was more sensitive than GFAP. In turn, in the study con-
ducted by Ebner et al. [36], GFAP predicted the outcome 
more accurately at every determined time point after 
the arrest (at 24, 48, and 72 h) compared to NSE, but, as 
stated above, GFAP presented low sensitivity.

Tau Protein
Tau is a protein molecule that stabilizes the structures 
of microtubules in neuro-axonal processes and is mainly 
located in the white matter of the central nervous sys-
tem [43, 44]. Ischemia causes hyperphosphorylation 
of tau molecules, detaching them from microtubules 
[45]. Detached tau molecules aggregate to insoluble 
masses, interrupting axonal signaling. Elevated serum 
tau concentrations have been reported after ischemic 
stroke and cardiac arrest [46–49]. Among patients with 
neu-rodegenerative disease (e.g., Alzheimer’s disease 
or Creutzfeldt-Jacob disease), elevated tau levels are 
present in CSF [50], but this is not reflected in blood as 
mild elevations are confounded by peripheral expression. 
Determination of accurate serum tau concentrations 
requires a highly sensitive immunoassay method, which 
is only available at specialized laboratories [42]. So far, 
only one large study has examined tau after cardiac arrest 
[48], and two other studies were small pilot studies [46, 
47]. Mattsson et al. studied tau in the TTM trial cohort, 
and the predictive power of tau was better in the later 
samples (the AUROC at 24, 48, and 72 h was 0.81, 0.90, 
and 0.91, respectively [48]). Further, tau predicted poor 
neurological outcome between 24 and 72 h after cardiac 
arrest more accurately than NSE [48]. The thresholds for 
poor prognosis with a 0% false positive rate seemed high 
(at 48 h 148.8 pg/ml and at 72 h 72.7 pg/ml), and sensi-
tivity remained low, but already allowing a false positive 
rate of 2%, the sensitivity increased above 60% and the 
thresholds decreased to 18.9 pg/ml at 48 h and 11.2 pg/
ml at 72  h [5]. Bimodal tau release (early and late) was 
reported in the two pilot studies of tau and cardiac arrest; 
the delayed peak was absent or significantly lower in 

patients with good outcomes [46, 47]. Tau has a half-life 
of about 10  h, and late elevations in tau concentrations 
likely reflect ongoing neuronal injury [5].

Conclusion
Biomarkers will undoubtedly continue to be an impor-
tant part of outcome prediction in patients with 
hypoxic brain injury after cardiac arrest. Further 
research will improve accuracy and may propose new 
strategies for the way biomarkers are used. The tra-
ditional approach of using high threshold levels to 
identify patients with no chance of a good functional 
outcome may well be complemented with a strategy of 
using low biomarker levels to predict a good outcome 
[27]. As these different biomarkers originate from dif-
ferent areas of the brain, it could be an option to use 
some of them together (e.g., one biomarker reflect-
ing injury to gray matter, one reflecting axonal injury, 
and one reflecting injury to the glia). A study by Ebner 
et  al. [36] showed that combining GFAP and UHC-L1 
predicted neurological outcomes more accurately than 
NSE alone. Additionally, unpublished evidence sug-
gests that high levels of tau as a marker of axonal injury 
identify different poor-outcome patients than those 
identified with GFAP, a marker of glial injury (Hum-
aloja, personal communication October 14, 2021). It 
seems logical to combine several hypoxic brain injury 
biomarkers for improved accuracy. Whether this con-
cept is cost-effective and accurate and whether it has a 
role as part of a multimodal prognostication approach 
should be assessed in future large-scale studies.
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