
Abstract. Background/Aim: We aimed to analyze the
diagnostic value of total tau (T- tau), S-100 calcium-binding
protein B (S100B) and neuron-specific enolase (NSE) as
blood-based biomarkers in acute ischemic stroke (AIS) or
transient ischemic attack (TIA), and their correlation with
symptom severity, infarct size, etiology and outcome. Patients
and Methods: A total of 102 patients with stroke and 35 with
TIA were analyzed. Subacute (63.8±50.1 h) plasma T-tau was
measured with the single-molecule array (Simoa) method and
NSE and S100B were evaluated for comparison. We
evaluated biomarkers associations with: (i) diagnosis of AIS
or TIA, (ii) cerebral infarction volume in the brain computed
tomography, (iii) stroke etiology, (iv) clinical stroke severity
and (iv) functional outcome after three months. Results: T-tau
was higher in patients with stroke [1.0 pg/ml (IQR=0.3-2.2)]
than with TIA [0.5 pg/ml (IQR=0.2-1.0), p=0.02]. The levels
of S100B were also increased in stroke [0.082 μg/l
(IQR=0.049-0.157)] patients compared to TIA patients [0.045
μg/l (IQR=0.03-0.073), p<0.001]. However, when the results

were adjusted for confounders, significance was lost. Serum
levels of NSE among patients with AIS [11.85 μg/l
(IQR=9.30-16.14)] compared to those with TIA [10.96 μg/l
(IQR=7.98-15.33), p=0.30] were equal. T-tau and S100B
concentrations significantly correlated with cerebral
infarction volume (r=0.412, p<0.001) and (r=0.597,
p<0.001), also after corrections (p<0.001). mRS scores at
three-month follow-up correlated with T-tau (r=0.248,
p=0.016) and S100B concentrations (r=0.205, p=0.045).
Conclusion: For the diagnosis of TIA vs. AIS, blood T-tau and
S100B concentrations discriminated only modestly.
Additionally, groups were not separable after measuring of
T-tau and S100B levels in the blood. T-tau and S100B
concentrations correlated with the infarct size, but were not
alone predictive for functional outcome at 3 months. 

T-tau protein is a microtubule-associated protein (MAP),
expressed in the brain especially in the unmyelinated cortical
axons (1). It is mostly found in neurons and to a lesser extent
in astrocytes and oligodendrocytes. In nerve cells it has a
critical role in the structural stabilization and formation of
the neuronal cytoskeleton (2-4). Increased levels of tau
protein have been detected in the cerebrospinal fluid (CSF)
of patients with neurodegenerative diseases, e.g. Alzheimer’s
(5) and Creutzfeldt-Jakob disease (6), as well as in the CSF
of those with severe head injuries (7). After neuro-axonal
injury, such as acute ischemic stroke (AIS) or transient
ischemic attack (TIA), tau proteins are also released to the
extracellular space and can be detected both in CSF and
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blood (8), suggesting its role as a biomarker with specificity
for brain injury (9).

Previously published studies have demonstrated, that T-tau
protein is up-regulated in CSF following acute brain injuries
including stroke (10-13). In stroke patients, CSF tau protein
levels were found elevated 2-3 days after index event, peaked
at one week and returned to baseline levels after 3-5 months
(11, 12). Hjarmarsson and colleagues pointed, that CSF levels
of T-tau protein, taken 5-10 days after stroke, significantly
correlated with clinical stroke severity (14). Moreover, De
Vos et al. evidenced, that CSF levels of T-tau are in line to
the plasma levels of protein and Modified Rankin Scale
(mRS) 12 months after stroke events (8).

A small number of studies have also shown that serum T-tau
is higher in stroke patients compared to TIA patients or controls
(9, 14-16). T-tau was detected in blood with a conventional
ELISA method only in 47.8% of ischemic stroke patients (17)
and the presence of T-tau protein in serum itself had better
prognostic value than its exact concentration regarding clinical
outcome or stroke severity (10). The recently developed ultra-
sensitive digital assay technology (Simoa), with over 1,000-fold
better sensitivity compared to conventional immunoassays
regarding protein expression, has recently become available for
plasma T-tau measurements (18, 19).

Serum astroglial protein S100B has also been
demonstrated to have a significant association to clinical
neurological deficit, infarct volume, functional disability
after AIS and has a role as a prognostic marker (20-22).
However, it is not brain specific and S100B is increased in
serum even after sport-related traumas (23). Neuron-specific
enolase (NSE) is found in neurons and neuroendocrine cells
(24). Earlier studies have shown, that NSE blood levels are
lower in controls than in patients with AIS, but correlations
between NSE values and stroke severity, infarction volume
and functional outcome have been found to vary between
different studies (21, 25-27).

In this EmbodeteCT substudy, we examined the diagnostic
value of blood T-tau, determined with the Simoa method, and
evaluated its capacity to differentiate acute stroke patients from
TIA patients. T-tau correlations with severity of stroke, cerebral
infarction volume and clinical outcome were also analyzed.
Serum biomarkers related to astrogliosis (S100B) and neuronal
injury (NSE) were investigated for comparison. We assumed,
that plasma T-tau levels would have stronger associations with
AIS or TIA than serum S100B and NSE levels.

Patients and Methods
Ethics statement. The study (EmbodeteCT Study) protocol was
reviewed and approved by the Kuopio University Hospital Research
Ethics Board (No.: 82/2004). Before participation to the study,
written informed consent was obtained from the patient or their
welfare guardians. All clinical investigations have been done along
with principles expressed in the Declaration of Helsinki.

Study design and patients. This study sample consisted of the same
patients from the prospective single-center observational
EmbodeteCT Eastern Finland Study (28, 35). Acute AIS/TIA
patients admitted to Kuopio University Hospital between March
2005 and November 2009 because of suspected cardioembolic
etiology, but without known atrial fibrillation (AF), were candidates
to the study (28-30). A total of 162 patients were recruited and had
AIS or TIA of cryptogenic or suspected cardiogenic etiology
without AF during the enrollment. Three of patients refused to
participate after giving informed consent and 22 did not provide a
venous blood sample for biomarker analyses. 

A plain computed tomography (CT) was done on admittance to
rule out the hemorrhage in the brain and a combined examination
of the brain, heart, aorta, and cervicocranial arteries with computed
tomography (CACC-CT) and the collection of blood samples 1-12
days after symptom onset were performed during the randomization.
Brain CT was routinely controlled in the subacute phase to visualize
the brain infarct. However, 24 patients had also magnetic resonance
imaging (MRI) of the brain, because infarction was not visible on
repeated CT imaging. AIS was defined as an episode of focal
neurological symptoms lasting more 24 h with an acute lesion on
CT or MRI and no intracranial bleeding. TIA was diagnosed as
symptoms lasting less than 24 h and caused by brain ischemia
without any lesion on CT or MRI (31). The etiology of AIS/TIA
was divided into five different categories according to the trial of
ORG 10172 in acute stroke treatment (TOAST) classification (32).
The clinical and functional outcome was evaluated in hospital by a
neurologist at the follow-up visit three months after stroke and a
blood sample was collected again. A control group was not
available.

Outcome measures were; the clinical outcome using the Modified
Rankin Scale (mRS), with scores ranging from 0 to 6 at 90 days
follow-up and determination of the infarct size. 
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Table I. Clinical and demographic characteristics of the study population.

AIS TIA p-Value
(n=102) (n=35)

Age, mean±SD, years 62±10 (44-84) 57±11 (32-79) 0.04
Males, n (%) 63 (62%) 26 (74%) 0.29
Hypertension, n (%) 58 (60%) 19 (56%) 0.8
Dyslipidemia, n (%) 39 (41%) 14 (41%) 0.8
Diabetes, n (%) 17 (18%) 4 (12%) 0.6
Current smoking, 22 (23%) 12 (35%) 0.3
n (%)

Prior stroke, n (%) 19 (19%) 5 (15%) 0.8
Prior myocardial 12 (13%) 6 (18%) 0.4
infarction, n (%)

Thrombolysis, n (%) 10 (10%) 1 (3%) 0.3
Body mass index, 28 (16-42) 28 (23-37) 0.7
(kg/m2)

Serum Tau, IQR (pg/ml) 1.0 (0.3-2.2) 0.5 (0.2-1.0) 0.023
Serum NSE, IQR (μg/l) 11.9 (9.3-16.1) 11.0 (8.0-15.3) 0.27
Serum S100B, IQR (μg/l) 0.08 (0.05-0.16) 0.05 (0.04-0.07) 0.001

S100B: S100 calcium-binding protein B, NSE: neuron-specific enolase,
AIS: acute ischemic stroke, TIA: transient ischemic attack, SD: standard
deviation, IQR: interquartile range.



Imaging. Patients were investigated with contrast-enhanced CACC-
CT scan (Somatom Sensation 16® or Somatom Definition AS®;
Siemens Medical Solutions, Forchheim, Germany) of the aortic
arch, cervical arteries and intracranial arteries, immediately
followed by scanning of the ascending aorta and heart. The volume
of the brain infarct was measured from 4.5-5 mm transversal slices
of the brain CT in the subacute phase and calculated by using
Simpson’s rule (33). When infarction was not found on repeated CT
imaging, MRI of the brain was performed (1.5T, Siemens Avanto,
Erlanger, Germany).

Measurement of biomarkers: Blood samples were drawn into gel
separator tubes for serum and ethylenediaminetetraacetic acid (EDTA)
for plasma. Study blood samples were performed approximately
63.8±50.1 h after hospital admission; range=1-12 days. With regard
to acute phase, 88% of the patients were sampled within five days
from stroke onset. The gel separator tubes were centrifuged 20-60
min after sampling. Serum and plasma was separated, aliquoted and
stored at −80˚C pending biochemical analysis. 

Samples for S100B and NSE were analyzed on a Modular E170
instrument (Roche Diagnostics, Mannheim, Germany) with reagents
from the same manufacturer. Plasma T-tau was measured with a
novel immunoassay using digital array technology (Quanterix Corp)
(18), as described (34-36). The limit of detection (LOD) for the tau
assay was 0.02 pg/ml. The lower limit of quantification (LLOQ)
was 1.22 pg/ml when compensated for a four-fold sample dilution.
The intra-assay coefficient of variation was 6.8% for quality control
(QC) samples with concentrations of 2.6 pg/ml and 1.1% with

concentrations of 27.1 pg/ml. The samples were analyzed using the
same batch of reagents by board-certified laboratory technicians
who were blinded to clinical information. 

Statistical analysis. Discrete variables are expressed counts
(percentages) and continuous variables as means or medians
(interquartile range (IQR). To test normality of the data, a Shapiro-
Wilk test was performed. Total tau, NSE and S100B values were
log10 transformed in order to achieve a normal distribution, and
these were used for all analyses. Student’s t-test and Mann-Whitney
U-test were used to compare continuous variables, where
appropriate. Two-tailed Pearson correlation coefficient and
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Figure 1. Receiver operating characteristic curve for biomarkers to
differentiate between acute ischemic stroke (AIS) and transient ischemic
attack (TIA).

Figure 2. Comparison of the mean serum S100B on subacute phase
according to the trial of ORG 10172 classification. Patient numbers in
different etiological groups: cryptogenic n=74, large artery
atherosclerosis n=11, cardiogenic n=22, large artery atherosclerosis
and cardiogenic n=10 and small vessel disease n=10 and 10 cases were
technically unsuccessful. Significant differences were observed between
large vessel disease and small vessel disease (SVD) (p=0.026). S100B
levels differed also between groups with cardio embolism (CE) and
cryptogenic strokes (p=0.019) and groups with CE and SVD (p=0.004).
However, statistical significances between different etiological groups
were lost after adjustment for established predictors. 



Spearman’s rank correlation coefficient were used to investigate the
association between continuous normally distributed and non-
normally distributed variables, respectively.

The chi-square test with Pearson’s or Fisher’s correlation was
used to compare nominal variables. Receiver operating
characteristic (ROC) curves were used in the sensitivity and
specificity analyses and to determine the optimal biomarker
thresholds for discriminating between AIS and TIA. To assess the
independent association of biomarkers with dichotomous endpoint
(i.e. AIS vs. TIA), we computed multivariate logistic regression
models adjusted for established predictors. Ordinal regression
models were used to test the association between biomarkers and 3-
month outcome (i.e. modified Rankin Scale category). Analysis of
variance and linear regression models were used to compare
biomarker levels in different etiological groups. All regression
models were adjusted by age, gender and NIHSS. Tests were two-
sided and p-values <0.05 were considered to indicate statistical
significance. The data were analyzed using IBB SPSS® for
Windows, version 25.0 (SPSS Inc., Chicago, IL, USA). 

Results
In this cohort, 102 (74%) patients had AIS and 35 (26%)
were found to have TIA. Baseline characteristics and the
biomarker concentrations for AIS and TIA patients are
presented in Table I. A total of 68% of the study patients
were males. AIS patients (62±10 years) were older than TIA
(mean=57±11 years) patients (p=0.04). The median
concentrations in the subacute phase were 0.84 pg/ml
(IQR=0.28-1.80) for T-tau (n=133), 0.069 μg/l (IQR=0.042-
0.124) for S100B (n=137) and 11.58 μg/l (IQR=8.77-15.75)
for NSE (n=137). Both the subacute phase and follow-up
samples were available for T-tau for 39 patients and for
S100B and NSE for 41 patients. Significant differences were
not observed between the subacute phase levels of T-tau
[0.73 pg/ml (IQR=0.34-1.43)], S100B [0.065 μg/l
(IQR=0.041-0.124)] and NSE [11.5 μg/l (IQR=7.78-16.7)]
compared to the three-month follow-up levels of T-tau [0.79
pg/ml (IQR=0.36-1.49)], S100B [0.046 μg/l (IQR=0.04-
0.06)] and NSE [11.5 μg/l (IQR=8.86-15.239)]. 

Age significantly correlated with the S100B levels
(r=0.174, p=0.04), but not with T-Tau and NSE levels. A
clear relationship between the blood levels of these three
analyses at admission was observed. T-tau correlated with
S100B (r=0.427, p<0.001) and with NSE levels (r=0.331,
p<0.001). In addition, S100B correlated significantly with
NSE levels (r=0.230, p=0.007).

The mean NIHSS was 3.7 among AIS patients. T-tau was
elevated [1.0 pg/ml (IQR=0.3-2.2)] in stroke patients
compared to patients with TIA [0.5 pg/ml (IQR=0.2-1.0),
p=0.02]. Also, serum concentrations of S100B were
increased in stroke patients [0.082 μg/l (IQR=0.049-0.157)]
compared to TIA patients [0.045 μg/l (IQR=0.037-0.073),
p<0.001]. Notably, the levels of NSE in stroke patients
[11.85 μg/l (IQR=9.30-16.14)] did not differ significantly
compared to TIA patients [10.96 μg/l (IQR=7.98-15.33),
p=0.30]. Eleven patients (8%) had thrombolysis with
recombinant tissue plasminogen activator (tPA). S100B
serum levels were significantly higher in patients who
received tPA compared to those who did not (p=0.03).

Among patients with AIS, biomarker concentrations
varied between ischemic stroke categories in the subacute
phase. Cardioembolic stroke (CE) patients had the highest
T-tau, S100B and NSE concentrations. T-tau levels in the
cryptogenic stroke group were lower than in those with CE
stroke (p=0.029). T-tau concentrations also differed between
groups with small vessel disease (SVD) and large vessel
disease (LVD) (p=0.037) and groups with SVD and CE
(p=0.011) (Figure 3). Serum S100B concentrations were
different between LVD and SVD groups (p=0.026), CE and
cryptogenic groups (p=0.019) and CE and SVD groups
(p=0.004) (Figure 2). Serum NSE levels were similar in
different etiological categories. However, statistical
significance between etiological groups was not retained
adjustment for age and NIHSS. Infarct volume and subacute
phase biomarker concentrations in relation to the different
stroke etiology are shown in Table II. 
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Table II. Biomarker concentrations on subacute phase and infarction volumes according to stroke aetiology.

Stroke aetiology Infaction volume (mm3) T-tau concentration S100B concentration NSE concentration

n Median (IQR) n Median (IQR) n Median (IQR) n Median (IQR)

Cryptogenic stroke 74 678 (0-9207) 71 0.62 (0.21-1.30) 74 0.06 (0.04-0.10) 74 11.1 (8.55-14.2)
Large artery atherosclerosis 11 916 (0-2833) 11 0.93 (0.64-2.00) 11 0.09 (0.08-0.16) 11 12.0 (9.7-15.2)
Cardiogenic stroke 22 2505 (0-25268) 21 1.11 (0.61-3.04) 22 0.10 (0.06-0.16) 22 12.3 (10.3-15.8)
Large artery atherosclerosis 10 6861 (0-12546) 10 1.00 (0.23-1.99) 10 0.09 (0.05-0.33) 10 14.2 (7.3-16.6)
and cardiogenic stroke

Small vessel disease 10 306 (0-675) 10 0.76 (0.11-1.93) 10 0.05 (0.03-0.06) 10 10.4 (7.2-14.2)

N=133, patients with T-tau measurements on subacute phase. N=137, patients with S100B and NSE on subacute phase. In the diagnostic work-up 10
cases were technically unsuccessful. T-tau: Total tau protein, S100B: S100 calcium-binding protein B, NSE: neuron-specific enolase, IQR: interquartile
range.



Infarct size acquired from head CT correlated with the
concentrations of T-tau (r=0.412, p<0.001) (Figure 5) and
S100B (r=0.597, p<0.001) (Figure 6). Patients without
prominent ischemic lesion on CT imaging (n=58) had T-tau
concentrations of 0.62 pg/ml (IQR=0.21-1.18) and S100B
concentrations of 0.049 μg/l (IQR=0.036-0.082). Patients
with a noticeable infarct on CT (n=78) had T-tau
concentrations of 1.11 pg/ml (IQR=0.36-2.54) and S100B
concentrations of 0.089 μg/l (IQR=0.051-0.18). The
difference was statistically different for both T-tau (p=0.01)

and S100B (p<0.001). A total of 24 of the 58 patients, who
had no sign of infarction on CT were also imaged with MRI.
T-tau levels between the 12 patients without infarct on MRI
[0.39 pg/ml (IQR=0.21-0.71)] and the 12 patients with
infarct [0.68 pg/ml (IQR=0.12-1.96), p=0.64] were identical.
No difference was found in S100B and NSE concentrations
in those groups either. 

Receiver operating characteristic (ROC) curves were
calculated to determine the potential of biomarkers to
discriminate between the two groups. The highest sensitivity
and specificity value to separate AIS vs. TIA was obtained
using a T-tau cut-off point 0.503 pg/ml and a S100B cut-off
point 0.046 μg/l. The area under the ROC curve (AUROC)
was 0.63 for T-tau and 0.69 for S100B (Figure 1). Sensitivity
and specificity were 68% and 54% for T-tau and 80% and
54% for S100B. AUROC for NSE between AIS and TIA
patients was only 0.56. T-tau (r=0.236, p=0.02), S100B
(r=0.352, p<0.001) and NSE (0.267, p=0.007) associated
with NIHSS values on admission. 

A total of 93 out of the 133 patients (with subacute T-tau
values) attended the follow-up visit. At 3 months Modified
Rankin Scale (mRS) correlated modestly, with the subacute
phase concentrations of T-tau (r=0.248, p=0.016) and S100B
(r=0.205, p=0.045), while the correlation with cerebral
infarction volumes was somewhat higher (r=0.341, p=0.006).
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Figure 3. Comparison of the mean plasma total tau on admission,
according to the trial of ORG 10172 classification. Patient numbers in
different etiological groups: cryptogenic n=71, large artery
atherosclerosis n=11, cardiogenic n=21, large artery atherosclerosis
and cardiogenic n=10, small vessel disease n=10 and and 10 cases
were technically unsuccessful. Significant differences were observed
between cryptogenic strokes and cardio embolic strokes (CE) (p=0.029).
T-tau concentrations differed also between groups with small vessel
disease (SVD) and large vessel disease (p=0.037) and groups with SVD
and CE (p=0.011). However, statistical significances between different
etiological groups did not remain after corrections.

Figure 4. Receiver operating characteristic curve for total tau (T-tau),
S100 calcium-binding protein B (S-100B) and neuro-specific enolase
(NSE) to differentiate between favorable and poor outcomes.



NIHSS (n=93; 70%) after three months correlated also with
T-tau (r=0.281, p=0.007) and S100B (r=0.340, p=0.001)
concentrations. However, neither T-tau nor S100B alone
were capable to increase prognostic performance for poor
clinical outcome after adjustment for confounding factors.
When the patients were divided in favorable outcome (mRS
scores 0-2) and poor outcome (mRS scores 3-6) groups, the
S100B concentration was different between the groups
(p=0.028) (Figure 4), but in regression analysis it lost its
significance (p=0.11). In multivariable linear regression
model, odds ratio per log unit increase for poor outcome in
S100B was 1.806. AUROC to differentiate between good
and poor outcome was 0.75 for S100B and 0.65 for T-tau.

Discussion

In this study, which is a part of a larger prospective study of
AIS and TIA patients, we compared plasma T-tau levels that
were analyzed and quantified using a novel high-sensitivity
technique head-to-head with S100B and NSE levels. We
used blood samples, because, it is a non-invasive method and
easier to perform in clinical practice and a digital ELISA
method to measure T-Tau in blood samples has come
available recently (19, 20). Like De Vos et al. (8), we were
able to quantify plasma T-tau in all patients. We

demonstrated, that blood T-tau and S100B levels were higher
with AIS patients compared to that of patients with TIA.
These results concur with those of previous studies, which
demonstrated, that these biomarkers in CSF were elevated in
patients with acute ischaemic stroke as a result of brain
injury (14, 37). All these blood biomarker levels associated
with stroke severity were measured with NIHSS. T-tau and
S100B correlated with brain infarct volume in CT and
functional outcome at 3 months. However, T-tau and S100B
levels, taken two and a half days after stroke, were not
capable to increase prognostic performance in addition to
established predictors. None of these biomarkers, taken on
the subacute phase, was alone capable of separating TIA
from stroke. T-tau and S100B concentrations were
significantly higher in patients who had had a stroke due to
LVD or CE etiology than in patients with cryptogenic stroke
or SVD etiology.

As in our study, four prior studies have demonstrated that
T-tau levels are elevated and measurable in the blood of
patients with AIS (8, 10, 15-17). However, in these studies,
tau protein was found in the serum or in plasma in only 40-
50% of AIS patients. Bitsch et al. analyzed the temporal
pattern of T-tau protein in serum with a conventional ELISA
in 30 patients after AIS. T-tau was measurable in blood five
days after ischemia of 7/20 patients with infarction on MRI
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Figure 6. Natural logarithmic association of infarction volume with
serum S100B concentration levels in stroke and transient ischemic
attack patients on subacute phase. A significant positive correlation
(Pearson r=0.597, p<0.001) was found and it remained after
adjustment for confounding factors.

Figure 5. Natural logarithmic association of infarction volume with
plasma total tau concentration levels in stroke and transient ischemic
attack patients on subacute phase. A significant positive correlation
(Pearson r=0.412, p<0.001) was found and it remained after
adjustment for age, NIHSS and sex.



and in 2/10 patients with TIA (17). On the basis of those
findings, they hypothesized that the presence of the tau
protein in blood might be due to the spontaneous
recanalization of the vessel or caused by the thrombolytic
therapy. On the contrary, we did not find any difference in
T-tau levels between patients who received tPA and those
who did not, which is in line with two other studies (15, 16).
Therefore, the phenomenon in which previous studies found
tau protein in serum or in plasma in only half of the patients
seems to be a technical problem and can be solved through
the highly sensitive methods shown here.

Although we were able to measure T-tau in all stroke
patients about two and a half days after the ischemic event, it
was not possible to differentiate between stroke patients vs.
TIA patients and correlations of T-tau levels to stroke severity
and functional outcome were quite low. However, we could
have missed the peak of T-tau release in plasma, because the
kinetics of T-tau is bi-modal in some patients and the half-life
of T-tau is approximately ten hours (34). Despite these
limitations, our major aim was to study plasma levels of T-tau
via digital ELISA as a preliminary study. Randall and
colleaques measured T-tau in serum in the patients with
hypoxic brain injury after cardiac arrest and the range of T-tau
levels was large. The first peak appeared in their study within
24 h of cardiac arrest and the second peak after 24-48 h (34).
Presumably those peaks represent neuronal damage because
of hypoxia, followed by delayed cell death due to secondary
processes. In contrast, another neuro-axonal biomarker, serum
neurofilament light (sNfL), has been shown to distinguish
between AIS and TIA (35, 38). 

We found that patients with AIS had only 2-fold higher
plasma T-tau levels than patients with TIA. The current study
is the first to report the difference in T-tau levels between
AIS and TIA patients and as a non-invasive method, blood
T-tau measurements with SIMOA, might have the capacity
to differentiate between ischemic events and stroke mimics.
A recently published study demonstrated, that plasma T-Tau
quantified with digital ELISA can discriminate AIS patients
from normal control patients with 85.7% sensitivity/54.6%
specificity (37). Patients in the current study suffered from
mild strokes, which is reflected to low T-tau plasma levels
at admission as well as low NIHSS values. One prior study
investigated biomarker levels in CSF in AIS patients,
including T-tau, and found a four-fold increase in T-tau
levels in AIS patients compared to healthy controls (13).
Additionally, they reported, that T-tau concentrations were
fourfold higher in patients with high NIHSS values
compared to those with low ones.

Our data show no significant change in biomarker levels
between acute phase and follow-up as assessed after three
months. In accordance, De Vos and colleagues found, using
the same method, that plasma T-tau peaked seven days after
stroke and returned to baseline after three months (8).

Additionally, T-tau levels in CSF have been reported to peak
one to three weeks after the index event (11). We did not
observe any change between subacute phase and the late
phase of T-tau levels. This might suggest that, T-tau is not a
marker to reflect ongoing axonal degeneration or secondary
inflammatory processes (39, 40), which is related to poor
stroke outcome. Accordingly, Härtig et al. suggested that,
microtubule-associated proteins like T-tau and sNfL reflect
different mechanism after focal cerebral ischemia (41). 

A significant correlation between NIHSS and T-tau levels
in the blood has been shown in three earlier studies (8, 14,
37). Additionally, they also found a clear relationship between
blood T-tau levels and infarction volume measured from CT
or MRI. Our results are comparable to these findings and
show correlations between T-tau, NIHSS and infarct size in
CT imaging even after corrections. Moreover, in the study by
De Vos and colleagues, the relationship between T-tau and
infarction volume was strongest (r=0.753) when the blood
samples were taken one week after the stroke. We also found
correlations between different blood markers. This can be
explained by the fact that ischemia lesion consists of different
kind of cells and proteins derived from those cells can be
detected in the blood with sensible methods. 

Similar to two other studies (8, 15), our study demonstrated
a significant, but weaker, association between T-tau and mRS
at 3 months, but this association was not significant after
adjusting for age, NIHSS and infarct size. On the other hand,
the patients in our study had clearly milder strokes compared
to the patients in those two other studies, in which NIHSS
scores were on admission 13 and 6.8, respectively. In addition,
the other mentioned studies did not report results after
correction for confounding factors. Thus, as a disadvantage so
far, T-tau does not increase prognostic performance after
known predictors like NIHSS and infarct size. When the
patients were dichotomized to favorable- and poor-outcome
groups, only S100B levels differed significantly, but in
regression analysis lost its significance. Copeptin, is the only
biomarker which has been shown to improve the performance
of validated clinical models in the prediction of the functional
outcome after AIS (42, 43).

We found the highest T-tau and S100B levels in the LVD
and CE groups. In addition, T-tau and S100B levels varied
between CE and cryptogenic stroke groups, suggesting many
other causes than emboli in patients with cryptogenic stroke.
However, these associations did not remain significant after
adjustments and T-tau and S100B were not alone capable to
differentiate between etiologic groups. Low biomarker
concentrations in the SVD etiological group again supports
the idea that, these biomarkers reflect axonal damage, as
lacunar strokes are smallest in size. 

Limitations. We are aware of several limitations concerning
our study. First, the EmbodeteCT study primarly ruled out a
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large number of patients and focused on patients with
suspected cardioembolic AIS/TIA and excluded patients with
known AF. Since our study excluded patients with symptoms
indicating atherosclerosis, lacunar infarcts and
hypercoagulable states, this study represents only a small
subpopulation of all AIS/TIA patients. One must keep this in
mind, when evaluating these results in the context to all
consecutive patients with AIS. 

Second, we measured biomarker levels at two time points
only; on subacute phase once and at the three-month follow-
up visit. Based on the evidence from the other study, we
likely have missed the T-tau peaks in blood and our results
may underestimate the capacity of plasma T-tau to
differentiate between AIS and TIA. Third, we determined the
infarct size acquired from CT imaging instead of MRI. Forth,
there were many years between blood sampling and T-tau
analyses. However, all samples were stored at –80˚C pending
analysis and T-tau has been shown to be stable over time and
freeze-thaw cycles (44). Lastly, our follow-up rate was fairly
low and we could not get clinical outcome information from
all patients at 3 months.

Conclusion
The most sensitive method, digital ELISA, allows the
quantification of T-tau in plasma samples at low levels.
Despite this, T-tau plasma levels obtained approximately
two and half days after stroke onset were not alone
capable to differentiate between AIS and TIA patients.
Unexpectedly, T-tau was not superior to S100B. The T-tau
concentrations correlated with stroke severity assessed
either clinically or from neuroimaging. In addition, there
was an association between T-tau and clinical outcome
after three months, but it was not an independent predictor
in addition to NIHSS and stroke volume. Our study did
not include repeated measurements of T-tau in plasma
over the time after index event and the future studies
should aim to demonstrate the temporal profile of T-tau
after AIS. Brain MRI should be used as neuroimaging.
Thus, the optimal time points to measure T-tau in blood
and it’s diagnostic and prognostic performance could be
identified.
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