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Abstract
Background and Purpose: A rapid serum biomarker that 
confirms or rules out a transient ischemic attack (TIA) would 
be of great value in clinical practice. We aimed to systemati-
cally review current evidence for the diagnostic accuracy of 
blood biomarkers in the early diagnosis of TIA. Methods: This 
is a systematic review with quality appraisal of individual 
studies using the QUADAS-2 tool. MEDLINE and EMBASE da-
tabases were searched up to May 1, 2017, to select primary 
diagnostic accuracy studies evaluating potential biomarkers 
in blood for the diagnosis of TIA or ischemic stroke. Results: 
Of 4,215 studies retrieved, 78 met our eligibility criteria. For-
ty-five studies restricted their population to ischemic stroke 
patients, 32 included both TIA and ischemic stroke patients, 
and only one study was restricted to TIA patients. In total 
62/78 (79.5%) studies had a case-control design comparing 
TIA or stroke patients with healthy subjects. Overall, 125 sin-
gle biomarkers and 5 biomarker panels were studied, with a 
median number of participants per study of 92.0 (interquar-
tile range 44.8–144.5), varying from 8 to 915. Sufficient infor-
mation to extract 2 × 2 tables was available for 35 (44.9%) 

articles, and for 60 (48.0 %) biomarkers. Several markers, 
such as NR2A/B (antibodies), Parkinson 7, nucleoside di-
phosphate kinase A, ubiquitin fusion degradation protein-1, 
and heart-type fatty acid binding protein, have shown mod-
erate to high diagnostic accuracy in multiple studies. Con-
clusions: Although the methodological quality of studies 
evaluating biomarkers of brain ischemia was poor, several 
biomarkers have shown the potential to detect transient 
brain ischemia in an early phase. Diagnostic accuracy studies 
in suspected cases of TIA are needed to determine their true 
clinical value. © 2019 The Author(s) 

Published by S. Karger AG, Basel

Introduction

The clinical diagnosis of transient ischemic attack 
(TIA) can be difficult for both the general practitioner 
and neurologist. Timely recognition of TIA is important, 
since the risk of a subsequent ischemic stroke is especial-
ly high in the first days after a TIA and early initiation of 
treatment substantially reduces this risk [1, 2]. A rapid 
serum biomarker that confirms or rules out TIA would 
be of great value in clinical practice.

This article is licensed under the Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International License (CC BY-
NC-ND) (http://www.karger.com/Services/OpenAccessLicense). 
Usage and distribution for commercial purposes as well as any dis-
tribution of modified material requires written permission.
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To date, the diagnosis of TIA still mainly relies on precise 
history taking. The initial evaluation of patients suspected 
of TIA is often performed by a general practitioner, without 
further additional testing at that point. Establishing or ex-
cluding TIA can be difficult for several reasons. TIAs may 
present atypically, the symptoms are often short-lasting 
and resolved at consultation, and there is a broad differen-
tial diagnosis, for example, migraine, seizures (pre)synco-
pe, and vestibular syndromes. An early detectable biomark-
er could help clinicians to diagnose TIA more accurately 
within a shorter time frame. Rapid and correct exclusion of 
TIA would save costly referrals to a TIA outpatient clinic, 
while confirmation of TIA facilitates early (anti-thrombot-
ic) treatment and can reduce the risk of subsequent stroke.  

A rapidly growing range of biomarkers associated with 
brain ischemia has been tested, especially in patients with 
a possible stroke for purposes of diagnosis, and early prog-
nosis. Yet, no diagnostic biomarkers are used in everyday 
clinical practice for detection or exclusion of TIA or stroke. 
Previous reviews on stroke biomarkers emphasized the 
difficulties concerning biodynamic aspects (such as the in-
fluence of the specific region of ischemia and the role of the 
blood-brain barrier delaying the release of proteins) and 
the methodological limitations of biomarker studies [3, 4]. 

TIA and ischemic stroke must be regarded as a con-
tinuum, both initiating the same ischemic cascade, but 
with a different level of severity. Biomarkers of TIA reflect 
this ischemic cascade and not (necessarily) cell necrosis. 
Because of the difference in degree of brain ischemia, bio-
marker values will often be lower and closer to normal 
values in TIA patients than in stroke patients. Moreover, 
because in TIA symptoms and signs relieve fast, there is 
often more delay in seeking medical attention by patients 
with a TIA than in the case of severe and/or persisting 
clinical features as in stroke. 

A useful diagnostic biomarker for TIA must first of all 
be sensitive to low grades of ischemia, and detectable in 
blood from the first hour till several days after symptoms. 
Furthermore, the biomarker must differentiate TIAs 
from a heterogeneous group of alternative diagnoses to 
be of use in clinical practice. To evaluate clinical rele-
vance, diagnostic accuracy studies among suspected pa-
tients are needed, as opposed to studies that compare cas-
es with healthy subjects [5]. These latter studies are a log-
ical first step in the evaluation of new markers that provide 
a sense of their potential value, but typically overestimate 
the diagnostic performance when measured in suspected 
patients in whom the markers will be used in practice. 

We aimed to systematically review current evidence for 
the use of blood biomarkers in the early diagnosis of TIA. 

Methods

A literature search was conducted following PRISMA guide-
lines and using the MEDLINE and EMBASE databases, last up-
dated May 1, 2017 [6]. We used the key terms shown in Box 1 to 
find papers evaluating potential biochemical markers for the diag-
nosis of TIA. Although our actual domain of interest was patients 
with transient symptoms suspected of TIA, we broadened our 
search to the whole spectrum of brain ischemia, instead of restrict-
ing to TIA only, as a pilot search showed that most published stud-
ies tested biomarkers in a population with both ischemic stroke 
and TIA cases. To narrow our search to diagnostic studies we used 
a set of diagnostic terms. 

Two reviewers screened titles and abstracts for relevance (L.S.D. 
and N.C.T.K.). A first sample of articles was used to cross-check the 
selection process. Full texts of selected articles were reviewed inde-
pendently by both reviewers. Primary studies on the diagnostic 
value of blood biomarkers in patients with (or suspected of) TIA or 
ischemic stroke were included. Animal studies, prognostic studies, 
conference abstracts, and non-English publications were excluded. 
We also screened reference lists of included articles. 

Data were extracted with a standardized data extraction form, 
which we included as supplementary file. The quality of included 
studies was assessed with the modified QUADAS-2 tool [7]. Dis-
agreements between the 2 reviewers were resolved by discussion. 
The most important aspects of data extraction were: 
• Relevance to clinical domain: (to what extent) is the biomarker 

tested in TIA (instead of stroke) patients? Most relevant to our 
domain is a study population of patients suspected of TIA, as 
opposed to studies using a case-control design. 

• Timing of blood sampling: is it reported and does it match an 
early diagnosis of TIA, that is, the usual time window of diag-
nostic assessment is from the same day up to several days after 
the event?

• Adequate reference standard: diagnostic assessment by a neu-
rologist with the use of neuroimaging was the minimum re-
quirement. Ideally a panel of neurologists using such informa-
tion and detailed history taking represented the reference stan-
dard [8]. 

• Relevant measures of diagnostic accuracy: is a cut-off used and 
was it pre-defined? Most relevant measures considered were 
predictive values calculated from a 2 × 2 table in univariate anal-
ysis, and ORs and the area under the receiver operating charac-
teristics curve (AUC) or C-statistic in multivariate analysis. Ide-
ally the added value of a biomarker was calculated in addition 
to relevant items of history taking or clinical judgment, and re-
sults were validated in a second group of suspected patients.

Definition of TIA
In the data extraction, we also assessed the applied definitions 

of TIA and minor stroke. The original time-based definition of 
TIA is based on a maximum duration of symptoms of 24 h. The 
new tissue-based definition of TIA was introduced in 2009 follow-
ing advancements in neuroimaging techniques and includes the 
criterion of absence of infarction on brain imaging [9]. Around 
30–40% of those classified as TIA with the old definition would be 
classified as minor stroke with the new definition, when using high 
resolution MRI [10, 11]. Currently, the tissue-based definition is 
most widely endorsed because differentiating minor strokes yields 
prognostic information. However, the time-based definition is still 
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often being used by neurologists and researchers, certainly when a 
high resolution MRI scan is not routinely available in the clinical 
setting. 

Estimation of AUC
Many studies did not report measures of diagnostic accuracy. 

To estimate the discriminative ability of the markers in these stud-
ies, we used methods to derive an AUC from reported (absolute) 
biomarker values. From the mean values and SD of diseased (i.e., 
TIA/stroke) and non-diseased patients, an AUC can be estimated 
[12]. If medians and interquartile ranges were reported, we first 
converted these into means and SD by using a log normal distribu-
tion. We used the approach of Hanley and McNeil to compute a 
CI for the AUC, based on the number of diseased and non-diseased 
cases [13]. The latter was also done for studies that reported an 
AUC without CI. In this way, we were able to give an illustrative 
overview of both reported and estimated AUCs for different mark-
ers in a forest plot. 

Data Synthesis
Because of the expected heterogeneity of the results we did not 

aim for data pooling or meta-analysis. First, we will present an 
overview of the quality assessments of the identified studies, and 
the total number of biomarkers evaluated. Second, study results of 
individual potential biomarkers will be described. This concerns a 
selection of markers that best comply with our clinical domain and 
the criteria described above, thus based on a combination of ap-

plicability, methodological quality of (current) evidence, and the 
diagnostic accuracy of markers. Because of the limited number of 
studies with clinical populations of patients suspected of TIA (or 
stroke), we also (shortly) discuss studies that used a case-control 
design comparing TIA (or stroke) patients with healthy subjects 
(not suspected of TIA).

Results

Our search identified a total of 4,215 studies. A flow-
chart of the review process is supplemented as appendix 
(Fig. 1). All abstracts were read, 198 articles were read in 
full, and 78 studies met our eligibility criteria. 

These studies included a total of 17,216 participants, 
of which 9,391 (54.5%) were patients diagnosed with a 
cerebrovascular event, and 7,825 (45.5%) were either pa-
tients with stroke mimicking diagnoses (n = 1,399) or 
“healthy” volunteers (n = 6,426). The total number of pa-
tients with a TIA was 1,141 (12.1% of 9,391 cerebrovas-
cular events). The median number of TIA or stroke pa-
tients per study was 92.0 (interquartile range 44.8–144.5), 
varying from 8 to 915 patients. 

Box 1. Search terms used

PubMed search terms
(((((((((((((biological markers[MeSH Terms]) OR diagnostic marker*[Title/Abstract]) OR biomarker[Title/Abstract]) OR 
marker*[Title/Abstract]) OR antibody[Title/Abstract]) OR antibodies[Title/Abstract]) OR antigen*[Title/Abstract]) OR 
 laboratory test[Title/Abstract]) OR blood test[Title/Abstract]) OR *RNA[Title/Abstract]) OR microRNA[Title/Abstract])) AND 
((((((((((((((((((((((((((((((ischemic attack, transient[MeSH Terms]) OR Transient ischemic attack*[Title/Abstract]) OR Transient 
ischaemic attack*[Title/Abstract]) OR TIA[Title/Abstract]) OR TIAs[Title/Abstract]) OR attack* AND , transient ischemic[Title/
Abstract]) OR attack* AND , transient ischaemic[Title/Abstract]) OR Ischemic attack* AND, transient[Title/Abstract]) OR 
 ischaemic attack* AND, transient[Title/Abstract]) OR cerebral ischemia*[Title/Abstract]) OR cerebral ischaemia*[Title/Abstract]) 
OR brain ischemia*[Title/Abstract]) OR brain ischaemia*[Title/Abstract]) OR Stroke*[Title/Abstract]) OR stroke[MeSH Terms]) 
OR CVA[Title/Abstract]) OR CVAs[Title/Abstract]) OR Cerebrovascular accident*[Title/Abstract]) OR brain vascular 
accident*[Title/Abstract]) OR vascular accident* AND , brain[Title/Abstract]) OR brain infarction[Title/Abstract]) OR cerebral 
infarction[Title/Abstract]) OR ischemic brain[Title/Abstract]) OR ischaemic brain[Title/Abstract]) OR ischemic neuronal[Title/
Abstract]) OR ischaemic neuronal[Title/Abstract]) OR neuronal ischemia[Title/Abstract]) OR neuronal ischaemia[Title/ 
Abstract]) OR ischemic encephalopathy[Title/Abstract]) OR ischaemic encephalopathy[Title/Abstract])) AND (((((((((sens[Title/
Abstract]) OR spec[Title/Abstract]) OR sensitiv*[Title/Abstract]) OR specific*[Title/Abstract]) OR diagno*[Title/Abstract]) OR 
area[Title/Abstract]) OR auc[Title/Abstract]) OR roc[Title/Abstract]) OR false[Title/Abstract])

Animal studies filtered out
Embase search terms 
(“biological marker”/exp OR “biochemical marker”/exp OR “molecular marker”/exp OR biomarker*:ab,ti OR “laboratory 
test”:ab,ti OR “laboratory tests”:ab,ti OR “blood test”:ab,ti OR “blood tests”:ab,ti OR rna:ab,ti OR microrna:ab,ti) AND (“brain 
infarction”/exp OR “brain ischemia”/exp OR “cerebrovascular accident”/exp OR “transient ischemic attack”:ab,ti OR “transient 
ischaemic attack”:ab,ti OR tia:ab,ti OR tias:ab,ti OR “cerebral ischemia”:ab,ti OR “cerebral ischaemia”:ab,ti OR “brain 
ischaemia”:ab,ti OR stroke*:ab,ti OR cva:ab,ti OR cvas:ab,ti OR “cerebrovascular accidents”:ab,ti OR “cerebral infarction”:ab,ti OR 
“ischemic brain”:ab,ti OR “ischaemic brain”:ab,ti OR “ischemic encephalopathy”:ab,ti OR “ischaemic encephalopathy”:ab,ti) AND 
(sens:ab,ti OR spec:ab,ti OR sensitiv*:ab,ti OR specific*:ab,ti OR diagno*:ab,ti OR area:ab,ti OR auc:ab,ti OR roc:ab,ti OR 
false:ab,ti) AND [humans]/lim AND [embase]/lim
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Quality Assessment
An overview of the results of the (modified) QUA-

DAS-2 assessment is given in Figure 2. None of the stud-
ies restricted the study population to suspected TIA pa-
tients only. One study (1.3%) included only established 
TIAs in a case-control design, comparing cases with TIA 

with healthy volunteers as controls [14]. In 45 (57.7%) 
studies, biomarkers were examined in stroke patients 
only, excluding patients with TIA. In the remaining 32 
(41.0%) studies, the population was mixed, with both TIA 
and stroke patients. Patients suspected of stroke or TIA 
were included in 16 (20.5%) studies. 

0 25 50 75 100
Applicability concerns, %

0 25 50 75 100
Risk of bias, %

Patient selection

Index test
Reference standard

Flow and timing

High Unclear Low

Fig. 2. Risk of bias and applicability concerns summary about each QUADAS-2 domain presented as percent-
ages across the 78 included studies.
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Initial search: PubMed      2,411 citations
EMBASE       3,186 citations
Duplicates   1,382

4,215 citations for abstract screening

198 studies selected for full-text screening

78 studies included

4,017 citations excluded based on title and abstract
Common reasons for exclusion:
- Not human
- Not diagnostic (e.g., prognostic, therapeutic,

pathophysiology, ethiologic subclassification)
- Diagnostic, but not TIA/ischemic stroke (e.g.,

hemorrhagic stroke, other neurological disorders)
- Diagnostic, but not serum biomarker (e.g., imaging,

CSF marker)

120 studies excluded after full-text screening
Reasons for exclusion:
- Prognostic study: 26
- No diagnostic design, only TIA/stroke patients: 15
- Pathophysiology: 9
- Etiologic subclassification: 12
- Diagnostic, but wrong domain: 8
- Diagnostic, but CSF marker: 1
- Review: 2
- Conference abstracts: 36
- Language: 11

Fig. 1. Flowchart of the systematic review 
search strategy. TIA, transient ischemic at-
tack; CSF, cerebrospinal fluid.
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A predefined cut-off value was mentioned in 4 (5.1%) 
studies. In 37 (47.4%) studies, an optimal cut-off was 
derived from the examined cohort, of which 3 (8.1%) 
studies were externally validated in a different cohort. 
Twenty-three (29.5%) studies compared mean values of 
the biomarkers between those who eventually showed 
to have a stroke or TIA versus those without stroke or 
TIA. 

Most studies used the evaluation of the attending neu-
rologist as the reference standard for the diagnosis of TIA 
or stroke. In 5 (6.4%) studies, a panel diagnosis was used 
(2 or 3 panel members). Classification of ischemic cere-
brovascular disease according to the tissue-based defini-
tion of TIA was reported in only one study. The remain-
ing studies all used the time-based definition for TIA or 
did not report the applied definition of TIA. Some studies 
(12 of 32 [37.5%]) clearly distinguish TIA from stroke as 
a separate entity in their main analysis. Three studies 
(9.4%) classified TIA as a non-stroke diagnosis. Most of-
ten (17 of 32 [53.1%]) TIA and (minor) stroke were com-
bined as ischemic cerebrovascular diagnoses. 

Most studies described the time window of blood sam-
pling for biomarker assessment in relation to the initia-
tion of symptom or signs, 17 (21.8%) studies reported the 
actual time (median or mean) to blood sampling.

Biomarkers Identified
A total of 124 single biomarkers and 5 biomarker 

panels were studied. Of the single biomarkers, 91 (73.4%) 
were only evaluated in a case-control design, of which 
74 in a single study and 17 in 2 or more studies. The re-
maining 33 (26.6%) markers were evaluated in at least 
one study among patients suspected of TIA or stroke, of 
which 24 markers were evaluated in multiple studies 
(including case-control studies). The number of bio-
markers tested per study varies from 1 to 17. Sufficient 
information to extract 2 × 2 tables was reported in 35 
(44.9%) articles, and for 60 (48.4 %) biomarkers. Of 
these markers, only one combination of 4 markers was 
examined in a second cohort using the same cut-off 
[15]. Of the biomarker panels, one was evaluated among 
suspected cases [16, 17], and 4 in a single case-control 
study. 

In the next section, we will discuss results of several 
candidate biomarkers that showed potential to be an ear-
ly marker of TIA. Figure 3 presents a forest plot with both 
reported and estimated AUCs per study of these markers. 
Additionally, a scoping plot (Fig. 4) depicts to what extent 
the same markers have been evaluated in the domain of 
interest, that is, patients suspected of TIA.

Individual Biomarkers
NR2A/2B and NR2A/2B Antibodies 
NR2A/2B is a peptide fragment produced by the cleav-

age of synaptic N-Methyl-D-aspartate receptors. The ex-
citatory N-Methyl-D-aspartate receptor is one of the key 
regulators in the ischemic cascade of the brain. The 
NR2A/2B fragments can pass the blood-brain barrier and 
enter the bloodstream immediately after an episode of 
brain ischemia. These peptide fragments may act as for-
eign antigens and abnormally high concentrations initi-
ate an immune response which generates measurable au-
toantibodies (aAbs) in the blood [18]. Both NR2A/B and 
NR2A/B aAbs are measured by enzyme-linked immuno-
sorbent assay (ELISA); NR2A/B is also available as a 
point-of-care test.

NR2A/2B was tested as a single marker in a population 
of 192 patients suspected of ischemic stroke (IS diagnosis 
n = 101, non-stroke diagnosis n = 91). Dambinova et al. 
[19] reported a negative predictive value of 96.0% (95% 
CI 92.3–98.3) and positive predictive value (PPV) of 
93.0% (95% CI 86.1–97.1) for NR2A/2B applying the cut-
off value of 1.0 µg/L in this population. Two previous 
studies of the same research group evaluating NR2A/2B 
aAbs were designed as case-control study. In the first 
study, NR2A/2B aAbs values did not differ significantly 
between 56 TIA and 31 ischemic stroke patients. A com-
parison with healthy volunteers resulted in a high C-sta-
tistic of 0.99 (no 95% CI given) at an optimal cut-off val-
ue of 2.0 g/L [14]. In the second study, interestingly, levels 
of NR2A/2B aAbs were higher in patients with prior TIA 
or stroke than in patients with a first acute TIA or stroke 
[20]. 

Parkinson 7, Nucleoside Diphosphate Kinase A, and 
Ubiquitin Fusion Degradation Protein-1
Parkinson 7 (PARK7), Nucleoside Diphosphate Ki-

nase A (NDKA), and Ubiquitin Fusion Degradation pro-
tein 1, all 3 ELISA tests, were first identified in postmor-
tem cerebrospinal fluid of stroke patients and later vali-
dated as early plasma markers of stroke by a research 
group from Switzerland. Allard et al. [21, 22] reported 
results of these markers in blood in 3 different cohorts, 
comparing stroke patients (total stroke n = 622, TIA n = 
153) to healthy controls. Negative predictive values 
ranged from 57 to 92% and PPVs from 82 to 97%, de-
pending on the cut-off value applied [21, 22]. Relevant to 
our review question is that these markers were equally 
increased in TIA patients and ischemic stroke patients. 
Also, all 3 markers seem to fit the clinically relevant time 
window, as biomarkers levels increased within 3 h after 



Dolmans/Rutten/Koenen/Bartelink/
Reitsma/Kappelle/Hoes

Cerebrovasc Dis 2019;47:207–216212
DOI: 10.1159/000502449

onset and did not differ from levels after 3 h (ranging till 
5 days after onset). 

A recent publication (2012) of the same research group 
showed an assessment of 29 biomarkers in a new cohort 
(103 strokes [19 TIAs] and 132 healthy controls). The 
main objective of this study was to determine if biomark-
ers can act as a time indicator, detecting very early stroke 
patients within the therapeutic window for thrombolysis. 
Accuracy data for differentiating strokes from healthy 
subjects are not given, but PARK7 and NDKA (and not 
ubiquitin fusion degradation protein-1) belong to the 5 
markers that show the largest differences between cases 
and controls [23]. A study in a clinical population sus-
pected of cerebrovascular disease is lacking.  

Heart-Type Fatty Acid Binding Protein
Heart-type fatty acid binding protein (H-FABP) is a 

small protein involved in the intracellular transport and 
oxidation of fatty acids. It was named after its first detec-
tion in myocardium, but it is also enriched in neuronal 
cell bodies in the central nervous system, and is rapidly 
released from tissue to peripheral blood following an 
ischemic event. Besides a marker for cardiac ischemia, 
 H-FABP has also been shown to be a marker for stroke 
[24]. Both H-FABP ELISA kits and point-of-care test are 
available.

All 4 studies identified that evaluated H-FABP found 
positive associations with ischemic stroke [19, 20, 25, 26]. 
Two studies report accuracy measures, both from a case-
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Fig. 3. Forest plot with both reported and 
estimated AUCs per study, of candidate 
biomarkers that showed potential to be an 
early marker of TIA. ■, cohort of suspect-
ed cases, reported AUC; □, cohort of sus-
pected cases, estimated AUC; ▲, case-con-
trol design, reported AUC; Δ, case-control 
design, estimated AUC. AUC, area under 
the ROC curve; NR2A/B, N-methyl-D-as-
partate receptor subunit; NR2A/B Abs, an-
tibodies to NR2A/B; PARK-7, Parkinson 7; 
NDKA, nucleoside diphosphate kinase A; 
UFD-1, ubiquitin fusion degradation pro-
tein 1; H-FABP, heart-type fatty acid bind-
ing protein; tPA, tissue plasminogen acti-
vator; PAI-1, plasminogen activator inhib-
itor 1; IL-6, interleukin-6; TSP, triage 
stroke panel.
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control comparison with primarily strokes as cases. In 
2004, a “pilot study” with a small sample size of 22 cases 
(11 IS, 6 ICH, 5 TIA) and 22 controls, reported 68.8% 
sensitivity and 100% specificity [21]. However, in a larger 
population (111 ischemic strokes and 127 controls with 
other neurologic diagnoses), lower accuracy was found at 
a newly defined cut-off: 59.5% sensitivity and 79.5% spec-
ificity [20]. Based on these data, the authors conclude that 
H-FABP appears to be unfit for use as a single marker 
because of limited sensitivity, but might add value in a 
panel of markers.

Tissue Plasminogen Activator and Plasminogen 
Activator Inhibitor 1
Tissue plasminogen activator (tPA) and plasminogen 

activator inhibitor 1 (PAI-1), both measured by ELISA, 
are markers of thrombotic/fibrinolytic mechanisms. tPA 
is an enzyme involved in the breakdown of a blood clot 
by catalyzing the conversion of plasminogen to plasmin. 
We know recombinant tPA as thrombolytic drug in the 
early treatment of stroke. PAI-1 is a principal inhibitor of 
tPA. 

Tuttolomondo et al. [27] first evaluated both markers 
in a case-control design with only ischemic stroke pa-

tients (n = 120); the reported discriminative characteris-
tics were remarkably high (AUC of tPA 0.97, and of PAI-
1 0.99). 

Both markers have also shown diagnostic potency, 
however limited, in patients suspected of stroke or TIA. 
tPA was an independent predictor of stroke diagnosis 
(OR 1.63 [95% CI 1.20–2.21] for the 75th vs. the 25th cen-
tile of the marker distribution) in a study with 405 sus-
pected stroke patients (40 of 285 strokes were TIAs) [28]. 
The authors also showed a modest yet non-significant 
improvement of the AUC by the addition of tPA to the 
Face Arm Speech Test (FAST; from 0.60 [95% CI 0.55–
0.65] to 0.66 [95% CI 0.60–0.72]). PAI-1 was evaluated by 
An et al. [26] in addition to a clinical model in a popula-
tion of 278 suspected strokes. PAI-1 was an independent 
predictor of stroke diagnosis in a model with age, sex, 
cardiovascular risk factors, and serum creatinine. How-
ever, PAI-1 did not remain as an independent variable in 
the best diagnostic model consisting of age, FAST, atrial 
fibrillation, and 3 other serum markers (S100B, MMP-9, 
and Interleukin-6 [IL-6]) [22].

Interleukin-6 
IL-6 is a cytokine involved not only in inflammation 

and infection responses but also in the regulation of met-
abolic, regenerative, and neural processes. IL-6 expres-
sion is increased in the brain following ischemia, and 
damaged neurons may contribute to its increased levels. 
IL-6 is one of the markers of inflammation most studied 
as stroke biomarker [29]. 

Various case-control studies demonstrate that plasma 
IL-6 is elevated in the acute phase of ischemic stroke [19, 
23, 30]. Two studies have evaluated IL-6 in a clinical pop-
ulation of suspected stroke patients. In the previously 
mentioned Korean study by An et al. [26], IL-6 is among 
the 3 (out of 10) markers that are independent predictors 
in multivariate regression analyses including clinical 
variables (OR 1.77, 95% CI 1.31–2.38, p < 0.001). In this 
population with 175 ischemic stroke and 13 TIA patients, 
the panel IL-6/S100B/MMP-9 showed added value be-
yond age, atrial fibrillation, and FAST symptoms (AUC 
0.865 vs. 0.837, p = 0.069) [22]. In the second study with 
405 patients suspected of stroke, IL-6 was associated with 
stroke diagnosis but had no added value beyond FAST in 
bivariate logistic regression analysis [24].

Triage Stroke Panel
The triage stroke panel (TSP) is a rapid, point-of-

care fluorescence immunoassay. It simultaneously mea-
sures 4 biomarkers (B-type natriuretic peptide, D-di-
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Fig. 4. Scoping plot depicting to what extent candidate markers 
have been evaluated in the domain of interest, that is, patients sus-
pected of TIA. NR2A/B, N-Methyl-D-aspartate receptor subunit; 
NR2A/B aAbs, antibodies to NR2A/B; H-FABP, heart-type fatty 
acid binding protein; PAI-1, plasminogen activator inhibitor 1; 
tPA, tissue plasminogen activator; IL-6, interleukin-6; TSP, triage 
stroke panel; PARK-7, Parkinson 7; NDKA, nucleoside diphos-
phate kinase A; UFD-1, ubiquitin fusion degradation protein 1; 
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mer, matrix metalloproteinase-9, and S100B) resulting 
in a single composite result, the Multimarker Index 
(MMX) [16].

The MMX was developed by the BRAIN study group 
in a population of 1,146 patients suspected of stroke re-
cruited at 17 different hospitals in the USA [15]. The 
model was created to discriminate between all stroke di-
agnoses (including TIA) and non-stroke diagnoses. Tem-
poral validation was performed in a set of 343 patients 
recruited in the same hospitals after completion of the 
primary study, showing virtually identical discriminative 
characteristics. For all stroke diagnosis, the AUC was 0.69 
(no 95% CI given). The chosen optimal cut-off had a sen-
sitivity of 90% and a specificity of 47%. A sub-analysis 
showed that the discriminative capacity was poor for 
identifying TIA beyond 3 h after onset (0–3 h; AUC 0.69, 
3–24 h; AUC 0.43–0.48). 

The commercial TSP was evaluated in ED settings by 
2 different research groups. Sibon et al. [17] found dis-
criminative characteristics for all strokes (including TIA) 
comparable to the BRAIN study (AUC 0.70 [95% CI 
0.63–0.76], sensitivity 94%, specificity 24%). Although 
there was no subgroup analysis for TIA (33 of 131 strokes), 
descriptive results show that the probability of TIA is vir-
tually equal for MMX scores higher and lower than the 
MMX cut-off score of 1.3 [17]. Vanni et al. [16] evaluated 
TSP in 155 patients suspected of stroke, but they consid-
ered TIA as a non-stroke diagnosis in their analysis. 
Therefore, these results were not useful in answering our 
research question [16]. 

MicroRNA 
MicroRNAs (miRNAs) are non-protein-coding 

short RNA molecules that regulate gene expression, 
and divided into intracellular and extracellular, or cir-
culating, miRNAs [31]. The usefulness of miRNAs is 
now being evaluated for various diseases including 
ischemic stroke. Test methods for miRNA are more 
complex and part of an actively developing field. The 
studies on miRNAs we found with our search report 
high accuracy, but all had major methodological limita-
tions [31–39]. Most studies generated new potential 
markers with a strategy of first selecting miRNAs with 
the largest difference between stroke and healthy sub-
jects by miRNA profiling, and then presenting diagnos-
tic accuracy for those miRNAs in the same patients. All 
studies had a case-control design, and validation stud-
ies were lacking. We identified an miRNA (miR-16) 
that showed increased serum expression levels in 2 dif-
ferent cohorts [33, 36]. 

Discussion

Our systematic literature review on blood biomarkers 
for the diagnosis of TIA shows that none of the biomark-
er studies evaluated the performance in our intended 
study population of interest that best reflects every day 
clinical practice: a population of patients (more or less) 
suspected of TIA by the clinician. There are studies pro-
viding accuracy data on detecting or excluding ischemic 
stroke, but most had methodological shortcomings. Small 
sample sizes, a case-control design comparing TIA(/
stroke) patients with healthy controls, data-derived 
thresholds, and not validating the performance external-
ly in new patients all lead to a difficult to interpret and 
questionable evidence base for the role of these biomark-
ers in daily practice. 

We identified a total of 124 different biomarkers be-
ing studied. They form a heterogeneous group of mark-
ers originating from various cell types and involved in 
very diverse cellular processes, many of which are not 
restricted to the brain. Some have a theoretical basis and 
were developed in animal or in vitro models, while oth-
ers have been identified by comparing plasma or cere-
brospinal fluid of stroke patients with that of healthy 
subjects. 

Although evidence is limited, some markers might 
have added value beyond the clinical assessment in di-
agnosing brain ischemia, and specifically in TIA sus-
pected cases. NR2A/B was the only single marker that 
had both high negative and PPVs in a population of sus-
pected stroke (n = 192, with 101 ischemic strokes and 91 
non-stroke diagnoses). Predictive values of PARK7 and 
NDKA were also high, but these data were all derived 
from case-control design studies thus overestimating 
the real diagnostic accuracy that should be calculated 
from the domain of suspected cases and then comparing 
cases with non-cases [5]. Other shortcomings are the 
small sample sizes of the separate cohorts and that dif-
ferent cut-offs were applied. Markers H-FABP, tPA, 
PAI-1, and IL-6 seem to be unfit as a single marker but 
may add value in a combination of markers. TSP, the 
first commercial panel of stroke markers, showed poor 
discriminative capacity in subgroups of suspected TIA 
patients. MiRNAs are a relatively new source of bio-
markers and many new miRNAs are proposed by profil-
ing studies, but to date the usefulness for TIA/stroke di-
agnosis remains uncertain because of the lack of reliable 
data.

Whiteley et al. [4] performed a systematic review of 
blood biomarkers in the diagnosis of ischemic stroke in 
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2007. They similarly concluded that design and reporting 
of many biomarker studies was poor [4]. The 58 markers 
they identified largely correspond with the markers iden-
tified by our review as a result of the overlapping study 
domains. However, 10 years of research yielded many 
new proposed biomarkers and also new data on existing 
markers. Fifty-five of our 78 included studies were pub-
lished after 2007. 

The strength of our review is the clear focus on di-
agnostic markers for TIA, with a broad search as a start-
ing point including studies that evaluated biomarkers 
for all-type brain ischemia. TIA and ischemic stroke are 
similar in that they are clinical expressions (of different 
degrees) of brain ischemia; thus, in principle, they 
largely share the same markers, except for markers of 
cell necrosis. A broad search was required to also iden-
tify biomarkers that showed potential as a diagnostic 
marker of ischemic stroke, but have not been evaluated 
for suspected TIA yet. The complete review process was 
performed by 2 reviewers who applied a modified 
QUADAS-2 tool to evaluate the quality of diagnostic 
studies. 

Limitations must also be considered. We had to as-
sess the performance of a large number of different 
markers in studies with much heterogeneity in design 
and reporting, and on average poor quality. It was 
therefore impossible to adequately compare the diag-
nostic potential of the various markers or even provide 
a summary odds ratio. The “selection” of the most 
promising markers applied in this review may irrespec-
tive of our specific criteria still hold some “residual” 
subjectivity. Considering the various utilities of bio-
markers, we decided to narrow our search by a broad 
set of diagnostic terms as a filter because a validated 
diagnostic filter is lacking [40]. We may have missed 
potential biomarkers using this filter, although in our 

opinion it is unlikely that studies lacking our diagnostic 
terms would add biomarkers with supporting evidence 
of diagnostic value. Studies published after May 1, 2017, 
were not included in this review. A final concern is the 
possible effect of publication bias with underreporting 
of negative results. 

A large study in patients suspected of TIA is needed to 
get a valid estimate of the accuracy of blood biomarkers. 
At present, it is doubtful whether a single marker would 
have add substantial diagnostic value beyond the clinical 
assessment. A multi-marker panel such as the TSP may 
produce higher accuracy, but combinations other than 
TSP need to be evaluated. 

Conclusions

Currently, none of the evaluated biomarkers can be 
recommended for diagnosing TIA in suspected cases. 
Adequately performed diagnostic studies are needed that 
evaluate some of the promising markers in the domain of 
patients suspected of TIA.
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