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Abstract
Ischemic stroke and transient ischemic attack can be difficult to diagnose clinically, and both acute
and preventive therapies carry some risk. Serum biomarkers could increase diagnostic certainty by
helping to distinguish cerebral ischemia from common mimics such as focal seizure, complicated
migraine, and psychogenic spells. Biomarkers could also identify patients at high risk for future
vascular events, which would aid in management decisions. There are many potential obstacles to
finding these biomarkers including the blood brain barrier, confounding by other conditions, and
imperfect gold standards for use in validation. Diagnostic biomarkers are likely to be molecules found
predominantly in brain tissue with rapid entry into the blood, while prognostic biomarkers may be
related to the concept of an active atherosclerotic plaque. Many promising serum molecules have
been examined in small series of patients with cerebrovascular disease. Large series examining many
candidate molecules will be needed to find valid biomarkers, and this should be followed by use in
future intervention trials to prove their utility.

Background
The spectrum of ischemic stroke (IS) and transient ischemic attack (TIA) starts with cerebral
arterial occlusion and ischemia of brain tissue, with the resulting volume of infarction ranging
from none to an entire hemisphere, depending on the amount of recanalization, collateral blood
flow, and secondary neurotoxicity in the ischemic penumbra. All of these are active areas of
research for interventions to decrease the eventual stroke severity. Recanalization via
intravenous tissue plasminogen activator is currently the only approved treatment for IS, but
several other thrombolytic agents, with or without the acute use of other antithrombotic agents,
appear promising in achieving or maintaining recanalization and restoration of perfusion.
Catheter-based drug delivery and mechanical interventions at the site of the occlusion are also
under study. Improving collateral blood flow and minimizing secondary neurotoxicity in the
penumbra also have promising candidates under investigation, and may be forthcoming as
approved therapies soon. Besides these potential acute therapies, there is also a proliferation
of preventive treatments ranging from new antithrombotic agents to surgical and catheter-based
interventions for cardiac and arterial lesions that may lower the risk of future events.

While the prospect of multiple acute and preventative therapeutic options on the near horizon
is good news for future stroke patients, for clinicians it increases the complexity of management
of an already complex disease, where there can be a myriad of clinical presentations due to the
variety of functions served by the different brain areas. Confirming the true probability of IS
or TIA versus mimic conditions - such as complicated migraine, focal seizure, or psychogenic
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spells – challenges even clinicians with extensive experience in the diagnosis and management
of stroke. Diagnostic uncertainty increases the difficulty in advising patients about treatment
with serious potential risks such as thrombolysis, surgery, or warfarin. Smaller medical centers
may not have neurologists available in person or via telemedicine, and the treating clinician
may be uncomfortable offering therapies with known risks. A great aid to both the clinician
and the patient would be a test or set of tests with both high sensitivity and specificity for
cerebral ischemia, to increase the diagnostic certainty or give an idea about future risk. Imaging
the brain and cerebral vasculature with magnetic resonance imaging (MRI) has already
demonstrated the ability to increase the diagnostic certainty in acute IS, but MRI is not available
in many smaller hospitals, and is often available only during daytime hours even in larger
centers.

Serum biomarkers might provide a solution to many of these issues; biomarkers could be
available in small centers, would not need outside interpretation by a neurology or radiology
consultant, and might help both the treating clinician and patient feel assured that the diagnosis
is correct, thus allowing the choice of potentially risky therapies with some confidence. The
analogy to acute coronary syndromes is obvious; we need a correlate to troponin for diagnosis,
and a correlate to high sensitivity C reactive protein (hsCRP) for prognostication. First we will
review some promising potential biomarkers for diagnosis of IS and TIA, then focus on some
that may help in predicting risk of future stroke.

Diagnostic Biomarkers
An ideal biomarker to distinguish IS and TIA from mimics should appear or elevate in the
blood quickly in the former but not the latter, and not elevate in any other disease or patient
population. A good candidate would be a molecule found predominantly in brain rather than
other body tissues, such as S-100b1-4, neuron-specific enolase2, 4, myelin basic protein2, and
glial fibrillary acidic protein2; all of which have shown some promise in small studies. The
rational selection of a biomarker is complicated by the fact that unlike the relatively
homogeneous myocardium, the brain consists of multiple cell types in varying proportions
among different brain areas. Another problem is that the blood brain barrier (BBB) prevents
molecules from leaving the infarcted brain tissue and entering the blood stream. Infarction does
disrupt the BBB, but there may be little or no perfusion through the disrupted area, so while
molecules may leak into the blood, there may be a substantial delay to elevate serum levels,
which could mean the marker becomes elevated long after management decisions need to be
made. There is also the possibility that two common mimics of stroke, complicated migraine
and focal seizure, could potentially cause both molecular leakage from brain cells and
disruption of the BBB. Another approach would be to look at markers associated with acute
thrombosis, such as D-dimer5, fibrinogen6-8, fibrinopeptide A5, and von Willebrand factor1,
3, all of which have been shown to elevate after IS in small studies.

The biggest difficulty to finding useful biomarkers for IS and TIA is the inaccurate standard
available for validation; both are clinical diagnoses, and rather than being made with complete
certainty most often the diagnosis is thought of in terms of probability, such as a low, medium,
or high likelihood of true IS or TIA versus mimic. Acute brain MRI can increase diagnostic
certainty and could be used to help validate potential biomarkers, but there are many cases
where the clinical diagnosis is certain and the MRI is negative, as well as the converse, so MRI
is unlikely to be the ideal gold standard. Few patients come to autopsy immediately after acute
stroke; even if an autopsy series could be attempted, there may be many cerebrovascular events
between the initial stroke and biomarker assay and the subsequent autopsy, which would cloud
interpretation of the findings. The challenge then is validating a new test with imperfect gold
standards; in searching for a biomarker for diagnosis of IS and TIA, multiple studies will need
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to show very clear results with significance testing showing an extremely low likelihood of the
findings being due to chance alone.

Prognostic Biomarkers
A biomarker or set of biomarkers to help in the diagnosis of IS and TIA would be very helpful,
but in very mild strokes and in all TIAs the diagnosis is of little importance compared to the
practical question – what is the risk of future stroke? The issues are related in that a test that
reliably distinguishes mimics from true IS and TIA would thereby distinguish a low-risk group
from a group with a higher risk, but it would not necessarily stratify risk among true IS and
TIA patients. The molecules to look for in risk prediction are less likely to be from injured
brain tissue, but rather from the pathological substrate underlying the arterial occlusion, which
in most cases would be an atherosclerotic plaque, either at the site of thrombus formation or
proximal to it in the case of embolism. The concept of an active plaque that is at high risk for
rupture and thrombus formation has been a main focus of research in myocardial infarction,
and the most promising biomarker in that setting is hsCRP, which in many large studies has
been shown to predict the risk of future vascular events independent of other known risk factors.
Studies looking at hsCRP in IS and TIA show a strong suggestion of utility 6, 9-13. Many other
molecules related to the active plaque concept have shown promise such as those associated
with inflammation including tumor necrosis factor alpha (TNF-α)14 and interleukin-6 (IL-6)
14, 15. Markers related to coagulation such as D-dimer5 and fibrinogen6-8 may also indicate
active plaques, or other more systemic disorders or clotting, that predict higher risk of
recurrence. The plaque of greatest importance is in the proximal internal carotid artery, which
is the most amenable to intervention with carotid endarterectomy; biomarkers of active plaque
potentially could identify patients most likely to benefit from surgery or catheter-based
interventions. Validation of biomarkers to predict future stroke risk would be relatively
straightforward, by correlating the serum level of the candidate molecule with the likelihood
of subsequent stroke. The challenge will remain that even if we can accurately identify patients
with a high risk of future strokes, we will need to prove that current and future therapies are
safe and effective in lowering that risk in those populations.

Conclusion
There is great promise in the search for serum biomarkers to aid in the diagnosis and prognosis
of cerebrovascular disease, but many theoretical and practical challenges stand in the way.
Several large series systematically examining a large number of molecules will be needed, and
will likely need to use probability-based clinical diagnosis, MRI findings, and subsequent
stroke incidence as validation measures. If clear diagnostic or prognostic biomarkers do
emerge, we will need to incorporate them into future intervention trials to prove their
usefulness.

References
1. Reynolds MA, Kirchick HJ, Dahlen JR, Anderberg JM, McPherson PH, Nakamura KK, Laskowitz

DT, Valkirs GE, Buechler KF. Early biomarkers of stroke. Clin Chem 2003;49:1733–1739. [PubMed:
14500614]

2. Lamers KJB, Vos P, Verbeek MM, Rosmalen F, van Geel WJA, van Engelen BGM. Protein s-100b,
neuron-specific enolase (nse), myelin basic protein (mbp) and glial fibrillary acidic protein (gfap) in
cerebrospinal fluid (csf) and blood of neurological patients. Brain Research Bulletin 2003;61:261.
[PubMed: 12909296]

3. Lynch JR, Blessing R, White WD, Grocott HP, Newman MF, Laskowitz DT. Novel diagnostic test
for acute stroke. Stroke 2004;35:57–63. [PubMed: 14671250]

Jensen et al. Page 3

Neurologist. Author manuscript; available in PMC 2009 April 20.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



4. Missler U, Wiesmann M, Friedrich C, Kaps M. S-100 protein and neuron-specific enolase
concentrations in blood as indicators of infarction volume and prognosis in acute ischemic stroke.
Stroke 1997;28:1956–1960. [PubMed: 9341703]

5. Fon EA, Mackey A, Cote R, Wolfson C, McIlraith DM, Leclerc J, Bourque F. Hemostatic markers in
acute transient ischemic attacks. Stroke 1994;25:282–286. [PubMed: 8303732]

6. Di Napoli M, Papa F, Bocola V. Prognostic influence of increased c-reactive protein and fibrinogen
levels in ischemic stroke. Stroke 2001;32:133–138. [PubMed: 11136928]

7. Mauriello A, Sangiorgi G, Palmieri G, Virmani R, Holmes DR Jr. Schwartz RS, Pistolese R, Ippoliti
A, Spagnoli LG. Hyperfibrinogenemia is associated with specific histocytological composition and
complications of atherosclerotic carotid plaques in patients affected by transient ischemic attacks.
Circulation 2000;101:744–750. [PubMed: 10683347]

8. Ernst E, Resch KL. Fibrinogen as a cardiovascular risk factor: A meta-analysis and review of the
literature. Ann Intern Med 1993;118:956–963. [PubMed: 8489110]

9. Arenillas JF, Alvarez-Sabin J, Molina CA, Chacon P, Montaner J, Rovira A, Ibarra B, Quintana M.
C-reactive protein predicts further ischemic events in first-ever transient ischemic attack or stroke
patients with intracranial large-artery occlusive disease. Stroke 2003;34:2463–2468. [PubMed:
14500938]

10. Leu H-B, Lin C-P, Lin W-T, Wu T-C, Chen J-W. Risk stratification and prognostic implication of
plasma biomarkers in nondiabetic patients with stable coronary artery disease: The role of high-
sensitivity c-reactive protein. Chest 2004;126:1032–1039. [PubMed: 15486359]

11. Di Napoli M, Schwaninger M, Cappelli R, Ceccarelli E, Di Gianfilippo G, Donati C, Emsley HCA,
Forconi S, Hopkins SJ, Masotti L, Muir KW, Paciucci A, Papa F, Roncacci S, Sander D, Sander K,
Smith CJ, Stefanini A, Weber D. Evaluation of c-reactive protein measurement for assessing the risk
and prognosis in ischemic stroke: A statement for health care professionals from the crp pooling
project members. Stroke 2005;36:1316–1329. [PubMed: 15879341]

12. Rost NS, Wolf PA, Kase CS, Kelly-Hayes M, Silbershatz H, Massaro JM, D'Agostino RB, Franzblau
C, Wilson PW. Plasma concentration of c-reactive protein and risk of ischemic stroke and transient
ischemic attack: The framingham study. Stroke 2001;32:2575–2579. [PubMed: 11692019]

13. Curb JD, Abbott RD, Rodriguez BL, Sakkinen P, Popper JS, Yano K, Tracy RP. C-reactive protein
and the future risk of thromboembolic stroke in healthy men. Circulation 2003;107:2016–2020.
[PubMed: 12681999]

14. Sotgiu S, Zanda B, Marchetti B, Fois ML, Arru G, Pes GM, Salaris FS, Arru A, Pirisi A, Rosati G.
Inflammatory biomarkers in blood of patients with acute brain ischemia. European Journal of
Neurology 2006;13:505–513. [PubMed: 16722977]

15. Kim JS, Yoon SS, Kim YH, Ryu JS. Serial measurement of interleukin-6, transforming growth factor-
ß, and s-100 protein in patients with acute stroke. Stroke 1996;27:1553–1557. [PubMed: 8784129]

16. Kistorp C, Raymond I, Pedersen F, Gustafsson F, Faber J, Hildebrandt P. N-terminal pro-brain
natriuretic peptide, c-reactive protein, and urinary albumin levels as predictors of mortality and
cardiovascular events in older adults. JAMA 2005;293:1609–1616. [PubMed: 15811980]

17. Dambinova SA, Khounteev GA, Skoromets AA. Multiple panel of biomarkers for tia/stroke
evaluation. Stroke 2002;33:1181–1182. [PubMed: 11988587]

18. Lindgren A, Brattstrom L, Norrving B, Hultberg B, Andersson A, Johansson BB. Plasma
homocysteine in the acute and convalescent phases after stroke. Stroke 1995;26:795–800. [PubMed:
7740569]

19. Brey RL, Abbott RD, Curb JD, Sharp DS, Ross GW, Stallworth CL, Kittner SJ. {beta}2-glycoprotein
1-dependent anticardiolipin antibodies and risk of ischemic stroke and myocardial infarction: The
honolulu heart program. Stroke 2001;32:1701–1706. [PubMed: 11486093]

20. Rainer TH, Wong LKS, Lam W, Yuen E, Lam NYL, Metreweli C, Lo YMD. Prognostic use of
circulating plasma nucleic acid concentrations in patients with acute stroke. Clin Chem 2003;49:562–
569. [PubMed: 12651807]

21. Dambinova SA, Khounteev GA, Izykenova GA, Zavolokov IG, Ilyukhina AY, Skoromets AA. Blood
test detecting autoantibodies to n-methyl-d-aspartate neuroreceptors for evaluation of patients with
transient ischemic attack and stroke. Clin Chem 2003;49:1752–1762. [PubMed: 14500616]

Jensen et al. Page 4

Neurologist. Author manuscript; available in PMC 2009 April 20.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



22. Allard L, Burkhard PR, Lescuyer P, Burgess JA, Walter N, Hochstrasser DF, Sanchez J-C. Park7 and
nucleoside diphosphate kinase a as plasma markers for the early diagnosis of stroke. Clin Chem
2005;51:2043–2051. [PubMed: 16141287]

23. Zimmermann-Ivol CG, Burkhard PR, Le Floch-Rohr J, Allard L, Hochstrasser DF, Sanchez J-C. Fatty
acid binding protein as a serum marker for the early diagnosis of stroke: A pilot study. Mol Cell
Proteomics 2004;3:66–72. [PubMed: 14581522]

24. Novo S, Basili S, Tantillo R, Falco A, Davi V, Novo G, Corrado E, Davi G. Soluble cd40l and
cardiovascular risk in asymptomatic low-grade carotid stenosis. Stroke 2005;36:673–675. [PubMed:
15677577]

25. Sotgiu S, Barone R, Zanda B, Arru G, Fois ML, Arru A, Rosati G, Marchetti B, Musumeci S.
Chitotriosidase in patients with acute ischemic stroke. Eur Neurol 2005;54:149–153. [PubMed:
16319488]

26. Sangiorgi G, Mauriello A, Bonanno E, Oxvig C, Conover CA, Christiansen M, Trimarchi S, Rampoldi
V, Holmes DR Jr. Schwartz RS, Spagnoli LG. Pregnancy-associated plasma protein-a is markedly
expressed by monocyte-macrophage cells in vulnerable and ruptured carotid atherosclerotic plaques:
A link between inflammation and cerebrovascular events. J Am Coll Cardiol. 2006:j.jacc.
2005.2011.2086

27. Oei H-HS, van der Meer IM, Hofman A, Koudstaal PJ, Stijnen T, Breteler MMB, Witteman JCM.
Lipoprotein-associated phospholipase a2 activity is associated with risk of coronary heart disease
and ischemic stroke: The rotterdam study. Circulation 2005;111:570–575. [PubMed: 15699277]

28. Bhatia M, Howard SC, Clark TG, Neale R, Qizilbash N, Murphy MF, Rothwell PM. Apolipoproteins
as predictors of ischaemic stroke in patients with a previous transient ischaemic attack. Cerebrovasc
Dis 2006;21:323–328. [PubMed: 16490941]

29. Jurgens G, Taddei-Peters WC, Koltringer P, Petek W, Chen Q, Greilberger J, Macomber PF, Butman
BT, Stead AG, Ransom JH. Lipoprotein(a) serum concentration and apolipoprotein(a) phenotype
correlate with severity and presence of ischemic cerebrovascular disease. Stroke 1995;26:1841–1848.
[PubMed: 7570736]

30. Elkind MSV, Lin IF, Grayston JT, Sacco RL. Chlamydia pneumoniae and the risk of first ischemic
stroke: The northern manhattan stroke study. Stroke 2000;31:1521–1525. [PubMed: 10884447]

31. Cook PJ, Honeybourne D, Lip GYH, Beevers DG, Wise R, Davies P. Chlamydia pneumoniae antibody
titers are significantly associated with acute stroke and transient cerebral ischemia: The west
birmingham stroke project. Stroke 1998;29:404–410. [PubMed: 9472881]

32. Slevin M, Krupinski J, Slowik A, Kumar P, Szczudlik A, Gaffney J. Serial measurement of vascular
endothelial growth factor and transforming growth factor-{beta}1 in serum of patients with acute
ischemic stroke. Stroke 2000;31:1863–1870. [PubMed: 10926948]

33. McCarron MO, Muir KW, Weir CJ, Dyker AG, Bone I, Nicoll JAR, Lees KR. The apolipoprotein e
{epsilon}4 allele and outcome in cerebrovascular disease. Stroke 1998;29:1882–1887. [PubMed:
9731613]

34. Janardhan V, Wolf PA, Kase CS, Massaro JM, D'Agostino RB, Franzblau C, Wilson PWF.
Anticardiolipin antibodies and risk of ischemic stroke and transient ischemic attack: The framingham
cohort and offspring study. Stroke 2004;35:736–741. [PubMed: 14764933]

Jensen et al. Page 5

Neurologist. Author manuscript; available in PMC 2009 April 20.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Jensen et al. Page 6

Table 1
A selection of molecules examined in serum of IS and TIA patients.

High sensitivity C-reactive protein (hsCRP)6,9-13

S-100b1-4

Neuron-specific enolase2, 4

Myelin basic protein2

Glial fibrillary acidic protein2

D-dimer5

Fibrinogen6-8

Fibrinopeptide A5

von Willebrand factor1, 3

Tumor necrosis factor alpha (TNF-α)14

Interleukin-6 (IL-6)14,15

B-type neurotrophic growth factor1

Matrix metalloproteinase-91, 3

Vascular cell adhesion molecule3

Intercellular adhesion molecule-114

Monocyte chemotactic protein-11

N-amino terminal fragment of the prohormone brain natriuretic peptide (NT-
proBNP) 16

Glutamate17

Homocysteine17, 18

N-methyl-D-aspartate (NMDA) receptor autoantibodies (aAb)17

ß2-glycoprotein 1 (ß2GP1)-dependent anticardiolipin antibody (aCL)19

Matrix metalloproteinase-2/914

Plasma DNA concentrations20

Autoantibodies (aAbs) to the subtype NR2A/2B of N-methyl-D-aspartate (NMDA)
receptors21

PARK722

Nucleoside diphosphate kinase A (NDKA)22

Heart-fatty acid binding protein (H-FABP)23

CD40L24

Chitotriosidase activity25

Pregnancy-associated protein-A (PAPP-A)26

Lipoprotein-associated phospholipase A2 (Lp-PLA2)27

Apolipoprotein B28

Apo B/apo A1 ratio28

Serum lipoprotein(a) [Lp(a)]29

Smaller-molecular-weight apo(a) isoforms29

Titers of IgG, IgA, and IgM antibodies specific for C pneumoniae30, 31

Vascular endothelial growth factor (VEGF)32

Transforming growth factor-ß (TGF-ß)15
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Apolipoprotein E ε4 Allele33

Anticardiolipin antibodies (aCLs)34

Thrombin- antithrombin III5
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