
D
etermining a patient’s long-
term stroke risk is based prima-
rily on well-known risk factors,
such as hypertension, diabetes
and high cholesterol. While

these are robust and reliable predictors of
future stroke risk, researchers continue to
search try and improve our predictive capa-
bilities. The most common approach is the
use of biological markers to enhance our
ability to predict risk. This quest has led
many scientists to examine various bio-
markers, such as enzymes associated with
lipids, and analysis of a variety of different
substances involved in the clotting process. 

As has happened often in other aspects
of stroke care, cardiologists have led the
way in evaluating new biomarkers for car-
diovascular risk. Fortunately for neurolo-
gists, in many cases stroke biomarkers par-
allel those identified for cardiac conditions. 

While most physicians have heard of
the high sensitivity C-reactive protein (hs-
CRP) test, some other biomarkers have
also recently received increased attention.
Here’s a look at a few.

Testing for PLAC
The PLAC test earned FDA approval as a
method of screening for heart problems in
2003. In June of this year, the agency also
gave its OK for this test as a means to aid

in predicting the risk of
future stroke. This

test works by meas-
uring the levels of

L p - P L A 2
(lipoprotein-
a s s o c i a t e d

phospholipase A2), a cardiovascular-specif-
ic inflammatory enzyme implicated in the
formation of vulnerable, rupture-prone
plaques.

The data supporting Lp-PLA2 as a bio-
marker for stroke comes from recent retro-
spective analyses of data from two large
prospective trials, the Atherosclerosis Risk
in Communities study (ARIC) and the
Rotterdam Study. The former followed
12,773 Caucasian men and women
between the ages of 45 to 65 and found
that in the 194 cases of ischemic stroke the
patients had significantly higher Lp-PLA2
levels, which seemed to double stroke risk
independent of other factors (Circulation
Vol. 110, Suppl. III-641). The Rotterdam
study, a case-cohort analysis of 7,983 men
and women in a Dutch suburb, also noted
that high levels of this enzyme were an
independent risk factor for stroke occur-
rence (Circulation 2005;111:570-575). 

The Z Controversies
Lipids may seem like an obvious biomark-
er for a condition linked to cholesterol, but
there may be more possibilities within the
bloodstream. Researchers who are looking
at the finer points of coagulation have also
recently discovered a new potential culprit. 

Protein Z, a vitamin K-dependent clot-
ting factor protein, may predict stroke risk
in patients similar to that of established risk
factors. According to a study by John
Eikelboom of McMaster University in
Hamilton, Ontario (Stroke 2005;36:1123-
1127), 151 patients who had
e x p e r i e n c e d

their first-ever
ischemic episode had a signifi-

cantly greater concentration of this protein
within seven days of the event compared to
the 164 healthy controls (1.51 vs.
1.23g/ml). This may be caused by protein
Z’s binding properties with coagulation
factor X to enhance the action of protein
Z-dependent protease inhibitor and sup-
press thrombus formation.

If protein Z is found to be actively relat-
ed to stroke risk, the treatment for this may
be straightforward. Warfarin is known to
reduce plasma protein Z levels, so theoreti-
cally it could prevent a first-time or recur-
rent stroke from this cause. However, there
are still conflicting reports of the associa-
tion between protein Z levels and their
connection to stroke, which could be
caused by potential biases from the investi-
gators. As Dr. Eikelboom notes, additional
confirmatory studies are needed before this
is considered proven relationship. More
studies are also needed to see if warfarin
would be helpful in ameliorating the risk. 

A Panel in Plasma
While these biomarkers may potentially
show which patients are at increased stroke
risk, other researchers are looking for ways
to distinguish stroke from any of its many
possible mimickers. This is a key issue,
especially in patients experiencing transient
neurological symptoms, or in patients
being considered for acute interventional
therapy such as thrombolysis,
par t i cu lar ly

when neurolog-
ical expertise is unavailable. A

presentation at this year’s European Stroke
Conference in Bologna, Italy showed this
could be possible despite the known diffi-
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culties in finding specific biomarkers
unique to ischemic cerebrovascular disease. 

Joan Montaner, MD, PhD of the Stroke
Unit at Vall d’Hebron Hospital in
Barcelona and colleagues used a panel of
biomarkers related to inflammation (CRP,
RAGE, MMP-9), cardiac function (D-
dimer, BNP) and apoptosis (caspase-3,
NT-3) along with other related markers
(s100b, chimerin, secretagogin) to verify
the presence of an ischemic cerebrovascular
event in 915 stroke patients from 2001 to
2004. Individually, the specificity and sen-
sitivity of each biomarker was sometimes
low, but the combined results were far bet-
ter. For example, the combination of high
levels of D-dimer and caspase-3 (compared
to healthy controls) correctly predicted a
stroke more than 95 percent of the time
and the power increased to 100 percent
when high RAGE levels were also detected. 

A subgroup analysis showed some
markers could also be useful as a method of
differentiating stroke from stroke mimick-
ers within the three-hour treatment win-
dow for tPA. Samples acquired during this
early time period showed significant
increases in RAGE (p=0.02), MMP=9
(p=0.48), D-dimer (p=0.003) and caspase-
3 (p<0.0001) as well as a noticeable drop in
chimerin (p<0.0001). 

While the actual application of bio-
markers for immediate stroke diagnosis
may still be years away, researching how
these factors contribute to the acute stroke
may open up more possibilities for treat-
ment. For example, a study reported in J
Neurosci 2005;25:6401-6408 found
that SB-3Ct, an
agent

that specif-
ically blocks MMP-9, can

prevent neuronal death from stroke in
murine models. Although clearly a very
preliminary study, the researchers speculate
that if this effect holds true in humans, it
could be an effective neuroprotective treat-
ment. This would be a valuable adjunctive
therapy, especially since tPA is know to
activates a number of MMPs, and these

MMPs may substantially contribute to
neuronal toxicity. Obviously, much more
research is necessary to substantiate these
hypotheses.

Predicting the Role of Predictors:
How Do They Hold Up?
The development of biomarkers for stroke
continues to evolve. These markers offer
substantial promise in adding to our arma-
mentarium of laboratory tests for stroke
patients. However, in most cases, it remains
too early to know what their impact they
will have upon clinical practice. In addi-
tion, it will be up to us to decide what role
these biomarkers will have in how we man-
age our patients. 

It is important to bear in mind that
numerous clinical predictors of stroke risk
have already been widely identified, yet our
ability to effectively modulate these risk
factors falls woefully short. For example,
many studies have reported that only
around half or less of all atrial fibrillation
patients that are deemed “good candidates”
for anticoagulation receive this highly effec-
tive therapy. 

A similar number of hypertensive
patients do not achieve adequate blood
pressure reduction, even by those using
older, more liberal guidelines for the defini-
tion of hypertension (i.e., 140/90). Given
the recent release of tighter guidelines for
effective antihypertensive therapy (i.e.,
blood pressure target less than or equal to
120/80), it is likely that even fewer of our
patients actually achieve

adequate thera-
peutic response.

Thus, before basing our patient man-
agement decisions purely on laboratory test
results, we should further strive to better
address those modifiable clinical and
lifestyle risk factors that have been proven
to influence long-term stroke risk such as
diabetes, hypertension and smoking. It
should be the job of every neurologist that
cares for stroke patients to identify these
risk factors, and make sure that they are
treated.

What is the Role of 
Biomarkers Right Now? 
Where might biomarkers have the most
impact? One situation where it could be
imagined that they might be helpful is
when the absolute stroke risk for the
patient is moderate and the decision to
institute therapy uncertain. In this sce-
nario, biomarkers could serve as a useful
adjunct to the physician’s evaluation. 

Biomarkers may also be useful in
patients who want to optimize their med-
ical management. Such patients would wel-
come the added information provided by
these benchmarks, due to their desire to
receive the maximum possible benefit from
any proposed treatment.

It remains uncertain how predictive
alterations in biomarkers are in the reduc-
tion of stroke rates, even if they are found
to be associated with increased stroke risk.
Only with this information can we really
justify the potential added complication
and expense of using these new tests. 

A good example of this possibility is the
relationship between homocysteine and
stroke risk. Although high homocysteine
levels have been associated with increased
risk of stroke, treatment of this condition
with high-dose vitamin therapy has not yet
been shown to appreciably change long-
term outcome.  In addition, we must deter-
mine the absolute rather than relative
stroke risk associated with elevation in bio-
markers. Only in this way we can accurate-
ly assess the true importance of these tests
in on long-term patient prognosis.

At this point, the role of biomarkers in
the assessment of stroke patients remains
limited but potentially promising. Further
studies assessing the true impact of these
tests relative to their costs will be necessary
before they become a routine part of our
stroke diagnostic repertoire. PN

August 2005 Practical Neurology 63

David Tong, MD is Medical Director
of the California Stroke Institute in
San Francisco.

              


