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Abstract

Background: Cerebral arterial thromboses or ischemic strokes may be caused by cumulative or independent
effects of a variety of risk factors. High factor VIII level is one of those important but less known risk factors for
arterial and venous thrombosis. We hereby provide a comprehensive review of the role of high factor VIII levels as a
risk factor of arterial thrombosis. Moreover, we present our views on inclusion of factor VIII testing in the etiology
workup protocol of young patients with ischemic strokes and their treatment with anticoagulant therapy.

Case presentation: We illustrate a case of 32-year-old North Indian female patient with Ischemic stroke whose only
identifiable risk factor was revealed to be an elevated factor VIII level. She was treated with oral anticoagulant with
an uneventful follow-up of 6 months.

Conclusions: Elevated factor VIII levels have their independent and additive effects in causation and prognosis of
arterial strokes. We herein discuss the mechanism of this association, the feasibility and yield of routine testing,
appropriate cut-off levels, and further treatment protocol especially in young stroke patients.
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Background
In urban India, stroke is responsible for 1% mortality
among total hospital admissions, and around 20% of all
central nervous system disorders. Moreover, the under-
lying cause of stoke remains elusive in as many as 30%
of cases [1]. An investigation panel comprising uncom-
mon risk factors like factor VIII levels might disclose the
mystery, especially in young stroke patients without
traditional risk factors. However, till date, Indian litera-
ture is quite scanty on this association of factor VIII with
ischemic strokes, with no major published articles
addressing this causal association. Besides many
unanswered issues pertaining the reason and significance
of raised factor VIII levels, their independent and addi-
tive effects causing a pro-coagulant state, the feasibility

of routine testing, appropriate cut-off levels, and further
treatment are being discussed in this article along with a
case example.
Thrombotic disorders are classified broadly as arterial

thrombosis and venous thrombosis, the most basic dis-
tinction being that arterial thrombi are platelet-rich
while venous thrombi are fibrin-rich thrombi (Fig. 1) [2].
Most prototypic examples of arterial thrombosis are is-
chemic heart disease (IHD) and ischemic stroke (IS),
and those of venous thromboses are deep vein throm-
bosis and pulmonary embolism respectively. However,
increasing evidence favors some degree of overlap in the
pathogenesis of these two conditions [3].
Regarding arterial strokes, the well-established risk fac-

tors include smoking, hypertension, hyperlipidemia,
obesity, diabetes, and a positive family history [4, 5].
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Factor VIII levels and arterial thrombosis
Besides the traditional risk factors, some individuals are
genetically predisposed to thrombotic events and are
commonly referred to as having inherited thrombophilia
or a hypercoagulable state [6]. This entity includes gen-
etic variants (Table 1) [3] that alter the production,
activity, or metabolism of specific coagulation factors
which can affect hemostasis and coagulation and predis-
pose the mutation carriers to atherothrombotic or

thromboembolic events. Variations in levels of factor VII
and fibrinogen have been previously associated with
arterial thrombotic disorders [7].
However, various genome-wide association studies

(GWAS) later identified genetic loci linked with an
increased risk of atherothrombotic disease [8]. Specif-
ically, the cohorts for heart and aging research in
genome epidemiology (CHARGE) GWAS identified
altered factor VIII levels with genetic variants of the genes,

Fig. 1 Arterial and Venous thrombi [2]

Table 1 Common genetic variants of coagulation factors in association with arterial thrombosis [3]

CHD coronary heart disease, IS ischemic stroke, MI myocardial infarction, vWF von Willebrand factor
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STXBP5, SCARA5, and STAB2 in 23,000 European partici-
pants [9].
Factor VIII (FVIII) is a plasma sialoglycoprotein, a β2-

globulin, consisting of 6 subunits (A1-A2-B-A3-C1-C2)
and 2 chains (light chain and heavy chain), and is pro-
duced in the liver, spleen, and lymph nodes. Factor VIII
circulates with von Willebrand factor (vWF) in plasma
in an inactive form and has an essential role in normal
coagulation pathway. On activation, it acts on platelet
membranes triggering a series of downstream reactions
that lead to formation of fibrin and a thrombus. More
popularly known to cause hemophilia in a deficient state,
FVIII in elevated serum levels, on the contrary, was later
found to be a thrombophilia state. The Leiden thrombo-
philia study was the first to report that factor VIII is a
risk factor for venous thromboembolism [10, 11]. Later
on, its association was also found with an increased risk
of coronary artery disease and peripheral arterial throm-
bosis [12]. Independent association between high FVIII
levels and an increased risk of ischemic stroke was then
revealed [13], and furthermore, combined elevations of
FVIII and vWF in patients of acute ischemic stroke were
found to be related to worse neurologic outcome,
inpatient complications, recurrence [14], and even
unfavorable outcomes post-thrombolysis [15].
The likely mechanisms for this increased thrombogen-

icity associated with elevated plasma FVIII are:

a) Direct positive influence on thrombin generation
(i.e., reduced lag time, increased peak thrombin
formation, and increased endogenous thrombin
potential) [16]

b) Diminishing the influence of the anticoagulant
pathway (e.g., a direct inverse relationship between
plasma FVIII:C levels and activated protein C
resistance) [17]

c) Acts as a potentiating risk factor in presence of
other thrombophilic states (e.g., in women on oral
contraceptive pills [18], pre-existing malignancy
[19], factor V Leiden mutation [20])

Determinants of factor VIII levels
FVIII circulates in the plasma with vWF, which inhibits
its proteolytic degradation, forming a stable complex.
The crucial determinants of plasma FVIII levels being
vWF levels and the ABO blood group, both being inde-
pendent predictors of factor VIII half-life as well [21].
Under physiological conditions, vWF binds nearly 94%

of FVIII molecules, preventing their degradation and
maintaining the half-life, while the rest 6% circulates in
free-form [22]. In case plasma vWF is low, the half-life
of free FVIII is markedly reduced. Thus, plasma vWF
plays a critical role in regulating plasma FVIII levels.
Interestingly, patients with history of venous thrombosis

had associated elevated FVIII:C levels and the propor-
tion of free FVIII in the plasma are reduced. Conse-
quently the FVIII:vWF ratio is also significantly
increased in this cohort of patients [22].
The blood levels of the FVIII-vWF complex are also

influenced by ABO blood group. Individuals with blood
group O have 25–30% lower plasma vWF:Ag (von Will-
ebrand factor antigen) and FVIII:C (levels as compared
to non-O individuals). In descending order, AB individ-
uals have the highest plasma vWFAg levels, followed by
group B, group A, and group O [23]. This blood group
effect is likely due to differential in vivo clearance of
vWF.
However, vWF:Ag and ABO blood group are risk fac-

tors for thrombosis only by virtue of their influence on
plasma FVIII:C levels and not independently. Other fac-
tors associated with increased plasma levels of the FVIII-
vWF complex include increasing age, sex (women higher
than men), exercise, stress, pregnancy, surgery, acute
phase response (e.g., chronic inflammation or malig-
nancy), hypertension, hyperlipidemia, obesity, diabetes,
and hyperthyroidism [3].
As in our patient, normal pregnancy can be associated

with elevated plasma levels of FVIII:C; however, it is not
linked with poor pregnancy outcome. Furthermore,
post-puerperal period shows a distinct decrease of FVIII
levels. Hence, in cases of an outlasting elevation of the
FVIII, there arises is a necessity to rule out thrombophi-
lia [24].

Practicality of routine factor VIII level testing and further
treatment
Given the aforementioned strong independent associa-
tions between high factor VIII levels and the risk of
arterial thrombosis, should we routinely investigate for
elevated factor VIII levels in patients with atherothrom-
botic disease?
If yes, what should be the timing of sample collection

and the type of FVIII assay to be used?
How should we interpret the cut-off values given the

inter-individual variations, ethnic variations, and the
impact of environmental factors on plasma Factor VIII
levels?
And finally, what should be the adequate anticoagulant

treatment duration for prevention of recurrences?
Firstly, there is no present consensus on testing of

blood FVIII levels in patients with atherothrombotic dis-
ease; however with increasing published evidences of this
association, further studies addressing this issue are
essential. Regarding the timing of measurement of factor
VIII levels, standard laboratory guidelines propose that
factor VIII measurement should be postponed for 4–6
weeks after the discontinuation of anticoagulant and
thrombolytic therapies [25], for 6 weeks postpartum,
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and for at least 6 months after an acute thrombotic
event. Also, the tests need to be repeated after 3–6
months for confirmation [26]. For laboratory testing,
assays employed for measuring plasma FVIII levels can
be determined in a functional clotting assay (FVIII:C), in
a chromogenic assay (FVIII:Ch), or via a standard
enzyme-linked immunosorbent assay methodology for
factor VIII-related antigen (FVIII:Ag). However, if FVIII
levels are to be included in the thrombophilia screen, it
seems reasonable that the FVIII:C assay (factor VIII
functional clotting assay) is utilized. Decision regarding
a uniform upper limit for FVIII levels is another tedious
task. In most parts of the world, a level of > 150 IU/dl is
considered abnormal [27]. However, variations with age
(increase of 5 IU/dL with each decade), sex (higher in
females), pregnancy, race (higher levels in African-
Americans than in Caucasians), blood group (non-O
more than O), and genetic factors affecting vWF levels
(not FVIII levels directly) make it difficult to consider a
single cut-off value for all. Moreover, plasma FVIII:C
levels constitute a dose-dependent risk factor for throm-
bosis, and also as a potentiating factor in those with
other prothrombotic states [11].
Finally, regarding the appropriate treatment for pa-

tients with elevated factor VIII levels and atherothrom-
botic disease, there is little consensus for patients who
have suffered their first arterial thrombotic event, and
anticoagulant therapy needs to be weighed between the
risk of recurrence and potential bleeding complications.
One small prospective study [28] suggested that
extended duration anticoagulant therapy (30 months
rather than 6 months) was effective in reducing the risk
of recurrence. However, we still await conclusive
randomized trials for definitive guidelines for the same.

Case presentation
A 32-year-old female suffered sudden onset weakness
of her left hand in form of difficulty gripping objects
and difficulty buttoning unbuttoning with her left
hand 6 months back. She was 8 months pregnant at
the time of event, had left handgrip weakness on

examination, and was advised magnetic resonance im-
aging brain, which revealed a right parietal infarct
(Fig. 2). Relevant detailed history was taken for any
pre-existing heart disease, smoking, previous blood
transfusions, joint pains, previous abortions, chronic
headache, and fever which were all negative. Patient
was started on low dose aspirin orally and had grad-
ual improvement in her weakness with physiotherapy.
However, an extensive workup for young stroke was
done, including blood counts, sickling test, routine
and Holter electrocardiography, echocardiography
(transthoracic and transesophageal), carotid and brain
angiography, vasculitis profile, autoimmune profile,
serum homocysteine, and anti-phospholipid antibody
panel testing which were all found to be normal.
Given the known effects of pregnancy on serum levels
of clotting factors, coagulation profile was planned
postpartum. Rest of the pregnancy including delivery
was uneventful. She underwent a detailed coagulation
profile after 3 months and 6 months, both of which
revealed significantly elevated levels (274 IU/dL) of
factor VIII (Fig. 3). The “normal” upper cut-off value
used for factor VIII was 150 IU/dL. She was then
started on oral anticoagulant, after her lactation
period was over, in order to prevent development of
new thromboses.

Conclusion
In conclusion, elevated FVIII levels do not simply reflect
a post-thrombotic acute phase response; these rather
play an important role in the pathogenesis of the throm-
bosis. Although the published data being primarily epi-
demiological, we can conclude that high factor VIII
levels are an independent risk factor for thrombosis,
having a greater impact on venous than on arterial
thrombosis. Various genetic and environmental factors
have been described known to alter FVIII levels, most
noteworthy being the ABO blood group and vWF levels
from the first category while old age, blacks, and women
in the second category.
Studies have shown that FVIII levels appear to be asso-

ciated with both occurrence as well as outcome of

Fig. 2 MRI brain diffusion weighted image showing right parietal infarct
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ischemic stroke such that asymptomatic adults with ele-
vated FVIII levels have twice the risk of ischemic stroke
as compared to those with normal or low FVIII [29].
However, despite not yet universally recommended as
part of routine thrombophilia screening, its potential
role in prognostication and association with arterial
thrombotic events is undeniable.
As far as protocol of our institution is concerned, we

have placed FVIII testing in a second tier set of investi-
gations in all arterial thrombotic events including ische-
mic strokes, and in first tier set for venous thromboses.
On basis of previous studies which described successful
treatment of ischemic stroke patients and high FVIII
levels with oral anticoagulant therapy, we also consid-
ered the same in our patient [2]. Nonetheless, further
studies are essential in order to establish a treatment
algorithm.
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