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ABSTRACT

Genetic mutations underlying thrombophilia are often recognized in patients
with thromboembolic episodes. However, the clinical and therapeutic implications of
such findings often remain unclear. We report the first case of a dural arteriovenous
fistula (DAVF) in a patient with a combined factor II and factor V Leiden mutation.
A 40-year-old man presented with a large left temporal and intraventricular hemor-
rhage. An initial angiogram showed thrombosis of the left sigmoid sinus but no
evidence of a vascular malformation. One year after the hemorrhage, an angiographic
study showed the appearance of a right DAVF. During the follow-up period, the
patient was found to harbor heterozygosity for a mutation of factor V and a mutation
of factor II. Recognition of the patient’s thrombophilia led to prolonged oral
anticoagulation therapy to reduce the risk of a recurrent thrombotic episode. Despite
the increased risk of bleeding, the therapy was considered justified. DAVFs may occur
after sinus thrombosis in patients with combined factor II and factor V mutations.
This observation indicates the association of multiple hematological disorders with
DAVFs in individual patients. Moreover, it raises the clinical conundrum of how to
manage patients with thrombophilia, intracranial hemorrhage, and DAVFs.
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Dural arteriovenous fistulas (DAVFs), un-
common direct artery-to-venous sinus shunts,
constitute ~12% of all arteriovenous malforma-
tions (AVMs).! Depending on the location
and hemodynamics of the lesion, bruit, focal neu-
rological deficits, and visual symptoms represent
the most common modes of presentation.”
Although rare, intracranial hemorrhage can also
occur.!

Originally, DAVFs were thought to arise
congenitally.>* Recent studies have emphasized
the role of sinus thrombosis and impaired venous
outflow.” The elevated sinus pressure related to
sinus thrombosis may favor the development of
dysplastic dural vessels within the sinus. The dys-
plastic vessels establish a direct artery-to-sinus
communication and cause the preexisting micro-
arteriovenous fistulas in the sinus walls to open.®®
Sinus thrombosis may result from a large variety of
causes, either acquired or congenital.'”'" Among
congenital factors, a single point mutation in the
gene coding for coagulation factor V has been
associated with sinus thrombosis in several re-
ports.lo_14 This mutation, also known as factor V
Leiden mutation, results in a form of factor V that is
resistant to degradation by activated protein C and
leads to a hypercoagulable state.* 1Y Similarly, a
single point mutation in the prothrombin (factor II)
genes, known as G20210A mutation, has been
found to be among the most common independent
risk factors for venous thrombosis.**?! The combi-
nation of the two mutations has also been de-
scribed.??* Patients with combined defects have a
higher risk of venous thrombosis than those with
individual defects.**** Both mutations have also
been found in some patients with DAVFs 1222
In a recent study, the frequency of prothrombin
gene 20210A mutation was higher in patients
with DAVF compared with the general population,
whereas the incidence of factor V Leiden mutation
was not.25

To our knowledge, the present case is the first
documented report of the formation of a DAVF
after sinus thrombosis and intracranial hemor-
rhage in a patient with a combined factor II

G20210A and factor V Leiden mutation. This
observation adds a further element to the associ-
ation of DAVFs and sinus thrombosis caused by
hematological disorders. Moreover, it raises the
problem of clinical management in patients with a
hypercoagulable state, intracranial hemorrhage,

and DAVFs.

CASE REPORT

A 40-year-old man was transferred to our clinic
after a severe cephalgic episode associated with
acute aphasia. His neurological examination indi-
cated sensory aphasia and quadrantanopsia. He had
no other focal neurological deficits. Computed
tomography (CT) and magnetic resonance imaging
(MRI) of the head showed a large intracerebral and
intraventricular hemorrhage involving the left tem-
poral lobe (Fig. 1A). Cerebral angiography showed
no findings suggestive of a vascular malformation.
However, thrombosis of the left sigmoid sinus was
found (Fig. 1B-D). The hematoma was evacuated
through a left temporal craniotomy. Postopera-
tively, the patient recovered and his aphasia resolved
over time. Histopathological examination of the
specimen showed no finding indicative of an
AVM or angiopathy. Routine cardiovascular, radio-
logical, and hematological studies and drug screen-
ing performed during the patient’s hospitalization
showed no source of thrombosis, thromboembo-
lism, or factors other than the sinus thrombosis that
might have contributed to the intracranial hemor-
rhage. Routine anticoagulation therapy (with hep-
arin) was started.

During the follow-up period, the patient
underwent a second hematological screening that
revealed both a factor V Leiden mutation with
activated protein C-resistance and a G20210A mu-
tation of the prothrombin gene. Anticoagulation
therapy was then pursued with warfarin (interna-
tional normalized ratio [INR], between 2 and 3).
Control MRI studies were negative for vascular
malformations or new hemorrhage. The patient’s
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only complaint was bilateral pulsatile tinnitus,
which developed almost a year after his hemorrhage.
Follow-up angiography 12 months after the first
angiogram showed a DAVEF between meningeal
branches of the external carotid artery, tentorial

branches of the left internal carotid artery, and the
right vertebral artery to the right transverse sinus
(Fig. 1IE-G). Based on the patient’s venous anatomy,
the DAVF was defined as a benign, Cognard type IIa

lesion, with absence of cortical venous drainage.

26,27

c

D

Figure 1 (A) Preoperative computed tomographic image shows the left intracerebral and intraventricular hemorrhage.
(B) Preoperative angiogram shows thrombosis of the left sigmoid sinus. However, the lateral projections of (C) the
posterior circulation and (D) the left external carotid angiogram show no DAVF.
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(Continued) Control angiograms 1 year after treatment show (F) partial patency of the left sigmoid sinus and

(E,G,H) the formation of a DAVF between tentorial branches of the (E) left external carotid artery, (G) right vertebral artery,
and (H) meningeal branches of the external carotid artery to (E) the right transverse sinus and confluens (arrow).

On the left side, the patient’s sigmoid sinus was
partially recanalized (Fig. 1E). The decision was
made to withhold treatment of the fistula until the
patient became clinically symptomatic.

Despite the risk of hemorrhage, oral anti-
coagulation was continued because we believe that
the underlying combined factor II and factor V
Leiden mutations increase the patient’s risk of a
thrombotic complication.

DISCUSSION

The mechanisms underlying the formation of
DAVFs have been long debated. In 1979 Houser
et al” suggested that sinus thrombosis was involved
in the development of AVFs, although stenosis or
occlusion of the sinus lumen was not always present
in these fistulas.?® More recently, animal models
have confirmed that sinus thrombosis and elevated
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sinus pressure may result in the formation of
DAVFs. %71

The formation of a DAVF was documented
angiographically in our patient 1 year after the
acute episode with which he presented. At that
time, his venous sinus was partially patent again
(Fig. 2). On the basis of the absence of cortical
venous drainage in our case, the DAVF was re-
garded as benign (Cognard type ITa).2*” In their
series of 117 patients with DAVFs, Satomi and
colleagues®” found that patients with DAVFs
without cortical venous drainage (Cognard type I
and IIa lesions) can be managed conservatively.
Our patient tolerated the DAVF well; therefore,

no treatment was performed. Because there is a risk
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Figure 2 The flowchart shows the mechanism proposed
to underlie the development of the patient’'s complex
clinical picture. The genetic process begins with the muta-
tion that caused the thrombosis and hemorrhage (1).
Increased venous pressure (2) leads to the DAVF (3).
Treatment with anticoagulation is a dilemma because of
its beneficial effects on thromboembolic events and its
adverse effects on hemorrhage. The dotted lines indicate
the possible positive effects on recanalization of the
thrombosed sinus but the increased risk of hemorrhage
and development of the DAVF. (With permission from
Barrow Neurological Institute.)

that cortical venous drainage will develop,27 the
patient is followed by clinical and radiological
controls with both angiographic MRI and conven-
tional angiography. Treatment of the fistula would
be indicated if the patient’s clinical or radiological
status changes.

Sinus Thrombosis

Sinus thrombosis is an uncommon condition that
may have numerous causes.'”'"* Tt usually occurs
in young, healthy people.’® The most common sites
of thrombosis are the transverse and sigmoid si-
nuses.™® Sinus thrombosis can lead to brain edema,
infarction, or intracranial hemorrhage, as in our
patient, and also to pulmonary embolism.'>"?

There is a high rate of misdiagnosis, which
can preclude prompt and aggressive intervention.™
In fact, our patient was transferred to our clinic
several days after he initially developed symptoms,
thereby delaying diagnosis and treatment of the
sinus thrombosis.

In the 1940s, heparin was suggested for the
treatment of sinus thrombosis. In 1991 Einhaupl
et al*> confirmed that dose-adjusted intravenous
heparin was an effective treatment for sinus throm-
bosis and showed that intracranial hemorrhage is
not a contraindication to heparin treatment.' "
The development of active thrombolytic therapies
has widened the spectrum of management options.
The ideal therapy for sinus thrombosis, however,
remains controversial.'"'> Different treatments are
available: systemic anticoagulation therapies with
heparin alone or in association with endovascular
chemical thrombolysis or mechanical endovascular
thrombectomy.

A recent retrospective study of 31 cases of
dural sinus thrombosis compared different treatment
strategies. Soleau et al' confirmed that observation
alone is insufficient and that anticoagulation therapy
may lead to improvement in 75% of the cases.
Chemical thrombolysis or mechanical thrombec-
tomy led to improvement in 60% and 88% of
their cases, respectively. Particularly, chemical or
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mechanical thrombolysis may lead to a more rapid
recanalization of the sinus than heparin alone and
thus may help reduce venous pressure.'>"?
However, these methodologies are also bur-
dened by a higher rate of hemorrhagic complica-
tions (with high morbidity and mortality),
especially in patients with a preexisting intracranial
hemorrhage or in patients referred for surgery, as
in our patient. Conversely, no new hemorrhagic
episodes were identified after anticoagulation ther-
apy alone.” Although a more aggressive interven-
tion may have prevented the venous hypertension
and associated DAVF in our patient, it also may
have resulted in hemorrhagic complications.
Moreover, treatment of a primary cause, when
identified, should be part of the comprehensive
management of sinus thrombosis. However,
despite extensive investigations in cases of sinus
thrombosis, no cause may be found in as many as

20% of the cases.!?

Thrombophilia Due to Factor V Leiden and
Factor Il Mutations

Two common genetic risk factors for venous
thrombosis have now been identified. In the early
1990s, investigators in Sweden and the Netherlands
reported a novel pathogenetic risk factor for throm-
bosis: inherited activated protein C-resistance, also
referred to as factor V Leiden mutation.!* 163
Since then several clinical studies have indicated
that this mutation is associated with an increased
risk for primary and recurrent venous thrombosis.'”

In most cases, activated protein C-resistance
is caused by a single point mutation in the gene
coding for factor V (G to A transition at nucleotide
position 1691). As a result, a single amino acid,
glutamine, is replaced for arginine at position 506 in
the activated protein C cleavage site (Arg(R)506 to
GIn(Q)).*** Activated protein C degrades factor V.
The mutated form, FV Leiden or FV:Q506, is less
efficiently degraded than the normal FV. Thrombin

generation then increases and a hypercoagulable
state follows.>* Factor V Leiden mutation is highly

prevalent in the general population, especially in
Europeams.36 It may occur in 20 to 60% of patients
with venous thrombosis.'***

Heterozygosity for FV:Q506 is associated
with a 5- to 10-fold increased risk of thrombosis.
By comparison, homozygous cases have a 50- to
100-fold increased risk of thrombosis.** Our patient
was found to be heterozygous for factor V Leiden
mutation. This finding is consistent with a previous
report that found DAVFs in three of seven patients
with heterozygosity for factor V Leiden mutation.*

The factor V Leiden mutation represents the
most common genetic risk factor for venous throm-
bosis."* %37 However, as many as 15% of the cases
with activated protein C-resistance are not caused
by factor V Leiden mutation. Rather, they are due to
acquired, phenotypic-activated protein C-resistance
in conditions such as pregnancy or systemic lupus
erythematosus.>” Some authors have emphasized
that activated protein C-resistance should be sus-
pected during the acute phase in all patients with
sinus thrombosis even in absence of a personal or
family history of venous thrombosis.'® For patients
with negative results, they recommend another
search after the acute phase has resolved.'” During
the acute phase, as in our case, the results of the
investigations may transiently be falsely negative.lo

Prothrombin (factor II) is a precursor of
thrombin that plays a critical role in clo'c'cing.21
Poort and colleagueszo identified that substitution
of adenine for guanine at position 20210
(G20210A) in the noncoding 3’ terminal end of
the prothrombin gene is associated with high levels
of prothrombin. It produces a hypercoagulable
state. Similar to factor V Leiden mutation, pro-
thrombin G20210A mutation increases the risk of
venous thromboembolism.?**"*%3? This mutation
is also predominant in the European popula-
tion. 2% Among genetic causes of venous throm-
bosis, prothrombin G20210A mutation represents,
after the factor V Leiden mutation, the second most
common independent risk factor.>**’ In particular,
the prevalence of the prothrombin G20210A
mutation is higher in patients with cerebral vein
thrombosis (20%) than in healthy controls (3%).4°
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A further increase in the risk of recurrence
after a first thrombotic episode in carriers of the
G20210A mutation alone has not been found in all
studies.*’ Thus, it has been suggested that those
carriers should be treated for venous thrombosis no
longer than patients with a normal genotype.*!
However, other studies have shown that the asso-
ciation of both prothrombin G20210A and factor V
Leiden mutation increases not only the risk of
developing venous thrombotic episodes®***° but
also the risk of recurrences.?>*? In fact, de Stefano
et al*® found that patients who were heterozygous
for both factor V Leiden and prothrombin
G20210A had a 2.6-fold higher risk of recurrent
thrombosis than carriers of factor V Leiden alone.

Management of thrombophilia related to fac-
tor IT and V Leiden mutations is still debated."®***
Although maintaining an INR of 2 to 3 with oral
anticoagulation therapy seems highly effective in
preventing thrombotic recurrences, this benefit is
partially offset by the risk of major bleeding.*>*
Short-term prophylaxis has been recommended dur-
ing high-risk situations, especially in homozygous
pa’cients.lg’20 However, a decision to prolong the
duration of the anticoagulation therapy must be
tailored to the individual patient’s risk of recurrent
thrombosis in the absence of treatment and to the
risk of bleeding.>”** Our case was particularly chal-
lenging because the patient presented with an intra-
cranial hemorrhage and because of the appearance of
his DAVF. However, these pathologies were prob-
ably related to venous thrombosis caused by the
underlying complex hematological disorder. Conse-
quently, we pursued treatment with anticoagulation
therapy to prevent further thrombotic episodes.
Further studies to assess the management of patients
with the combination of these genetic mutations and
a DAVF are needed. These common mutations may
result in a hypercoagulable state that can be asso-
ciated with spontaneous venous thrombosis (Fig. 3).
As confirmed in our case and recommended pre-
viously in the literature,® in cases of spontaneous
intracranial sinus thrombosis of unknown cause
and development of a DAVF, screening for throm-
bophilic genetic polymorphism may be indicated.

Figure 3 Schematic representation of a proposed
mechanism that explains the appearance of the fistula
and its implications for management. (1) Sinus occlusion
was associated with increased venous pressure (2) and
intracerebral hemorrhage. (3) Appearance of the DAVF.
The numbers correspond to the numbers in Fig. 2. (With
permission from Barrow Neurological Institute.)

The need for long-term, even perhaps lifelong,
anticoagulant therapy in these individuals must be
considered in the management.

CONCLUSIONS

Sinus thrombosis, intracranial hemorrhage, and
DAVF represent separate clinical entities that are
pathologically related in some patients. In the
present case, these three different pathologies may
all have been initiated by an unrecognized hyper-
coagulable state caused by an underlying combined
prothrombin and factor V Leiden mutation. These
common mutations may result in a hypercoagulable
state that can be associated with spontaneous venous
thrombosis. When a venous sinus is affected, the
increased pressure in the venous system may induce
intracranial hemorrhage and the appearance of
large DAVFs. Hematological screening for factors
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mutations may produce false-negatives during the
acute phase and should be repeated at a later time.
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