
HE coexistence of a large intracranial AVM and a hy-
percoagulation disorder in the same patient is rare.
The presence of an AVM places the patient at risk for

hemorrhage, progressive neurological deficit, or seizures.
The risk of clinically evident hemorrhage ranges between
2 and 4% per year.6,12,26 In the study by Ondra, et al.,26

the authors suggest that the risk of hemorrhage from an
AVM is independent of the mode of presentation. In addi-
tion, Brown, et al.,6 have noted that, in the 168 patients with
AVMs whom they observed, 6.6% experienced progressive
neurological dysfunction even without having had a hemor-
rhage. When the results of psychometric testing are also in-
cluded as determinants of disability, the risk of disability
may be as high as 25%, unrelated to the hemorrhage.3 When
treatment is deemed necessary, the aforementioned risks
must be balanced against those of proposed treatments such
as surgical extirpation, endovascular embolization, and ra-
diosurgery, alone or in combination. 

A hypercoagulation disorder that causes cerebral venous
thrombosis may result in increased intracranial pressure

(30–40% of cases), focal neurological deficit and seizures
(50–60% of cases), or diffuse encephalopathy (10–20%
of cases).2,7–9 Intravenous or oral anticoagulant therapy may
be combined with endovascular thrombolysis, symptomatic
treatment of seizures or increased intracranial pressure, and
the correction of any causal agent that may be present.

The presence of both disorders in the same patient pos-
es a treatment dilemma. We describe a patient who had a
Spetzler–Martin Grade 5 AVM33 and progressive intracra-
nial venous thrombosis secondary to Leiden factor V mu-
tation.

Case Report

History. This 42-year-old man with no history of neu-
rological illness presented to his local hospital in March
1999 with a generalized tonic–clonic seizure. A subse-
quent workup revealed a Spetzler–Martin Grade 5 AVM in
the right temporoparietooccipital area (Figs. 1 and 2). The
arterial supply was provided by numerous distal cortical
branches of the right posterior cerebral, anterior cerebral,
and middle cerebral circulations. Venous drainage was both
superficial and deep. The patient was treated with phenytoin
sodium and valproic acid, but continued to experience be-
tween three and five seizures per month.
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AVM = arteriovenous malformation; DVT = deep venous thrombo-
sis; MR = magnetic resonance; VP = ventriculoperitoneal.



In September 1999, the patient experienced a prolonged
(70-minute) generalized tonic–clonic seizure that was com-
plicated by aspiration. Persistent mild hemiparesis appeared
on his left side after that episode, but he was able to return
to work. Deep venous thrombosis was suspected in his calf
but, because of the AVM, no anticoagulant therapy was rec-
ommended.

One month later, the man was readmitted to his local hos-
pital because of further seizures, culminating in status epi-
lepticus and aspiration pneumonia. Following this, hyper-
somnolence and left hemiplegia developed. Computerized
tomography scans of his head yielded no evidence of hem-
orrhage from the AVM. The patient remained lethargic but
arousable with left-sided hemiplegia and was transferred to
the Mayo Clinic on December 14, 1999.

Examination. Magnetic resonance imaging revealed in-
creased edema and a mass effect surrounding the AVM with
no evidence of hemorrhage (Fig. 3). The patient’s neuro-
logical deficit appeared to be progressing as a result of the
seizures and possibly ischemia related to the large high-
flow AVM. Ultrasonography of the lower extremities did
not demonstrate DVT. The initial treatment plan was for
staged embolization (three–five sessions) followed by re-
section of the AVM.

On December 31, angiography and embolization were
performed. Surprisingly, in the 8-month period after the
initial angiography, extensive cortical venous thrombosis
had occurred, including thrombosis of many of the cortical
veins draining the AVM and of a large portion of the AVM
nidus (Fig. 4). The arteriovenous transit time of the man’s
normal brain parenchyma was delayed markedly (Fig. 5).
There was also thrombosis of the right internal cerebral
vein, basal vein of Rosenthal, and vein of Galen. Findings
of diffuse cortical and right-sided deep cerebral venous
thrombosis accounted for the patient’s near-comatose state
and left-sided hemiplegia.

Intervention. The discussion of treatment concerned
whether to proceed with embolization of the remaining
AVM nidus followed by resection or to begin long-term
anticoagulant therapy to treat the progressive intracere-
bral venous thrombosis that was the cause of the progres-
sive neurological deficit. We selected the former treatment
course. The anterior cerebral artery supply to the AVM was
embolized with polyvinyl alcohol particles without compli-
cation and, on January 5, 2000, the AVM was resected com-
pletely.

Postoperative Course. Postoperatively, the patient re-
mained obtunded with mildly increased intracranial pres-
sure (25–35 mm Hg). A VP shunt was placed, resulting in
excellent control of the intracranial pressure. Follow-up ce-
rebral angiography on January 7 confirmed complete oblit-
eration of the AVM.

The patient’s neurological function improved, but on Jan-
uary 25 ultrasonography of the lower extremities revealed
DVT, and an inferior vena cava filter was placed. An eval-
uation of a hypercoagulable state revealed a heterozygous
factor V R506Q (Leiden) gene mutation, and oral anticoag-
ulant therapy was started with the expectation that the pa-
tient would continue this treatment throughout his life. He
was transferred to a rehabilitation unit on February 13 and
discharged home to independent living on March 17.

At the follow-up examination performed in June 2003,

the patient was alert and oriented. There was a homony-
mous hemianopia on his left side. He walked with a cane
and displayed antigravity strength in the proximal left upper
extremity. He exhibited a moderate impairment in perform-
ing tasks involving constructional skills and basic visual
perceptual ability and recall ability.

Discussion

Factor V R506Q (Leiden) Gene Mutation

Factor V (Leiden) mutation, also known as APC resis-
tance, is the most common heritable coagulopathy result-
ing in a hypercoagulable state. Thrombin, when bound to
thrombomodulin on the endothelial surface, activates pro-
tein C into APC. The APC then inactivates already acti-
vated factors V and VIII. This is one of the mechanisms that
inhibit thrombin generation and prevent thrombosis from
progressing unchecked.10

Activated protein C resistance has been found in as many
as 50% of selected patients13 and approximately 20% of un-
selected patients16 with thrombosis. It is present in 5 to 9%
of European populations and is extremely rare, if present at
all, in Asian and African populations.29,30 The relative risk of
thrombosis for patients with APC resistance is thought to be
increased sevenfold for heterozygous individuals and 80-
fold for homozygous persons younger than 70 years of age
who do not harbor malignant neoplasms.31

To our knowledge, this is the first reported case in which
APC resistance contributed to partial spontaneous thrombo-
sis of a cerebral AVM.
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FIG. 1. Axial contrast-enhanced T1-weighted MR images dem-
onstrating enhancing flow voids in the right parietooccipital lobes,
which are consistent with the presence of an AVM. No edema or
mass effect is present. 



Spontaneous Thrombosis of an AVM

Spontaneous complete thrombosis of an intracranial
AVM is rare. Only 50 cases have been reported in the liter-
ature; in only approximately 50% of these substantiating
angiograms were obtained both before and after AVM oblit-
eration. In a review of 24 cases of spontaneous complete
thrombosis of an AVM nidus, the median patient age was
40 years (range 25–58 years).1 Of these, 71% presented
with hemorrhage, 13% with seizure, and 8% with head-
ache alone; one patient had hydrocephalus. Only two of 24
AVMs were larger than 6 cm at their largest diameter.1 The

most popular theory about the cause of spontaneous throm-
bosis of an AVM is the presence of a single draining vein
(present in 84% of 19 patients in the literature in whom
venous drainage was described) that occludes and causes
retrograde thrombosis of the nidus.1,17 The initial draining
vein thrombosis may occur secondary to compression by
hemorrhage, vasospasm from subarachnoid hemorrhage,
turbulent flow from variceal dilation, or a hypercoagulation
disorder. Nevertheless, a review of the literature reveals on-
ly one case in which a hypercoagulable state was implicat-
ed, and this occurred in an infant.20

Six cases described in the literature have documented
spontaneous partial thrombosis of an AVM, similar to our
case.19,25,32 The true incidence of this occurrence is unknown
and is probably often unrecognized and unreported.

Interestingly, Kurita, et al.,18 described two patients with
AVMs who had progressive brain edema and slow venous
outflow from the nidus, similar to the case described here-
in. We believe that our patient became symptomatic after
progressive thrombosis of his AVM and, specifically, after
progressive cortical and deep cerebral venous thrombosis
caused an extremely prolonged cerebral transit time and in-
creased intracranial pressure. Our patient clearly had a hy-
percoagulable state, predisposing him to thrombosis. Addi-
tionally, the high venous outflow pressure in the draining
veins from the AVM may have initiated the thrombosis,
which then became exacerbated by the Leiden factor V mu-
tation. Local damage to the venous endothelium caused by
turbulent flow and the mechanical action of shearing stress
on the endothelial surfaces has been proposed as the initiat-
ing event in the narrowing of the lumen and thrombosis of
the AVM draining vein.11,34 Others have suggested that some
instances of narrowing of the AVM draining vein may rep-
resent a vasoconstrictive response to increased shunt vol-
ume or elevated venous pressure.28 Due to the large size of
the AVM in the present case and the large number of drain-
ing veins, we thought it would be unlikely that it would
progress to complete spontaneous thrombosis and that more
urgent treatment of the patient’s deteriorating neurological
condition was indicated.
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FIG. 2. Left: Lateral left carotid artery (CA) angiogram revealing an azygous A2 segment is fed from the left CA injec-
tion, which fills the anterior portion of the AVM. Center: Anteroposterior right CA angiogram demonstrating multiple
middle cerebral artery branches are feeding the AVM. Right: Anteroposterior left vertebral artery angiogram. The poste-
rior portion of the AVM is fed by posterior cerebral artery branches.

FIG. 3. Axial T2-weighted MR images demonstrating new edema
with a moderate mass effect surrounding the AVM and no evidence
of hemorrhage.



Outcome From Management of Spetzler–Martin Grade
5 AVMs

Spetzler–Martin Grade 5 AVMs present some of the
most challenging problems in neurosurgery. New major
neurological deficits can be expected in more than 30%
of surgically treated patients.15,23,24 Most clinicians do not
recommend surgery to treat Grade 5 AVMs, except for pa-
tients who have a severe preoperative deficit, multiple hem-
orrhages, or gradually progressing deficit. As in our case,
a combination of preoperative endovascular embolization
followed by microsurgical resection is often the best strate-
gy for treatment. Our patient has recovered from his preop-
erative deficits of a severely depressed level of conscious-
ness and left hemiplegia. He is independent in his activities
of daily living, but continues to have left hemiparesis and

neurocognitive deficits such that he cannot resume his for-
mer occupation of bank loan officer.

Cerebral Venous Thrombosis

Cerebral venous thrombosis may have an extraordinarily
diverse neuroimaging appearance and clinical presentation.
There are no pathognomonic signs or symptoms and, thus,
the diagnosis depends on clinical acumen. Headache is a
prominent complaint in 81 to 93% of patients, papillede-
ma has been reported in 27 to 86% of patients, and focal
neurological deficits, seizures, and altered consciousness,
as seen in our patient, have been reported in 10 to 66%
of nonpuerperal patients.4,5,8,9 Once the diagnosis is estab-
lished, the cause should be identified and treatment started
as soon as possible. Treatment is based on the combination
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FIG. 4. Left: Lateral left CA angiogram revealing the majority of the anterior portion of the AVM, which continues to
be filled by the left CA injection. Center: Anteroposterior right CA angiogram demonstrating thrombosis of the central
portion of the AVM. Right: Anteroposterior right vertebral artery angiogram. Blood flow is slower through the posteri-
or portion of the AVM nidus secondary to the venous hypertension.

FIG. 5. Left: Initial diagnostic right lateral CA angiogram (April 1999) obtained 7.18 seconds after contrast injection
shows the dye in the nidus of the AVM and in numerous draining veins. Right: Preoperative right lateral CA angiogram
(December 1999) obtained 7.16 seconds after contrast injection demonstrates that there has been extensive venous throm-
bosis in the 8-month imaging interval.



of intravenous heparin sodium (followed by oral antico-
agulants for 3–6 months), symptomatic treatment with an-
ticonvulsant and analgesic medications, treatment to lower
increased intracranial pressure, and treatment of the cause.
Local thrombolysis is indicated if the patient’s condition de-
teriorates because of progressive thrombosis despite ade-
quate anticoagulant therapy.

Treatment was complicated in our patient by the presence
of a large AVM. We did not believe that long-term anti-
coagulation or thrombolysis would be safe in the presence
of persistent arteriovenous shunting. We were also con-
cerned that, with continued venous thrombosis, the intra-
nidal pressures would increase and add to the risk of life-
threatening hemorrhage. Although somewhat controversial,
evidence—both theoretical and derived from case series—
suggests that AVMs with venous drainage impairment are
associated with an increased risk of hemorrhage.14,21,22,27,34,35

Once the AVM was extirpated, we believed it was safe to
treat the persistently increased intracranial pressure by im-
planting a VP shunt. The patient is receiving lifelong anti-
coagulant therapy for his venous thrombosis, delayed cere-
bral transit time, and factor V (Leiden) mutation.

Conclusions

The occurrence of an intracranial AVM in a patient with
a hypercoagulation disorder secondary to factor V (Leiden)
mutation is rare. The patient presented with a progressive
neurological deficit related to cortical and deep cerebral ve-
nous thrombosis. Treatment consisted of surgical removal
of the AVM followed by implantation of a VP shunt and
lifelong oral anticoagulant therapy. The patient made a
sufficient neurological recovery to return to independent
living, despite the large size and eloquent location of the
AVM. Investigation for a hypercoagulation disorder such as
factor V (Leiden) mutation should be undertaken when ei-
ther partial or complete spontaneous thrombosis of an AVM
occurs. We believe that until all arteriovenous shunting
from an AVM is eliminated, the risk for hemorrhage re-
mains and may increase if venous outflow is obstructed by
venous thrombosis. Therefore, treatment should first elimi-
nate the AVM and then treat the clinical sequelae of cere-
bral venous thrombosis.
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