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Abstract

Spontaneous regression of an arteriovenous malformation (AVM) is a rare condition observed in 0.3%-

1.3% of patients with AVMs and is most likely caused by hemorrhagic events. The regression of an un-

ruptured AVM is rarer than that of a ruptured AVM. Moreover, due to its low frequency of occurrence,

the etiology and natural course of spontaneous regression of an AVM is still unclear. This is the first

report presenting a case of a spontaneous regression of an unruptured AVM caused by a gradual

drainer vein thrombosis that was suspected to result from hypercoagulability due to protein S defi-

ciency.
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Introduction

Spontaneous regression of an arteriovenous malforma-
tion (AVM) is extremely rare and is observed in cases of
untreated AVM during follow-up. Spontaneous regression
of AVM is reported in 0.1%-1.3% of patients,1) with most of
the nidus obliterations caused by AVM rupture. Thus, the
mechanism of the spontaneous regression of an unrup-
tured AVM is not well understood. In this report, we pre-
sent a case of a spontaneous regression of an AVM caused
by thrombosis of the draining vein, explained by a hyper-
coagulable status due to protein S deficiency. We were able
to elucidate its clinical course and etiology by analyzing
long-term magnetic resonance imaging (MRI) follow-up
data.

Case Report

A 33-year-old woman was referred to our department
for gamma knife radiosurgery. She had no history of preg-
nancies, a medical history of oral contraceptive consump-
tion, or a family history of thromboembolic disease. She

was diagnosed with an unruptured AVM following an MRI
performed to identify the cause of her loss of conscious-
ness. Digital subtraction angiography revealed an AVM on
the fronto-parietal lobe with a nidus size of 43 mm on
both internal carotid and vertebral angiograms. The feed-
ing arteries were the right pericallosal artery, right poste-
rior pericallosal artery, and angular artery, and the drain-
ing veins were the great vein of Galen and the cortical
vein draining into the superior sagittal sinus, both tortu-
ous with no sign of stenosis. A flow-related aneurysm was
located at the bifurcation of the right pericallosal artery
(Fig. 1). Due to the large size of the AVM, staged gamma
knife radiosurgery was proposed to the patient, but she
did not accept the treatment plan and preferred observa-
tional MRI follow-up. The patient underwent 15 follow-up
MRI procedures in the next seven years and had no symp-
toms, occurrences of seizures, or radiological findings of
AVM rupture. However, she refused to undergo angiogra-
phy until she was transferred to our department after her
second epileptic seizure.

One year after the first MRI, a follow-up MRI revealed
perifocal edema of the nidus with an intravenous throm-
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Fig.　1　Initial cerebral angiography (right internal cervical artery, left internal cervical artery, and left vertebral artery).

A) Frontal view. B) Lateral view. A large arteriovenous malformation with a 43-mm nidus, fed by the right pericallosal artery, right 

posterior pericallosal artery, and angular artery, is seen in the right fronto-parietal lobe. The draining veins are the great vein of

Galen and the cortical vein draining into the superior sagittal sinus. A flow-related aneurysm is seen at the bifurcation of the right 

pericallosal artery.

bosis of the draining vein. The feeding artery, which is the
enlarged anterior cerebral artery, and the dilated vein of
Galen showed reduced diameters. Three years later, signs
of another thrombosis were detected with increased brain
edema. The nidus, feeding artery, and draining vein also
showed a regression in size. Five years later, MRI revealed
signs of an additional thrombotic event without an in-
crease in brain edema. At this time, the feeding artery and
draining vein had normalized in size. Eight years after the
initial presentation, the patient developed an epileptic sei-
zure and was admitted to our department, and we found
that her MRI revealed signs of another thrombotic event
(Fig. 2). The right internal carotid angiogram and both ver-
tebral angiograms revealed complete obliteration of the
AVM, while the left internal carotid angiogram showed a
small residual nidus in the capillary and venous phases
and a decrease in the size of the flow-related aneurysm
(Fig. 3). MRI images revealed the gradual occlusion of the
AVM caused by thrombotic events in the draining vein, re-
sulting in near-complete nidus obliteration.

Evaluation for the hypercoagulable state revealed pro-
tein S deficiency (protein S activity 40.0%, protein S total
antigen 84.0%, and protein S free antigen 65.0%), and addi-

tional work-up for deep venous thromboses revealed nega-
tive results on echosonography. Considering the small re-
sidual lesion observed on the angiogram, we refrained
from using anticoagulants to avoid recanalization and rup-
ture of the AVM.

Discussion

Spontaneous regression of an AVM is an extremely rare
pathology observed in cases of untreated AVM during
follow-up. These lesions tend to be small, with a single su-
perficial draining vein.2) In the present case, the patient
had a large nidus with few arterial feeders and two drain-
ing veins, including a deep drainer. However, several stud-
ies have reported that most of the nidus obliterations tend
to be caused by the rupture of the AVM. The mass effect
of the hemorrhage causes hemodynamic changes, which
result in a reduction of blood flow, and gliosis resulting
from the hemorrhagic event causes the venous drainage to
taper. However, information on the incidence and cause of
obliteration is limited. In a case series of 27 spontaneous
obliterations reported by Patel et al., only three (11%) were
unruptured cases.3) In a study by Liew et al., no unrup-
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Fig.　2　Follow-up magnetic resonance imaging during eight years.

A) Axial unenhanced T1-weighted images. Signs of thrombosis are seen on each image (arrowheads). B) Axial T2-weighted images. 

The enlarged anterior cerebral artery as the feeding artery (arrowheads) and the draining vein (arrows) showed gradual normal-

ization in size. C) Axial fluid-attenuated inversion recovery images. Brain edema was first detected on the magnetic resonance im-

aging performed one year later and showed gradual remission over seven years. D) Axial contrast-enhanced T1 or magnetic reso-

nance angiographic images. A gradual decrease in the size of the contrast-enhanced lesion is seen.

Dx; Diagnosis, yr; years from diagnosis

tured spontaneous obliteration cases were reported in a
group of 154 cases of untreated AVM.1) In a long-term,
single-institute study, among 3,573 cases of AVM, only one
case of spontaneous obliteration of an unruptured AVM
was detected.4) A literature review on the spontaneous re-
gression of AVM by Kritikos et al. revealed that 30% of the

patients had no history of hemorrhage.2) Accordingly, the
true incidence rate of spontaneous regression of an unrup-
tured AVM is unclear.

Several hypotheses have been proposed to explain the
mechanisms, classified as mechanical and hematological,
of the spontaneous regression of AVMs.5,6) The mass effect
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Fig.　3　Second cerebral angiography performed eight years later.

A) Frontal view. B) Lateral view.

Left internal cervical angiogram in chronological sequence (arterial phase, capillary phase, and venous phase). Complete obliter-

ation of the nidus is observed in the arterial phase. Flow-related aneurysm shows a decrease in size. A slight residual component is

observed in the capillary phase (arrowheads). Pooling of the contrast agent is observed in the venous phase (arrows).

of hemorrhage or edema, occlusion of the feeder or
drainer due to arteriosclerosis, and thromboembolisms are
considered mechanical factors. Hypercoagulative states
caused by certain medical conditions,7,8) congenital dis-
eases,9,10) pregnancy,4,11) and oral contraceptive use12) are pro-
posed as hematological causes; however, only a few studies
could confirm these causes. Link et al. reported that hy-
percoagulability caused by the Leiden factor V mutation
induces regression of AVM.9) In the present case, the pa-
tient had a history of bleeding from the AVM, which could
also have caused the regression. Furthermore, the present
case showed only a partial regression of the AVM, and the
remaining nidus was treated by embolization and surgical
resection. Taha et al. reported a case of acute thrombosis
caused by a rare heterozygous prothrombin gene muta-
tion.10) Due to severe venous infarction, the patient in their
study died in the acute phase of the disease. Since this
was an autopsy-proven case of spontaneous regression,
there were no angiographic images of the AVM and its re-
gression. Arenas-Ruiz et al. were able to demonstrate the
cause of spontaneous regression of an unruptured AVM as
a multiple myelosis-induced prothrombic state. Angiogra-
phy revealed the complete disappearance of the AVM.7)

However, they were not able to capture the thrombosed
vein on the radiological image, and the follow-up period
was not long enough to ascertain the long-term prognosis
of the condition. In the present case, we could illustrate
the gradual thrombotic events using MRI and elucidate the
cause and long-term medical course.

Hereditary protein S deficiency is a rare pathological
condition, with the incidence rate reported to be 0.03%-
0.13% in a study of 3,788 healthy Scottish blood donors.13)

In the Japanese population, the estimated prevalence rate
is reported to be 1.12%.14) It is a well-known risk factor for
cerebral venous thrombosis;15) thus, in the present case,
protein S deficiency could have contributed to AVM regres-
sion by causing thrombosis of the draining vein. When
thrombophilia is considered to have caused a thrombotic
episode, anticoagulants are initiated as prophylaxis. In the
present case, we avoided anticoagulant therapy due to
concerns regarding the recanalization of the AVM. There-
fore, the patient will be carefully monitored for any throm-
botic events.

Recanalization of a spontaneously regressed AVM is one
of the events that should be considered during subsequent
follow-ups. Only a few cases have been reported,3,16,17) al-
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though the incidence rate is reported to be 6.4%.1) Further-
more, a case of a ruptured, regressed AVM has been re-
ported.18) Unlike the present case, the formation of a flow-
related aneurysm after AVM occlusion has also been re-
ported.19) This difference can be explained by the gradual
decrease in intra-arterial pressure, which is an important
hemodynamic factor in aneurysm formation, through four
long-term thrombotic events in the present case. However,
these events can lead to further complications. One study
reported a case of spontaneous thrombosis of an unrup-
tured AVM followed by an ischemic stroke,20) and another
reported a case of fatal brain edema due to spontaneous
thrombosis.10) Thus, even after spontaneous thrombosis of
the AVM, the patients should be closely monitored since
the thrombosis is not always followed by good outcomes.
In the present case, gradual obstruction by multiple small
thromboses could have contributed to the favorable out-
come. Because of the rarity of this pathological condition,
the causes of these events are still unknown, and further
studies can provide more insights. Since these complica-
tions occur over a long period of time, patients should not
be considered cured and should be followed up.

In conclusion, to the best of our knowledge, the present
case is the first reported case of a near-complete regres-
sion of a large, unruptured AVM, the cause of which was
confirmed by elucidating the thrombotic events with me-
ticulous long-term MRI follow-ups and angiographic as-
sessments.
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