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Angiographic and Clinical Characteristics of Patients
with Cerebral Arteriovenous Malformations Associated

with Hereditary Hemorrhagic Telangiectasia

Shunji Matsubara, Jennifer L. Manzia, Karel ter Brugge, Robert A. Willinsky, Walter Montanera,
and Marie E. Faughnan

BACKGROUND AND PURPOSE: Cerebral arteriovenous malformations (AVMs) are occa-
sionally associated with hereditary hemorrhagic telangiectasia (HHT), which is characterized
by the presence of multiple mucocutaneous telangiectasia, epistaxis, and familial inheritance.
We analyzed the angiographic and clinical characteristics of patients with cerebral AVMs
related to HHT.

METHODS: Among 638 patients with cerebral AVMs, we identified 14 patients with HHT.
The AVMs were classified as those with nidi of 1 cm or less (micro AVMs), those with nidi
between 1 and 3 cm (small AVMs), and those of the fistulous type (arteriovenous fistulas
[AVFs]).

RESULTS: A total of 28 AVMs were found; seven of 14 patients had multiple AVMs. The
28 AVMs were categorized as 12 micro AVMs, eight small AVMs, and eight AVFs. All except
one micro AVM were asymptomatic, whereas all small AVMs were symptomatic. Three of
eight AVFs were asymptomatic. All 28 AVMs were located on the cortex. All micro AVMs and
AVFs had single feeders and single draining veins, whereas the small AVMs had multiple
feeders in all lesions and single draining veins in six of eight lesions.

CONCLUSION: Multiple, cortical, micro AVMs or AVFs harboring single feeding arteries
and single draining veins should raise clinical suspicion of HHT-related AVMs.

Hereditary hemorrhagic telangiectasia (HHT),
also called Rendu-Osler-Weber syndrome, is an
autosomal dominant vascular disorder character-
ized by mucocutaneous telangiectases and vis-
ceral arteriovenous malformations (AVMs). The
mucocutaneous telangiectases frequently lead to
chronic epistaxis and gastrointestinal bleeding.
AVMs occur most frequently in the lung, brain,
and liver. The prevalence of HHT is estimated to
be 1:10 000 (1). Two different genes that can be
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mutated in cases of HHT have been discovered:
the endoglin gene on chromosome 9 and the ac-
tivin receptor-like kinase gene on chromosome
12 (224). Reports suggest that 2% of cerebral
AVMs are associated with HHT (5) and that 5%
to 10% of patients with HHT have cerebral
AVMs (6, 7). The clinical and angiographic char-
acteristics of cerebral AVMs associated with
HHT, however, have not been well described. We
reviewed the HHT-related cerebral AVMs from
our brain vascular malformation experience, fo-
cusing on morphologic characteristics revealed
by angiography.

Methods
We retrospectively reviewed the records of 14 patients with

cerebral AVMs and HHT from 638 consecutive cases of ce-
rebral AVMs managed at our institution from October 1982 to
April 1998. Two patients had a known diagnosis of HHT. The
remaining 12 patients were subsequently diagnosed with HHT
based on an HHT screening protocol (questionnaire and clin-
ical assessment). Screening is ongoing; therefore, the preva-
lence of HHT is very likely an underestimate. To establish a
diagnosis of HHT, a patient must meet at least two of the
following criteria: recurrent epistaxis, typical mucocutaneous
telangiectasia, positive family history of HHT with a first-de-
gree relative affected, and a typical AVM (8).
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FIG 1. Angiograms of a 21-year-old man who presented with a grand mal seizure, a history of epistaxis, lower-lip telangiectasia, and
a family history of HHT.

A, Lateral-view angiogram of the right internal carotid artery shows the small AVM involving right parietal lobe cortex filled by the two
branches of the right middle cerebral artery with two draining veins (open arrows).

B, Anteroposterior-view angiogram of the vertebral artery shows a second AVM (micro AVM) (arrow), involving the left occipital cortex,
fed by a branch of the posterior cerebral artery and draining into a single vein (open arrows).

C, Lateral-view angiogram shows another micro AVM (arrow) involving the right occipital lobe cortex supplied by a parieto-occipital
artery with a single draining vein (open arrows).

All patients underwent complete cerebral angiography.
Some patients underwent superselective angiography that was
achieved using a microcatheter. Ten of the 14 patients under-
went 1.5-T MR imaging of the brain without the administration
of contrast material, and the remaining four patients underwent
CT of the brain. Angiography was used to evaluate the an-
gioarchitecture of the lesions, which includes number of
AVMs, size and location of AVMs, origin and number of feed-
ing arteries, location of draining veins, and occurrence of ve-
nous pouches. MR imaging or CT or both were used to eval-
uate size and location of AVMs. Based on the imaging studies,
these lesions were divided into arteriovenous fistulas (AVFs),
micro AVMs with nidi of 1 cm or less, and small AVMs with
nidi between 1 cm and 3 cm (Figs 1 and 2). In our analysis,
cortical lesions included AVMs that involved the cortex irre-
spective of their extension of the ventricle (9).

Results

Clinical Presentation

Patient age ranged from 7 to 59 years (mean,
27.0 years). There were nine female and five male
patients. The initial symptoms were seizure in six
patients, cerebral hemorrhage in three, headache in
three, and two patients were asymptomatic. The
first asymptomatic patient was known to have pul-
monary AVMs and therefore underwent MR im-
aging to screen for cerebral AVMs. In the second
asymptomatic patient, the cerebral AVM was noted
incidentally during angiography of the carotid ar-
tery, while the patient was being investigated for a
tongue AVM. Other HHT manifestations in this co-
hort were frequent epistaxis in 10 patients, muco-
cutaneous telangiectasis in nine, gastrointestinal
bleeding in four, pulmonary AVMs in three, pan-
creas AVM in one, tongue AVM in one, and liver
AVM in one. The follow-up period ranged from 7
months to 12 years (mean, 4 years 11 months).
During this follow-up period, eight of 28 AVMs
that had not been treated remained asymptomatic.

Angiographic Analysis

Twenty-eight cerebral AVMs were found in 14
patients. Multiple AVMs were noted in seven
(50%) of the 14, ranging from two to four AVMs
per patient.

Each of 20 of the cerebral AVMs had a nidus,
whereas eight were of the fistulous type. Twelve
AVMs measured 1 cm or less, and eight measured
between 1 cm and 3 cm. Therefore, of the 28
AVMs, there were 12 (42.9%) micro AVMs, eight
(28.6%) small AVMs, and eight (28.6%) AVFs.

Of the 12 micro AVMs, six occurred in children
(15 years or younger). Seven of eight small AVMs
occurred in adults. All AVFs occurred in children.

The relationship of symptoms at presentation to
AVM angioarchitecture was assessed (Table 1). The
micro AVMs were asymptomatic in 11 (91.7%) pa-
tients and presented with seizures in one (8.3%).
No micro AVM caused intracranial hemorrhage in
our study. These 11 asymptomatic AVMs were di-
agnosed during cerebral angiography, which was
performed to investigate other symptomatic cere-
bral AVMs or other HHT symptoms. The small
AVMs presented with seizures in four (50.0%) pa-
tients, intracranial hemorrhage in one (12.5%), and
headache in three (37.5%). The AVFs presented
with seizures in one (12.5%) patient and with in-
tracranial hemorrhage in two (25.0%) and were
asymptomatic in five (62.5%).

All three types of AVMs were situated on the
cerebral cortex (Table 2). No AVMs were seen in
the basal ganglia or brain stem. Twenty-five
(89.3%) AVMs were supratentorial and three
(10.7%) were infratentorial.

The characteristics of the feeding arteries and
draining veins are described in Table 3. On the ar-
terial side, it was noted that all micro AVMs had
single feeding arteries, whereas all small AVMs
had multiple feeders. All AVF lesions had single
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FIG 2. Images from the case of a 15-year-old woman who presented with right hemiplegia, a history of recurrent epistaxis, and a family
history of HHT. She was also subsequently diagnosed with a pulmonary AVM.

A, Unenhanced CT scan shows an intracerebral hemorrhage and subarachnoid hemorrhage.
B, Lateral-view angiogram of the left internal carotid artery shows an AVF (arrow) involving the left frontal lobe cortex, arising from a

middle cerebral artery branch, with cortical drainage and venous pouch (open arrow).
C, Lateral-view angiogram of the right internal carotid artery shows another AVF (arrow) involving the right parietal cortex supplied

by the right pericallosal artery with deep drainage and venous pouch (open arrow).

TABLE 1: Relationship between initial presentation and cerebral
AVM type in HHT (n 5 28)

Micro AVM
(n 5 12)

Small AVM
(n 5 8)

AVF
(n 5 8)

Total
(n 5 28)

Seizure
Hemorrhage
Headache
Asymptomatic

1
0
0

11

4
1
3
0

1
2
0
5

6
3
3

16

TABLE 2: Cerebral AVM location in HHT (n 5 28)

Micro AVM
(n 5 12)

Small AVM
(n 5 8)

AVF
(n 5 8)

Total
(n 5 28)

Superficial*
Deep

12
0

8
0

8
0

28
0

* Superficial lesions include all AVMs that involve the cortex, ir-
respective of their extension to the ventricle.

TABLE 3: Angioarchitecture of cerebral AVMs in HHT (n 5 28)

Micro AVM
(n 5 12)

Small AVM
(n 5 8)

AVF
(n 5 8)

Total
(n 5 28)

Feeding artery
Single
Multiple

Draining vein
Single
Multiple

Venous pounch
Yes
No

12
0

12
0

0
12

0
8

6
2

7
1

8
0

8
0

8
0

20
8

26
2

15
13

feeders and single fistulas. On the venous side, it
was noted that all AVMs had single draining veins,
with the exception of two small AVM lesions. All
small AVMs except one and all AVF lesions had
venous pouches, whereas no micro AVMs had ve-
nous pouches. Superficial draining veins were
found in 22 (78.6%) of 28 AVMs.

Discussion

The most striking finding regarding cerebral
AVMs associated with HHT is their multiplicity. In
our study, each of seven (50%) of 14 patients were
found to have two or more AVMs. A limited num-
ber of cases have been reported in the literature of
HHT-related cerebral AVMs (5, 10223). A meta-
analysis of these reports shows multiple cerebral
AVMs in 25 (50.0%) of 50 patients. In sporadic
AVMs, our data indicated multifocal AVMs in six
(1.0%) of 624 patients, which is in keeping with
the 0.7 to 3% prevalence reported in the literature
(23, 24). The rate of multiplicity of AVMs in pa-
tients with HHT clearly overwhelms such occur-
rence in patients with sporadic AVMs.

Another specific finding associated with cerebral
AVMs with HHT is their cortical location in all
cases. It is reported that 77 (27.2%) of 283 sporadic
AVMs were located in noncortical areas, including
basal ganglia, thalamus, etc. (25). Most previous
reports have not clearly defined the topography of
AVMs in cases of HHT, although two reports sup-
port our observation that these AVMs are found on
the brain surface (5, 26).

Micro AVMs are reported in 7% of patients with
sporadic AVMs (27). In patients with HHT, we
identified micro AVMs in seven of our 14 patients
and in 12 (42.9%) of our 28 AVMs. Previous
smaller case series have also reported the high in-
cidence of micro AVMs in cases of HHT (12, 26,
27). Yasargil (28) introduced the term micro AVM
and Willinsky et al (29) also reported that such le-
sions frequently present with hemorrhage. In our
HHT cases, however, the micro AVMs never bled
at the time of presentation nor during the follow-
up period in those patients for whom no treatment
had been performed (seven of 12 patients). This
raises the question of the need for treatment of
these micro AVMs.

The role of MR imaging in the diagnosis of ce-
rebral AVM with HHT disorder is not established.
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Fulbright et al (30) reported that MR images could
underestimate the prevalence of cerebral vascular
malformations in patients with HHT. Ideally, con-
trast-enhanced high-resolution MR imaging of the
entire brain should be performed for screening of
patients with suspected HHT disorder. For practical
reasons, we continue to screen such patients by us-
ing routine MR imaging, with the understanding
that not all micro AVMs will be detected. Angi-
ography, and possibly superselective angiography,
is required to diagnose all AVMs, including micro
AVMs in patients with HHT. In addition to the is-
sue that multiple lesions should suggest the HHT
diagnosis, it is also important to consider other
clinical manifestations in detail, such as mucocu-
taneous telangiectasia, frequent episodes of epistax-
is, gastrointestinal bleeding, etc. Children, in par-
ticular, with HHT do not always have these
symptoms, although adults with HHT frequently do
have them (7, 8, 10). The first clinical presentation
of HHT in a child may be a cerebral AVM. This
may result in the failure to make the diagnosis of
HHT in children. DNA mutation analysis can pro-
vide a definitive diagnosis, although this is avail-
able only in certain research laboratories. This anal-
ysis is currently being conducted on some of our
patients suspected of having HHT disorder.

We have described the angiographic and clinical
characteristics of AVMs associated with HHT. The
three distinct types of angioarchitecture might re-
sult in the different clinical manifestations. Further
follow-up is required to establish whether these
AVMs require a different treatment strategy. Al-
though angiographic and clinical characteristics
were identified in our HHT patient population, be-
cause of an inherent referral bias, they may not be
representative of the HHT population at large.

Conclusion
The angiographic characteristics of the AVMs

associated with HHT revealed that multiple cortical
micro AVMs or AVFs are highly suggestive of
HHT disorder. AVFs and small AVMs were fre-
quently symptomatic, whereas the micro AVMs
were usually asymptomatic at presentation.
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25. Viñuela F. Functional evaluation and embolization of intracranial
arteriovenous malformation. In: Viñuela F, Halbach VV, Dion JE,
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