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Abstract
Background The occurrence of concomitant multiple cerebral
arteriovenous malformations (mAVMs) is often associated
with hereditary hemorrhagic telangiectasia (HHT) or cranio-
facial arteriovenous metameric syndrome (CAMS) and fre-
quently occurs in the pediatric population.
Methods Between 1995 and 2013, demographic, clinical, and
angiographic data of cerebral AVMs have been prospectively
collected. We retrospectively analyzed data of patients pre-
senting multiple cerebral AVMs.
Results Six patients (mean age, 44 years, male-to-female
ratio, 5) presented an angiographic diagnosis of cerebral
mAVMs. Only one of them was known to have a HHT. Five
patients presented two cerebral AVMs and one patient had
three. Three AVMs (23.1 %) presented bleeding at admission.
Three patients had supratentorial mAVMs only and the three
others had supra and infratentorial AVMs. Only one patient
suffered from bleeding of more than one of his mAVMs with
an interval of 23 years.
Conclusions For asymptomatic AVMs discovered incidentally
without angiographic bleeding risk, we propose a therapeutic
abstention. In case of AVM rupture and bleeding, the
other Bassociated^ AVMs (discovered through a com-
plete angiographic assessment) should also be treated
if they are not located in an eloquent area and if the
treatment does not present technical difficulties. AVMs
with a history of bleeding or associated to angiographic
risks have to be treated more aggressively.
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Introduction

The presence of concomitant multiple cerebral arteriovenous
malformations (cAVMs) has already been described, in par-
ticular in the pediatric population [3]. Rendu–Osler–Weber
disease (also known as hereditary hemorrhagic telangiectasia,
HHT) and cerebrofacial arteriovenous metameric syndromes
(CAMS) are the first etiology of multiple cAVMs [3, 15].
However, in the adult population, the discovery of multiple
cAVMs is rarely reported and the pathophysiology remains
unknown [2, 10, 14, 15]. We present herein our experience
with six patients, each presentingmultiple cAVMs and discuss
the management of each possible situation based on our ex-
perience and on the literature available: ruptured AVM, con-
comitant unruptured AVM discovered in the context of rup-
ture of another cerebral AVM (Bassociated^ AVM) and purely
incidental AVMs.

Case series

We have maintained an ongoing prospective database where
demographic, clinical, and angiographic information regard-
ing 794 patients harboring a cerebral arteriovenous malforma-
tion. From 1995 to 2013, six patients with multiple brain
AVMs have been treated in our institution. Demographic data
recorded for each patient included age, sex, and clinical pre-
sentation. The diagnosis of brain AVMs was confirmed by
digital subtraction angiography (DSA) for all patients.
Table 1 summarizes the patient demographic data and
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the angiographic characteristics of each arteriovenous
malformation.

Case 1

A right-handed 37-year-old male without a relevant medical
history underwent a cerebral magnetic resonance imaging
(MRI) for vertigo, which revealed a left occipital AVM. Left
vertebral digital subtraction angiography (DSA) showed a 40-
mm compact nidus involving the visual cortex, fed by the
calcarine and the parieto-occipital arteries with the presence
of a 6-mm flow-related aneurysm at the junction of the second
and third segment of the left posterior cerebral artery (PCA).
The venous drainage was superficial through the superior sag-
ittal sinus (SSS) via the left occipital vein (Spetzler–Martin
grade 3 [11]). Left internal carotid artery DSA also showed
another frontal AVM formed by a little cortical nidus of less
than 5 mm in the intermediate frontal gyrus fed by the pre-
frontal artery with a superficial venous drainage assumed by
the precentral vein to the SSS (Spetzler–Martin grade 1 [11]).
We decided to coil the inflow aneurysm of the left P2-P3
junction. The procedure was performed without complication.
We decided not to treat the two AVMs, given the absence of
bleeding episode and the absence of angiographic risk factor
for bleeding. The left occipital AVM was localized in an
eloquent area, which reinforced our conservative thera-
peutic decision. Angiographic follow-up performed
26 months after the aneurysm treatment did not show

aneurysm recurrence or evolution of the AVMs. The patient
presented a modified Rankin score (mRS) 0 at the last visit
5 years after the treatment.

Case 2

A 49-year-old man known for a chronic hepatitis and heroine
addiction presented a spontaneous comatose state (World
Federation Neurosurgical Societies WFNS score 5).
Admission computerized tomography (CT) revealed a sub-
arachnoid hemorrhage secondary to the rupture of an aneu-
rysm located at junction between the first and the second seg-
ment of the right PCA. Left vertebral DSA showed the aneu-
rysm to be flow-related, associated with a right atrial
and peduncular AVM fed by the right postero-lateral
choroidal artery and by PCA perforators. This AVM
had a 23-mm compact nidus involving the mesencepha-
lon with a venous drainage through the right basal vein
(Spetzler–Martin 3). Left carotid DSA also revealed the
presence of a left central sulcal AVM with a nidus mea-
suring less than 5 mm fed by the left central artery and
drained by the central vein into the SSS (Spetzler–
Martin 2). According to the patient’s clinical status,
we decided to embolize the ruptured aneurysm by a
balloon-assisted coiling in the first session after the po-
sitioning of an external ventricular drainage. Despite the
treatment of an acute hydrocephalus and a standard
neurointensive therapy, the patient did not recover, and

Table 1 Summary of demographic data of patients and angiographic characteristics of AVMs

Patient Sex/
age

Clinical
presentation

Arterial supplies Locations (type) Venous
drainage

Spetzler–Martin
grade

Associated pathology

1 M/37 Incidental Calcarine and parieto-
occipital arteries

Prefrontal artery

Left occipital (compact)
Left frontal (fistula)

Superficial
Superficial

3
1

PCA aneurysm

2 M/49 Bleeding Right PCA
Left central artery

Right cerebral peduncle
(diffuse)

Left central region
(fistula)

Deep
Superficial

3
2

Chronic hepatitis, PCA
aneurysm

3 M/24 Bleeding N.A.
Left PComA perforators

Left frontal
Left basal ganglia

(diffuse)

Superficial
Deep

1
2

4 M/20 Incidental Right inferior parietal artery
Basilar artery perforators

Right parietal (compact)
Tegmentum (compact)

Superficial
Deep

1
3

Rendu–Osler disease

5 F/63 Bleeding Left calloso-marginal artery
PICA and AICA
Basilar artery perforators

Left frontal (compact)
Inferior vermis (fistula)
Left cerebral peduncle

(fistula)

Superficial
Superficial
Deep

1
1
3

6 M/62 Incidental Left anterior cerebral artery
Right PICA

Left frontal (compact)
Right cerebellum

(fistula)

Superficial
Superficial

2
1

HIV

AICA anterior inferior cerebellar artery, PCA posterior cerebral artery, PComA posterior communicating artery, PICA posterior-inferior cerebellar artery,
HIV human immunodeficiency virus
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died 11 days after his admission. No treatment had been
performed for his cerebral AVMs.

Case 3

A right-handed 24-year-old male already operated 23 years
ago for a left ruptured frontal cortical AVM was admitted for
a new intraparenchymal hemorrhage. At the same time, a left
thalamic AVM was also diagnosed but conservative manage-
ment was decided. After microsurgical resection, the left fron-
tal AVMwas considered completely cured and the patient had
fully recovered from a right hemiparesis. Admission CT re-
vealed a left thalamic hematoma unrelated to the
porencephalic left frontal cavity in keeping with the previous
AVM resection. Left carotid DSA showed a left capsulo-
thalamic AVM fed by thalamic perforators of the posterior
communicating artery. The nidus was compact and measured
33 mm. Its venous drainage involved the galenic system via
the left thalamostriate vein (Spetzler–Martin 2). It was decided
to treat the capsulo-thalamic AVM by radiosurgery. A com-
plete cure was confirmed by a DSA performed 25 months
after the treatment. The patient kept a discrete right
hemiparesis (mRS 2). The latest DSA performed 45 months
after the treatment confirmed the complete obliteration of the
AVM.

Case 4

A 20-year-old man who suffered from a unilateral head-
ache underwent a cerebral MRI, which revealed two
cAVMs. This patient was already known to have HHT
disease with a pulmonary AVM. Right carotid DSA
showed a 12-mm right cortical nidus of the inferior
parietal gyrus fed by branches of the inferior parietal
artery and drained by two cortical veins (Spetzler–
Martin grade 1). The 3D reconstruction of the right
internal carotid DSA revealed the presence of two nidal
aneurysms. Left vertebral angiogram also highlighted a
fistulous communication between a basilar artery perfo-
rator and a tributary vein of the left basal vein located
in the tegmentum (Spetzler–Martin grade 3). Regarding
the angiographic risk factors of the supratentorial AVM,
we decided to treat it endovascularly. This treatment
was conducted with one embolization session using
0.7 ml of NBCA (concentration 50 %) (Glubran,
GEM, Viareggio, Italy) without complication. The treat-
ment risks for the mesencephalic AVM were considered
too high to plan a curative treatment for this asymptom-
atic lesion and observational follow-up was decided.
The latest DSA was performed 35 months after the
treatment and highlighted no reperfusion of the
supratentorial AVM and no modification of the mesen-
cephalic AVM.

Case 5

A right-handed 63-year-old woman was admitted for a thun-
derclap headache associated with an expressive aphasia.
Admission CT showed a left frontal hemorrhage with intra-
ventricular bleeding secondary to the rupture of an AVM. Left
carotid angiogram (Fig. 1a, b) confirmed the presence of a 25-
mm compact nidus in the first frontal gyrus fed by branches of
the calloso-marginal artery with a unique cortical venous
drainage that converged to the SSS (Spetzler–Martin grade
1). Right vertebral DSA (Fig. 1c, d) revealed two other poste-
rior fossa AVMs. The first one was located in the inferior
vermis (13 mm). It was fed by branches of the left postero-
inferior and anterior-inferior cerebellar arteries and drained by
the occipital sinus via a medial cerebellar hemispheric vein
(Spetzler–Martin grade 1). The other AVM was a fistulous
type located in the left cerebral peduncle fed by perforators
of the basilar artery and the left superior cerebellar artery and
drained into a tributary of the left lateral mesencephalic vein
(Spetzler–Martin grade 3). We decided to treat endovascularly
the ruptured left frontal AVM. Its complete obliteration was
achieved after two embolization sessions using Onyx
(Covidien, Irvine, CA, USA) by an arterial approach. No com-
plication was noted during this treatment and no recurrence of
the arteriovenous shunt was viewed at the control DSA per-
formed 12 months after the last session. The two other AVMs
were located in highly eloquent areas, were asymptomatic and
presented no angiographic risk factor of bleeding.
Consequently, we decided to perform a simple follow-up by
angio-MR. The latest follow-up performed 4 years after the
discovery of these AVMs showed a stability of the lesions.
The patient was neurologically symptom-free (mRS=0).

Case 6

A 63-year-old male with a history of human immunodeficien-
cy virus (HIV) infection treated by triple therapy underwent a
cerebral MRI for non-specific vertigo revealing a left AVM
located in the central region (Fig. 2e). Left carotid angiogram
(Fig. 2a, b, d) confirmed the presence of this compact nidus
(20 mm) fed by homolateral branches of the calloso-marginal
artery and drained by the SSS via the central and pre-central
veins (Spetzler–Martin grade 1). Left vertebral injection DSA
(Fig. 2c) also showed a little AVM located in the right cere-
bellar hemisphere between a branch of the superior cerebellar
artery and a superior cerebellar hemispheric vein (Spetzler–
Martin grade 1). Retrospectively, the fistulous AVM located in
the right cerebellar hemisphere was already visible in the ini-
tial MRI performed for the vertigo exploration, thanks to the
arterial spin labeling (ASL) sequence (Fig. 2f). These two
AVMs were discovered incidentally and were asymptomatic
therefore we decided to perform a simple follow-up withMRI.
One year after the diagnosis, the patient had not presented
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signs of bleeding and his neurological examination was
normal.

Discussion

Brain AVM is often diagnosed alone or in association with
another neurovascular disease (cerebral aneurysm, dural arte-
riovenous fistulas) but the presence of multiple cerebral
AVMs is very rare. Most of the publications on this topic are
centered on the pediatric population [3, 4, 15]. For infants and
young children, the presence of concomitant cerebral AVMs is

encountered in HHT and CAMS [3]. On the contrary, adult
cases with multiple AVMs are only described in isolated cases
and have an idiopathic origin [2, 15].

In our series, only one patient was known for an HHT, and
the five others did not present vascular risk factors. The over-
age incidence in our AVMdatabase of patients harboring mul-
tiple AVMs in the cerebral AVM Rothschild Foundation
Hospital database was 0.9 % (six patients/695). This is lower
than described in the literature (3.2–4 %) [14]. We could ex-
plain this discrepancy by the absence of the pediatric popula-
tion in our AVM database and, consequently, the low number
of syndromic cases. Furthermore, we have noted that an asso-
ciated pathology was present in four of the six patients.

Fig. 1 Images of case 5. Left
carotid angiograms on anterior-
posterior (a) and lateral (b)
projections showing a left frontal
compact nidus (25 mm) fed by
branches of the calloso-marginal
artery. Left vertebral angiograms
on anterior-posterior (c) and
lateral (d) projections showing a
left cerebellar nidus and also an
arteriovenous shunt located in the
pons on the right side
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Five of our patients were male but the analysis of other case
reports of the literature did not reveal any sex predominance.
We do not have any explanation for the male predominance in
our series and we think that this is only due to hazard. The
circumstances of diagnosis, the age of patients, and the anatom-
ical distribution of the lesions are similar to those of patients
with single arteriovenous malformation [5, 14].

We could note in our series the usual association of a
supratentorial AVM with an infratentorial one. Among the
32 cases described in the literature [1–4, 7, 10, 13–16], the
same distribution has been seen in ten patients and particularly
in the adult population [2, 14, 15]. It could be anecdotic, but
this could be the sign of a general vascular pathology instead
of a local or regional vascular fragility because it affects vas-
cular territories of completely different embryological origins.

In our series, only one patient presented two AVMs with
nidi of equal size. In all the other patients, the nidus of one of
the two AVMs measured less than 5 mm. Moreover, in two
cases, there was a fistulous AVM between a parenchymal

artery and a cerebral vein. Hasegawa et al. [2] underlined this
characteristic in a description of a patient with multiple cere-
bral AVMs and also a spinal AVM. Willinsky et al. [15]
evoked the possibility that the hemodynamic changes pro-
voked by the biggest nidus could lead to the opening of little
arteriovenous shunts. Other authors [3, 4, 10, 15] have not
discussed this element. The diagnosis of AVMs with a little
nidus could be difficult, even when achieving a systematic
DSA, especially when the interventionist attention is focused
on another area of the brain, for example in a context of intra-
parenchymal hematoma and the search for an underlying
AVM. As a consequence, we could imagine that multiple ce-
rebral AVMs were under-diagnosed. Arterial spin labeling
(ASL) magnetic resonance imaging could be helpful [13] in
diagnosing these arteriovenous shunts without true nidus.

The management of patients harboring multiple AVMs
could be problematic. The poor literature concerning these
patients did not give information regarding the risk of bleed-
ing of each AVM. Does a patient with two cerebral AVMs

Fig. 2 Images of the case 6. Right carotid angiograms on lateral (a),
anterior-posterior (d) projections revealing the central AVM fed by a
calloso-marginal branch. The 3D reconstruction of the DSA highlights
the arterial supply (colored in orange) and the two cortical draining veins
(in blue). Left vertebral angiogram on lateral projection (c) showing an

arteriovenous shunt between branches of the right superior cerebellar
artery and a superficial cerebellar vein. MRI with the sequences TOF
(e) and ASL (f) permit to localize and also to reveal little arteriovenous
shunt (hypersignal in f)
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simply have twice the bleeding risk of a patient with only one
AVM? Should we consider a vascular failure for this patient
that increased the risk of bleeding? The response is difficult
and we think that we have to consider that patients with mul-
tiple cAVMs have the same risk of bleeding as patients with a
unique AVM. Consequently, we recommend treating
unruptured cerebral AVMs only if angiographic risk factors
are present (associated aneurysm, deep location, only deep
venous drainage, and single draining vein). For patients with
multiple AVMs, the decision should be taken case-by-case
regarding the location of the AVMs and the possible risk of
treatment complications.

In our series, we report the case of a patient who has pre-
sented one bleeding of each of the two AVMs he had (case 3).
We have found two other similar cases in the literature [14, 15].
The first patient, reported by Utsuki et al. [14], had presented
two hemorrhages at an interval of 10 days. Our patient present-
ed the second hemorrhage 23 years after the first one. Even if it
is only three isolated cases, it represents an important rate of
patients with multiple AVMs. Consequently, the majority of
authors [4, 9, 10, 12, 16, 17] interested in multiple cAVMs
advocated treating unrupturedAVMs associatedwith a ruptured
AVM in the same patient. We shared the opinion that an asso-
ciated AVMhas to be treated, but the risks of the treatment have
to be balanced. As we have managed in cases 1, 4, and 5, the
therapeutic abstention is reasonable in case of eloquent area
nidus or technical difficulties of the treatment. We proposed
treating these associated AVMs more aggressively than idio-
pathic unruptured AVMs [6] but to keep in mind that the risks
of treatment have to be well evaluated.

In general, every ruptured AVM has to be treated with the
most appropriate modality of treatment in each case [6]. In
case of high flow aneurysmal ruptures, we suggest treating
only the aneurysm and to treat the AVM later if it is indicated
(case 1). There is no consensus regarding the treatment indi-
cation of the unruptured AVM in these conditions [1, 6].

Patients with multiple cerebral AVMs have nidi that are
separated by normal brain tissue. In some cases, it could be
difficult to distinguish a single AVMwith multiple nidal com-
partments as we could see in particular for AVMs involving
the corpus callosum [8]. The bleeding of an AVM could also
fragment the nidus and it could be misdiagnosed as multiple
AVMs.

Conclusions

The pathophysiology and natural history of multiple cerebral
AVMs remain unclear because the number of cases reported in
the literature is low. Our series brings new epidemiologic in-
formation for idiopathic multiple AVMs in the adult popula-
tion. A case-by-case approach is recommended, but we could
suggest an aggressive treatment for ruptured AVM and

associated AVM if it is located in a non-eloquent area. For
incidentally diagnosed multiple AVMs, the abstention seems
to be the better option, although the risk of bleeding is
unknown.
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