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Abstract

Background Multiple AVMs are exceptionally rare lesions
and only a few larger series have been published, including
other vascular pathologies, such as arterio-venous fistulae
(AVF) or patients with hereditary syndromes. Our study pre-
sents clinical, angiographic, and therapeutic characteristics of
patients harboring sporadic multiple AVMs.

Methods Basic demographic data, vascular architecture, clin-
ical presentation, treatment strategies, and treatment outcome
were analyzed retrospectively from patients with cerebral
AVMs treated in our department between 1990 and 2015.
Results Six out of 539 patients (1.1 %) harbored 15 multiple
and distinct cerebral lesions. Nidus size was predominantly
small, consequently determining a Spetzler—Martin grade
°I-°II (three-tier grading system). In three patients, AVMs
shared a proximal feeding artery supply, whereas each AVM
displayed its own venous drainage. Five of six patients (83 %)
presented with hemorrhage. Four patients received therapy of
the AVMs with complete elimination in 3/4 patients (75 %) and
8/9 treated AVMs (89 %). All patients with treatment of the
AVM showed good-to-excellent recovery (n =4, mRS <2).
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Conclusions Multiple cerebral AVMs are complex vascular
lesions. The multiplicity of hemodynamic and malformation-
related variables influence treatment strategy and sequence.
Thus, awareness of these parameters (of various
malformations before and during treatment) is important.
The high number of hemorrhagic events in the present series
might justify a more aggressive treatment of multiple AVMs
than previously thought.
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Introduction

Cerebral arterio-venous malformations (AVMs) are vascu-
lar lesions, typically appearing solitarily. Multiplicity of
AVMs is rarely encountered, accounting for only 0.3—
3.2 % of all brain AVMs [19]. Multiple and discrete
AVMs are more frequently seen in association with syn-
dromes like hereditary hemorrhagic telangiectasia (HHT)
or Wyborn—-Mason syndrome (WMS) [10, 14, 17]. In con-
trast, only small numbers of small series and case reports
exist for sporadic cases [4, 9, 15, 30]. Despite their genetic
background, the treatment of multiple AVMs is most chal-
lenging. The effect of multiplicity not only complicates
estimating the future risk for hemorrhage [10] but it also
compounds the decision for treatment indication and treat-
ment strategies in particular for unruptured lesions.

Our series presents clinical and angiographic characteris-
tics, treatment strategies, and treatment outcome of six pa-
tients harboring sporadic multiple AVMs and thus a reputable
number of cases, given the exceptional rarity of this entity.
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Materials and methods

Six out of 539 patients with cerebral AVMs, admitted to our
institution between 1990 and 2015, harbored multiple and
distinct cerebral lesions (1.1 %). There were three males and
three females, with a mean age of 41.2+22.4 years at first
diagnosis of the AVMs, ranging from 7 to 71 years. Only
one patient was younger than 18 years (case 3, 7 years). No
patient had a medical history of epistaxis or family history for
HHT and no patient presented with telangiectasia at typical
locations on clinical examination. Therefore, no individual
met the clinical diagnostic criteria of HHT, known as the
“Curagao Criteria” [6, 22].

Basic demographic data, vascular architecture, clinical pre-
sentation, and treatment strategies were compiled from our
departmental database and evaluated retrospectively.
Depending on clinical presentation and condition, patients
were examined with computed tomography (CT) and/or mag-
netic resonance imaging (MRI), followed by cerebral digital
subtraction angiography (DSA) on admission and prior to
treatment. Patients were evaluated in an interdisciplinary ap-
proach by experienced neurosurgeons, neuroradiologists, and
radiosurgeons. Treatment decisions were based on clinical
presentation, the angio-architecture of the AVMs, the source
of hemorrhage in case of rupture, the presumed risk for hem-
orrhage from unruptured lesions and the patients’ informed
consent. In case of hemorrhage from a ruptured AVM, treat-
ment was primarily directed towards the symptomatic lesion.

Results
Clinical presentation

Five of six patients (83 %) presented with hemorrhage from a
ruptured AVM. Among these, two patients were admitted in a

poor clinical state. One patient (case 5) with bilateral AVMs,
partially embolized twice in a different institution 3 and
13 years ago, suffered from fatal recurrent hemorrhage of
the right deep-seated AVM. After admission in our hospital
with fixed and dilated pupils, he received urgent decom-
pressive craniectomy without targeting the AVMs. The second
patient (case 2) harbored four AVMs (Fig. 1) and was admitted
in comatose state with a right intracerebral hematoma (ICH).
She developed multiple cerebral territorial infarctions and
conservative management was adopted, following the pa-
tient’s provision. Patients’ demographic characteristics and
clinical details are summarized in Table 1.

Radiological findings

The six patients included in our study suffered from 15 AVMs
in total. Four patients carried two, one carried three, and one
carried four AVMs, respectively. Four patients harbored bilat-
eral AVMs, with one patient presenting a mirror-like location
in both temporal lobes (case 4). In this patient, the asymptom-
atic right temporal lesion also showed signs of previous hem-
orrhage (Fig. 2). There was no AVM located in the posterior
fossa. AVM size was predominantly small according to the
Spetzler—Martin grading system (SMG) [23], consequently
determining a SMG °I-°II (three-tier grading system) [24].
In three patients, AVMs where fed through a common proxi-
mal arterial supply (cases 2, 3, 6). However, a “sharing” of
distal feeding arteries was not observed. No associated feed-
ing artery aneurysms could be found and each AVM displayed
its distinct venous drainage. A detailed overview of radiolog-
ical findings is presented in Table 1.

Treatment and outcome

Except for those two patients in a poor initial clinical state, all
other patients (n=4) received treatment of all AVMs. A

Fig. 1 Radiological findings in a patient harboring four distinct AVMs
(case 2). a CT angiography of a patient with a right intracerebral
hemorrhage showing an adjacent deep frontal AVM (arrow) and an
additional vascular anomaly in the midline (arrowheads). b Right
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carotid angiogram confirming a small deep right frontal AVM (arrow)
and a second callosal AVM, fed by branches of the right ACA. ¢
Angiogram of the left ICA depicting two left hemispheric AVMs
temporal (arrowheads) and deep frontal (arrow)
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Fig. 2 Radiological findings of a patient suffering from two mirror-like
AVMs in both temporal lobes. a MRI shows an acute hemorrhage on the
left site and signs of previous hemorrhage on the right site (white arrow).
b Angiogram of both ICAs depicting small superficial AVMs in both
temporal lobes (arrows). ¢ DSA after neuroradiological intervention

multimodal approach was chosen in 3/4 patients for 3/9 treat-
ed lesions and one patient was scheduled for radiosurgery of
two AVMs. All patients received treatment of their second/
third lesion within 1 month after eliminating the
symptomatic/ruptured AVM. Complete elimination could be
achieved in 3/4 patients and 8/9 treated AVMs). All patients
with treatment of the AVM in our institution showed good-to-
excellent recovery (n =4, mRS <2) except for those two pa-
tients mentioned above. An overview of treatment modalities
and clinical outcome is shown in Table 2.

Discussion
Patients and clinical presentation

Multiple and distinct AVMs are exceptionally rare lesions.
Only a few larger series have been published, including other
vascular pathologies, such as arteriovenous fistulae (AVF) and
patients with hereditary syndromes [7, 29]. To the best of our
knowledge, our series of six consecutive patients represents
one of the largest series of sporadic multiple AVMs and is of
clinical relevance in several aspects.

@ Springer

showing a complete occlusion of the left symptomatic lesion. d Late
angiogram of the left ICA 2 weeks later revealing an early draining vein
of the previously embolized AVM (arrow). e DSA after surgery
confirming complete resection of both lesions

Whereas the occurrence of multiple cerebral AVMs in
our series is within range of the others (0.7-3 %), the
number of hemorrhagic events (83 %) is remarkably dif-
ferent, compared to previous publications and compared
to hemorrhage rates of solitary supratentorial AVMs [16,
18]. In a literature review, Okada et al. summarized 22
cases of multiple AVMs where ten patients (45 %) suf-
fered from rupture of an AVM [15]. lizuka et al. found a
hemorrhage rate of nearly 40 %, emphasizing that multi-
ple AVMs do not carry an increased risk for hemorrhage,
compared to single AVMs [7]. Since a simple “summation
hypothesis” seems to be uncertain for AVM-associated
pathologies such as associated feeding artery aneurysms,
it remains questionable whether it can be adopted for
multiple AVMs [2]. We cannot provide a simple conclu-
sion for the high rate of hemorrhages in our series. One
reason might be a different biology of these pathologies
compared to single lesions. This hypothesis finds support
in some reports of de novo development during follow-up
and a differential clinical behavior after radiosurgery with
lower occlusion rates [11, 15, 20, 25, 26]. On the other
side, Kim et al. recently described a potentially lower risk
for hemorrhage in patients with HHT and cerebral AVM
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Table 2 Overview of treatment management and outcome
Case no. Location Primary treatment Results Clinical outcome mRS

1 Deep right dorsal basal ganglia
Left parietal

2 Deep right frontal basal ganglia® None
Right frontal paramedian

Deep left frontal basal ganglia
Left temporal
3 Right temporal®

Right parietal paramedian Surgery

4 Left temporal basal® Embolization and surgery after
recanalization
Right temporal basal Surgery

5 Right basal ganglia® Embolization®
Left parietal None
6 Left occipital paramedian® Embolization

Left temporal dorsal Embolization and surgery

Left temporal occipital Surgery

Radiosurgery Cyberknife 16 Gy

Embolization and surgery after
recanalization (after 30 days)

Nidus unchanged after 3 years
Complete obliteration after 3 years

No deficits; re-radiosurgery 0
for right lesion considered

Dead 6

Complete resection Minimal apraxia left hand 1

Complete resection

Complete resection No deficit 0
Complete resection

Partial, rebleeding after 3 years Vegetative state 5
Complete obliteration Hemianopia; temporary, 2

Complete resection but finally completely

Complete resection resolving aphasia

#Source for hemorrhage

® Embolization was performed outwards

compared to patients with sporadic AVMs [8]. Since we
did not include HHT patients in our series (according to

Fig.3 Hemodynamic changes during AVM treatment (case 3). a Cranial
CT scan of a patient presenting with a right cerebral and intraventricular
hemorrhage. b Corresponding angiogram depicting two AVMs (arrows)
in the right temporal and right parietal lobe, supplied by feeders of the
right PCA. ¢ Angiogram after initially complete endovascular

the clinical data), our high number of hemorrhages might
have been induced through this “selection bias”.

embolization of the ruptured temporal AVM. The nidus of the
remaining parietal AVM shows an increase in flow patterns (arrow). d
Control after 1 month shows recanalization of the initially obliterated
temporal AVM (arrow) and the patient was scheduled for a near-term
two-step microsurgical resection of both AVMs

@ Springer
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Radiological findings

Interestingly, all detected AVMs in our series were <3 cm in
nidus size. This finding is in accordance with previous publi-
cations, reporting of predominantly small AVMs [30]. In their
review, Okada and coworkers found small AVMs in 6/7 pa-
tients, presenting with intracerebral hemorrhage [15]. Thus, a
small nidus size in this particular patient group stresses out the
need for careful angiographic evaluation of each patient’s
neurovascular conditions in order to prevent a potential
overlooking of multiple AVMs [3, 5, 13].

The historical phenomenon of micro-AVMs [7, 29]
could not be found in our series. All patients harbored true
and distinct AVMs with typical nidal structures, except for
one patient (case 6) with an additional fistula-like lesion.
Whether micro-AVMs represent true malformations rather
than reactive micro-arteriovenous shunts caused by hemo-
dynamic alterations remains controversial [29]. Again,
these lesions might have biased the number of cases in
previous reports, as well as the difficulty to distinguish
multi-compartmental single AVMs from true multiple
AVMs [7, 30].

Treatment considerations and strategy

Some authors assume the same treatment principles for mul-
tiple and single AVMs, postulating that size and structures
involved are more important factors in the prognosis than
multiplicity of the lesions [13, 27]. We only partially agree
with these considerations. First, the indication for treatment
in our series was based on the high number of hemorrhagic
events and led to consequently approach the symptomatic
lesion in three patients. Second, the remaining AVMs in our
cohort displayed changed or altered flow patterns in three of
four treated patients (Table 1, Figs. 3, 4, and 5). Resecting the
hemorrhagic AVM in a given patient does not necessarily
imply to eliminate the remaining lesion. Nevertheless, poten-
tial hemodynamic interactions remarkably influence treatment
strategies as well as the treatment sequence [21]. A number of
case reports note an elevated risk for hemorrhage from the
second AVM after eliminating the first. The authors postulate
an altered or increased flow within the remaining AVM, thus
recommending prompt elimination [4, 13, 15]. In contrast,
hemodynamic changes might also lead to disappearance of
the second AVM. A consecutive thrombosis could be a result

Fig. 4 Hemodynamic changes 3 years after radiosurgery (case 1). a
Cranial MRI of a patient with two distinct unruptured AVMs (right
dorsal basal ganglia, white arrowheads; left parietal, white arrow). b
Right ICA angiogram depicting the AVM of the right hemisphere,
mainly supplied by feeders of the right PcomA. ¢ Left ICA angiogram
shows the small left parietal AVM, exclusively supplied by one MCA
branch (arrow). The dorsal nidal compartments of the right AVM are

@ Springer

faintly perfused (arrows). d MRI follow-up 3 years after radiosurgery
(Cyberknife, 16 Gy) shows complete disappearance of the left AVM
(arrow). e The right AVM nidus still remains patent, verified by DSA. f
Whereas the left ICA angiogram demonstrates complete obliteration of
the left AVM (arrowheads on the discontinued former MCA feeder),
nidal perfusion of the right AVM from the left site appears increased
(arrow)
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Fig. 5 Treatment sequence in a patient with three AVMs. a CT scan
shows an intracerebral hemorrhage from a left occipital paramedian
AVM. b Complimentary MRI detects two additional vascular
pathologies in the left dorsal temporal lobe. ¢ Verification of two typical
distinct AVMs (arrows) and one AVM with fistulous morphology
(arrowhead). d DSA after endovascular embolization of the

of normalized flow rate or decrease of blood flow after resec-
tion [28, 31]. Undoubtedly, it is both crucial to (1) understand
the potential hemodynamic interactions between distinct
AVMs and (2) to obtain a detailed picture of AVM angio-
architecture [13, 27]. Based on these findings, we treated the
remaining AVMs more aggressively than unruptured single
AVMs and as implicated by the ARUBA trial [12]. Robert
et al. [18] recently emphasized the same approach. Although
this strategy so far has not been proven to be superior, we
deem this approach reasonable when risks of treatment are
carefully balanced.

The conducted treatment modalities for multiple AVMs can
be widely adopted from the treatment of single AVMs, as de-
scribed in detail by Bradac and coworkers [1]. In this context,
the problem of small numbers (of a rare disease), collected over
along period needs to be stressed as well as the heterogeneity of
the subgroup. Our database contains patients treated from 1990
to 2015. Not only treatment modalities changed over this stretch
of time but also new (endovascular) techniques were imple-
mented. As a consequence, a consistent algorithm for the ap-
plied modalities is difficult in our series.

Finally, a correctly and well-informed patient has the final
decision in the therapeutic decision-making process [1].
Consultation comprises the center’s own experiences as well
as a comprehensive picture with all facets of the disease (in-
cluding hereditary syndromes), based on the body of

symptomatic lesion. Flow within the fistula like AVM appears
increased (arrowhead). e After partial embolization of the second left
temporal dorsal AVM, delicate nidus-like vessels within the remaining
fistula-like AVM are visible. f Intraoperative DSA during the same setting
revealing complete elimination of all three AVMs

literature. Whether a remaining and unruptured AVM in case
of AVM multiplicity can be considered an “incidental” lesion,
is uncertain. Therefore, the conclusions of ARUBA might be
of little help when counseling an individual patient suffering
from multiple AVMs [12].

Conclusions

Multiple cerebral AVMs are complex vascular lesions. The
multiplicity of hemodynamic and malformation-related vari-
ables influence the treatment strategy and sequence. Thus,
awareness of these parameters (of various malformations be-
fore and during treatment) is important. The high number of
hemorrhagic events in the present series might justify a more
aggressive treatment of multiple AVMs than previously
thought.
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Comments

The authors present an interesting series of six patients with multiple
AVMs who were managed with variety of treatment strategies includ-
ing conservative management. While two patients had a very poor
outcome, four survived with good/reasonable function. The authors
encourage the treatment of patients with multiple AVM based on their

apparent higher risk of bleed (which is based on small series of
multiple AVMs). They also suggest caution in terms of hemodynamic
change in multiple AVMs treatment when one is treated and the other
is left alone (whether this increases the risk of bleed or decreases is
unclear). Theoretically, one could imagine that multiple AVMs in a
given patient will put that patient at higher risk of hemorrhagic event
than a patient with a single AVM. On the other hand, treatment of all
AVMs has undeniably an accumulated risk of complications, espe-
cially if multi-modality treatments are undertaken. I personally lean
towards the treatment of multiple AVMs (and more so if one has bled)
if the neurological morbidity is considered low or acceptable espe-
cially in younger patients. Aruba trial is easily criticized for its non-
applicability to surgical treatment of AVMs, and certainly cannot be
brought as a validation of observation vs. treatment in multiple AVM
scenarios.
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