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Cerebral aneurysms are identified in 7.5%–23.5% 
of patients with arteriovenous malformations 
(AVMs).4,6–8,​10,11,13,15,16,20,23 They can be found on a 

feeding artery or within the AVM proper and represent 
an elevated risk for intracranial hemorrhage when com-
pared with AVMs without associated aneurysms.4,7 These 
lesions likely form as a result of a combination of congeni-
tal factors, as well as the increased flow demands of the 
AVM.6,8,13,16,20,22,23

Treatment of cerebral aneurysms in these cases is com-
plicated by the presence of the AVM. If indicated, the an-
eurysm can be treated separately from the AVM or surgi-
cally at the time of the AVM treatment. Coil embolization 
has been the mainstay of endovascular treatment when 

aneurysm treatment is performed separately from any 
planned AVM treatment.2,13,21

Flow diversion technology has introduced a new tech-
nique for the treatment of large and giant cerebral aneu-
rysms of the internal carotid artery (ICA).3,17 Since its in-
troduction, there has been growing enthusiasm for its use 
in cerebral aneurysms that do not fall within the initial 
indications.1,5,9,12,14,19 Its use, however, must be tempered 
by the concomitant need for prolonged dual antiplatelet 
medications, because catastrophic hemorrhages associated 
with the use of these medications after flow diversion are 
well described in the literature.5,18 It is likely because of 
these concerns that flow diversion in these instances has 
not been previously reported. We present 2 cases in which 
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The use of flow-diverting stents for intracranial aneurysms has become more prevalent, and flow diverters are now 
routinely used beyond their initial scope of approval at the proximal internal carotid artery. Although flow diversion for 
the treatment of cerebral aneurysms is becoming more commonplace, there have been no reports of its use to treat 
flow-related cerebral aneurysms associated with arteriovenous malformations (AVMs). The authors report the cases of 
2 patients whose AVM-associated aneurysms were managed with flow diversion. A 40-year-old woman presented with 
a history of headaches that led to the identification of an unruptured Spetzler-Martin Grade V, right parietooccipital AVM 
associated with 3 aneurysms of the ipsilateral internal carotid artery. Initial attempts at balloon-assisted coil embolization 
of the aneurysms were unsuccessful. The patient underwent placement of a flow-diverting stent across the diseased 
vessel; a 6-month follow-up angiogram demonstrated complete occlusion of the aneurysms. In the second case, a 
57-year-old man presented with new-onset seizures, and an unruptured Spetzler-Martin Grade V, right frontal AVM as-
sociated with an irregular, wide-necked anterior communicating artery aneurysm was identified. The patient underwent 
placement of a flow-diverting stent, and complete occlusion of the aneurysm was observed on a 7-month follow-up 
angiogram. These 2 cases illustrate the potential for use of flow diversion as a treatment strategy for feeding artery an-
eurysms associated with AVMs. Because of the need for dual antiplatelet medications after flow diversion in this patient 
population, however, this strategy should be used judiciously.
https://thejns.org/doi/abs/10.3171/2017.2.FOCUS1755
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cerebral aneurysms associated with AVMs were success-
fully treated with flow diversion, with occlusion of the 
aneurysms at short-term follow-up. This case report was 
granted a waiver of informed consent by the University of 
Utah Investigational Review Board.

Case Reports
Case 1
Presentation and Examination

A 40-year-old woman presented with a history of mi-
graine headaches; noninvasive imaging studies revealed a 
Spetzler-Martin Grade V AVM. A diagnostic cerebral an-
giogram demonstrated a 6-cm right parietooccipital AVM 
with deep and superficial venous drainage (Fig. 1A). In ad-
dition, there were 3 aneurysms of the ipsilateral ICA: one 
aneurysm at the anterior genu/cavernous segment, another 
at the superior hypophyseal segment, and a smaller aneu-
rysm of the ophthalmic segment (Fig. 1B and C).

At the time of the patient’s initial evaluation, we rec-
ommended against treatment of the AVM but did recom-
mend treatment of the right ICA aneurysms. She declined 
surgical treatment but agreed to treatment of the superior 
hypophyseal aneurysm with balloon-assisted coil embo-
lization.

Treatment
During the initial attempts at balloon-assisted coil em-

bolization, the procedure was complicated by downstream 

migration of the initial framing coil after a loss of micro-
catheter access necessitated balloon deflation. Fortunately, 
the coil migrated into a distal middle cerebral artery feed-
ing artery just proximal to the AVM. We then proceeded 
with Onyx (Medtronic) embolization of the feeding artery 
and a small portion of the AVM (Fig. 1D).

After further discussions with the patient on treatment 
options for her cerebral aneurysms, she elected to pro-
ceed with flow diversion despite the inherent risks of dual 
antiplatelet medications in her situation. The patient was 
premedicated with 325 mg of aspirin and 75 mg of clopi-
dogrel daily for 5 days prior to her planned treatment, and 
P2Y12 testing demonstrated an adequate response before 
the procedure was initiated. She underwent uncomplicat-
ed placement of a single 5 × 25–mm Pipeline Flex device 
(Medtronic) and was discharged home the following day.

Follow-Up
The patient continued to do well clinically after her 

treatment. A follow-up diagnostic cerebral angiogram 6 
months after her treatment demonstrated occlusion of her 
ophthalmic and superior hypophyseal aneurysms and par-
tial occlusion of the cavernous aneurysm (Fig. 1E and F).

Case 2
Presentation and Examination

A 57-year-old man presented after a new-onset seizure; 
noninvasive imaging studies demonstrated a Spetzler-
Martin Grade V AVM. A diagnostic cerebral angiogram 

FIG. 1. A: Magnetic resonance angiogram reconstruction of a Spetzler-Martin Grade V parietooccipital AVM.  B: Right ICA angio-
gram demonstrating cavernous ICA (arrowhead) and superior hypophyseal (arrow) artery aneurysms.  C: Right ICA angiogram 
demonstrating a small ophthalmic artery aneurysm (arrow).  D: Lateral unsubtracted view demonstrating the migrated coil mass 
(arrow).  E: Six-month follow-up angiogram demonstrating complete occlusion of the superior hypophyseal artery aneurysm 
(arrow) and incomplete occlusion of the cavernous ICA aneurysm (arrowhead).  F: Six-month follow-up angiogram demonstrating 
complete occlusion of the ophthalmic artery aneurysm (arrow).
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demonstrated an 11-cm right frontal AVM with deep and 
superficial venous drainage (Fig. 2A). In addition, there 
was a wide-necked, irregular, 3-mm aneurysm of the ante-
rior communicating artery (Fig. 2B).

At the time of the initial evaluation, we recommended 
against treatment of the AVM but did recommend treat-
ment of the anterior communicating artery aneurysm. Be-
cause of the presence of the AVM, the patient declined 
surgical treatment of the aneurysm. Moreover, it was be-
lieved that the wide neck of the aneurysm would preclude 
endovascular treatment without the use of a stent. There-
fore, we recommended treatment by deployment of a flow-
diverting stent.

Treatment
The patient was premedicated with 325 mg of aspi-

rin and 75 mg of clopidogrel daily for 5 days prior to the 
planned treatment. P2Y12 testing demonstrated an ade-
quate response, and he underwent placement of 2 Pipeline 
Flex devices (Fig. 2C). The procedure was complicated by 
the formation of a small, nonocclusive thrombus within the 
device, which resolved with intraarterial administration of 
abciximab. The patient did well after the procedure, with-
out any sequelae of the transient intraprocedural thrombus, 
and was discharged home the next day.

Follow-Up
A diagnostic cerebral angiogram at 7-month follow-up 

demonstrated occlusion of the anterior communicating ar-
tery aneurysm (Fig. 2D).

Discussion
Aneurysms are frequently associated with AVMs.4,6–

8,10,11,13,15,16,20,23 They are typically located within the AVM 
nidus or on proximal feeding vessels. AVMs with associ-
ated aneurysms have an increased rupture rate of 7%–10% 
when compared with the 2%–4% rupture rate of AVMs 
without related aneurysms.4,7,8,20 Although definitive treat-
ment of the AVM should be the ultimate goal and has been 
shown to lead to the regression of aneurysms on proxi-
mal feeding vessels,11,20 this may not be feasible in some 
instances because of patient demographics or AVM size, 
venous drainage pattern, or anatomical location. In these 
circumstances, focused treatment of the associated aneu-
rysm alone may be reasonable to help reduce the risk of in-
tracranial hemorrhage back to the baseline level of AVMs 
without associated intracranial aneurysms.2,4,7,8,13,20,21,23

When considering whether to treat flow-related aneu-
rysms, the practitioner must weigh the risks of aneurysm 
rupture versus the risks of the selected treatment method. 
The rate of complications associated with the treatment 
of aneurysms by flow diversion is not benign.5,9,18 Addi-
tionally, whether treatment of flow-related aneurysms as-
sociated with AVMs improves the natural history of AVM 
rupture is not well known. As a result, it is important to 
have an in-depth discussion with the patient to explain the 
characteristics of the AVM and the flow-related aneurysm 
and how those factors potentially influence the decision 
to proceed with observation versus treatment. Since the 
rupture risk of AVM-associated aneurysms is not well 
known, observation may be considered as an option; how-
ever, because AVMs with associated aneurysms have a 
higher reported rate of intracranial hemorrhage, practi-
tioners may attribute that difference to the presence of an 
aneurysm and propose treatment of the aneurysm. In both 
of our cases, we had multiple, extensive discussions with 
the patients regarding the risks of proceeding with aneu-
rysm treatment as well as the risk of potentially exacerbat-
ing any intracranial hemorrhage from their AVM because 
of the requirements for dual antiplatelet therapy following 
placement of a flow diverter.

Treatment of AVM-related aneurysms has primarily 
been achieved via coil embolization, although other strat-
egies, such as Onyx or N-butyl cyanoacrylate (NBCA) 
embolization and ethanol sclerotherapy, have also been 
used.2,13,21 Coil embolization is used principally for oblit-
eration of the aneurysm itself, whereas Onyx or NBCA 
embolization is often used for occlusion of the artery 
from which the aneurysm arises. Infrequently, Onyx and 
NBCA have been used for focused obliteration of the an-
eurysm with preservation of flow within the parent artery.2

To our knowledge, the use of flow diversion for the 
treatment of proximal feeding vessel aneurysms has not 
been evaluated. We detail 2 successful cases in which this 
strategy was used, including in a partial salvage circum-
stance when attempted balloon-assisted coil embolization 
failed. These 2 cases also indicate that this technique may 
be useful in a variety of vessel calibers. Because of size 
constraints of the devices and treated vessels, however, it 
will most likely remain a feasible technique only for an-
eurysms located on proximal vessels and not intranidal 
aneurysms.

FIG. 2. A: 3D CT angiogram reconstruction of the Spetzler-Martin 
Grade V frontal AVM.  B: 3D rotational angiogram demonstrating a 
small, irregular anterior communicating artery aneurysm.  C: Left ICA 
angiogram showing the aneurysm (arrow) after flow diversion.  D: Sev-
en-month follow-up angiogram demonstrating complete occlusion of the 
anterior communicating artery aneurysm (arrow).
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Within the limitations of our small sample size and ex-
perience from a single center, our success in these 2 high-
ly selected cases suggests that the technique can be used 
safely when more traditional treatment options are unsuc-
cessful or not an option. Despite this, we still believe that 
it should be used very cautiously. Although the risk of rup-
ture from the treated aneurysm lasts until the aneurysm 
occludes and endothelialization occurs across the device, 
the risk of rupture from the AVM remains throughout the 
patient’s life. In the setting of single or dual antiplatelet 
medications, the potential for significant consequences re-
mains.

There is also the concern that flow diversion may not be 
as successful at occluding aneurysms in the high-flow state 
of AVMs as it is in traditional aneurysm cases. Flow diver-
sion works by limiting the flow of blood into the lumen of 
the aneurysm by directing the majority of the blood flow 
distally through the parent artery. This allows for stasis of 
blood within the aneurysm with resultant thrombosis, the 
eventual endothelialization across the flow diverter, and 
ultimately the exclusion of the aneurysm. Theoretically, 
in the high-flow state within a proximal feeding vessel 
to an AVM, the flow through the vessel and device could 
be too significant to allow for stasis to occur. However, as 
is shown in our cases, in carefully selected patients, flow 
diversion has the potential to lead to aneurysm occlusion 
even in a high-flow state.

Placing a flow diverter in the high-flow setting of an 
AVM also raises the theoretical concern that the device 
could direct more of this high flow into the nidus of the 
AVM, increasing the risk of AVM rupture. However, flow 
diverters do not change the overall amount of flow within 
a vessel; they only direct a portion of the arterial flow away 
from the aneurysm lumen. Therefore, it appears unlikely 
that the flow to the AVM nidus would change much over 
baseline.

Conclusions
We describe 2 cases of successful flow diversion of feed-

ing artery cerebral aneurysms associated with AVMs in 
which short-interval angiography demonstrated complete 
occlusion of the aneurysms. Enthusiasm for this strategy 
should be tempered with the risks of dual antiplatelet med-
ications in this potentially high-risk patient cohort, and its 
use should be restricted to carefully selected patients. We 
would only recommend flow diversion as a treatment for 
AVM-associated aneurysms when other treatment options 
have failed or are not viable options. Additionally, there 
must be a thorough discussion with the patient regarding 
the potential risk of exacerbating intracranial hemorrhages 
on antiplatelet medications. Further study is necessary 
before flow diversion for treatment of AVM-related an-
eurysms could be recommended either routinely or as a 
salvage procedure.
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