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ABSTRACT

aggressively (10,17). In the present study, we propose a 
classification system that unifies aneurysms coexisting with 
AVMs and their endovascular treatments (Table I). 

█    Material and Methods
A series of 111 consecutive patients with cerebral AVMs 
between February 2009 and February 2011 were prospectively 
reviewed. Among these patients, 39 (35.1%) patients were 
diagnosed with AVMs and accompanying intracranial arterial 
aneurysms. Diagnosis was based on clinical presentations 
and radiologic findings, including computed tomography (CT) 
scanning, magnetic resonance imaging (MRI), and cerebral 
angiography. We attempted to classify the aneurysms on 

█   INTRODUCTION
Internal elastic lamina (IEL) damage and low shear stress are 
often risk factors in the pathogenesis of aneurysm formation 
(6,22). The incidence of aneurysms coexisting with AVMs is 
well documented to be between 10% and 58% (7,25,29). 
The aneurysms coexisting with AVMs can be divided into 
four groups: unrelated dysplastic or incidental (Type 1); flow-
related on proximal feeding vessels (Type 2); flow-related on 
distal small feeding vessels (Type 3); and intranidal (Type 4) 
(5,22). There is still confusion as to the etiology and clinical 
and radiological features of aneurysms coexisting with 
AVMs. Some authors have traditionally regarded associated 
aneurysms as independent risk factors and treated them 

AIm: To describe the classification of aneurysms coexisting with arteriovenous malformations (AVMs) and their endovascular 
treatment.    
MaterIal and Methods: Based on the basis of radiological findings and clinical features, 59 aneurysms coexisting with AVMs 
were classified into four different types: intranidal, flow-related (proximal and distal), and unrelated. These aneurysms were treated 
by endovascular techniques with or without AVM embolization. Clinical outcome was assessed using the modified Rankin Scale 
(mRS).     
Results: 59 aneurysms coexisting with AVMs were found in 39 patients. There were 11 unrelated aneurysms, 18 proximal flow-
related aneurysms, 11 distal flow-related aneurysms and 19 intranidal aneurysms. In the 11 unrelated aneurysms, 4 were caused 
subarachnoid hemorrhage. In 11 distal flow-related aneurysms near the AVM, 7 caused a major hemorrhage. Six of the 19 intranidal 
aneurysms presented with hemorrhage. In contrast, only 3 of the 14 proximal flow-related aneurysms on major feeding arteries 
caused hemorrhage.   
ConclusIon: Aneurysms coexisting with AVMs could be classified into four types and this classification may provide a rationale 
for endovascular treatment.         
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the basis of radiological findings and clinical features. The 
outcome was assessed using the modified Rankin Scale 
(mRS).

Classification of Aneurysms

Aneurysms arising from the proximal arterial trunk supplying 
the AVM were classified as proximal flow-related aneurysms 
and unrelated aneurysms were located on the Willis circle 
or a site of bifurcation. Aneurysms arising from the distal 
small feeding vessels were classified as distal flow-related 
aneurysms and those in the immediate vicinity of the AVM 
nidus or within the AVM nidus were classified as intranidal 
aneurysms. 

Treatment Strategies

1. 	 Distal flow-related and intranidal aneurysms were treated 
in conjunction with AVM Onyx embolization. 

2. 	 Unruptured proximal flow-related aneurysms were 
followed and ruptured ones were treated with coiling.

3. 	 Unrelated aneurysms (arising from Willis circle or a site of 
bifurcation) were treated with coiling.

█    Results
Presentations

Of the 39 patients, there were 12 men and 27 women and the 
age range was from 5 to 72 years (mean, 34.4 years). Twenty-
four (61.5%) patients initially presented with hemorrhage. 
The remaining 15 patients (38.5%) initially presented with 
symptoms or signs unrelated to hemorrhage. Eight (20.5%) 
AVMs were infratentorial and 31 (79.5%) were supratentorial. 

Aneurysm Characteristics

These patients harbored 59 coexisting aneurysms. Fifteen pa-
tients had AVMs with multiple arterial aneurysms. There were 
11 unrelated aneurysms, 18 proximal flow-related aneurysms, 
11 distal flow-related aneurysms and 19 intranidal aneurysms. 

Four of the 11 unrelated aneurysms caused subarachnoid 
hemorrhage. Seven of the 9 distal flow-related aneurysms 
near the AVM caused a major hemorrhage, which was evident 
on angiogram. Six of 19 intranidal aneurysms presented with 
hemorrhage. In contrast, only 3 of 14 proximal flow-related an-
eurysms on major feeding arteries caused hemorrhage, which 
was identifiable as a source of bleeding on CT scanning. 

Unrelated Aneurysm

Among the 11 unrelated aneurysms, 3 were in the anterior 
communicating artery (Figure 1A-C), 4 in the internal carotid 
artery-posterior communicating artery, 2 at the basilar tip, 1 
in the vertebral artery-anterior inferior cerebellar artery, and 1 
in the middle cerebral artery bifurcation. All these aneurysms 
were small saccular aneurysms (3 to 7 mm) with a small neck. 

Proximal Flow-Related Aneurysms

Among the 18 proximal flow-related aneurysms, 8 on the 
internal carotid artery were very small saccular aneurysms 
(≤3 mm), 3 on the middle cerebral artery were small fusiform 
aneurysms (≤4 mm), 2 on the anterior cerebral artery were 
small fusiform aneurysm (≤4 mm), 1 on the superior cerebellar 
artery was a small fusiform aneurysm (5 mm), 2 on the thalamus 
perforating artery pedicle were small fusiform aneurysm (5 and 
6 mm), 1 on the anterior cerebellar artery was a small fusiform 
aneurysm (5 mm) and 1 on the posterior cerebral artery was a 
small fusiform aneurysm (8 mm). 

Distal Flow-Related Aneurysms

The 11 distal flow-related aneurysms, and 2 middle cerebral 
artery, 3 anterior choroidal artery, 3 posterior inferior cerebellar 
artery, 1 middle cerebral artery, 1 anterior cerebral artery and 
1 superior cerebellar artery aneurysms, were small saccular 
aneurysms. 

Intranidal Aneurysms

All 19 intranidal aneurysms were of the saccular type (5 to 12 
mm). 

Table I: Summary of Types of Aneurysms Coexisting with AVM

Type Nature
Pathological features  of 
vessel wall

No. of 
patients

Clinical 
presentation

Treatment modality

Intranidal Pseudo-aneurysm Disruption of IEL 12 6 hemorrhage Onyx embolization

Distal 
flow-related

Saccular aneurysm, 
arising from the 
arterial trunk

Disruption of IEL, 
deficiency in the smooth-
muscle layer

9 7 hemorrhage

The aneurysm and 
the parent artery were 
occluded with Onyx at 
the same sitting

Proximal 
flow-related

Segmental ectasia 
Stretched/fragmented IEL; 
no luminal thrombus 

14 3 hemorrhage
Coiling for 
symptomatic lesion

Unrelated
Saccular, arising from 
the Willis circle or a 
site of bifurcation

Disruption of the IEL 11 4 hemorrhage
Simply coiling or 
stent-assisted coiling

IEL: Internal elastic lamina.
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Aneurysm Treatment

All unrelated aneurysms were treated with coiling, and 
distal flow-related and intranidal aneurysms were treated in 
conjunction with AVM Onyx embolization (Figure 1A-C). For 
proximal flow-related aneurysms, only 3 ruptured cases were 
coiled and the other 15 were left untreated. In 1 patient, a 
proximal flow-related aneurysm on the feeding vessel of the 
anterior cerebellar artery, which was left untreated, led to 
hemorrhage 2 months later and it was coiled. 

Avm Treatment

Forty-one Onyx embolization procedures were performed 
for AVM nidus creating a new or worsening a preexisting 
neurological deficit in 6 patients and slowly resolving 
paralysis and dysarthria in 2 patients. Additional gamma knife 
radiosurgery was performed in 6 cases. Complete obliteration 
of AVMs was achieved in 6 patients (15.4%). During a 
17-month (9-23 months) follow-up period, 30 (76.9%) made 
a good recovery (mRS 0) and 9 (23.1%) had a moderate 
disability (mRS 1–3) related to hemorrhage. 

█    Discussion
Classification

Meisel et al. (21) reported on 305 AVMs associated with 
aneurysms and suggested that intranidal aneurysms should 
be primary treatment targets whereas proximal aneurysms 
should not. Their rationale was based on evidence that the 
latter often regress after definitive AVM treatment and on their 
finding that proximal aneurysms were not associated with the 
same increase in hemorrhage rate as intranidal aneurysms. 
Redekop et al. (26) and Meisel et al. (21) presented good 
evidence for the treatment of intranidal aneurysms and 
observation of proximal aneurysms. Since flow-related 
aneurysms may well be located on the circle of Willis, it 
should be defined that they refer to unrelated aneurysms 

when talking about circle of Willis aneurysms. Others have 
summarized distal and intranidal aneurysms together, mixing 
two very different entities. Although some authors recently 
started to use this terminology, it is still not a good definition. 
Classification to intranidal, flow-related (proximal and distal), 
and unrelated is better terminology. This is important since 
unrelated aneurysms constitute a different type of pathology 
as compared to flow-related or especially intranidal ones, with 
different rupture risk and thus requiring a different therapeutic 
approach.

Pathogenesis of These Aneurysms

Aneurysm formation may be the result of a break in the 
equilibrium between hemodynamic stress and the condition of 
the IEL and the intima (22). Hemodynamic stress is presumed 
to be the primary factor causing remodeling, degeneration, 
and loss of the IEL. Intranidal aneurysms should be considered 
“false aneurysms” caused by nidus rupture rather than 
aneurysm rupture, with acute disruption of the IEL, a false 
lumen, and a high rate of recurrent hemorrhage. Proximal 
flow-related aneurysms are simple ectatic arteries with benign 
clinical behavior; the IEL is stretched or fragmented, and the 
luminal surface of the intima is smooth. Therefore, proximal 
flow-related aneurysm is a dilated segment of artery without 
IEL disruption and has a benign course. Because small 
arteries involved in arteriovenous malformation are deficient 
in the smooth-muscle layer (18), the distal flow-related 
aneurysm lacks IEL and smooth-muscle layer in its dome 
and may rebleed easily owing to the fragile aneurysmal wall. 
Unrelated aneurysms (saccular aneurysms arising at arterial 
bifurcations) are assumed to be acquired lesions caused by 
a combination of hemodynamic stresses (luminal factors) 
and defective vessel wall responses (abluminal factors) (11). 
AVMs coexisting with aneurysms are significantly associated 
with hemorrhage, older age, and infratentorial AVM location 
(3,14,30). Exogenous factors, such as cigarette smoking 

Figure 1: A) Cerebral arteriogram after injection of the left internal carotid artery with contrast medium shows an unrelated saccular 
aneurysm on the anterior communicating artery. B) The aneurysm was treated with coil embolization. C) Angiogram of the left internal 
carotid artery shows that th e aneurysm was completely obliterated. 
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wide-necked, and may be difficult to clip and one can be 
directed to the lesion using Onyx embolization (13). Spetzler 
et al. have advocated that Grade IV and V AVMs be managed 
conservatively (1). However, in the presence of associated 
aneurysms, we believe that the aneurysm should be treated 
with or without intervention to the AVM.

█    Conclusion
Aneurysms coexisting with AVMs could be classified into 
four types and this classification may provide a rationale for 
endovascular treatment. Unrelated, distal flow-related and 
intranidal aneurysms have a high rate of hemorrhage and 
should be treated. The asymptomatic proximal flow-related 
aneurysm may not require treatment.
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