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Most intracranial aneurysms are saccular lesions 
that arise at arterial branch points on the circle 
of Willis, at the bifurcation of the MCA, or at 

the origins of the major branches of the vertebrobasilar 
system. With the exception of distal ACA aneurysms 
arising at the origin of the pericallosal artery, true pe-
ripheral intracranial aneurysms occur rarely and have 
been described only cursorily in the neurosurgical litera-
ture.8,9,17,20–22,26,29,34,36 We report an unusually large series 
of patients with peripherally located intracranial aneu-
rysms, describing management strategies and reviewing 
the literature regarding these lesions.

Methods
We retrospectively reviewed the records of all pa-

tients with intracranial aneurysms managed by our neu-
rovascular service between July 1997 and December 
2006. Among 2021 intracranial aneurysms in 1850 pa-
tients treated during this period, we identified 60 (2.97%) 
peripherally located intracranial aneurysms. We defined 
an aneurysm as peripheral if it arose distal to the MCA 
bifurcation or to the origins of the pericallosal artery, 
PCA, SCA, AICA, or PICA. Patients with peripherally 
located frontopolar artery and anterior temporal artery 
aneurysms were also included. Mycotic lesions and in-
tracranial aneurysms associated with an arteriovenous 
malformation or an atrial myxoma were excluded. Hospi-
tal records, neuroimaging studies, operative reports, and 
follow-up clinic notes were complete and reviewed in all 
cases. Follow-up review ranged from 6 months to 8 years 
(average 3.2 years), and no patient was lost to follow-up 
review.
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Abbreviations used in this paper: ACA = anterior cerebral artery; 
AICA = anterior inferior cerebellar artery; MCA = middle cere- 
bral artery; OA = occipital artery; PCA = posterior cerebral artery; 
PICA = posterior inferior cerebellar artery; SAH = subarachnoid 
hemorrhage; SCA = superior cerebellar artery; STA = superficial 
temporal artery.
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Results
We treated 60 peripheral intracranial aneurysms in 

55 patients ranging in age from 5 to 84 years. Of these 
aneurysms, 26 were located on the MCA, 17 on the PICA, 
9 on the PCA, 6 on the ACA, 1 on the SCA, and 1 on the 
AICA (Fig. 1). Forty-one aneurysms (68%) were unrup-
tured and 19 (32%) had bled. There were 42 (70%) small 
(maximum diameter < 1 cm), 7 (12%) large (maximum 
diameter 1–2.5 cm), and 11 (18%) giant (maximum diam-
eter > 2.5 cm) lesions. Fifty-four aneurysms (90%) were 
very wide necked or fusiform and were not associated 
with an arterial branch point. Eight patients had a second 
aneurysm, but only 5 of the 8 lesions were peripheral in-
tracranial aneurysms; the other 3 weren’t counted in this 
series.

Seven aneurysms (12%) were treated endovascularly. 
Of these, 6 had a narrow neck and were treated with direct 
coil embolization. One patient underwent endovascular 
parent artery occlusion across the neck of the aneurysm. 
Fifty-three aneurysms (88%) were treated surgically. The 
techniques used were direct clip reconstruction for 26, 
trapping or proximal occlusion with distal revasculariza-
tion for 21, excision with end-to-end anastomosis for 3, 
and circumferential wrap/clip reconstruction for 3. The 
specific surgical approach in each case was dictated by 
the location of the aneurysm and the associated vascular 
anatomy. The MCA lesions were explored through a pte-
rional craniotomy with preservation of the STA and wide 
splitting of the sylvian fissure. Distal ACA aneurysms 
were treated via a parasagittal interhemispheric approach. 
The PCA aneurysms were approached through an orbit-
ozygomatic or subtemporal craniotomy, and a far-lateral 
suboccipital craniotomy was used for PICA aneurysms.

Using microsurgery or endovascular coil placement, 

we were able to preserve or primarily reconstruct the par-
ent artery in 38 cases (63%). Because of the uncertain ad-
equacy of collateral supply, we usually performed distal 
revascularization when it was necessary to sacrifice the 
parent artery (21 of 22 cases). Interestingly, the involved 
parent artery was often found to be unusually large de-
spite its peripheral location, which further tempered en-
thusiasm for isolated sacrifice without revascularization. 
The specific technique used for revascularization was tai-
lored based on the individual anatomical considerations 
of each case.

In 3 cases, the parent artery was ectatic and redun-
dant, allowing for excision with direct, end-to-end rea-
nastomosis. In patients with peripheral MCA aneurysms 
that could not be reconstructed, the STA was usually 
anastomosed to the parent artery immediately distal to 
the aneurysm in an end-to-side fashion (Fig. 2). Patients 
with peripheral PICA aneurysms that could not be clipped 
underwent an OA-to-PICA bypass or PICA-PICA side-to-
side anastomosis.26 An OA-to-PCA bypass was used for 
patients undergoing PCA occlusion.35

In 3 cases of peripheral PICA aneurysms, surgical 
exploration revealed brainstem perforating vessels arising 
from the fusiform, aneurysmal segment. In those instanc-
es, circumferential wrap/clip reconstruction was used, 
sparing the perforating vessels (Fig. 3).25 This appeared to 
be a reasonable option, considering the potentially severe 
consequences of occluding perforating vessels in these 
rare cases.

Intraoperative angiography was performed in every 
case. For patients who underwent primary clip reconstruc-
tion, intraoperative angiography was extremely important 
in assessing the adequacy of aneurysmal obliteration and 
in excluding the presence of clip-induced parent artery 

Fig. 1. Artist’s drawings depicting lateral (left) and basal (right) views of the brain, including the number of peripheral aneu-
rysms encountered in each location in this series. M2, M3, and M4 = second-, third-, and fourth-order branches of the MCA. 
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stenosis. This was particularly useful in the treatment of 
larger and partially thrombosed lesions (Fig. 4). Based 
on intraoperative angiographic findings, clip reposition-
ing or the placement of additional clips was required in 
8 (31%) of 26 cases. For those patients undergoing distal 
revascularization, intraoperative angiography was used to 
confirm patency of the bypass before vascular sacrifice.

Overall, 49 patients had good outcomes, 4 developed 
neurological complications, and 2 died. One patient who 
died had presented in good condition with a giant PICA 
aneurysm. He underwent an OA-PICA bypass followed 
by trapping of the aneurysm. He tolerated surgery well 
without obvious postoperative deficit, but then developed 
severe aspiration pneumonia, acute respiratory distress 
syndrome, and multiple-system organ failure. Although 
he had passed a postoperative swallowing evaluation, it is 
possible that mild or delayed lower cranial nerve dysfunc-
tion may have contributed to this complication. The other 
patient who died had a severe SAH from a small periph-
eral MCA aneurysm that was clipped on an emergency 
basis at the time of decompressive hemicraniectomy for 
severe brain swelling. The patient never regained con-
sciousness, and support was later withdrawn at the fam-
ily’s request.

Four patients developed neurological complications 
related to treatment of their aneurysms. An 86-year-old 
man with a giant, ruptured ACA (callosomarginal branch) 
aneurysm underwent endovascular parent-artery occlu-
sion with coils deposited across the neck of the aneurysm 
without revascularization. He suffered a significant isch-
emic injury to his dominant premotor cortex, resulting 
in transient but severe hemiparesis and aphasia. Another 
patient with a ruptured giant PICA aneurysm underwent 
OA-PICA bypass and aneurysm excision. He experienced 
severe postoperative vasospasm and developed a pseudo-
meningocele and wound infection. He was left with long-
standing vertigo and bilateral cranial nerve VI palsies. A 
68-year-old man with a giant, dominant, peripheral MCA 
aneurysm developed postoperative focal seizures requir-
ing long-term anticonvulsant therapy. Finally, a 57-year-
old woman with a peripheral SCA aneurysm developed a 
partial cranial nerve IV palsy related to dissection of the 
nerve from the aneurysm neck to permit clip reconstruc-
tion. This condition had resolved by the time of a 9-month 
follow-up visit.

During the follow-up period, no patient rebled from 
a previously ruptured aneurysm or bled from a previously 
unruptured aneurysm. Two patients developed lower-
extremity deep venous thrombosis requiring anticoagula-
tion therapy. Eight patients required temporary external 
ventricular drainage for acute hydrocephalus after SAH; 
3 ultimately underwent placement of a ventriculoperito-
neal shunt.

Discussion
Few intracranial aneurysms arise distal to the major 

branch points of the circle of Willis and the vertebrobasi-
lar system.3,8,18 Such peripherally situated aneurysms are 
often fusiform, may be unassociated with an arterial 
branch point, and reach large or giant size in a substantial 
percentage of cases.2,3,7,8 The fusiform nature and large 
size of many peripheral intracranial aneurysms substan-
tially complicate treatment paradigms, in that many of 
these lesions cannot be managed by direct surgical clip-
ping or simple coil embolization of the aneurysm sac.

Peripheral intracranial aneurysms may develop as a 
result of an arterial dissection or in response to unusual 

Fig. 2. Axial CT scans obtained in 2000 (A) and then in 2003 (B) 
demonstrate dramatic enlargement of a peripheral MCA aneurysm, 
with development of associated cerebral edema. Lateral digital sub-
traction angiographic image (C) demonstrates the filling portion of the 
irregular, fusiform lesion (arrows). Of note is the unusually large caliber 
of the parent artery given its peripheral location. Lateral intraoperative 
common carotid angiographic image (D) demonstrates trapping of the 
aneurysm with clips. The STA (3 arrows) has been anastomosed (single 
arrow) to the parent artery immediately distal to the clips and now ir-
rigates the sacrificed parent artery. The parent artery demonstrates 
minimal retrograde thrombosis (asterisks). The aneurysm was opened 
and evacuated of thrombus, resulting in immediate postoperative im-
provement in the patient’s severe, progressive speech difficulty.
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hemodynamic stress, as may be seen in the presence of 
a high-flow arteriovenous malformation.7,16,21,24,27 Mycotic 
and oncotic aneurysms often develop in peripheral loca-
tions, presumably because they are embolic lesions.4,5,14 
Peripheral intracranial aneurysms have also been reported 
to arise after cranial irradiation and in patients who have 
systemic disorders such as polyarteritis nodosa and Be-
hçet disease.23,28,30,32 For reasons that are not clear, a dis-
proportionate percentage of intracranial aneurysms iden-
tified in children occur in peripheral locations.3,7,8,12,29,31

Management Considerations
Because of the relative rarity of peripheral intracra-

nial aneurysms, clearcut guidelines for their management 
have not been established.2,3,8,10,26 Surgical options include 
direct clip reconstruction, vascular occlusion with or 
without distal revascularization, excision with end-to-end 

anastomosis, or some form of wrapping.2,8,25,35 Endovas-
cular options include coil embolization of those lesions 
that have a relatively narrow neck, stent-supported coil 
placement for wider-necked aneurysms, or parent-artery 
occlusion.3,10,11,18,37 Traditionally, most peripheral intracra-
nial aneurysms managed endovascularly have been treat-
ed with parent artery occlusion.3,6,10,13 Although various 
forms of balloon test occlusion and amytal testing have 
been described in conjunction with this management 
strategy, the results have been notoriously unreliable, and 
there is no test that can assess definitively the adequacy of 
collateral circulation in this setting.3,10,19

We have considered coil embolization a reason-
able option for those peripheral intracranial aneurysms 
that have a narrow neck. With the introduction of stent-
supported coil placement, some of the wider-necked an-
eurysms that were treated surgically early in our series 

Fig. 3. Digital subtraction (A) and 3D rotational (B) 
angiographic images of a peripherally located PICA 
aneurysm (arrows). At surgery, this proved to be a 
fusiform dissecting aneurysm with perforating vessels 
arising from the segment with the lesion. Intraopera-
tive photographs obtained before (C) and after (D) cir-
cumferential wrap/clip reconstruction. Intraoperative 
angiographic image (E) confirms adequate vascular 
reconstruction without luminal compromise (arrows).
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could most likely be managed today with this technique. 
For cases in which endovascular treatment is limited to 
parent artery occlusion, we have favored open surgical 
ex ploration because many of these aneurysms can be re-
constructed with preservation of the parent artery. In ad-

dition, for those aneurysms not amenable to clip recon-
struction, open surgery permits distal revascularization 
in most cases, limiting the risk of associated ischemic in-
jury. Because endovascular parent artery occlusion typi-
cally requires the deposition of coils over some length of 
the vessel, this technique can result in the unnecessary 
occlusion of critical perforating arteries that probably 
could be spared by a strategically placed aneurysm clip.

In our experience, roughly one-half of those aneu-
rysms that were explored surgically could be reconstruct-
ed with clips. It was often difficult to predict in advance 
which aneurysms would be amenable to clip reconstruc-
tion, and several large or giant thrombotic lesions were 
unexpectedly found to be readily “clippable.” In these 
cases, intraoperative angiography was invaluable in as-
sessing the reconstructed vessel and often resulted in clip 
repositioning or the placement of additional clips. Overall, 
using clip reconstruction, end-to-end reanastomosis, and 
coil placement when feasible, we were able to preserve 
the parent artery in 38 (63%) of the aneurysms treated in 
our series. Based on this result, we question the appropri-
ateness of an approach that calls universally for endovas-
cular parent artery occlusion without revascularization, 
as has been advocated in the past by some groups.3,10

Revascularization Techniques and Rationale
It has been argued that some peripheral aneurysms, 

particularly those that have reached large or giant size, 
have altered distal flow in the parent artery, resulting in 
an increased likelihood of tolerance to vascular occlu-
sion.3 Nevertheless, many reports of parent artery occlu-
sion have described resultant ischemic injuries of varying 
severity, and it is unclear why attempted distal revascu-
larization would not be the optimal approach for these 
lesions.1–3,10,19,32,33,35 Peripheral aneurysms in certain lo-
cations, such as those involving the proximal segments 
of the PICA, may have critically important perforating 
arteries arising from the aneurysm itself.1,15,25,26 In such 
cases, parent artery occlusion without revascularization 
may have severe consequences. We would suggest that 
the potentially catastrophic neurological complications 
associated with such a brainstem injury warrant an at-
tempt at revascularization whenever parent artery occlu-
sion is planned for these patients.

The unexpectedly large caliber of the parent artery 
that was often associated with peripheral intracranial an-
eurysm development in our series has not been empha-
sized in the literature. It is possible that the unusually 
large size of the vessel given its peripheral location may 
have resulted in, or from, an altered hemodynamic stress 
that encouraged development of the aneurysm. This large 
size of the involved vessel has further discouraged us 
from sacrificing the parent artery without revasculariza-
tion, considering the concern for a potentially significant 
ischemic injury resulting from the occlusion of such a 
large peripherally situated vessel.

Conclusions
Relatively few patients develop peripheral intracra-

nial aneurysms. Because these lesions differ from typi-

Fig. 4. Axial contrast-enhanced CT scan (A) demonstrates a periph-
eral MCA aneurysm (arrows) in a patient presenting with SAH. Lateral 
digital subtraction angiographic image (B) shows partial thrombosis of 
the lesion (arrow). Intraoperative angiographic image (C) demonstrates 
adequate vascular reconstruction using a fenestrated, bayoneted clip 
that incorporates one of the main MCA branches at the level of the 
aneurysm into the fenestration (arrow).
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cal saccular intracranial aneurysms, they demand unique 
management considerations. We describe an unusually 
large series of 60 peripheral intracranial aneurysms. In 
general, microsurgical exploration was favored over en-
dovascular parent artery occlusion in this series because 
of the potential for direct clip reconstruction with pres-
ervation of the parent artery or distal revascularization 
when vascular sacrifice was necessary.

The following points are underscored. In comparison 
with more common saccular aneurysms arising on the 
circle of Willis, peripherally situated aneurysms tend to 
be very wide necked or truly fusiform, and tend to reach 
a larger size before diagnosis. The involved parent artery 
is often of larger caliber than might be expected, con-
sidering its peripheral location in these cases. Combin-
ing surgical and endovascular techniques, parent artery 
preservation was possible in > 60% of cases in this series. 
When it was necessary to sacrifice the parent artery, the 
use of distal revascularization was safe and highly effec-
tive in preventing distal ischemic injury. Using a thought-
ful, individualized approach, a successful outcome was 
achieved for most of the patients in our series.
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