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Abstract

Persistent primitive olfactory arteries (PPOAs) are a rare variant of the anterior cerebral artery (ACA).

Cerebral aneurysms may arise in the PPOA; most are saccular and on the unilateral PPOA. We report

a 66-year-old male with bilateral PPOAs and a fusiform aneurysm on the left side detected at a health

check-up. A brain magnetic resonance imaging (MRI) scan revealed a fusiform dilation in the proxi-

mal portion of the left ACA on a brain MRI. Good surgical results were obtained by combining trap-

ping―and bonnet bypass surgery. Brain MRI and cerebral angiograms showed bilateral PPOAs and a

fusiform aneurysm with the pearl-and-string sign in the proximal portion of the left PPOA. The aneu-

rysm was trapped and a bonnet bypass using a radial artery (RA) graft was placed between the left su-

perficial temporal artery and the distal portion of the left PPOA. The postoperative course was un-

eventful and 30 months after surgery he had no neurological symptoms; MRA showed no recurrence.

In this patient, aneurysmal trapping and an A3-A3 bypass were an option, however, it would have

placed an additional load on the right PPOA. Our decision to trap the aneurysm and perform bonnet

bypass surgery using an RA graft led to success.
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Introduction

Persistent primitive olfactory arteries (PPOAs) are a rare

variant of the proximal anterior cerebral artery (ACA). In

our patient, the residual medial olfactory artery failed to

regress during embryological development and a hairpin

turn remained.1-3) The reported incidence of PPOA in the

population is 0.14% in Japan,3) 0.26% in Korea,4) and 0.64%

in Serbia;5) the incidence of bilateral PPOAs is 0%-16.7%.3-5)

Some patients with PPOA suffered olfactory distur-

bances,4-7) suggesting that the arterial blood supply to the

olfactory nerve was involved. Others,3,4,8-11) reported that

cerebral aneurysms are more likely to occur in individuals

with PPOA. Most of these are saccular aneurysms in the

unilateral PPOA; among 11 aneurysms 9 were saccular.8)

We encountered a patient with bilateral PPOAs and a

fusiform aneurysm on the left side; the combination of

trapping and bypass surgery resulted in a good surgical

outcome.

Case Report

This 66-year-old male with no relevant medical history

underwent brain magnetic resonance imaging (MRI) at a

health check-up. A fusiform dilation was detected in the

proximal portion of the left ACA and he was referred to

our hospital. He provided prior informed consent for the

treatment and for publishing this report.

At the time of admission, he was alert and without neu-

rological deficits. Brain MRA showed bilateral PPOAs; a

fusiform cerebral aneurysm (6.5 × 7.3 mm) was observed

in the proximal A1 segment of the left ACA. Internal ca-

rotid angiograms revealed the bilateral ACA to be PPOAs,

and a fusiform aneurysm with the pearl-and-string sign

was detected in the left proximal portion of the PPOA (Fig.

1).
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Fig.　1　Preoperative cerebral angiograms show a persistent bilateral primitive olfactory artery (arrowheads). A fusiform aneu-

rysm (6.5 × 7.3 mm, arrow) with proximal stenosis (circle) is detected in the proximal region of the left anterior cerebral artery (B).

A, B Left internal carotid artery, anteroposterior (A) and lateral view (B).

C Right internal carotid artery, lateral view.

Fig.　2　Surgical views.

A Fusiform aneurysm (arrow). A part of the aneurysmal wall is extremely thin and bright red (arrowhead).

B Anastomosis to the distal side of the left A3 aneurysm with a radial artery graft and using 9-0 nylon sutures.

C The radial artery graft was anastomosed to the parietal branch of the left superficial temporal artery.

D, E The fusiform aneurysm was trapped (D, proximal clip; E, distal clip).

F Removal of the fusiform aneurysm. A part of the aneurysmal wall is extremely thin (arrowhead).

We explained to the patient that the natural history of

cerebral aneurysms associated with bilateral PPOAs is un-

clear and presented him with treatment options that in-

cluded conservative follow-up observation and surgical in-

tervention and its associated risks. To trap the aneurysm,

we planned a hemi-bonnet bypass using a radial artery

(RA) graft between the left superficial temporal artery

(STA) and the distal left portion of the ACA.

After left frontotemporal and bilateral frontal craniot-

omy we identified the left A3 via the interhemispheric ap-

proach and traced the vessel to its proximal portion (Fig. 2

A). The aneurysmal wall was extremely thin and bright

red, and a dissecting aneurysm was strongly suspected

based on imaging and intraoperative findings. For the bon-

net bypass, we harvested approximately 15 cm of the RA

and anastomosed the graft to the left A3 portion on the
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Fig.　3　Postoperative MRI scans.

A-D Diffusion-weighted images show no ischaemic lesions.

E Cerebral 3D-CT angiogram showing good patency of the bypass vessels and no lesions.

3D-CT: three dimensional-computed tomography; MRI: magnetic resonance imaging

distal side of the aneurysm (Fig. 2B). Then an RA graft was

anastomosed to the parietal branch of the left STA (left

STA-RA graft-left ACA hemi-bonnet bypass; Fig. 2C). Good

blood flow was confirmed via intraoperative Doppler- and

indocyanine-green video angiography, and the fusiform

aneurysm was trapped and removed (Fig. 2D-F). There

were no intraoperative changes in the monitored motor-

evoked potential.

The postoperative course was uneventful; no ischaemic

lesions were observed on the 1st postoperative day (Fig. 3

A-D). A cerebral three-dimensional-computed tomography

angiogram obtained on the 7th day showed good patency

of the bypass vessels and no lesions (Fig. 3E). The patient

was discharged on the 15th day after surgery. At follow-up

3 years after surgery, there were no neurological symp-

toms, and MRA showed sufficient blood flow in the bypass

vessels and no lesions.

Discussion

PPOAs and cerebral aneurysms

Aneurysms have been reported in individuals with

PPOA.3,4,9,11) They tend to be located at the characteristic

hairpin bend3,6-13) but can also be found at the proximal

segment of the PPOA.14,15) The PPOA is classified into 3

types.1,2,5,6,8,14-16) Type 1 arises from the ICA and runs anteri-

orly along the olfactory tract. It makes a hairpin turn and

supplies the distal ACA area. Type 2 arises from the nor-

mal ACA and passes through the cribriform plate to sup-

ply the nasal cavity as the ethmoidal artery. Type 3 is the

transitional type between types 1 and 2.14) Of these 3 types,

type 1 is the most likely to elicit cerebral aneurysms;3,6,7,9,13)

among 11 PPOAs with aneurysm, 9 were of type 1, one

was type 2, and one was type 3.8) Ours was type 1.

Among 4 reported patients with bilateral PPOAs3,4,6,17)

plus ours in which the type could be determined, all were

type 1. To the best of our knowledge, there has been only

one earlier report of a patient with bilateral PPOAs and

aneurysms.6) The patient was a 54-year-old woman with a

3-year history of left-sided anosmia; the bilateral PPOAs

were type 1. A saccular wide-necked aneurysm found in

the hairpin curve of the left PPOA was clipped via an in-

terhemispheric approach.

Although the relationship between PPOAs and aneu-

rysms is unknown, haemodynamic stress,3,7,8,16) increased

haemodynamic stress resulting from hypoplasia of the con-

tralateral A1 segment, or structural weakness and congeni-

tal fragility of the arterial wall may be involved.6,7,9,14,15) In

our patient we observed hypoplasia on the right side, sug-

gesting that strong haemodynamic stress on the affected

left side may have precipitated the development of the

fusiform aneurysm.

Treatment strategy

Earlier patients with PPOA aneurysms were managed by

observation, open microvascular techniques via craniotomy

and endovascular treatment. Among 11 patients with

PPOA-associated aneurysms (saccular: n = 9, fusiform: n =

2), 7 underwent clipping, one each aneurysmal trapping or

coiling and 2 were observed.8)
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Kinachtchouk et al.18) treated a PPOA aneurysm by the

endovascular placement of a flow-diversion stent. Of 8 pa-

tients who underwent craniotomy, 3 developed a postop-

erative smelling disorder.8) As the PPOA runs parallel to

the olfactory cord, depending on the aneurysmal site, it

may be difficult to preserve the cord by direct surgery.8,15)

Intravascular treatment does not need to consider the ana-

tomical location of the olfactory tract, consequently it may

be more advantageous than craniotomy. However, since

haemodynamics may result in the development of PPOA

aneurysms, coil compaction and aneurysmal recurrence

must be considered.8)

Our patient’s fusiform aneurysm was located in the left

hairpin turn of the PPOA. Although we considered aneu-

rysmal trapping and placing an A3-A3 bypass, the proce-

dure risks haemodynamic stress, placing an additional load

on the contralateral hypoplastic PPOA and thereby in-

creasing the risk of aneurysm development. Therefore, we

performed trapping plus hemi-bonnet bypass surgery using

an RA graft. The usefulness of STA-RA graft-ACA has been

reported.19-23) Others24-26) used a contralateral STA as a graft

for bonnet bypass surgery between the STA and ACA. Con-

tralateral STA grafting may be an alternative option be-

cause it avoids distant graft harvesting and associated

complications.25,26) However, grafting decisions are dictated

by the development, length, and course of the STA

branches.26)

In this patient, bypass surgery was performed due to

concerns about ischaemia of the trapped vessel, but if

there is abundant collateral circulation, simple trapping of

the affected PPOA without bypass surgery is a viable op-

tion. It has been reported that fusiform aneurysms due to

right A2 dissection can be treated with resection alone

without bypass surgery.27) Regarding balloon occlusion tests

to determine the necessity of bypass surgery, Isozaki et

al.28) reported that in a patient with a fusiform aneurysm

on the posterior cerebral artery, a super-selective balloon

occlusion test of a posterior communicating artery was

useful for developing their surgical plan. The necessity of

combined bypass surgery should be carefully judged for

each patient.

Conclusion

We encountered a rare case of a fusiform aneurysm in

the proximal portion of the PPOA. The patient was suc-

cessfully treated by aneurysm trapping and a STA-RA graft-

distal PPOA hemi-bonnet bypass.

Conflicts of Interest Disclosure

The authors declare they have no conflicts of interest

and no commercial relationships and received no support

from pharmaceutical or other companies. All authors are

members of The Japan Neurosurgical Society (JNS) and

have completed the Self-reported Conflicts of Interest Dis-

closure Statement Forms available on the JNS website.

References

1) Komiyama M: Persistent primitive olfactory artery. Surg Radiol

Anat 34: 97-98, 2012

2) Paget DH: The development of the cranial arteries in the human

embryo. Contrib Embryol 32: 205-261, 1948

3) Uchino A, Saito N, Kozawa E, Mizokoshi W, Inoue K: Persistent

primitive olfactory artery. MR angiographic diagnosis. Surg Radiol

Anat 33: 197-201, 2011

4) Kwon BR, Chang HW, Kim MJ, et al.: Magnetic resonance angi-

ography and CT angiography of persistent primitive olfactory ar-

tery: incidence and association rate with aneurysm in Korea. J

Korean Soc Radiol 66: 493-499, 2012

5) Vasovic L, Trandafilovic M, Vlajkovic S, Jovanovic I, Ugrenovic S:

Persistent primitive olfactory artery in Serbian population. Bio-

med Res Int 2013: 903460, 2013

6) Nozaki K, Taki W, Kawanami O, Hashimoto N: Cerebral aneu-

rysm associated with persistent primitive olfactory artery aneu-

rysm. Acta Neurochir (Wien) 140: 397-402, 1998

7) Tsuji T, Abe M, Tabuchi K: Aneurysm of a persistent primitive

olfactory artery. J Neurosurg 83: 138-140, 1995

8) Yamaki T, Rei K, Kenshi S, et al.: Coil embolization of subarach-

noid hemorrhage with ruptured persistent primitive olfactory ar-

tery aneurysm. Surg Neurol Int 12: 147, 2021

9) Yamamoto T, Suzuki K, Yamazaki T, Tsuruta W, Tsurubuchi T,

Matsumura A: Persistent primitive olfactory artery aneurysm.

Neurol Med Chir (Tokyo) 49: 303-305, 2009

10) Uchino A, Sawada A, Takase Y, Kudo S: Persistent primitive ol-

factory artery: diagnosis with MR angiography. Clin Imaging 25:

258-261, 2001

11) Ideguchi M, Kim K, Kominami S, Morita A: Brain arteriovenous

malformation involving a persistent primitive olfactory artery.

Nepal J Neurosci 19: 72-75, 2022

12) Hosur B, Singh P, Kumar A, Ahuja CK: Persistent primitive olfac-

tory artery: a hairpin easy to miss! BMJ Case Rep 11: e227782,

2018

13) Yamaura A, Takase M, Makino H: An aneurysm of the proximal

anterior cerebral artery at the olfactory bulb. Surg Neurol 12: 425-

427, 1979

14) Horie N, Morikawa M, Fukuda S, Hayashi K, Suyama K, Nagata I:

New variant of persistent primitive olfactory artery associated

with a ruptured aneurysm. J Neurosurg 117: 26-28, 2012

15) Sato Y, Kashimura H, Takeda M, Chida K, Kubo Y, Ogasawara K:

Aneurysm of the A1 segment of the anterior cerebral artery asso-

ciated with the persistent primitive olfactory artery. World Neuro-

surg 84: 2079.e7-2079.e9, 2015

16) Kim MS, Lee GJ: Diagnosis of persistent primitive olfactory ar-

tery using computed tomography angiography. J Korean Neuro-

surg Soc 49: 290-291, 2011

17) Takeshita G, Katada K, Koga S, Sano K, Jinno T: An anomalous

course of proximal portion of the anterior cerebral artery. Jpn J

Clin Radiol 33: 593-596, 1988(Japanese with English abstract)

18) Kinachtchouk N, Elder TA, Adel JG: Persistent primitive olfactory

artery aneurysm. World Neurosurg 174: 117-118, 2023

19) Kim K, Mizunari T, Mizutani N, et al.: Giant intracranial aneu-

rysm of the anterior communicating artery treated by direct sur-

gery using A3-A3 side-to-side anastomosis and A3-RA graft-STA

anastomosis. Acta Neurochir (Wien) 148: 353-357, 2006



Fusiform Aneurysm with Bilateral PPOA 405

NMC Case Report Journal Vol. 11, 2024

20) Tsunoda S, Inoue T, Segawa M, Okubo S, Akabane A: Revascu-

larization to the ACA: effectiveness and variation of the STA-

RAG-A3 bonnet bypass. Acta Neurochir (Wien) 163: 3483-3493,

2021

21) Yamaguchi M, Kim K, Mizunari T, et al.: External carotid artery-

related adverse events at extra-intra cranial high flow bypass

surgery using a radial artery graft. World Neurosurg 163: e655-e

662, 2022

22) Murai Y, Matano F, Shirokane K, et al.: Lesion trapping with

high-flow bypass for ruptured internal carotid artery blood

blister-like aneurysm has little impact on the anterior choroidal

artery flow: case series and literature review. World Neurosurg 53:

e226-e236, 2021

23) Ideguchi M, Kim K, Mizunari T, Koketsu K, Kominami S, Morita

A: Distal endovascular occlusion for incomplete occlusion of cav-

ernous carotid aneurysms after high-flow bypass and cervical in-

ternal carotid artery ligation. Neurol Med Chir (Tokyo) 63: 356-

363, 2023

24) Park ES, Ahn JS, Park JC, Kwon DH, Kwun BD, Kim CJ: STA-ACA

bypass using the contralateral STA as an interposition graft for

the treatment of complex ACA aneurysms: report of two cases

and a review of the literature. Acta Neurochir (Wien) 54: 1447-

1453, 2012

25) Hwang YH, Kwon YS, Lee YH: STA-distal ACA bypass using a

contralateral STA interposition graft for symptomatic ACA steno-

sis. J Cerebrovasc Endovasc Neurosurg 20: 191-197, 2018

26) Horiuchi T, Ichinose S, Agata M, Ito K, Hongo K: STA-ACA by-

pass using the ipsilateral free STA graft as an interposition graft

and A3-A3 anastomosis for treatment of bilateral ACA steno-

occlusive ischemia. Acta Neurochir (Wien) 160: 779-782, 2018

27) Wakabayashi Y, Nakano T, Isono M, Shimomura T, Hori S: Dis-

secting aneurysm of the anterior cerebral artery requiring surgi-

cal treatment--case report. Neurol Med Chir (Tokyo) 40: 624-627,

2000

28) Isozaki M, Arai H, Neishi H, Kitai R, Kikuta KI: Super-selective

balloon test occlusion of the posterior communicating artery in

the treatment of a posterior cerebral artery fusiform aneurysm: a

case report. NMC Case Rep J 3: 129-131, 2016

Corresponding author: Kenta Koketsu, MD, PhD

Department of Neurological Surgery, Chiba Hokuso Hospital,

Nippon Medical School, 1715 Kamagari, Inzai, Chiba 270-1694,

Japan.

e-mail: kenta7240031@nms.ac.jp


