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INTRODUCTION

e term ophthalmic artery (OphA) aneurysm is commonly used to delineate ophthalmic 
segment internal carotid artery (ICA) aneurysms. Terminology for aneurysms of the OphA itself 
is diverse. Terms such as proper, true, itself, and stem have been used. However, those terms 
often do not appropriately display anatomical or histological features. Qiao et al. utilized the 
term peripheral OphA aneurysm. In their report, intracranial, intracanalicular, intraorbital, and 
terminal aneurysms of the proper OphA have been reviewed.[18] Proper OphA aneurysms (POAAs) 
have been commonly associated with blunt or penetrating cranial trauma or cerebrovascular 

ABSTRACT
Background: e ophthalmic segment of the internal carotid artery (ICA) represents a common site for cerebral 
aneurysms. However, aneurysms of the ophthalmic artery (OphA) itself represent rare lesions and have been 
associated with trauma and flow-related lesions such as arteriovenous fistulas or malformations. Here, we explore 
clinical and radiological features of four patients managed for five proper ophthalmic artery aneurysms (POAAs).

Methods: Patients undergoing diagnostic cerebral angiogram (DCA) between January 2018 and November 2021 
with newly or previously identified POAA were retrospectively reviewed. Clinical and radiological data were 
analyzed to identify common and unique features.

Results: Four patients with identification of five POAA were identified. ree patients suffered traumatic brain 
injury with subsequent identification of POAA on DCA. Patient 1 presented with a traumatic carotid-cavernous-
sinus fistula requiring transvenous coil embolization and second stage flow diversion of the ICA. Patient 2 suffered 
a gunshot wound with ICA compromise, ethmoidal dural arteriovenous fistula (dAVF) development with rapid 
growth of two POAAs eventually requiring Onyx embolization. Patient 3 was assaulted and DCA showed a POAA 
without any other cerebrovascular pathology. Patient 4 had undergone N-butyl cyanoacrylate embolization of an 
ethmoidal dAVF 13 years ago with the feeding OphA carrying a large POAA. Re-DCADCA was performed for a 
newly developed and unrelated transverse-sigmoid-sinus dAVF.

Conclusion: Management of POAAs poses a challenge to neurovascular surgeons since POAAs inherit a risk 
for visual deterioration or hemorrhage. DCA facilitates identification of coexisting cerebrovascular pathology. If 
clinically silent and not accompanied by cerebrovascular disease, observation appears reasonable.
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diseases that change cerebrovascular hemodynamics such 
as dural arteriovenous fistulas (dAVF).[2,11] e majority of 
reported POAAs are unruptured, while in few cases, SAH 
or complications from an intraorbital rupture have been 
reported.[16,18] Although several case reports of POAAs have 
been published, they still do represent rare lesions. Here, 
the authors seek to review similarities and differences in 
the presentation, neuroimaging, and management of four 
patients with five POAAs encountered at their institution.

MATERIALS AND METHODS

Exploring the institutional prospectively maintained case 
log, a total of four cases with newly or previously identified 
POAAs between January 2018 and June 2021 were found. 
In the study period, 3542 diagnostic cerebral angiograms 
(DCAs) in 2704 patients were performed. Local institutional 
review board (IRB) approval was obtained for retrospective 
analysis (IRB #2021-0901), patient consent was waived. e 
herein presented study is in accordance with ethical standards 
of the Declaration of Helsinki. Clinical and radiological data 
from the electronic medical records were reviewed.

RESULTS

Patient 1

A 55-year-old female presented after a motor bicycle accident 
with subarachnoid hemorrhage, bilateral subdural hematoma 
pronounced around the tentorial leaflets, bilateral sphenoid, 
nasal septal, and left zygomaticomaxillary complex fractures 
with an associated pansinus hemorrhage and a large left 
scalp hematoma [Figures  1a and b]. e patient was noted 
to have left eye exophthalmos, chemosis, and decreased 
visual acuity – only able to see light and shapes. A  DCA 
showed a left Type A carotid-cavernous-sinus-fistula (CCF) 
[Figure 1c] which was subsequently treated with transvenous 
coil embolization [Figure  1d]. A  follow-up DCA 8  months 
later showed no residual arteriovenous shunting but did 
show a focal outpouching along the dorsomedial aspect of 
the supraclinoid left ICA likely representing the traumatic 
site of the ICA injury. Furthermore, a 4  mm broad-based 
aneurysm of the proximal segment of the left OphA was 
evident [Figure  1e]. e patient underwent flow diversion 
using pipeline embolization device. e patient refused to 
undergo follow-up DCA at 6  months. However, magnetic 
resonance angiography (MRA) demonstrated disappearance 
of the outpouching [Figure  1f]. e visual status remained 
unchanged.

Patient 2

A 58-year-old male suffered a right-sided temporal 
gunshot wound. e projectile tract had a downward 

trajectory extending through the right posterior orbit, 
nasal septum, and left maxillary sinus with sparing of the 
left orbit [Figure 2a]. Bullet and bone fragments within the 
right temporal lobe with surrounding intraparenchymal 
hematoma required emergent hemicraniectomy, wound 
debridement, and partial temporal lobectomy. e patient’s 
demonstrated a right sided fixed and dilated pupil on 
admission with a Glasgow coma scale of 7. Computed 
tomography-angiography (CTA) did not show evidence 
for vascular injury but interpretation was limited due to 
bullet fragment artifacts. DCA eventually revealed a right-
sided ethmoidal dAVF [Figure  2b] and two superiorly 
directed minimal outpouchings of the dAVF feeding 
OphA [Figure 2c]. Due to severe right-sided ICA, anterior 
cerebral artery, and middle cerebral artery vasospasm, 
the patient underwent repeated intra-arterial vasodilation 
treatment with nicardipine, nitroglycerine, and verapamil. 
Ophthalmologic evaluation confirmed right eye vision loss. 
Two weeks out, the patient developed a right frontotemporal 
abscess requiring surgical evacuation. Another week later 
(3 weeks in total), both minor outpouchings had progressed 
to two distinct POAAs, one at the intracranial and one at 
the intracanalicular segment of OphA [Figure  2d]. Due to 
loss of vision on admission and the OphA feeding the dAVF, 
decision was made to embolize the feeding artery and the 
POAAs using Onyx [Figure  2e]. Six-week follow-up DCA 
demonstrated obliteration of the OphA, the POAAs, and 
the dAVF. However, left ICA injection demonstrated dAVF 
recurrence fed by the left OphA. e patient underwent 
open surgical treatment for the fistula and 6 months follow-
up eventually demonstrated no recurrence [Figure  2f]. 
Cranioplasty was performed 3  months later and at 
8 months after the trauma, the patient remained with right 
amaurosis but otherwise recovered without other significant 
disabilities.

Patient 3

A 31-year-old male was assaulted with a metallic objected 
and suffered a strike against the head. He was admitted to an 
outside hospital and a non contrast head CT imaging showed 
an occipital skull fracture, small falcine SDH, and a right 
temporal contusion [Figures 3a and b]. Neurological decline 
with increased intracranial pressures (ICPs) required invasive 
ICP monitoring but no further neurosurgical intervention. 
e patient eventually recovered with residual tinnitus. e 
initially performed CTA did not reveal vascular injuries. 
Follow-up with DCA was recommended and performed 
at our institution 4  months after trauma. It demonstrated 
a small left POAA [Figure  3c] without any other 
cerebrovascular pathologies. Observation was recommended 
due to the asymptomatic POAA. A follow-up DCA 4 months, 
nine, and finally 21  months later demonstrated stable size 
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and morphology [Figures  3d-f, respectively]. e patient 
remained asymptomatic.

Patient 4

In 2008, a 68-year-old male patient complaining of retro-
orbital pain was found to have a left POAA on a CT scan 
of the orbits. A  magnetic resonance imaging and MRA 
were completed that redemonstrated the aneurysm. e 
subsequent DCA showed the aneurysm arising from the 
left OphA [Figures 4a and b] and bilateral ethmoidal artery 
dAVFs [Figures 4c and d]. Based on the treating physician’s 
preference, the right AVF was treated with N-butyl 
cyanoacrylate (NBCA) and the patient’s vision remained 
intact. Two weeks later, the left AVF was treated with NBCA. 
Despite embolization distally in the OphA at the fistulous 
point, the intraoperative angiography had shown contrast 
stasis within the intraorbital OphA segment. Stasis was also 
observed in the POAA [Figure  4e]. e patient suffered 
visual loss with subsequent decreased vision in the left eye. 
Five months later, DCA demonstrated that the aneurysm 
had resolved completely and the minute reconstitution of the 
OphA including a choroidal blush [Figure  4f]. e patient 
represented 12 years later with double vision on upgaze, still 

with only light-dark perception in the left eye. CTA imaging 
was inconclusive. A DCA was completed and did not show 
any cerebrovascular pathology in the anterior circulation. 
e OphA caliber was stable without evidence of the previous 
POAA. Bilateral posterior meningeal arteries feeding a dAVF 
draining into the straight sinus were identified. e AVF was 
embolized with Onyx through the right side with complete 
obliteration.

DISCUSSION

To date, several case reports of POAAs have been published. 
Still, POAAs remain poorly understood and thus pose a 
challenge if identified on cerebrovascular imaging. POAAs 
have been identified arising from all OphA segments with the 
intracanalicular location representing the least common site, 
while the intracranial and the intraorbital locations appear to 
be the most prominent.[2,13,17,18,21] Clinically, visual deterioration 
and visual loss are the predominant symptoms associated with 
POAAs attributable to the proximity of the vasculature and 
optic nerve.[8-10] Intraorbital POAAs have been reported to 
also present with exophthalmos, extraocular muscle palsies 
and pain. Only a subset of reported POAAs had ruptured 
causing aneurysmal subarachnoid, intracerebral, intraorbital, 

Figure 1: Patient 1, 55 F, traumatic brain injury. Admission computed tomography-head (a and b). 
Type  A carotid-cavernous fistula in lateral diagnostic cerebral angiogram (DCA)-projection, the 
retrograde filling of the left superior ophthalmic vein is evident (c). Transvenous coil-embolization 
was performed in the acute setting (d). Follow-up DCA after 8  months showed a dorsal-medial 
focal outpouching of the internal carotid artery (ICA) as well as a prominent intracranial proper 
ophthalmic artery aneurysm (e). Flow diversion using Pipeline embolization device was performed 
and 6-month follow-up magnetic resonance angiography shows resolution of the ICA defect (f).
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Figure 2: Patient 2, 58 M, right temporal gunshot wound. Admission computed tomography-head 
(a). A  traumatic right-sided ethmoidal dural arteriovenous fistula (dAVF) was evident on lateral 
diagnostic cerebral angiogram (b). Two minimal outpouchings of the intracranial and intracanalicular 
segment of the ophthalmic artery were identified as well (c). ree weeks after a complicated course, 
both proper ophthalmic artery aneurysm (POAAs) grew (d). Treatment of dAVF as well as POAAs 
was performed through Onyx embolization (e) with successful resolution of the POAAs as well as 
dAVF (f).
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Figure 3: Patient 3, 31 M, traumatic brain injury. Admission computed tomography-head (a and b). 
Four-month follow-up diagnostic cerebral angiogram (DCA) for potential vascular compromise 
was performed revealing a small intracranial proper ophthalmic artery aneurysm (c). Subsequent 
4, 9, and 21  months DCA follow-ups demonstrated stable aneurysm size and morphology 
(d-f, respectively).
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or subconjunctival hemorrhage.[16,18,21] Etiology of POAAs is 
not yet established and a genetic component has also not yet 
been identified.[6] However, POAAs have commonly been 
described in the setting of traumatic brain injury with vascular 
comprise. Hence, pseudoaneurysm formation or development 
of dissecting/fusiform aneurysms prone to rapid growth are 
likely.[3,23] e rapid growth of both POAAs of Patient 3 likely 
was subject to this etiology. e high-impact traumatic brain 
injury followed by a prolonged course of severe vasospasm as 
well as adjacent parenchymal abscess formation might have 
rendered aneurysm stabilization unlikely facilitating rapid 
progression. Presence and formation of POAAs in context 
with cerebrovascular pathologies that alter intracranial flow 
hemodynamics have also been established. Flow-related 
aneurysms are frequently encountered with anatomic 
variations of the cerebral arterial vasculature,[12] brain 
arteriovenous malformations[14,19] and brain dAVF.[1,7] In the 
presented case series, three patients harbored arteriovenous 
fistulas involving the ophthalmic segment of the ICA (two 
ethmoidal dAVFs and one Type  A CCF). In contrast to 
trauma, altered hemodynamics is more likely to cause true 
(saccular) aneurysm formation. Subsequently, treatment of 
the underlying cause such as dAVF embolization or surgical 
obliteration represents a curative approach that also affect 
flow-related aneurysms. is has been observed in Patient 4 

and also observed by others.[13] In distinct cases, endovascular 
proximal OphA sacrifice[17] or OphA flow diversion has been 
successful.[21] Besides endovascular treatment, microsurgical 
options include clip obliteration specifically for intracranial 
segment POAAs. Depending on lesion location and aneurysm 
size, anterior clinoidectomy and optic canal decompression 
(unroofing) are required.[11,20,22] Finally, several case reports 
recommended watchful waiting for asymptomatic and 
incidental POAAs.[4,15] Predictive aneurysm rupture score 
such as PHASES is likely not applicable to POAAs due to most 
ruptured aneurysms presenting with low PHASES scores, the 
potential different etiology of POAAs opposed to true saccular 
aneurysms as well as the original studies not including 
POAAs.[5] Repeated DCAs in the asymptomatic Patient 3 
from the present series demonstrated stable POAA size and 
morphology over a 2-year course. Although the lesion was 
identified after cranial trauma, etiology cannot be determined. 
However, the stable clinical and radiological course underline 
that conservative management is a valuable option for a certain 
subset of POAAs.

Limitation

e small series of POAAs bases on imaging reports during 
the study period. However, the herein identified patient count 

Figure  4: Patient 4 was diagnosed with a left-sided proper ophthalmic artery aneurysm (POAA) 
(a-c) in a setting of a left (b and c) and right (d) sided ethomoidal dural arterio-venous fistula. After 
right-sided N-butyl cyanoacrylate (NBCA) embolization, the left side was treated with NBCA as well. 
However, the ophthalmic artery (OphA) demonstrated contrast stasis in the intraorbital segment – 
as well as in the POAA – in the postembolization run (e). Follow-up diagnostic cerebral angiogram 
(DCA) 5 months later revealed reconstitution of a small calibered OphA. However, vision did not 
recover beyond light-dark perception. Twelve years later, the DCA demonstrated equal findings (f).
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with POAAs per patient-angiograms in the study period 
cannot reliably be used to estimate a prevalence of POAAs. 
Not every patient underwent 3D-rotational angiography and 
small POAAs might easily be overlooked without proper 
angiographic assessment of the OphA.

CONCLUSION

POAAs represent a rare entity that may go unnoticed 
in patients suffering from traumatic brain injury or 
cerebrovascular pathologies. Still, they do pose a risk for 
visual deterioration or even hemorrhage. is report adds 
to the scant literature on POAAs and may help informing 
clinical decision-making.
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