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INTRODUCTION

Intracranial infectious aneurysm (IIA) is a rare disease[14], of which 72.8% of cases are caused 
by bacterial infection; infectious endocarditis is the major predisposing factor.[26,30] Only 13.2% 
of IIA cases are caused by fungal pathogens.[26] Treatments for fungal IIA remain controversial, 
and many different approaches have been used. Surgical treatments include trapping,[31] 
excision,[17] and clipping,[4,20,22] whereas endovascular treatments include coiling,[8,10] placing of a 
detachable balloon,[8] and liquid embolization.[8] However, the endovascular treatment of fungal 
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Background: Intracranial infectious aneurysms (IIAs) are very rare, and fungal aneurysms are infrequently reported. 
We report a case of an unruptured IIA caused by fungal rhinosinusitis and treated with a flow-diverting stent.

Case Description: An 81-year-old woman visited the ophthalmology department with impaired eye movement 
and ptosis and was placed under follow-up. A week later, she also developed a headache; magnetic resonance 
angiography revealed an aneurysm measuring 2  mm in the C4 portion of the right internal carotid artery. 
A 3-week follow-up with contrast-enhanced magnetic resonance imaging showed an increase in its size to 10 mm, 
and a contrast lesion was observed surrounding the right cavernous sinus. The patient started treatment with 
voriconazole and steroids on the same day. Ten weeks later, despite improvements in inflammation, the size of 
the aneurysm was unchanged; we, therefore, treated the aneurysm with a flow-diverting stent. Oculomotor nerve 
palsy improved, and the patient was discharged to a rehabilitation hospital 28 days after the placement, with a 
modified Rankin Scale of 4. A 1-year follow-up angiogram showed a partial decrease in the size of the aneurysm, 
with an O’Kelly-Marotta grading scale of B3.

Conclusion: IIAs grow rapidly, and the risk of rupture is high due to the weakening of the aneurysmal wall. To 
reduce the risks of rupture and recurrence after treatment, the infection should be treated before inserting a flow-
diverting stent. Flow-diverting stent placement may be an effective treatment for IIA once the original infection 
has been cured.
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IIA using a flow-diverting stent has rarely been reported. 
Herein, we report a case of unruptured IIA caused by fungal 
rhinosinusitis, which we treated with a flow-diverting stent.

CASE DESCRIPTION

An 80-year-old woman with a medical history of cerebral 
infarction, ovarian cancer, and breast cancer noted sudden 
right eye ptosis and abduction. She visited her local 
ophthalmology department for a check-up and was placed 
under follow-up. One week later, she had a gradually 
worsening headache and was taken by ambulance to a 
local hospital. Magnetic resonance angiography revealed 
a 2-mm aneurysm in the C4 portion of the right internal 
carotid artery (ICA); however, the relationship between the 
aneurysm and her symptoms was unclear [Figures 1a and b]. 
Follow-up magnetic resonance imaging revealed an increase 
in the size of the aneurysm to 10  mm within two weeks 
[Figures 1c and d]; the patient was referred to our hospital for 
further evaluation. Contrast-enhanced magnetic resonance 
imaging revealed a contrast-enhanced lesion from the right 
cavernous sinus to the orbital apex, which was suspected of 
communicating with the sphenoid sinus [Figures 1e and f].

Moreover, the cavernous portion of the right ICA was 
dilated with wall irregularities caused by vascular invasion 
[Figures  2a and b]. Laboratory examination revealed 
elevated β-d-glucan (33.1  pg/mL); white blood cell counts 
and C-reactive protein levels were within normal ranges. 
The patient was diagnosed with an invasive fungal sinus 

infection with a fungal ICA aneurysm and was hospitalized 
for medical treatment. She started steroid treatment with 
intravenous hydrocortisone followed by oral prednisolone, as 
well as antifungal treatment with voriconazole. Although she 
was afebrile and her β-d-glucan levels lowered after medical 
treatment, the size of the aneurysm was enlarged, and its 
shape changed [Figures  2c and d]. We considered surgical 
treatments. A balloon occlusion test was not performed due 
to her mild cognitive impairment and restlessness. Parent 
artery occlusion with extracranial to intracranial bypass 
seemed too invasive for her general condition. We, therefore, 
planned an endovascular treatment using flow diverting 
stent to maintain distal cerebral perfusion. She started 
dual antiplatelet therapy with daily aspirin (100  mg) and 
clopidogrel (75 mg). Three weeks later, on hospital day 47, 
she received a flow-diverting stent (Pipeline Flex with Shield 
Technology 4 × 35  mm, Medtronic) and had an O’Kelly-
Marotta grading scale of B2. Her ptosis and eye movement 
gradually improved after flow-diverting stent placement, 
and she was discharged to a rehabilitation hospital with a 
modified Rankin Scale of 4, which was the same score as 
at admission. Her symptoms almost completely recovered 
six months after the surgery. Follow-up angiograms at 
six months and one year showed a partial decrease in 
aneurysm size, with O’Kelly-Marotta grading scales of B2 
and B3, respectively [Figures 2e and f]. The patient finished 
antifungals at one year, and steroid treatment was tapered off 
over two years. She is currently in a nursing home with no 
complications.

Figure 1: (a and b) First magnetic resonance angiography of the aneurysm, with a size of approximately 
2 mm (arrow and arrowhead). (c and d) The aneurysm size increased to 10 mm in 2 weeks (arrow 
and arrowhead). (e and f) Contrast-enhanced magnetic resonance imaging demonstrates a contrast-
enhanced lesion from the right cavernous sinus to the orbital apex, which communicates with the 
sphenoid sinus.
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DISCUSSION

IIA often occurs in patients with conditions such as 
poorly controlled diabetes mellitus, leukemia, ongoing 
chemotherapy, or steroid therapy.[7,9,13,17,18,31] The present case 
had no pre-existing diabetes mellitus and was not on steroids. 
Although she had recently undergone treatment for breast 
cancer, she received surgical resection and hormone therapy 
only, with no chemotherapy. However, the breast cancer 
itself may have compromised her immune system through 
carcinoma-associated fibroblasts, which are reportedly 
associated with immunosuppression.[9]

Infective endocarditis is the most common cause of 
IIA[3], and patients usually have some clinical symptoms. 
However, in some cases, patients have negative results 
for various examinations. For example, blood cultures 
may be negative[3,7,17,29] multiple times,[24] as can be urine, 
sputum,[24] spinal fluid, and ascitic cultures.[29] It has been 
reported that 12.7% of patients with IIA have negative 
results for blood cultures.[3] Some cases of intracranial 
fungal aneurysm have C-reactive protein levels and 
white blood cell counts within a normal range[17,18], 
and some show negative results for β-d-glucan or 
aspergillus antigen.[7,17] After resection of intracranial 
fungal aneurysms, histopathologic findings may directly 
demonstrate the existence of fungus, for example, by 
detecting coenocytic hyphae.[17] However, in some cases, 
only the thickening or destruction of vessel walls is 
detected.[29] Okawa et al. diagnosed a case of IIA based on 

clinical symptoms, imaging findings, and reduced serum 
inflammation after initiating antibiotics despite various 
negative culture results.[24] In the present case, although 
we did not detect any signs of infection, we made the 
diagnosis of intracranial fungal aneurysm based on a 
comprehensive evaluation of laboratory data and imaging 
findings.

Different IIAs are thought to have distinct characteristic 
locations. For example, intracranial bacterial cerebral 
aneurysms are often caused by infective endocarditis[3,30], in 
which infections in the intracardiac space are transported 
by the bloodstream. The infections then settle into 
peripheral intracranial arteries and use them as scaffolds to 
enlarge and form cerebral aneurysms. Intracranial bacterial 
aneurysms, therefore, tend to form in small peripheral 
arteries. In contrast, intracranial fungal aneurysms often 
occur in a slightly different manner; fungal infections are 
thought to directly invade and infect adjacent organs rather 
than travel through the bloodstream.[3,7,18,31] Intracranial 
fungal aneurysms thus tend to form in main arteries, such 
as the ICA, through direct invasion from the sinuses and 
other organs. In autopsy cases, bone destruction of the sinus 
wall has been observed near the neck of the aneurysm[18], 
and a pouch has been detected in the sphenoid sinus in 
connection with an ICA cavernous segment with multiple 
aneurysms.[13]

There is no established duration of antifungal medical 
treatment for intracranial fungal aneurysms. According to 

Figure  2: (a and b) First angiogram demonstrating the aneurysm in the cavernous portion of 
the right internal carotid artery with wall irregularities. (c and d) Angiogram after six weeks of 
medical treatment exhibiting the aneurysm dilatation and shape change. (e and f) Arterial phase 
and venous phase of angiogram one year after flow diverting stent placement. O’Kelly-Marotta 
grading scale: B3.
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a retrospective cohort study of the use of antifungals and 
outcomes of invasive aspergillosis or mucormycosis, the 
average duration of antifungal treatment was 41  days.[27] 
In two previously reported cases of intracranial fungal 
aneurysms treated with flow-diverting stents, the 
duration of antifungal treatment was 3 and 6 weeks.[10,16] 
These results may indicate that six weeks of antimicrobial 
treatment before performing endovascular treatment is 
appropriate. Concerning the duration of antimicrobial 
treatment after stent placement, some reported cases have 
continued antifungals until β-d-glucan levels were within 
normal limits,[31] some were treated until week 6,[5] and 
some continued treatment for more than two years.[13] In 
the current case, with an aim to decrease aneurysm size, 
we first administered antifungal treatment for seven weeks 
before performing endovascular treatment. However, 
because the aneurysm size remained unchanged, we then 
inserted a flow-diverting stent and continued antifungal 
treatment for one year.

IIAs rapidly grow and deform, thus inducing destruction 
and necrosis of the surrounding organs.[17] Invasive 
fungal sinus infection can also lead to artery stenosis as 
well.[28] In a case reported by Koiso et al., elastic fibers 
had disappeared from the aneurysm wall, and only 
fibrotic tissue was observed.[17] Such aneurysms rapidly 
grow over a few weeks to a few months[5,24,30], and this 
rapid growth makes the vessel walls fragile and prone to 
rupture. Treatment is difficult when the walls rupture. 
Intracranial fungal aneurysms tend to form in proximal, 
larger-diameter main arteries; once ruptured, they 
can be fatal. Although coil embolization can obtain an 
earlier aneurysmal flow reduction than flow-diverting 
stent placement, flow-diverting stent placement has 
been performed in some cases of recurrence after 
acute phase coil embolization.[15] As shown in Table  1, 
IIAs have been treated using flow diverting stent, with 
favorable outcomes. Complete occlusion was achieved 
in 75% of those cases. In the present case, although the 
aneurysm remained even one year after flow-diverting 
stent placement, the aneurysm decreased in size and 
remained unruptured. Predictive factors were reported, 
such as older age (>70  years),[12,19] aneurysm with 
mass effect, aneurysm location other than vertebral 
artery,[1] and fusiform morphology.[19] These factors were 
consistent with the present case and seemed to be the 
cause of incomplete occlusion. Parent artery occlusion 
is another treatment method that can provide more 
immediate aneurysm obliteration than flow-diverting 
stent placement [11,21]. However, the complication rate for 
unruptured cerebral aneurysms is 21.8%, which includes 
ischemic complications at 17.5%.[23] To maintain distal 
cerebral perfusion in our case, we, therefore, decided to 
insert a flow-diverting stent. Ta
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CONCLUSION

Flow-diverting stent placement may be an effective treatment 
for symptomatic intracranial fungal aneurysms once the 
original infection has been cured.
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