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Abstract

We report a case of unruptured fungal internal carotid artery (ICA) aneurysm and review the perti-
nent literature. A 79-year-old man presented with decreased visual acuity on the right side, and he was
diagnosed with retrobulbar optic neuritis. Medical treatment with steroids resulted in Aspergillus menin-
goencephalitis spreading to the bottom of bilateral frontal lobes, caused by an intracranial extension
of sphenoid sinusitis. Magnetic resonance imaging (MRI) performed 26 days after the start of antifun-
gal therapy showed a denovo right ICA aneurysm projecting anteriorly into the sphenoid sinus. As the
aneurysm grew rapidly, it was trapped surgically after establishing a high-flow bypass from the external
carotid artery to the middle cerebral artery. The patient’s postoperative course was uneventful. Anti-fungal
medication was continued until plasma concentrations of beta-D-glucan decreased to within normal limits.
Although fungal ICA aneurysm carries a high mortality rate, early detection and prompt treatment by
trapping and high-flow bypass can lead to good clinical outcome.
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Introduction

It has been reported that fungal internal carotid artery
(ICA) aneurysm is very rare, and its mortality rate is very
high.Y Owing to the increase in the number of immu-
nocompromised patients resulting from the widespread
use of steroidal, chemotherapy, and immunosuppressive
agents, the incidence of fungal ICA aneurysm is expected
to increase.? Recently, there have been several case reports
of fungal ICA aneurysms in which performance of endo-
vascular surgery tended to be associated with increased
survival rates.!*® Here we report a case of unruptured
fungal ICA aneurysm that was treated successfully by
surgical trapping and high-flow bypass and present a
review of the pertinent literature.

Case Description

A 79-year-old man with a past history of diabetes mellitus
and tuberculosis presented with decreased visual acuity on
the right side and was diagnosed with retrobulbar optic
neuritis. Medical treatment with a steroid (prednisolone
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40 mg/day) was initiated and continued for 2 months but
provided no symptom relief and subsequently resulted in
a recurrence of tuberculosis. The steroid was discontinued,
antituberculosis therapy was initiated. As the patient’s cogni-
tive function began to decline 2 weeks later, cerebrospinal
fluid (CSF) examination and MRI were performed. A CSF
examination showed an elevated cell count and the protein
level (cell count: 139/dL, glucose: 72 mg/dL, protein: 101
mg/dL) and was positive for the Aspergillus antigen. Fluid
attenuated inversion recovery (FLAIR) imaging revealed
an isointense lesion in the right side of the sphenoid
sinus and a high-intensity lesion spreading at the bottom
of the bilateral frontal lobes (Fig. 1A, B). Based on these
findings, a diagnosis of fungal meningoencephalitis due to
intracranial extension of Aspergillus sinusitis was made.

Antifungal therapy with amphotericin B was started, but
it was subsequently changed to micafungin because of an
adverse effect on renal function. Follow-up CSF examina-
tion and MRI performed 26 days after starting of antifungal
therapy showed decreased CSF cell counts (cell count:
6/dL, glucose: 71 mg/dL, protein: 130 mg/dL), some
shrinkage of the sphenoid sinus lesion, and a de novo
right ICA aneurysm projecting anteriorly into the sphe-
noid sinus at the C3 portion (Fig. 1C). It was noted that
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Fig. 1 A: Axial FLAIR image showing an isointense lesion (arrow) in the right side of the sphenoid sinus extending to the
orbital apex and the cavernous portion of the ICA. B: Axial FLAIR image showing a high-intensity lesion (arrow) at the base
of the bilateral frontal lobes, suggesting meningoencephalitis due to intracranial extension of sphenoid sinusitis. C: MRA image,
right anterior oblique view, showing an aneurysm (arrow) projecting anteriorly at the C3 portion of the right ICA. D: 3D-CT
angiography, right anterior oblique view, showing rapid growth of the aneurysm (arrow). Note that bilateral anterior cerebral
arteries distal to the anterior communicating artery are not opacified, suggesting the presence of a stenosis caused by frontal
base meningoencephalitis. E: Pre-operative single photon emission computed tomography showing a hypoperfusion area in the
anterior cerebral artery distribution. FLAIR: fluid attenuated inversion recovery, ICA: internal carotid artery, MRA: magnetic
resonance angiogram, 3D-CT: three-dimensional computed tomography.

bilateral anterior cerebral arteries (ACAs) distal to the
anterior communicating artery (AcoA) were pooly visual-
ized, suggesting the presence of arterial stenosis caused
by frontal base meningoencephalitis. Because a three-
dimensional computed tomography (3D-CT) angiogram
taken 5 days later showed rapid growth of this fungal
aneurysm (from 9 mm x 3 mm to 11 mm X 10 mm) (Fig.
1D), we planned an emergency operation to prevent the
aneurysm rupturing, which might have resulted in fatal
epistaxis. Pre-operative single photon emission computed
tomogram (SPECT) showed presence of a hypoperfusion
area in the anterior cerebral artery distribution (Fig. 1E).

Under endotracheal general anesthesia, a high-flow
bypass from the external carotid artery to the M2 portion
of the middle cerebral artery (MCA) was established
on the right side using a radial artery graft following
a superficial temporal artery (STA) - MCA assist bypass
to the M4 portion distal to the anastomosis site of the
high-flow bypass. Subsequently, the right ICA was trapped
between its origin in the neck and the C2 portion of the
ICA. A marked granulomatous change was seen in the
dura mater in the frontal base. The right ophthalmic
artery was involved in the trapping, as the patient’s
right visual acuity consisting of only light perception
just before the operation. We believed that performing

anterior clinoidectomy to expose the ophthalmic artery
might further accelerate the intracranial invasion of
Aspergillus species. Finally, we anastomosed the frontal
branch of the STA to the cortical branch of the right
ACA to increase perfusion in its territory.

The patient’s postoperative course was uneventful. MRI
taken 4 days after the operation showed patency of both
the radial artery graft and the frontal branch of the right
STA (Fig. 2A). There was no new cerebral infarction. The
right ICA had been obliterated and the aneurysm was
not visualized. Post-operative SPECT taken 2 weeks after
the operation showed improved perfusion in the right
anterior cerebral artery distribution (Fig. 2B). Antifungal
treatment was continued with itraconazole until plasma
concentrations of beta-D-glucan had decreased to within
normal limits. Fifty-five days after the operation, the
patient was transferred to a rehabilitation hospital because
of persisting cognitive function impairment.

Discussion
Intracranial fungal infection is a rare condition, accounting
for 0.8% of all intracranial infections.” There are three

routes through which a fungus invades the intracranial
space.? The first route is hematogenous dissemination

Neurol Med Chir (Tokyo) 56, February, 2016



Fungal ICA Aneurysm Treated by Trapping and High-Flow Bypass 91

Fig. 2 A: MRI image taken 4 days after the operation showing patency of both the radial artery graft and the frontal branch of
the right superficial temporal artery. The right ICA has been obliterated, and the aneurysm is not visualized. B: Post-operative
single photon emission computed tomogram showing improved perfusion in the right anterior cerebral artery distribution. ICA:

internal carotid artery, MRI: magnetic resonance imaging.

from a remote extracranial site, such as the lung. The
second route is through direct invasion from a contiguous
cranial focus, as in fungal paranasal sinusitis. The third
route is through contamination caused by improper
neurosurgical procedures. In cases of hematogenous
dissemination, fungal aneurysms tend to develop at
distal sites of the ACA, MCA, or posterior cerebral artery
(PCA) rather than the ICA, as is the case for mycotic
aneurysms that result from infectious endocarditis.?’ In
contrast, when the fungus invades from the paranasal
sinus, intracavernous and supraclinoid portions of the
ICA are frequently affected like the present case. Owing
to the recent increase in the number of immunocom-
promised patients, it is expected that the incidence of
fungal ICA aneurysms will likewise increase, just as the
number of patients with fungal paranasal sinusitis is
increasing.? However, it is often difficult to diagnose a
fungal aneurysm before it ruptures because its presenta-
tion is insidious (e.g., the fungal sinusitis presents with
vague symptoms, such as headache, rhinorrhea, disorder
of the sense of smell, or facial discomfort).” Among 18
cases of fungal ICA aneurysms described below, just 5
patients were diagnosed before its rupture. Thus, it is
important to have a high index of suspicion of a fungal
ICA aneurysm in patients with fungal paranasal sinusitis,
especially when orbital apex syndrome is present.? In the
present case, the patient’s cognitive function impairment
triggered a thorough study of the brain, including MRI,
and therefore, a rapidly developing ICA aneurysm could
be detected before its rupture.

Aspergillus is the most common cause of fungal aneu-
rysms. This is because Aspergillus is most frequently
found in deep mycosis and has the characteristic of
vasocentric tropism. The key molecule that leads to aneu-
rysm formation is the elastase produced by Aspergillus.
Elastase decomposes elastine, a major component of the
vascular wall, and induces inflammation in all layers of
the vascular wall.”
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By searching the English-language medical literature, we
were able to collect 18 case reports of fungal ICA aneu-
rysms (Table 1). Among these 18 cases, 11 of the patients
had died. Of 9 cases in which surgical or endovascular
intervention was performed, 7 patients survived. Among
the 9 cases, endovascular surgery was selected in 6 cases
and open surgery in 3 cases. In contrast, in the 9 cases
in which aneurysms were treated conservatively, all the
patients died. These data demonstrate that early interven-
tion is warranted to obliterate fungal ICA aneurysms and
prevent patient deaths. In endovascular surgery for fungal
ICA aneurysms, parent artery occlusion with a detachable
coil or balloon was the main procedure selected. It is less
invasive and has merit to provide immediate hemostasis
against a background of ongoing epistaxis. Recently Kim
et al. reported a case of a patient who presented with
severe epistaxis due to rupture of a fungal cavernous
ICA aneurysm. The aneurysm was successfully treated
with a graft stent. However, two aneurysms developed
later, downstream of the affected ICA, and the authors
suspected that these aneurysms were mycotic and had
developed owing to a graft stent infection.” As no such a
complication was reported in other patients who received
endovascular parent artery occlusion, preservation of blood
flow through a bioprosthesis in the setting of an active
infection may result in colonization with the circulating
fungus. Hurst et al. reported a case in which a fungal
ICA aneurysm extended intradurally and caused a fatal
subarachnoid hemorrhage after parent artery occulusion
with a coil.? These reports suggest that treating fungal
ICA aneurysms with foreign bodies, such as a stent or
coil, might not be a promising approach.

In the context of surgical cases, Bowers et al. reported
a case of a patient with ruptured fusiform paraclinoid
ICA aneurysm caused by Aspergillus invasion. Although
clip-wrapping of the aneurysm was performed, the patient
died owing to occlusion of the affected ICA and a complete
infarct in its distribution.!” Loeys et al. reported a case



J. Yamaguchi et al.

92

"9[R[TBABUN :y7[) ‘UOTISN[D00 AIs)Ie juared :Qyd ‘@1e[AI0BOUBAD [ANQ-U :yDHF-U

‘OTRUI A ‘SUTIBOTUNWWIOD I0TI8}s0d-P1joIe) [BUISUT :)J-D] ‘AI9)IE PTJOILD [BUISIUL iy ‘O[RWS] ] ‘SNII[[OW Sa1aqeIp N[ ‘Blwene] proydwA] otuoIyo 1) ‘AIojIe prjoIed :yo

9ATAING mmmmhnm\mw%mwm pamydniun VO prouroeguy snyriSradsy proiays ‘N N/9Z 9SBD JU9SAI]
peig Surddeim-din pamydny  yD prourperdng sn[isiadsy 9)BXAI)O)OIN ‘PI0ISIS /92 ©0:(G102) stomog
SATAING JU0)S JeIn) parnydny VD) SNouIsAR) snj[iSradsy aprweydsoydo[oAn) ‘proralg A/9% (2T0Z) e 10 W
QATAING (VDg-u+1109) Ovd parmdny VD SNOUIdAR)) snj[isradsy Na N/9L «(1102) ' 18 OB
peta aUuON parmdny v prourerdng sn[[is1adsy Na  N/€9 0z(0102) "TB 18 Wr]
9ATAING (ro2) ovd ~ permydniun VO snonad 00N Na N/8E +(6002) ‘B 10 BIUIDATY
9ATAING Surdden 110n pamydny YOI [BTUBIDRIXY snyriSradsy uonjejue[dsueI} MOITEW 8UO( OToUsSOT[R 1S0J IN/ST 11(6002) "Te 10 8qeURIBA\
9ATAING (uoo1req+1109) OVd parnydny VDI [eTURIORIIXH sn[idiadsy BTWIOYNA] [[00 AJITR] /19 «(£002) ‘T8 18 104
pala QUON parmydny VD SNOUISAB)) 00N\ Na /29 ©:(¥002) ‘T 10 qaley,
peid  (uoof[eq+[109) OVd pammydny V0D SNOWIBAR)) snjyisiadsy T10/emdind orusdojfooquromyy oryjedorp] /€L «(100Z) 'T® 10 IsIn]
QATAING Surddyy  peimydnrup Jjuewides g  SUDIIQID DPIPUDY) SISBTPUBD SNOAUEIND DTUOIYD) /S «(6661) 'T& 18 sA80T
paIa auON pormdny 0d-01 snjzradsy promis  N/Z9 «(8661) T8 10 BPEYO
pala QUON parmydny VoI snpISiadsy  1sA9 1J9[0 oIeY JO UOT}Dasal [eprousydssuely, A/19 @i(1661) 'Te 10 nsjpwoy]
peia QUON parmydny VO SNOUIdAR)) snyriSradsy TID N/8Z 1(0661) "T& 10 BIRYIL
pela auoN  pernydnrupn VD SNOUIdAR)) 00N Na /92 ©:(686T) 'T& 10 JJeS
pela UON parmydny VDI [BIUBIDRIU] snj[iSradsy v /8T @ (8461) 'Te 10 BNy
w1 (0£61)
pela QUON v VDI [BIUBIDRIU] urniyrons g UOT)OBIIXS [}00} ATR[[BIXBIN N/TT yoodg pue SSTIION
©:(896T)
pela auoN  pearmydnrun VDI [BIUBIDRIU] snj[iSradsy BIWOYNA[ 9)NOY A/L2 yordg pue Aa[eyeN
X988

wisAImaue juesserddnsounwmur  /(s1e94)

awoonQ INpad0IJ  JO UOTIIPUO)  WSAINSUE JO 9IS sndunyj JO asn pue saseastp SurA[Iepun ady (1e0A) TI0YINY

wsAInaue A1a)Ie prjoresd [euladjul [eSunj jo sased pajrodas jo Arewrng [ d[qe],

Neurol Med Chir (Tokyo) 56, February, 2016



Fungal ICA Aneurysm Treated by Trapping and High-Flow Bypass 93

of fungal ICA aneurysm in a child with familial chronic
mucocutaneous candidiasis. In this patient, clipping
the aneurysm after 3 months of antimycotic treatment
led to a favorable outcome.'” Several issues need to be
considered when planning surgery for fungal ICA aneu-
rysms. First, fungal aneurysms are prone to rupture and
therefore require prompt obliteration. Second, surgical
manipulation of the skull base, such as anterior clinoid-
ectomy, carries the potential risk of disseminating the
fungus to the central nervous system. Third, considering
the pathological changes to the affected arterial wall,
neck clipping the aneurysm in the acute stage may not
be reliable. In the present case, we performed trapping
of the ICA aneurysm with an extracranial-intracranial
high-flow bypass. This procedure precluded the risk of
rupture, thereby avoiding ischemia and procedure-related
dissemination of the fungal infection. There may be an
arguement about the necessity of trapping the aneurysm.
Another option of surgical procedure is affected ICA
ligation at the neck with a high-flow bypass. However,
in this setting the risk of rupture could not be precluded
until the aneurysm becomes completely thrombosed and
is isolated from the established collateral circulation. As
for the high-flow bypass in this case, we believed it was
mandatory because 3D-CT angiogram did not show the
AcoA and bilateral distal ACAs. Probably collateral flow
through the leptomeningeal anastomosis was supplying
their territories. In such a setting, a low-flow bypass may
not be enough to avoid ischemia in the ICA territory
after its occlusion.

In conclusion, in cases of invasive paranasal sinus
aspergillosis, early detection of a fungal ICA aneurysm
is paramount. Prompt trapping of the aneurysm with an
appropriate bypass combined with antifungal medica-
tions is a reliable treatment regimen for particular group
of patients.
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