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Abstract

There has been a noted increase in the incidence of intracranial aspergillosis; this is often attributed
to the wider use of antibiotics, corticosteroids, and immunosuppressants. Fungal cerebral aneurysms
due to aspergillosis after neurosurgery remain extremely rare; in fact, only seven cases have been re-
ported in the literature. In this study, we present a patient with an Aspergillus aneurysm that elicited
subarachnoid hemorrhage after endoscopic endonasal surgery (EES) for craniopharyngioma. A 70-
year-old woman with recurrent craniopharyngioma and steroid treatment underwent uneventful EES.
On the 5th postoperative day, she suffered subarachnoid hemorrhage. As per her computed tomogra-
phy angiography findings, an aneurysm was detected on the left internal carotid artery (ICA). Subse-
quent digital subtraction angiography showed occlusion of the ICA and an irregularly shaped wall.
The diagnosis was pseudoaneurysm. We then performed craniotomy to place a left high-flow bypass
and to trap the pseudoaneurysm. Despite continuous intensive care, she died on the 25th postopera-
tive day of a huge, left cerebral infarct. The final diagnosis was made at autopsy; it revealed destruc-
tion of the ICA and Aspergillus invasion of the vessel wall, confirming the presence of a true fungal
aneurysm. Perioperatively, patients with potential immunosuppression must be carefully managed. Ad-
vanced age is a risk factor. As surgery via the paranasal sinuses raises the risk for aspergillosis, fungal
infection must be ruled out in patients whose postoperative course is deemed concerning,.
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Introduction

Aspergillosis of the central nervous system (CNS) is rare;
however, due to the wider use of antibiotics, corticoster-
oids, and immunosuppressants, its incidence has in-
creased. Vascular invasion by the fungus Aspergillus elicits
intense inflammation of the arterial wall, leading to throm-
bosis, dilation, rupture, and fungal aneurysm formation.
Fungal cerebral aneurysms due to aspergillosis after neuro-
surgery are extremely rare; in fact, only seven patients have
been reported in the literature, wherein all seven patients

died and the final diagnosis was made at autopsy."”

In this study, we present a case of an elderly woman
with a fungal aneurysm due to Aspergillus. She developed
subacute subarachnoid hemorrhage (SAH) after endoscopic
endonasal surgery (EES) for recurrent craniopharyngioma.
Autopsy revealed Aspergillus invasion of the intima of the
internal carotid artery (ICA). We then compared this case
with the seven previously reported patients, presented the
features of fungal cerebral aneurysms, and discussed their
prevention. To our knowledge, ours is the first patient with
fatal aspergillosis after ESS. We obtained her family’s con-
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Fig. 1

A-D Preoperative images obtained at the first hospital. The paranasal sinus. CT returned no abnormal finding at the maxillary (A)
and the sphenoid sinus (B). MRI scans (C-D): T2 axial view (C), T1 sagittal view after contrast medium injection (D). Neither image
shows abnormal finding at the sphenoid sinus.

E-M Preoperative images obtained at our hospital at the time of craniopharyngioma recurrence. CT shows an iso-dense lesion
and no bone destruction at the sphenoid sinus (E). MRI (T2, axial view) (F) at the sphenoid sinus detected a mixed intensity lesion.
MRI (T1, coronal view) (G) shows an iso- and high-density lesion. Contrast-enhanced T1 (coronal view) (H) and sagittal (I) images
showing homogenous mucosal enhancement. MRI (T2 coronal view) (J) and the contrast-enhanced (T1 coronal view) (K) scans re-
veal a tumor encasing the left internal carotid artery. The fused image with venography (L) and the CTA scan (M) reveal no aneu-

rysm at the laterally pushed left internal carotid artery.

sent to report this case.

Case Report

A 70-year-old woman presented with vision failure. She
had a history of hyperlipidemia but not of diabetes. As the
diagnosis was cystic craniopharyngioma, she underwent
cyst fenestration by microscopic transsphenoidal surgery
(TSS) at another hospital and received hormone substitu-
tion therapy. On the day of that surgery, she was injected
intravenously with 50 mg hydrocortisone every 6 hours. On
the 1st postoperative day, she was injected with 50 mg hy-
drocortisone at 8-hour intervals. Because pituitary dysfunc-
tion was suspected, she received a daily average of 15 mg
oral hydrocortisone perorally for 37 days. Her craniopha-
ryngioma regrew 1 month after the operation, and she was
transferred to our hospital with complaints of progressive

visual deterioration.

Preoperative computed tomography (CT) and magnetic
resonance imaging (MRI) studies performed at the other
hospital had detected no paranasal sinus anomalies (Fig. 1
A-D). Preoperative MRI performed at the time of cranio-
pharyngioma recurrence showed a large sellar lesion with
suprasellar extension that elevated the optic chiasm.

Our examination revealed primary left optic atrophy and
bilateral hemianopsia. The solid portion of the tumor and
its cyst wall were enhanced by gadrinium. CT and MRI
scans showed fluid collection without bone destruction;
the mucosa at the sphenoid sinus was contrast-enhanced.
These observations indicated postoperative changes (Fig. 1
E-I). CT angiograms (CTA) and coronal MRI showed that
the lesion encased the laterally deviating left ICA. No
aneurysmal changes were noted (Fig. 1J-M).

At navigated EES, we punctured the cystic mass and dis-
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Fig. 2 Post-endoscopic endonasal surgery images.

A CT performed on the 1st postoperative day shows no hemorrhage.
B CT scan obtained on the 5th postoperative day reveals massive SAH with intraventricular hemorrhage.

C CTA performed immediately shows a paraclinoid aneurysm on the left internal carotid artery.
D Digital subtraction angiogram acquired approximately 10 hours thereafter shows occlusion of the irregularly shaped aneurysm

on the left internal carotid artery.

sected the cyst wall and the solid part of the cyst from the
surrounding tissue that adhered tightly to the left optic
nerve and slightly to the left ICA. Then, the tumor was
carefully dissected, internally decompressed, and removed
without active bleeding. The stalk, superior hypophyseal
arteries, and the floor of the third ventricle were preserved.
A small tumor portion that adhered to the left optic nerve
remained in situ.

On the 1st postoperative day, she was fully conscious
without neurological deficits except for left visual impair-
ment. CT revealed no hemorrhage or new infarct. She was
afebrile but complained of left eye pain on the 4th postop-
erative day. The next day, she suffered sudden-onset head-
ache and emesis, and her condition deteriorated.

CT revealed massive SAH in the tumor cavity and the
suprasellar, carotid, optic, and anterior interhemispheric
cisterns. CTA showed an aneurysm on the left paraclinoid
ICA, and subsequent intra-arterial digital subtraction angi-
ography revealed an occluding left ICA pseudoaneurysm
whose wall was irregular (Fig. 2). It was trapped, and a
high-flow bypass from the left external to the left middle
cerebral artery was placed using a radial artery graft.
Thereafter, she remained unconscious and developed pro-
longed mild fever.

Analysis of her cerebrospinal fluid (CSF) performed on
the 8th postoperative day showed an increase in CSF cells
(180 cells/uL), a neutrophil/lymphocyte (N/L) ratio of 315:
225, a high CSF protein (1205 mg/dL), and low glucose
level (16 mg/dL). Based on these findings, we suspected
meningitis.

We treated her prophylactically with cefazolin (3 g/day)
during the 3 days preceding EES. After detecting her post-
operative SAH, we switched to ciprofloxacin (600 mg/day)
during the 3 days preceding SAH surgery. As CSF analysis
had revealed mild pleocytosis, a decline in glucose level,
and an increase in protein content, we treated her empiri-
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cally with meropenem (6 g/day) for 17 days and vancomy-
cin (1.5 g/day) for 4 days. As CSF cultures and blood tests
showed no growths, we did not suspect fungal infection.
We did not perform a B-D-glucan test.

Repeat CSF studies performed on the 21st postoperative
day revealed a decrease in the number of CSF cells (22
cells/uL); the N/L ratio was 39:28, CSF protein fell to 105
mg/dL, and the glucose level was normalized (115 mg/dL).
Although she remained under intensive care to monitor for
post-SAH vasospasm, she developed pulmonary edema,
respiratory failure, and a sudden, huge melena due to an
anal ulcer. On the 25th day, we noted a huge left infarct
and midline shift, and she died.

Autopsy revealed Aspergillus mycosis, and a final diagno-
sis of true fungal aneurysm was made. Aspergillus hyphae
invaded the vessel wall; the internal elastic lamina was dis-
rupted by inflammatory infiltrates. There was an invasion
into the cerebrum by fungal colonies smaller than in the
vessel wall, suggesting that Aspergillus hyphae had primar-
ily invaded and then disrupted the vessels, leading to the
spread of colonies into the cerebrum (Fig. 3). Pathologi-
cally, the tumor was diagnosed as a regrown adamantino-
matous craniopharyngioma without malignant compo-
nents. No Aspergillus hyphae were seen to surround the tu-
mor.

Discussion

Craniopharyngiomas are known to be rare, histologically
benign epithelial tumors in the sellar/parasellar region.”
Their surgical resection presents significant challenges.
The gross total removal (GTR) of primary craniopharyn-
giomas tends to be considered in all age groups.”” EES fa-
cilitates excellent midline access and visualization and al-
lows for the GTR of craniopharyngiomas.”"” However, CSF
leakage can hamper the EES approach.” Neuroendo-
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Fig. 3 Images of the left internal carotid artery (ICA).
A-C The wall of the left ICA is disrupted.

A The H&E-stained section shows severe infiltration by acute and chronic inflammatory cells in all layers of the ICA (x40).
B EVG stain (x40). The internal elastic lamina is disrupted by inflammatory infiltrates.

C Grocott stain (x40). Mycotic colonies invading the vascular wall.

D H&E stain (x200). Note the severe infiltration of acute and chronic inflammatory cells in all ICA layers and the vascular lumen.
E Grocott stain (x200). Mycotic colonies invading the vascular wall. Characteristically branching Aspergillus hyphae suggest Asper-

gillus infection.

F Grocott stain (x200). Aspergillus hyphae invade the cerebrum. The invading colonies are smaller than in the ICA wall.

scopes and skull base reconstruction have decreased the
incidence of CSF leakage to 0-15%.""*'*'” The incidence of
meningitis after CSF leakage also fell to 1.0-5.9%.""""”

Recurrent, previously treated craniopharyngiomas de-
velop scar tissue and adhesions and present surgical chal-
lenges. The rate of GTR in repeat surgeries is markedly
lower than in primary surgeries, whereas the rate of pe-
rioperative morbidity and mortality is higher.”"*'"”

Only seven reported patients who had undergone neuro-
surgery followed by fungal aneurysm rupture attributable
to Aspergillus have been reported (Table 1)."”” They and our
patient were diagnosed at autopsy. The basilar artery and
the ICA were common sites of fungal aneurysm formation;
in one patient, the anterior cerebellar artery was involved.
The seven patients’ primary diseases were ruptured aneu-
rysms (n = 3), pituitary adenomas (n = 2), and craniopha-
ryngioma or Rathke’s cleft cyst (n = 1 each). The three rup-
tured aneurysms were treated transcranially, whereas the
two pituitary adenomas and the Rathkes cleft cyst were
addressed by TSS. The surgical procedure used in cranio-
pharyngioma patients was not described. All were at risk
for immunosuppression due to hypopituitarism, elevated
growth hormone levels, prolonged treatment with corti-
costeroids and/or antibiotics, and their post-SAH status.

As our patient was older than 70 years and had under-

gone repeat surgeries for recurrent craniopharyngioma and
prolonged treatment with steroids, she was at risk for
complications.

In some of the previously reported patients, the site of
fungal aneurysm formation was suspected to be associated
with direct damage to vessel structures elicited by the ap-
plication of absolute alcohol in the tumor cavity, or associ-
ated with irradiation or temporary clipping."*” The interval
between the first operation and rupture of the fungal
aneurysm varied from 4 days to 6 months. According to
Asari et al,” histology confirmed that the temporary clip
application damaged vascular structures in their patient
who suffered subacute SAH 4 days after the operation.
Even minor iatrogenic injury to such structures may facili-
tate Aspergillus invasion through the vessel walls."”

Most arterial injuries are followed immediately by SAH.
Almefty et al."” reported that in patients with delayed post-
operative aneurysmal rupture, it was difficult to determine
whether iatrogenic direct injury or infection was culpable.
The unrecognized avulsion of small dural branches may re-
sult in the development of delayed pseudoaneurysms. Post-
mortem studies confirmed that our patient had suffered
fungal aneurysmal rupture. We cannot rule out the possi-
bility that a fragile perforator had torn from the left ICA,
thereby creating a site for the invasion of Aspergillus hy-
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Table 1 Summary of eight patients with ruptured fungal aneurysms attributable to Aspergillus after neurosurgery

A ite of - P i D fSAH -
Authors, year ge/ Primary disease Site 0 Sur Risk factor OStOP ereitthlve ate of § Out

aneurysm gery meningitis  after surgery come

Z::fd(ligsgf E;] 13/M  Craniopharyngioma BA NA  Hypopituitarism Confirmed 6 weeks Death

Mielke et al. 58/F  Pituitary adenoma  BA,ICA  TSS GH e?ev.a tion, alcohol application, NA 6 months Death

(1981) [2] irradiation

Asari et al. Ruptured AComA L.

(1988) [1] 48/M aneurysm ACA PA  Post-SAH, temporary clipping NA 4 days Death

Piotrowski et al. Ruptured paracli- Post-SAH, prolonged administra-

(1990) [4] 40/F noid ICA aneurysm BA PA tion of steroids and antibiotics Suspected 6 months Death

Komatsu et al. 61/F Rathke’scleftcyst ~ ICA TSS Hypop ituitarism, alcohol applica- Confirmed 27 days Death

(1991) [5] tion

Endo et al. so/p RupturedAComA IHA Post-SAH Suspected 26 days Death

(2002) [6] aneurysm

g%z)dl(;t)r?;]at al 38/F Pituitary adenoma  ICA TSS Hypopituitarism Confirmed 3 weeks Death

Prol i ,
Present case 70/F  Craniopharyngioma ICA EES 0 onged steroid treatment Suspected 5 days Death

reoperation

ACA, anterior cerebellar artery; AComA, anterior communicating artery; BA, basilar artery; EES, endoscopic endonasal surgery; GH, growth hor-
mone; ICA, internal carotid artery; NA, not applicable; PA, pterional approach; SAH, subarachnoid hemorrhage; TSS, microscopic transsphenoi-

dal surgery

phae. Autopsy revealed that Aspergillus hyphae had primar-
ily invaded vessels and that the inflammatory infiltrates
disrupted and occluded vessels, resulting in large infarc-
tion that, in turn, led to her death. In earlier patients,
autopsy revealed direct fungal invasion of the vessel wall,
intravascular thrombi, and aneurysm formation that elic-
ited ischemic stroke due to ICA occlusion.”

Paranasal sinus infection with intracranial extension has
been identified as the commonest pattern of aspergillosis.
Radiological findings are often nonspecific and of little di-
agnostic value. However, low signal intensity on T2-
weighted images and the presence of sinus disease with
features of fungal sinusitis can be useful. On MRI scans of
suspected aspergillosis sinusitis, lesions show hypointense
signals on both T1-weighted and extremely T2-weighted
images. After contrast administration, homogenous, hetero-
geneous, or ring enhancement of abnormal soft tissue may
be seen.”* Cho et al.”’ reported that CT images revealed
bony erosion and sclerosis in patients with chronic inva-
sive fungal sinusitis. The mean age of their patients ex-
ceeded 70 years, and many presented with hypertension,
indicating that Aspergillus sinusitis can occur in elderly,
and not only in immunosuppressed individuals.

Kawakami et al.” also reported that individuals older
than 65 years are at increased risk for invasive sino-orbital
aspergillosis and that their prognosis may be poor. Among
the seven patients (median age, 68 years) who have been
reported with the disease, two were neither diabetic nor
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immunosuppressed. CT scans revealed bone destruction in
five of the patients. In one patient, no CT or MRI abnor-
malities were detected initially. The initial symptoms of as-
pergillosis sinusitis were headache and periorbital and fa-
cial pain.”* Saini et al.” reported that in 9 of 12 immuno-
competent patients with Aspergillus fungal infection, there
were no imaging data indicative of predisposing factors.

Although the risk for fungal infection is higher after TSS
than after surgery via the transcranial route, we suspect
that in half of the reported patients, the transcranial route,
probably entering the frontal sinus, was applied.”” This ap-
proach raises the risk for fungal infection to the level seen
after TSS. Although aspergillosis of paranasal sinus origin
can be clinically benign and noninvasive, the invasive type
can be rapidly progressive, and fulminant disease may de-
velop in immunocompetent patients.”*’

When SAH occurs after fungal aneurysmal rupture, the
outcome is uniformly fatal irrespective of treatment mo-
dality.”” To prevent complications, we irrigate the sphenoid
sinus cautiously and deliver an antifungal agent when
there is the risk for Aspergillus colonization.

Especially in elderly patients, reoperation and corti-
costeroid delivery must be contemplated carefully. Consid-
ering our patient’s age and the tumor site and pathology,
we decided that EES was deemed appropriate. Her postop-
erative eye pain may have alerted us to the possibility of
sino-orbital aspergillosis. The identification of the early
stages of meningitis may improve the chance for sur-
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vival.”* It remains difficult to diagnose CNS aspergillosis

because in most patients, CSF cultures are negative, and
CSF analysis yields only nonspecific findings such as pleo-
cytosis and increased protein levels.”

In conclusion, although intracranial Aspergillus aneurys-
mal rupture as a neurosurgical complication is extremely
rare, the lack of specific findings on imaging and CSF
studies renders a diagnosis difficult. Surgery that enters
the paranasal sinuses may risk the development of asper-
gillosis. Especially immunosuppressed and elderly patients,
those on steroid therapy, and patients scheduled for reop-
eration for recurrent craniopharyngioma must receive ap-
propriate perioperative care, and the tumor must be care-
fully dissected from the vessels. An advanced age must be
considered a risk factor, and fungal infection must be
ruled out in patients whose postoperative course is un-
usual.
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