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etection of osseous involvement
in the care of patients with me-
ningioma is necessary for proper
surgical resection. In patients with oper-
able tumors, the most substantial decid-
ing factor for recurrence is the presence
of osseous involvement, as resection of
primary tumors and hyperostotic bone
is needed for complete resection. Al-
though hyperostosis can be detected
by using conventional imaging (com-
puted tomography [CT] and magnetic
resonance [MR] imaging), conventional
imaging often is a mediocre tool in dif-
ferentiating between the presence and
absence of osseous involvement, even if
slight hyperostosis is identified (1-4).
Recently, positron emission to-
mography (PET) with the radiolabeled
fluoride analog fluorine 18 (18F) fluo-
ride has been used in the assessment
of osseous involvement in patients with
meningioma (5). The results of our
prior study suggest that increased SF-
fluoride uptake in the skull adjacent to
the primary tumor is associated with
hyperostosis and osseous involvement.
Therefore, 8F-fluoride PET/CT is a
promising noninvasive technique with
particularly high sensitivity for detec-
tion of hyperostosis and osseous in-
volvement in patients with meningioma.
However, the diagnostic performance
of F-fluoride PET/CT has not been
compared with that of the conventional
imaging alone in evaluating osseous in-
volvement in meningioma, and the role
of F-fluoride PET/CT in the detection
of osseous involvement in patients with
meningioma should be clarified.
The aim of the current study was
to compare the diagnostic performance
of '8F-fluoride PET/CT with that of
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conventional imaging in evaluating the
osseous involvement in meningioma.

' VNVIater'iarls and Methods

Patients

A total of 78 patients between 11 and
83 years of age with histopathologically
proven meningioma were retrospec-
tively assessed from December 2011 to
December 2013. Of these, 67 patients
(86%) had primary meningiomas and 11
patients (14%) had recurrent tumors.
The initial assessment in all patients
was based on medical history, physical
examinations, and conventional imaging
studies that included CT and MR imag-
ing. The criterion for eligibility for this
study was World Health Organization
performance status 0 or 1. Patients with
uncontrolled diabetes (n = 1), preg-
nancy (n = 1), apparent infection (n =
1), other serious medical disorders (n
= 2), or concomitant malignancy (n = 5)
were excluded. The study was approved
by the Ethics Committee and Institu-
tional Review Board of Yokohama City
University Hospital, Yokohama, Japan
(No. B1001111026), and was conducted
according to the Declarations of Helsinki
and Tokyo. Written informed consent
was obtained from all patients.

Conventional Imaging

Conventional imaging consisted of CT
and MR studies. CT studies were per-
formed within 5 days before 8F-fluoride
PET/CT and 10 days before surgery.
CT was performed by using a 64-de-
tector row multisection system (Ag-
ullion 64; Toshiba Medical Systems,
Ohtawara, Tochigi, Japan), with the
following parameters: 120 kVp, 350
mA, 1-mm section thickness with 64
detector rows, nonhelical scan, recon-
struction thickness of 4 mm, and func-
tion code 64 (FC64; Toshiba Medical
Systems). Contrast material-enhanced

Implication for Patient Care

CT was performed after administration
of contrast medium (Iopamiron; Bayer,
Berlin, Germany), 300 mg iodine, at a
rate of 1.0 ml/sec with an automatic
injector (Dual Shot; Nemoto-Kyorindo,
Tokyo, Japan) with a scan delay of 90
seconds. MR studies were performed
within a week before ®F-fluoride PET/
CT and 11 days before surgery. MR im-
aging was performed by using a 1.5-T
system (Magnetom Symphony, Siemens,
Erlangen, Germany; or Gyroscan Intera
Master, Philips Medical Systems, Best,
the Netherlands). Pulse sequences, in-
cluding T1-weighted spin-echo imaging,
T2-weighted fast spin-echo imaging,
diffusion-weighted spin-echo imaging, as
well as contrast-enhanced T1-weighted
spin-echo imaging with fat suppression,
were used as previously described (3).

PET/CT Studies

18F-fluoride was produced by irradiating
oxygen 18 water with protons in a metal
target and was trapped by passing the
target water through an anion exchange
resin, which was the same method we
described previously (3). A phantom
PET/CT study was performed to clarify
the necessary and sufficient conditions
for data acquisition and to ensure qual-
ity control before the clinical study (6).
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Studies were performed by using a
whole-body PET/CT scanner (Aquiduo
PCA-7000B; Toshiba Medical Systems)
equipped with a CT component having
16 detector rows. We used a BT phan-
tom for cross calibration. All patients
received an intravenous injection of 3.7
MBq/kg of 8F-fluoride after fasting at
least 6 hours and resting for 1 hour.
The mean uptake time was 50 minutes
+ 6 (standard deviation). Scanning pa-
rameters for PET/CT were as follows:
data acquisition, 120 seconds per bed;
field of view, 500 mm; iterations, four;
subsets, 14; matrix size, 128 X 128; fil-
ter, Gaussian 8 mm in full width at half
maximum; and reconstruction, attenu-
ation-weighted ordered-subsets expec-
tation maximization. For the CT por-
tion of the examination, low-dose CT
data were acquired at 120 kVp using
an automatic exposure control system,
a beam pitch of 0.875 or 1, and a 16-
detector row mode with 1.5- or 2-mm
section thickness.

image Interpretation

Conventional images were evaluated by
two board-certified radiologists (I.T.,
with 9 years of experience, and A.H.,
with 10 years of experience) separately
with clinical information. Within-group
interpreter agreement was assessed by
using the Cohen « and the McNemar
test. CT and MR findings of the skull
adjacent to the primary tumor were
assessed by using a workstation (Syn-
apse; Fujifilm Medical, Tokyo, Japan).
A representative case for image in-
terpretation is presented in Figure 1.
When a mass or a masslike lesion of
the skull adjacent to the primary tumor
was identified at CT or MR imaging,
osseous Involvement was considered
to be positive. On a CT scan, the pres-
ence or abhsence of sclerotic or lytic
changes was counted. The patterns of
signal intensity of osseous involvement
on T1l-weighted, T2-weighted, diffu-
sion-weighted, and contrast-enhanced
T1-weighted images were collected for
evaluation of MR images.

PET/CT images were assessed by
two board-certified nuclear medicine
specialists (U.T., with 19 years of ex-
perience, and T.I., with 37 years of

experience) separately, with clinical
information. Within-group interpreter
agreement was also evaluated by using
the Cohen k and the McNemar test. The
PET and CT images were reviewed on a
workstation (PETSTAT, Adin Research,
Tokyo, Japan) in all standard planes.
When increased uptake greater than
that in the normal skull is identified in
the skull adjacent to the primary tumor,
osseous involvement was considered to
be positive (Fig 1). A volume of interest
was outlined within areas of increased
uptake and was measured on each sec-
tion. When the lesion was extensively
heterogeneous, the volume of interest
was set to cover all of the components of
the lesion. When the tumor was located
in the center of the skull, we referred
to the frontal bone. The standardized
uptake value (SUV) was calculated ac-
cording to the following equation:
SUV = [(C,, - F,)/A,l/BW, where
C,.. is maximum count, F_| is calibra-
tion factor in kilobecquerels per mil-
liliter, A, is injected activity in mega-
becquerels, and BW is body weight in
kilograms. Maximum values were used
to minimize the partial volume effects
and to increase the reproducibility of
the measurements. Metabolic tumor
volume (MTV) was calculated on the
basis of the gross tumor volume on
the PET scan. Total bone metabolism
(TBM) was calculated as the product of
MTYV and average SUV.

Histopathologic Evaluation

Samples from the tumor and the skull
were obtained at the time of definitive
surgery (drilling or careful sampling of
the skull). Merged PET/CT images were
exported to a neuronavigation system
(StealthStation; Medtronic Sofamor
Danek, Memphis, Tenn) for precise tis-
sue sampling. When an osseous lesion
was considered to be difficult to remove
at surgery, drilling or careful sampling
of the lesion from the center and pe-
riphery of the bone flap representing
strong accumulation of ®F-fluoride was
performed. Histologic sections 4 pm in
thickness were cut, stained with hema-
toxylin-eosin, and examined with light
microscopy. Tumor specimens were im-
munostained with the Ki-67 antibody

(clone MIB-1; Dako Cytomation, Glos-
trup, Denmark), diluted in a ratio of
1:100, and autoclaved, and the Ki-67
(MIB-1; Dako Cytomation) labeling in-
dex was similarly estimated with the
methods we described previously (5).
The mean interval between the PET/
CT study and either surgical resection
or biopsy was 12.5 days (range, 1-17
days). Follow-up MR imaging was per-
formed at 6 and 12 months after sur-
gery in all patients.

Statistical Analysis

The primary analysis was of the diag-
nostic performance of ®F-fluoride PET/
CT and that of conventional imaging to
detect osseous involvement. The per-
formance was assessed by calculating
the sensitivity, specificity, positive pre-
dictive value (PPV), negative predictive
value (NPV), and accuracy with corre-
sponding 95% confidence intervals (ex-
act method that was based on the bino-
mial distribution). The sensitivity and
specificity are defined as the number
of true-positive decisions of osseous
involvement divided by the number of
actually positive cases with osseous in-
volvement and the number of true-neg-
ative decisions of osseous involvement
divided by the number of actually neg-
ative cases with osseous involvement,
respectively. PPV is defined as the prob-
ability of osseous involvement among
patients with a positive result at PET/
CT or conventional imaging. NPV is de-
fined as the probability of no osseous
involvement among patients with a neg-
ative result at PET/CT or conventional
imaging. The differences in sensitivity,
specificity, PPV, NPV, and accuracy were
compared between ¥F-fluoride PET/CT
and conventional imaging by using the
receiver operating characteristic (ROC)
analysis. The area under the ROC curve
(A) is defined as the average value of
sensitivity for all possible values of
specificity for osseous involvement by
using PET/CT or conventional imaging.
The ROC curve is obtained by plotting
the sensitivity of a test on the y-axis
against one minus specificity on the
x-axis (7). We calculated the A_ value.
In general, the closer the A_ value is to
one, the better the overall diagnostic
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a.

Figure 1:  Representative case of 0sseous involve-
ment in a 70-year-old woman with meningothelial me-
ningioma (World Health Organization grade I) of the left
convexity. (a) Coronal CT image (300 mA, 120 kVp)
and (b—d) coronal T1-weighted (repetition time msec/
echo time msec, 506/11) (b), T2-weighted (3670/112)
(), and gadolinium-enhanced T1-weighted (673/11)
(d) MR images demonstrate a well-defined extraaxial
tumor in the left convexity. CT shows calcification of
the primary tumor and sclerotic and lytic changes
within skull lesion (arrow, a). Skull lesion shows as
isointensity (arrow, b) on T1-weighted MR image,
high-signal-intensity area (arrow, ¢} on T2-weighted
image, and as area of marked enhancement (arrow,

d) on gadolinium-enhanced T1-weighted image. (e)
8F-fluoride PET/CT fusion image reveals prominent
uptake both in the primary tumor (arrow) and in the
skull containing osseous involvement (arrowheads).
Normal skull shows minimal uptake.

performance of the test. The difference
of A_ value was compared with a x? test
by using the theory on generalized U
statistics to generate an estimated co-
variance matrix (8). The variables were
compared by using hypothesis testing
for proportions in two independent
groups, assuming normal distribution
of the differences and without continu-
ity correction. Clinical characteristics
were compared with the use of an inde-
pendent t test for continuous variables
and a x> test or Fisher exact test for
mutually exclusive categorical variables.
Comparison of the PET/CT measure-
ments between patients with or without
osseous involvement was performed by
using the Student t test. Within-group
interpreter agreement was measured

by using the Cohen k and the McNe-
mar test. The k values were interpreted
thus: less than 0.20, poor agreement;
0.21-0.40, fair agreement; 0.41-0.60,
moderate agreement; 0.61-0.80, good
agreement; and 0.81-1.00, excellent
agreement. All reported P values were
two sided, and a significance level of .05
was applied. For the statistical tests, we
used a two-sided significance level of
.05. Statistical analysis was performed
with software (PASW Statistics 19, IBM,
Tokyo, Japan; and SAS, version 9.2 for
Windows, SAS Institute, Cary, NC).

Demographics in patients are present-
ed in Table 1. Osseous involvement was

identified in 25 of 78 patients (32%).
Eighty-six percent of patients had no

initial symptoms. Meningothelial me-
ningioma was the most frequently oc-
curring histopathologic subtype, fol-
lowed by transitional meningioma,
fibrous meningioma, and atypical me-
ningioma. The most frequent World
Health Organization grade of the tumor
was grade I. Locations of the tumor
included the convexity, middle cranial
fossa, parasagittal, cerebellar convex-
ity, and tentorium cerebelli. Osseous
involvement was stratified according to
primary tumor size and calcification of
the main tumor.

The Cohen « values of CT, MR im-
aging, and '®F-fluoride PET/CT were
0.74, 0.83, and 0.77, respectively. CT
revealed that most lesions of osseous
involvement showed sclerotic change
(Table 2). Specific MR signal inten-
sity patterns of lesions with osseous
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Tblel =

Male patients

Malignant tumor

Chief complaint

2127)

involvement were not identified. The
contribution of diffusion-weighted im-
aging to detect osseous involvement
was limited (Table 2).

All PET/CT measurements of the
main tumor, including maximum SUV,
MTV, and TBM, were similar for le-
sions with or without osseous involve-
ment (Table 3). The mean = standard
deviation of maximum SUV, MTV, and
TBM of the lesion with osseous involve-
ment were 13.2 = 1.1, 32.4 = 10.4,
and 358.8 * 142.9, respectively. Sig-
nificant differences between the main
tumor and the lesion with osseous in-
volvement were identified in maximum
SUV (P < .0001) and MTV (P = .013),
respectively. By contrast, the difference
in TBM between lesions with and with-
out osseous involvement was marginal.

At 8F-fluoride PET/CT, histopath-
ologic specimens obtained by drilling

Table3

Sclerotic

Nbrmal
IR signe
T1Wimage

CE T1W image

Abnormal

showed negative results in two patients
(3%) regardless of osseous involve-
ment. The mean size of these lesions
was 7 mm in the largest diameter.
False-positive findings were found in
seven patients (9%) at '®F-fluoride
PET/CT, and histopathologic specimens
revealed hyperostotic changes in all
these lesions. The osseous involvement
findings were false-positive in nine pa-
tients (12%) and false-negative in nine

patients (12%) by using conventional
imaging. The mean size of the false-neg-
ative lesions was 10 mm in the largest
diameter. Histopathologic findings in
patients with false-positive results were
hyperostosis in seven patients (9%) and
normal or heterogeneous bone marrow
in two patients (3%).

The sensitivity, specificity, PPV,
NPV, and accuracy of osseous involve-
ment detection for ®F-fluoride PET/CT

Radiology: Volume 273: Number 2—November 2014 = radiology.rsna.org
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and conventional imaging are presented
in Table 4. Compared with the conven-
tional imaging strategy, the ®F-fluoride
PET/CT strategy appears to have a
slightly superior sensitivity, NPV, and
accuracy of osseous involvement detec-
tion (Fig 2). The ROC analysis revealed
that the mean A_ value of 'SF-fluoride
PET/CT was significantly greater than
that of conventional imaging (0.965 =
0.02 [standard error], with 95% con-
fidence interval: 0.930, 1.000, vs 0.703
+ 0.066 [standard error], with 95%
confidence interval: 0.574, 0.832) with
P < .0001 (Fig 3). The between-group
difference in sensitivity, specificity, PPV,
NPV, and accuracy was not significant
if the data were stratified according to
malignant tumor, recurrent tumor, his-
topathologic subtype, and location.

Discussion

Our study results demonstrate that the
accuracy of osseous involvement de-
tection by using F-fluoride PET/CT
appears to be superior to that by using
conventional imaging. The addition of
8F-fluoride PET/CT to the preopera-
tive evaluation can reveal information
about occult osseous involvement and
aid selection of the surgical margin.
These findings suggest that '8F-fluo-
ride PET/CT should be performed in
all patients with meningioma who are
being considered for surgery.

True mechanisms responsible for
18F-fluoride uptake in meningioma are
not fully established. ®F-fluoride ions
exchange with hydroxyl groups in the
hydroxyapatite crystal bone to form
18F-fluoroapatite within tumors. Our
own previous study on meningioma
has shown that uptake of '8F-fluoride
within tumor or adjacent bone may
reflect regional blood flow, active

bone formation, and osseous turnover
(5). We previously assessed the capa-
bility of 8F-fluoride PET/CT to help
detect occult osseous involvement by
determining whether differences in
diagnostic performance between the
18F-fluoride PET/CT group and the
control patients (conventional imag-
ing group) were explicable. One ba-
sic study (9) in which the researchers
were investigating bone formation in
meningiomas demonstrated that os-
teopontin, a 38-kDa phosphorylated
glycoprotein secreted by macrophage,
induced the development of psammo-
ma bodies and was bound to calcium
phosphate, which is associated with
18F-fluoride uptake in meningioma.
The investigators (9) also suggested
that bone morphogenetic protein 4
(BMP-4), one of the growth factors
regulating formation of bone from
mesoderm, might play autocrine and
paracrine roles in the growth and dif-
ferentiation of meningioma. Another
investigator (10) reported that the au-
tocrine effect of BMP-4 could sustain
tumor growth in meningioma and that
the paracrine effect of BMP-4 con-
tributed to hyperostosis and osseous
involvement in the overlying skull. We
hypothesize, but cannot prove, that
osteopontin and BMP-4 may interact
with '®F-fluoride and affect its uptake
in meningioma. Further studies of the
correlation between '$F-fluoride up-
take and expression of osteopontin
and BMP-4 are warranted to clarify
the role of calcium metabolism in
meningioma.

Notably, osseous involvement is
frequently identified in meningioma
(11-14). However, detection of os-
seous involvement might be difficult
to achieve as a part of the daily clin-
ical routine for screening because

the results of the previous imaging
studies demonstrated low sensitivity
(1-4,15). The extent of proven osse-
ous involvement appears as areas of
abnormal accumulation at technetium
99m (%"Tc) methylene diphosphonate
scintigraphy (16-18). Although the
mechanisms of ®F-fluoride and %™Tc~
methylene diphosphonate uptake in
fluoroapatite of osseous lesions are
similar, the findings of the previous
studies in which the researchers eval-
uated the capability of individual im-
aging modalities or the differences
between modalities, including single
photon emission computed tomogra-
phy (SPECT), SPECT/CT, and PET/
CT, to aid detection of osseous involve-
ment are limited. Further research is
required to determine whether or not
there is indeed an incremental diag-
nostic improvement with 8F-fluoride
PET/CT over other imaging methods,
including %™ Tc-methylene diphospho-
nate SPECT/CT.

Investigators in many studies dem-
onstrate that tracer uptake is corre-
lated with tumor grade and is linked
to tumor grade or aggressiveness in
meningioma (6,19-23). In our pre-
vious study, we similarly showed the
association between continuous mea-
surement of 8F-fluoride or 8F-fluoro-
deoxyglucose uptake and tumor grade
in meningioma (5) and significantly
greater differences in maximum SUV
and MTV in lesions with osseous in-
volvement than in lesions without
osseous involvement at !SF-fluoride
PET/CT. These data suggest that con-
tinuous measurements of PET/CT may
help identify osseous involvement in
meningioma.

Potential limitations of the study
include retrospective comparisons of
limited cases with osseous involvement.
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d.
Figure 2:

In the clinical setting, drilling or sam-
pling of bone, which may induce dam-
age of neural tissue, is not always
performed in tumors arising from the
skull base or the tentorium cerebelli.
Further prospective and comparative
analysis of a large population with
close follow-up with MR imaging after

Meningothelial meningioma (World Health Organization grade ) of the left convexity
in a 64-year-old woman. (a) Coronal CT image (300 mA, 120 kVp) and (b—d) coronal T1-weighted
(5606/11) (b), T2-weighted (3670/112) (c), and gadolinium-enhanced T1-weighted (673/11)

(d) MR images demonstrate a well-defined extraaxial tumor in the left convexity. No obvious
osseous involvement is observed in the skull. (e) "8F-fluoride PET/CT fusion image and (f) PET
image reveal high uptake in the component of osseous involvement. The maximum SUV was 7.4
g/mL, MTV was 46.8 mL, and TBM was 212.0 g. (g) Surgical specimen showed meningothelial
meningioma with osseous involvement. (Hematoxylin-eosin stain; original magnification, X100.)

e

surgery is warranted. Furthermore,
the precise mechanism of '®F-fluoride
uptake within the osseous lesions is
not fully investigated. Thus, histopath-
ologically based assessment comparing
expression of osteopontin and BMP-4
with surgical specimen findings will be
required (9,10).

In summary, we recommend pre-
operative imaging by using 8F-fluoride
PET/CT to detect occult osseous in-
volvement in patients with meningi-
oma. The precise mechanisms remain
unclear, but our favored hypothesis is
that patients may proceed directly to
conventional surgery when 8F-fluoride
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Figure 3:  ROC curves of "®F-fluoride PET/CT and
conventional imaging (C/) for asseous involvement
are presented. The mean A, value of "®F-fluoride
PET/CT was significantly greater than that of con-
ventional imaging (0.965 [rounded from 0.9649)] =+
0.02 [standard error], with 95% confidence interval:
0.930, 1.000, vs 0.703 = 0.066 [standard error],
with 85% confidence interval: 0.574, 0.832), with P
<<.0001. Diagonal line = reference line (A, = 0.50).

uptake within the skull is not abnormal.
However, a positive finding at F-fluo-
ride PET/CT should prompt confirma-
tion of osseous involvement by drilling
or sampling of bone.
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Case Report

Oculomotor Nerve Schwannoma Presenting as an
Entirely Cystic Homogeneous Mass on Magnetic
Resonance Imaging: Case Report
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Abstract

A 79-year-old woman presented with left oculomotor nerve paresis. Initial
Computed Tomography (CT) demonstrated an isodense cystic lesion 15 mm in
diameter in the left crural and carotid cisterns. On Magnetic Resonance Imaging
(MRI), the cyst was homogeneously hyperintense on both T,- and T,-weighted
imaging with slight hemorrhage. Removal of the lesion was indicated, since the
cyst was gradually enlarging and symptoms were progressing. Since the cyst
was tightly attached to the oculomotor nerve, partial resection was performed.
Pathology of the cyst wall revealed schwannoma with microhemorrhage.
However, the residual tumor showed sudden bleeding 1 month later, so second
surgery was performed to remove the tumor subtotally, leaving a small piece
of residual capsule tightly adhering to the brainstem and internal carotid
artery. Although oculomotor nerve schwannoma is rare, particularly presenting
as a completely cystic mass, this diagnosis should be considered with such
lesions. In addition, total or subtotal resection to prevent further enlargement or
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hemorrhage might be indicated, even in older patients.

Keywords : Oculomotor nerve schwannoma; Cyst formation; Intratumoral
hemorrhage
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Introduction

Oculomotor nerve schwannoma in the absence of
neurofibromatosis is extremely rare, with only 56 cases previously
reported in the literature [1-8]. According to a systematic review
by Furtado et al. [2], the most common site of origin is in the
cisternal segment of the oculomotor nerve. Although radiological
diagnosis is usually made by Magnetic Resonance Imaging (MRI),
precise diagnosis is often difficult, and differentiation from other
tumors, including meningioma, dermoid cyst, craniopharyngioma,
neurenteric cyst, and pituitary adenoma, is warranted. We recently
treated a patient with an entirely cystic schwannoma originating
from the oculomotor nerve in the crural cistern, which showed
rapid growth and intratumoral hemorrhage. Such cystic tumors are
extremely rare, and only two cases have been reported [5,6]. We
report this case and review the pertinent literature, with particular
focus on the radiological features.

Case Presentation

A 79-year-old woman presented to our clinic with left
oculomotor nerve paresis. No special past or family history such
as neurofibromatosis was noted. Computed Tomography (CT)
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showed an isodense cystic lesion 15 mm in diameter in the left crural
cistern (Figure 1A). Tiny high-density niveau in this mass suggested
hemorrhage in the cyst. No calcification or vessel anomaly was seen
on CT angiography. MRI also revealed a homogeneous cystic mass,
hyperintense on both T - and T,-weighted imaging (Figure 1B, C).
The tumor capsule did not show clear contrast enhancement. The
mass was isointense to brainstem on Diffusion-Weighted Imaging
(DWT). Due to the advanced age of the patient, we continued close
observation; however, the cyst gradually enlarged and reached 22 mm
in diameter after 6 months (Figure 2). The mass effect of the tumor
on the left cerebral peduncle was increased, and oculomotor function
gradually deteriorated. We finally decided to resect the tumor in
order to decompress the brainstem, based on a tentative preoperative
diagnosis of neurenteric cyst.

Through a left transsylvian approach, a cystic mass with grayish
capsule was observed lateral to the internal carotid artery in the
carotid cistern. The cyst was attached to the oculomotor nerve,
suggesting a neural origin (Figure 3A). To preserve oculomotor
function, partial resection of the cyst wall was performed, showing
serous xanthochromic fluid as the cyst contents. In the pathological
specimen, short spindle cells and a palisade-like pattern were
observed on hematoxylin and eosin staining (Figure 3B). This and
strong immunostaining for S-100 protein indicated schwannoma.
Hemosiderin deposition was also confirmed by Berlin-blue stain,
suggesting microhemorrhage in the tumor (Figure 3C).

After confirming successful evacuation of cyst fluid (Figure 4A-
C), the patient was discharged without improvement of oculomotor
nerve palsy. Five weeks later, however, the patient was readmitted
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Figure 1: A) Axial unenhanced CT at presentation, showing a cystic lesion in the left crural cistern that is isodense to the cisternal space. B, C) Axial unenhanced
MRI showing cystic and homogeneous mass. T -weighted imaging (B) shows a hyperintense mass. T,-weighted imaging (C) shows extreme hyperintensity
compared to brainstem. Tiny high-intensity niveau in this mass suggest hemorrhage in the cyst.

Figure 2: Seven months after initial onset, axial unenhanced MRI shows
enlargement of the cyst. T -weighted imaging (left) and T,-weighted imaging
(right) also show homogeneous signal intensity and tumor size reaching 22
mm in diameter during this period.

with sudden onset of right hemiparesis, disturbance of consciousness,
and complete left oculomotor palsy. Emergent CT demonstrated
intratumoral hemorrhage from the residual tumor with midbrain
compression and associated hydrocephalus (Figure 4D). Following
ventriculo-peritoneal shunt for hydrocephalus, a second operation
was performed for subtotal removal of the tumor with sacrifice
of the oculomotor nerve, since the nerve was behind the enlarged
tumor and hematoma, and was damaged severely with total loss of
function preoperatively. A small piece of residual capsule tightly
adhering to the brainstem and internal carotid artery was left intact
after the procedure. After improvement of clinical condition, the
patient was transferred to a rehabilitation hospital, 12 months after
initial onset. And even up to 58 months after the procedure, the
patient experienced no further rebleeding although there was a loss
of complete oculomotor function.

Discussion

Schwannoma originating from the oculomotor nerve without
neurofibromatosis is extremely rare. Such lesions are generally
classified according to location, such as cisternal type (42%), cavernous
sinus type (31%), cisterno-cavernous type (21%) and orbito-cavernous
type (6%) [2,4]. The present case would be classified as cisternal type.

The reported cases have mainly involved solid schwannoma, with the
exception of two cases. One was mainly located in the lateral wall of
the cavernous sinus and the tumor included a 10-mm round cyst [6].
The other was a relatively small mass, 15 mm in diameter and located
in the cisternal portion, and exhibiting homogeneous hyperintensity
on both T,- and T,-weighted imaging, as in the present case [5]. This
latter case was preoperatively diagnosed as lipid-containing cystic
craniopharyngioma, and subsequently identified pathologically as
cystic schwannoma with microhemorrhage. These entirely cystic
schwannomas, including the present case, may pose a diagnostic
challenge.

A diagnostic clue in such cystic cases might be the presence of
microhemorrhage, as observed in our case, since schwannoma is
known to bleed intratumorally. In Vestibular Schwannoma (VS),
progression of intratumoral microhemorrhage is reported to be
associated with preoperative hearing loss [9]. In this study of 274
cases, most of the pathological specimen exhibited microhemorrhage,
although major hemorrhage comprising >25% of the lesion
was noted only in 23%. Several MRI studies have also suggested
microhemorrhage in schwannoma [10-12]. More specific findings
were reported by Thamburaj et al. who clearly demonstrated that 94%
of VS showed signs of hemorrhage when examined on T2* imaging,
suggesting this as a specific finding in differential diagnosis [13]. Such
microhemorrhage, when repeated, has been considered to lead to cyst
formation [14]. Indeed, cystic VS are reported to exhibit significantly
more hemosiderin deposition than homogeneous solid VS [15].
In our case, repeated hemorrhaging, as verified by imaging and
pathological findings (Figure 3C), was associated with cyst formation,
which would also support this hypothesis.

Cyst itself, however, is not a specific finding in VS. According to
the literature, the cyst formation comprises a mean of 5.7-48% of the
VS, closer to 10% with more recent studies [16]. When associated with
a large cyst, wall thickness and enhancement could offer diagnostic
clues in favor of schwannoma when differentiating from other cystic
lesions such as arachnoid cyst, neurenteric cyst, and epidermoid [16].
Based on these findings, our preoperative diagnosis was neurenteric
cyst due to the homogeneous cyst and lack of wall enhancement.

Entirely cystic schwannomas with a lack of enhancement,
particularly in the crural cistern, should be differentiated from other
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