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INTRODUCTION

Although advances in skull base techniques
have dramatically decreased mortality and
morbidity associated with resection of me-
ningiomas at the cerebellopontine angle
(CPA), surgery for this region remains chal-
lenging (2, 3, 11, 18, 25, 28). Other than
advances in operative techniques, there are
two major factors that are expected to pro-
mote further improvement in the operative
outcome. One is preoperative knowledge of
the consistency and the World Health Orga-
nization (WHO) grading of the lesion. In
the last 2 decades, a high correlation has
been shown between hyperintensity of me-
ningioma on T2-weighted magnetic reso-
nance imaging (MRI) and soft consistency
of the tumor, which is sometimes associ-
ated with WHO high grade or high vascular-
ity (4, 19, 29, 30, 33). Knowing these char-

OBJECTIVE: To present an angiographic classification of attachment of me-
ningiomas at the cerebellopontine angle {CPA) based on tumor feeding and to
validate the utility of this classification in predicting meningioma attachments at
the CPA.

METHODS: The authors retrospectively analyzed 34 consecutive patients with
meningioma at the CPA. Based on operative findings, tumors were classified into
four types: the petroclival type, in which the trigeminal nerve is displaced
laterally; the tentorial type, in which the center of tumor attachment is located at
the medial tentorium; the anterior petrous type, in which the center of tumor
attachment is located anterior to the meatus; and the posterior petrous type, in
which the center of tumor attachment is located posterior to the meatus.
Magnetic resonance imaging (MRI) was sufficient to confirm attachment of the
posterior petrous type. Another 26 cases were analyzed angiographically and
classified into three types: abnormal ipsilateral tentorial artery type (type A);
hilateral internal carotid artery {ICA) type (type B); and nontentorial, non-ICA type
(type N). This angiographic classification was validated by comparison with the
attachment classification.

RESULTS: Angiographic types A, B, and N corresponded to tentorial, petro-
clival, and anterior pefrous types of attachment. Ohserved agreement was very
high, particularly for tumors greater than 30 mm in diameter (i statistic 0.83; 95%
confidence interval [Cl] 0.62-1.0). Angiographic type in this paired attachment
typing offered high sensitivity and specificity greater than 0.80 in tumors larger
than 30 mm.

CONCLUSIONS: This angiographic classification seems to he useful in pre-
dicting meningioma attachments at the CPA. The existence of an abnormally
developed tentorial artery seems highly indicative of tumor attachment to the
tentorium.

acteristics of the tumor could greatly
influence extent of craniotomy, estimation
of operative time, and risk-benefit assess-
ment. The other factor is preoperative
knowledge of tumor attachment, which is
of greater importance than the former fac-
tor, especially in this difficult location, be-
cause knowledge of tumor attachment not
only has a strong influence on the above-
mentioned preoperative evaluations but
also might change the operative approach
itself.

To investigate surgical approaches in
greater detail, numerous surgeons have

proposed various attachment classifica-
tions for meningioma at the CPA (3, 16, 20,
26, 27, 32). Based on intraoperative find-
ings, Al-Mefty (1) classified posterior fossa
meningiomas into six subtypes: petroclival,
sphenopetroclival, clival, foramen mag-
num, anterior petrosal, and posterior petro-
sal. Petroclival meningiomas are defined as
arising from the upper two thirds of the
clivus, at the petroclival junction, and me-
dial to the trigeminal nerve. Such tumors
often span the middle and posterior cranial
fossae and can involve the posterior cavern-
ous sinus through Meckel cave. Sphenope-
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Figure 1. Schematic illustration of tumnoral attachment and direction of trigeminal nerve displacement.
(A) Trigeminal nerve is displaced caudally by tumor attached to tentorium (tentorial type).

(B) Trigeminal nerve is displaced laterally by tumor attached to petroclival dura (petroclival type).

(C) Trigeminal nerve is displaced rostrally by tumor attached to anterior petrous dura (anterior
petrous typel. Red arrows indicate the putative vascular supply of each attachment type.

troclival meningiomas are more extensive,
involving the anterior cavernous sinus, in-
vading the sella turcica and sphenoid sinus,
and occasionally involving bilateral cavern-
ous sinuses. Tumors arising from the mid-
line clivus and displacing the brainstem and
basilar artery posteriorly are defined as
clival meningiomas, whereas tumors aris-
ing from the lower third of the clivus are
defined as foramen magnum meningio-
mas. Posterior fossa meningiomas arising
lateral to the trigeminal nerve are called
petrosal meningiomas and are splitinto an-
terior and posterior petrosal meningiomas
(1, 8). Tentorial meningiomas were not in-
cluded in Al-Mefty’s classification.

Operative mortality is increased mainly
in association with cranial nerve injuries.
To preserve the cranial nerves, the surgical
field must be kept as bloodless as possible,
and the cranial nerves need to be kept clear
during surgical manipulation, even if de-
formed by the tumor. For this purpose, co-
agulating the feeding artery at the tumor
attachment in the early stages of tumor re-
section is quite useful. A clear understand-
ing of the relationship between the tumor
attachment of the meningioma at the CPA
and the cranial nerves is very important,
particularly for the trigeminal nerve, be-
cause such knowledge can dramatically im-
prove the speed and safety of the coagula-
tion process. Meningiomas at the CPA
usually grow slowly and have become large
by the time of diagnosis, however, and are
in contact with numerous surrounding neu-
ral, vascular, and bony structures. Knowing
the precise location of the tumor attach-
ment is sometimes difficult based on pre-
operative MRI alone (6, 14).

Cerebral angiography can be used to
show the attachments of meningiomas be-
cause the vascular supply of these lesions
comes from the normal dural arteries that
supply the site of tumor attachment. Such
arteries usually penetrate the meningioma
peripherally and then develop an extensive
arterial and capillary network in the center
of the tumor (13), indicating that the feed-
ing artery is well localized to the tumor at-
tachment. With this concept, we hypothe-
sized that angiographic classification
corresponds to attachment classification
and can be used to predict tumor attach-
ment before surgery. The purpose of this
study was to validate this hypothesis by ret-
rospectively analyzing 34 cases of meningi-
oma at the CPA treated surgically in our
hospital.

METHODS

We studied 34 consecutive patients with
meningioma at the CPA who underwent

surgery at The University of Tokyo Hospital
between November 2001 and April 2009.
We included all meningiomas that ex-
tended into the CPA along the petroclival
fissure or around the internal auditory me-
atus. We did notinclude meningiomas with
obvious attachment to the lower clivus, jug-
ular foramen, or foramen magnum or ten-
torial meningiomas unrelated to the CPA.
Cases with previous surgical treatment
were excluded because considerable altera-
tions to tumor feeding would be present
owing to the first operation. Mean age was
52years (range 22— 8o years), and the male-
to-female ratio was 1:3 (9 men, 25 women).
All study protocols were approved by the
institutional review board.

Classification of the Attachment

Based on the operative records, attach-
ment of the meningioma was classified
into four types: tentorial, petroclival, an-
terior petrous, and posterior petrous.
Tentorial type (n = 13) describes tumors
attached to the dura mater from the tento-
rium to the anterior petrous bone. The
trigeminal nerve is displaced caudally or
medially. Petroclival type (n = 7) catego-
rizes tumors attached medial to the tri-
geminal nerve. The trigeminal nerve is
displaced laterally and is sometimes in-
volved in the tumor. Anterior petrous type
(n = 6) includes tumors arising from the
dura mater of the anterior petrous bone or
Meckel cave. The trigeminal nerve is dis-
placed rostrally or medially. Posterior
petrous type (n = 8) includes tumors with
attachments that are posterior to the in-
ternal auditory meatus (including the

Figure 2. Axial (A) and coronal (B} views of magnetic resonance imaging (MRI) for posterior petrous
type showed meningioma at the right cerebelloponting angle (CPA) attached to the posterior
petrosal dura. The attachment was confirmed intracperatively.
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Figure 3. [A-C) Meningioma at the right cerebeliopontine angle [CPA) growing in the petroclival
region fed by an abnormally developed tentorial artery. (D) We defined the tentorial artery as
“abnormally developed” when the caliber of the vessel was greater than 10% of internal carotid
artery (ICA) caliber (caliber measured at double the length of the ICA away from its origin).

meatal wall and dorsal and ventral dura
mater).

Of all the operative records, four re-
cords lacked clear description of tumor
attachment. In seven other cases, it was
difficult to decide the attachment type
uniquely only by the direct description of
tumor attachment. In these cases, we con-
sulted the description on the direction of
trigeminal nerve displacement (Figure 1).
There were only four cases thatlacked this
information; three were posterior petrous
type, and the other was a small tumor
without any relationship with the trigem-
inal nerve in the operative field. All four
cases had clear description of tumor at-
tachment in the operative records. We
made the classification of tumor attach-
ment, which seemed to be reliable
enough for the purpose of our study. We
excluded posterior petrous type from fur-
ther analysis because preoperative MRI
was sufficient in all eight cases to predict

the attachment of these tumors correctly
(Figure 2).

Tahle 1. Angiographic Classification

Angiographic Findings

We considered the following two features
the most decisive angiographic findings:
abnormal development of the ipsilateral
tentorial artery and tumor stain on con-
tralateral internal carotid artery (ICA) an-
giography. The definition of abnormal de-
velopment of the ipsilateral tentorial artery
was as follows. We defined “a” as the cali-
ber of the ICA at the bifurcation of the ten-
torial artery and “b” as the caliber of the
tentorial artery at a distance of 2a from the
ICA. If bja was greater than o.10 (ie, tento-
rial artery thicker than 10% of the ICA), the
tentorial artery was considered to be abnor-
mally developed. We excluded tentorial ar-
teries that were shorter than 2a or origi-
nated from the ICA at an angle of less than
45 degrees (Figure 3). We determined the
existence of tumor staining from the
branches of the contralateral ICA only when
identifiable in the arterial or capillary phase
of contralateral ICA angiography. Two neu-
rosurgeons independently interpreted an-
giographic findings.

Based on the above-described angio-
graphic findings, tumors were classified
into three angiographic types. Type A (ab-
normal ipsilateral tentorial artery type) in-
cludes tumors with abnormally developed
ipsilateral tentorial artery. Type B (bilateral
ICA type) includes tumors with staining of
bilateral ICA angiograms. Type N (nonten-
torial, non-ICA type) includes tumors that
lack features of type A and type B.

Type A (abnormal ipsilateral tentorial artery type)

Type B (bilateral ICA type)
Type N [nontentorial, non-ICA type)

Abnormally developed tentorial artery on
ipsilateral ICA angiogram
Tumor stain on bilateral ICA angiograms

Lacking ahe'u:»rrhallyI developed tentorial artery
and bilateral tumor stain on ICA angiogram

ICA, internal caratid artery.

Table 2. Attachment Classification

Tentorial type

Petroclival type
Anterior petrous type

Trigeminal nerve shifted caudally/medially
Attachment to tentorium

Trigeminal nerve shifted laterally
Trigeminal nerve shifted rostrally/medially
Attachment to petrous apex
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Statistical Analysis

Anble 3 Sur Angiographic classification was compared
with the attachment classification (Tables 1

: — and 2). The difference between these two

No. patients 13 7 6 classifications was analyzed with the y* test
ngé [years) : 52.9 490 4f.5 A NS with 4 degrees ‘_’f freedom: V_alues o_f p.-c
e R e o0.01 were considered statistically signifi-
Male [%) 30’8 ; ih Bﬁ'? : i cant. The « statistic was subsequently used
Size (mm) 38.5 40.1 402 NS to calculate agreement between the two
Presenting Facial ﬁa]ufnumbness. 7 Gait disorder, 3 "{‘]é'éré&sed hearing, 3 da_sshﬁcaﬁfiﬁss with each E;EEOET‘?P]’FYPC
ms i ; : i SEGERI aired to the corresponding attachment
are g ST H&rnlpa £ 2 grpe in the order pressnted in Tables 1 and
Tinnitus, 2 Decreased hearing, 1 Facial pain/numbness, 2 2. The « statistic is defined as the observed

Hemiparesis, 2 He'_rniparesis. 1 Gait disorder, 1 agreement divided by the agreement notac-

Headache, 2 Tinnitus, 1 Tinnitus, 1 c_cu_ntfd fo&bv chance. Values ti{f gt;:e s

o : 1 tistic less than o.4 represent slight to fair

Dys‘?nhna_ z .N'? e _h_ln s, 2 agreement, valueste:eenoq and 0.6 indi-

i Double vision, 1 i : i cate moderate agreement, values between
Pathologic 0.6 and 0.8 show substantial agreement,
subtypes and values greater than 0.8 represent al-
Meningothelial 9 iR G R 3 s most perfect agreement (7, 9, 17, 22). Sen-

- 2 sitivity and specificity of each angiographic
F|.h.rou.s .1 j 1.. ; 1 type were also calculated for the paired at-
Transitional 2 _0 3 ¢ tachment type. Because small tumors were
Other 1 0 0 : expected to lack sufficient tumor feeding to
NS, not significant (P < 0.01, one-way analyss of varince). e s e

Table 4. Contingency Table for All
Tumors

TypeA b 10 [0 0
TypoB & 00 o4 1
TypeN 3 3 5

Pln=2=03pP<0.
x statistic = 059 (5% confidence interval (CI

| 0.35-083)

Table 5. Contingency Table for Large

Tumors {30 mm)

'l_'qg_iqrhl_ - Petroclival  Petrous
Type A 9 0 0
Type B 0 ? 4 1_ Figure 4. Axial (A) and coronal (B) views of magnetic resonance imaging (MRI) and lateral views of
Type N 0 1 4 right (C) and left (D) internal carotid artery (ICA) angiography for tentorial type. Meningioma at the
. — . - left cerebellopontine angle (CPA) fed by an abnormally developed tentorial artery was
X4 n=19) = 268 P< 01. intraoperatively revealed to have an attachment to the medial tentorium. No significant tumer stain
« statistic = 0.83 {95% C1 0.62-1). is evident on contralateral ICA angiography (C).
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Figure 5. Axial (A) and coronal (B) views of magnetic resonance imaging (MRI) and lateral views of
right {C) and left (D) internal carotid artary (ICA) angiography for petroclival type. Meningioma at the
left cerebellopontine angle (CPA) with tumor stain from bilateral ICA angiograms (C and D) was
intrapperatively revealed to push the trigeminal nerve laterally and to have a main attachment to the
petroclival dura.

mors greater than 30 mm as an optimal sub-
group for this study and separately calcu-
lated its statistical parameters. All statistical
analyses were performed using JMP (ver-
sion 8.0; SAS Institute, Cary, North Caro-
lina, USA).

RESULTS

Attachment Classification

Every tumor was classified into one of the
three attachment types in a compatible
manner. The proportion of male patients
tended to be slightly higher with the ante-
rior petrous type, but no significant differ-
ence was noted. All tumors showed patho-
logic diagnoses corresponding to WHO
grade 1. No particular pathologic features
were evident. Regarding presenting symp-
toms, trigeminal neuropathy, including fa-
cial pain or numbness, was most common
in the tentorial type. In the petroclival type,
gait disturbance was most frequent, and tri-
geminal neuropathy was absent (Table 3).

Angiographic Classification
All tumors were successfully classified into
one of the three angiographic types. Al-
though angiographic features such as ab-
normal ipsilateral tentorial artery and con-
tralateral ICA staining are theoretically
compatible, there was no tumor that satis-
fied both of these criteria simultaneously.
There was no correlation between angio-
graphic features and pathologic subtypes.
There was no significant complication of
angiography, which was performed by
trained radiclogists and neurosurgeons.
No prolonged hospitalization was required
in association with the procedure.

Comparison Between Two Classifications
The x* test for independence indicated a
significant relationship between attach-
ment classification and angiographic clas-
sification (y* [4,n= 26] = 21.3; P <0.01). k
statistic was 0.59 (95% confidence interval
[CI] o0.35-0.83), indicating moderate

agreement between the classifications (Ta-
ble 4). For tumors greater than 30 mm in
diameter, k statistic was 0.83 (95% Cl 0.62—
1.0), indicating almost complete agreement
between classifications (Table 5).

For the 13 tumors with tentorial-type at-
tachment, 1o tumors showed type A angio-
graphic features (Figure 4). Sensitivity and
specificity of type A for tentorial type were
76.9% and 100%. Among seven tumors
with petroclival-type attachment, four had
type B angiographic features (Figure §).
Sensitivity and specificity of type B for pet-
roclival type were 57.1% and g4.7%. In par-
ticular, tumors 30 mm or less in diameter
showed no tumor staining. As a result, tu-
mors greater than 30 mm showed a higher
sensitivity of 80.0%. Among six tumors
with anterior petrous—type attachment, five
showed type N angiographic features, and
one tumor had type A features (Figure 6).
Sensitivity and specificity of type N for ante-
rior petrous type were 83.3% and 70%.
Tumors greater than 30 mm in diam-
eter showed a higher specificity of 92.9%
(Table 6).

Correlation Belween Findings of
Magnetic Resonance Imaging and
Attachment Classification

The close inspection of MRI (including T1-
weighted images, T2-weighted images, and
fastimaging employing steady-state acqui-
sition [FIESTA] images with or without en-
hancement) provided us with detailed in-
formation not only on extent, consistency,
and precise position of the tumor, but also
on other surrounding structures, such as
blood vessels including arteries and veins,
several nerves, and the brainstem, allowing
the spatial relationship between these
structures to be visualized. As described
earlier, all the tumors of posterior petrous
type were correctly classified as such by
MRI. We were unable to predict attachment
of most tumors by MRI alone, however, be-
cause large tumors showed a wide range of
contacts with surrounding structures, and
characteristic signs such as bone hypertro-
phy were not frequently evident. We inves-
tigated a subgroup of tumors 30 mm or less
in diameter. Some of these tumors were
small enough to have definite attachment
recognizable from inspection of MRI At-
tachment type was obvious in four of seven
tumors in this subgroup. Two tumors were
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Figure 6. Axial (A) and coronal (B) views of magnetic resonance imaging (MR} and lateral views of
right (C) and left (D) internal carotid artery (ICA) angiography for anterior petrous type. Meningioma
at the left cerebellopontine angle (CPA) fed by several small branches (e.g., medial or lateral clival

arteries, not tentorial artery) from the ICA was intracperatively revealed to have a main attachment

to the petrous apex dura. No significant tumor stain is evident on cor

| ICA angiography (C).

tentorial type, and another two were petro-
clival type.

DISCUSSION

This study showed that angiographic find-
ings are useful for classifying the attach-
ment of meningiomas at the CPA. Gener-
ally, angiographic type A corresponds to
tentorial type in attachment classification,
type B corresponds to petroclival type, and
type N corresponds to anterior petrous type.
In particular, in cases with tumors greater

Table 6. Summary of Sensitivity and Specificity

than 30 mm in diameter, these paired clas-
sifications showed complete correspon-
dence. In addition, sensitivity and specific-
ity of our angiographic classification for the
paired attachment classification were
greater than 80%. Angiographic findings
are strongly correlated with attachment
classification, whereas itis difficult to know
the attachment of meningiomas at the CPA
by MRI alone.

Meningiomas at the CPA or in the petro-
clival region have been classified variously
based on intraoperative findings, and a sys-
tematically formulated nomenclature has

been lacking. Meningiomas originating
from the medial rim of the tentorium have
sometimes been discussed as tentorial me-
ningiomas (6, 31). We propose dealing with
these discretely defined meningiomas as a
unique spectrum of tumors occupying the
CPA and classifying these tumors into three
types based on the direction of trigeminal
nerve displacement. This classification of
attachments seems to show sufficient con-
cordance with classification based on the
angiographic feeding artery and supplies
useful information for deciding appropri-
ate surgical procedures.

Weselected two angiographic features as
decisive findings. One was tumor stain
from the contralateral ICA, and the other
was presence of an abnormally developed
tentorial artery. These features were se-
lected based on the anatomic consider-
ations described subsequently. The petro-
clival dura mater is fed by the medial or
lateral clival artery, and the tentorium is fed
by the tentorial artery. Because the tentorial
artery runs along the medial rim of the ten-
torium and then feeds the tumor, a tumor
originating from the petroclival dura mater
is unlikely to receive blood supply from the
tentorial artery. The clival artery shows a
complicated anastomosis with branches of
the ICA or ascending pharyngeal artery and
shows right and left anastomoses in the
midst of the clivus physiologically (24),
making it possible that tumors attached to
the clivus could show angiographic tumor
staining from the contralateral ICA. Ante-
rior petrous meningiomas, without attach-
ment to the tentorium or clivus, should lack
both features. This is why we paired the two
classifications as described earlier. Small
tumors are sometimes classified as type N
(nontentorial, non-ICA type), and the pre-
dicted attachments tend to be to the dura
mater of the anterior petrous bone. Actu-
ally, in cases of tumors 30 mm or less in
size, the false-positive rate of angiographic

B L All Tumors  Large Tumors (>30 mm)
Angiographic Type for Paired T R -
Attachment Type Sensitivity (%) Specificity (%) Sensitivity (%) Specificity (%)
Type A for tentorial type 76.9 100.0 1000 100.0
Type B for petroclival type 57.1 947 80.0 929
Type N for anterior petrous type 83.3 70.0 B0.O 929
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type N for anterior petrous type in the at-
tachment classification is increased. Pre-
dicting the attachment of such small tu-
mors by preoperative MRI alone was not
difficult, however. Applying this angio-
graphic classification to tumors greater
than 30 mm seems practical. In compari-
son, the sensitivity of type A (abnormal ip-
silateral tentorial artery type) is sufficiently
high even for small tumors (=30 mm), in-
dicating that an abnormally developed ten-
torial artery represents a quite sensitive in-
dex. Although the hypertrophic tentorial
artery of Bernasconi and Cassinari in tento-
rial meningioma has been known for de-
cades, tentorial meningiomas have not
been discussed within the context of poste-
rior fossa meningiomas. In this sense, it
seems meaningful to emphasize that me-
ningiomas fed by abnormally developed
tentorial arteries constitute a substantial
number of meningiomas at the CPA.

One of the benefits of knowing the at-
tachment preoperatively is that the most ef-
fective surgical approach can be selected.
Sometimes it is difficult to embolize the
feeding artery of meningiomas at the CPA
preoperatively because of dangerous anas-
tomoses and risk of ischemic injuries to the
cranial nerves (12). It is crucial to obstruct
the feeder in the early stage of the surgery. If
we know the tumor attachment, we can ap-
proach the attachment directly, detach it by
coagulation, and cauterize the feeding ar-
teries. For tumors attached to the tento-
rium, a direct approach to the inferior sur-
face of the tentorium is desirable to detach
the tumor. A retrosigmoid approach is suf-
ficient for tumors without massive supra-
tentorial extension (x4). If the tumor is at-
tached to the petroclival dura, the posterior
petrosal approach needs to be combined
with various extents of anterior petrosec-
tomy (8). If the attachment is localized to
the anterior petrous dura, a retrosigmoid
approach is enough for such a small tumor.
For the purposes of preserving serviceable
hearing, a petrosal approach is considered
more suitable (s, 8, 14).

Another benefit of predicting the tumor
attachment is that the direction of trigemi-
nal nerve displacement can be determined.
In the case of petroclival type, surgeons can
pay special attention not to injure the tri-
geminal nerve, which is located immedi-
ately beneath the petrous bone and the ten-
torium (14). Knowing the location of cranial

nerves enables the tumor attachment to be
handled quickly and the surgical field to be
kept bloodless, allowing better preserva-
tion of cranial nerves. The relationship be-
tween the tumorand cranial nerves can also
be shown by MRI cisternography with con-
trast enhancement, such as FIESTA or con-
structive interference in the steady state
(21). These methods are not always success-
ful, however, especially in cases of large tu-
mors, because cranial nerves are very small
structures and are sometimes stretched or
otherwise changed by tumoral involve-
ments. At the very least, angiographic diag-
nosis of the tumor attachment offers confir-
mation of cranial nerve displacement.

It is impractical to perform angiography
in all cases of meningiomas at the CPA. At
the present time, however, angiography of-
fers the most reliable information on the
feeding patterns of these lesions for the fol-
lowing reasons. First, angiography has he-
modynamic information that enables one
to detect not only feeding arteries in the
arterial phase butalso tumor staining in the
capillary phase. Second, although other
modalities, such as magnetic resonance an-
giography (MRA) or three-dimensional
computed tomography angiography (CTA),
are useful to detect relatively large struc-
tures, such as normal-sized aneurysm (1o,
23), their ability to delineate small feeding
arteries remains to be established owing to
their insufficient resolution and partial vol-
ume effect (15). The result of this study in
itselfcan be used in the future when MRA or
three-dimensional CTA overcomes these
limitations. From that perspective, we have
successfully shown the fundamental con-
ceptin developing the operative strategy for
meningiomas in this location. Ifthe feeding
arteries could be finely depicted three-di-
mensionally, operative strategies would be
more readily discussed based on three-di-
mensional images illustrating structural in-
teractions. We derived the idea for this
study in the process of preparing three-di-
mensional images showing structures
around the tumors.

This study has several limitations. The
retrospective nature of this study and the
relatively small sample size necessitate fur-
ther validation of the present findings.
Some of the operative records that we used
as the standard references had incomplete
information of tumor attachment, dimin-
ishing the reliability of this study. The prac-

tical utility of our angiographic classifica-
tion is limited because angiography is no
longer considered essential to preoperative
assessment of meningioma surgery. Future
studies are needed comparing less invasive
modalities such as MRA or three-dimen-
sional CTA with conventional angiography.
Despite these limitations, the contribution
of our findings is primarily in proposing the
angiographic prediction of the tumor at-
tachment, which has not previously been
reported and has a great impact on treating
meningioma at the CPA.

CONCLUSIONS

We showed that our angiographic classifi-
cation has a strong correspondence with
the attachment classification in cases of
large tumors (>30 mm). This correspon-
dence allows preoperative determination of
the tumor attachment of meningiomas at
the CPA. We have discussed the clinical im-
portance of this method in selecting opti-
mal surgical strategies for these challeng-
ing lesions.
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Hydrocephalus Due to Diffuse Villous
Hyperplasia of the Choroid Plexus

—Case Report—
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Abstract

An 8-month-old female presented with hydrocephalus caused by cerebrospinal fluid (CSF) overproduc-
tion due to bilateral choreid plexus enlargement, which was clinically diagnosed as diffuse villous
hyperplasia of the choroid plexus, but differentiation from bilateral choroid plexus papilloma was
difficult. She initially underwent ventriculoperitoneal shunt surgery, but developed marked retention
of ascites. Therefore, the peritoneal end of the shunt was removed for external drainage, but excessive
CSF (1,500 ml/day) was collected. Computed tomography and magnetic resonance imaging revealed
marked symmetric enhancement of the choroid plexuses in the bilateral lateral ventricles. Thallium-201
chloride single-photon emission computed tomography showed pronounced uptake on both early and
delayed images, and geod washout. CSF examination revealed no abnormalities such as atypical cells,
and a ventriculoatrial shunt was inserted, achieving good control of the hydrocephalus.

Key words: choroid plexus, hyperplasia, hydrocephalus, cerebrospinal fluid overproduction,

ventriculoatrial shunt

Introduction

Diffuse villous hyperplasia of the choroid plexus (DVHCP)
is a rare condition involving enlargement of the entire
choroid plexus, which remains histologically normal,
resulting in severe hydrocephalus due to cerebrospinal
fluid (CSF) overproduction. DVHCP must be differentiat-

Received April 30, 2010;  Accepted October 18, 2010
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ed from the rare occurrence of bilateral choroid plexus
papilloma (CPP), but discrimination between the two dis-
eases still presents problems. We treated a patient under a
diagnosis of DVHCP based on clinical findings, but
differentiation from bilateral CPP was difficult due to the
lack of pathological specimens.
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Case Report

An 8-month-old female was brought to our hospital as an
emergency case from a local hospital due to an acute in-
crease in her head circumference, tightness of the lower
limbs, and poor sucking ability on September 30, 2009.
She was born in distress by Caesarian section on the 4th
day of the 34th week of pregnancy in December 2008.
Computed tomography (CT) showed intraventricular
bleeding and hydrocephalus, but she was discharged after
1 month, and she was observed on an outpatient basis.
After about 2 months, she developed tightness of the lower
limbs, gradually lost energy, and demonstrated poor suck-
ing reflex, so she was taken to another hospital. Since
emergency magnetic resonance (MR) imaging revealed
marked hydrocephalus, she was transported to our
hospital.

On admission, her head circumference was 49.5 cm
(> +2 standard deviation), compared to 43,1 cm 1 month
earlier. The anterior fontanelle was tense, and sunset
phenomenon, tightness of the lower limbs, and scalp vein
distention were observed. Hearl rate, respiratory rate,
blood pressure, and body temperature were normal. Blood
examination showed no abnormalities in any parameter
including electrolytes, renal function, and liver function.
CT revealed marked ventricular dilation and periventricu-
lar lucency (Fig. 1).

Emergency ventriculoperitoneal (VP) shunt surgery was
performed. The surgical procedure was completed

Fig.1 Computed tomography scans on admission showing
marked ventricular dilation and periveniricular lucency.

without problems. On the day following the operation,
marked abdominal distention occurred. Abdominal CT
revealed massive accumulation of free [luid in the abdomi-
nal cavity (Fig. 2). We considered that her peritoneum
could not adequately absorb the CSF, and removed the
peritoneal end of the shunt to allow external drainage. The
initial pressure was established at 100 mm above the
patient’s external acoustic meatus. Since 200 ml CSF/hour
drained from the external acoustic meatus, intermittent
clamping was performed to prevent excessive outflow.
However, 200 ml CS8F/hour continued to drain. CSF ex-
amination showed no abnormal values or atypical cells.
CT and MR imaging, both with contrast medium,
showed prominent enhancement of the symmetrically en-
larged bilateral choroid plexuses (Fig. 3). Thallium-201
chloride single-photon emission computed tomography
(T1 SPECT) revealed marked uptake on both early and
delayed images and good washout with a negative reten-
tion index (Fig. 4). After 2 weeks, her general condition
worsened, with hyponatremia, methicillin-resistant
Staphylococcus aqureus pneumonia, and meningitis,

prompting performance of a tracheotomy. However, im-
provement was observed after antibiotic administration
intravenously and into the CSF. The diagnostic sig-
nificance of the T1 SPECT was unclear at this point, but

Fig. 4 Thallium~201 chloride single-photon emission comput-
ed tomography scans showing marked uptake {(fumor to non-
tumorous brain ratio) on both early (A: right 11.81, left 13.68)
and delayed images (B: right 3.08, left 3.09), and negative reten-
tion index (right —73.91, left —77.4), suggesting good washout,

Fig. 2 Abdominal computed tomography scan on the day after the first operation revealing massive free fluid in the peritoneum.
Fig. 3 T,-weighted magnetic resonance image (A) and computed tomography scans (B, C) with contrast medium showing no mass

lesion, but the markedly enhanced bilateral choroid plexuses.

Neurol Med Chir (Tokyo) 51, June, 2011
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Table 1 Cases of bilateral choroid plexus papilloma and diffuse villous hyperplasia of the choroid plexus (DVHCP)
Age at initial Radiographical Initial (and 2nd) Clinical Histological
Author (Year) grocadure feagtur%s procedures Last procedure diagnosis findings

Gudeman et al. (1979)2 3 yrs SE VPS, VAS resection papilloma papilloma
Welch et al. (198322 7 yrs SE VPS resection DVHCP NCP
B‘ig‘ggﬁs,ﬂ“d Pittman 29 mos SE VPS EC DVHCP NCP
Hirano et al. (1994)%% 7 yrs SE VPS resection DVHCP NCP
Britz et al. (1996)2 3 mos SE VPS VAS DVHCP no
Philips et al. (1998} 14 mos SE, CF VPS EC, VPS DVHCP NCP
Fujimura et al. (20011 10 mos SE, lobular VPS, VAS resection papilloma papilloma
Erman et al. (2003)® 3 yrs ASE, lobular resection (resection) papilloma papilloma
D’Ambrosio et al. (2003)7 3 mos SE VPS resection DVHCP NCP
Fujimoto et al. (2004)1 20 mos SE VPS resection DVHCP NCP

Aziz et al. (2005)" 11 yrs SE VPS (at 2 mos) resection DVHCP NCP
Tamburrini et al. (2008} 24 mos SE VPS EC, resection, VPS DVHCP NCP
Iplikcioglu et al. (200814 5yrs SE VPSS VAS DVHCP no

Smith et al. (2007)® 15 mos SE VPSS resection, VPS DVHCP NCP
Warren et al. (2009)2) 8 days SE, irregular VPS resection, VPS DVHCP NCP
Nimjee et al. (2010) 6 mos ASE, CF VPS, VAS resection papilloma papilloma
Cataltepe et al. (2010)% 9 days SE VPS, EC resection, VPS, VAS DVHCP NCP
Present case 8 mos SE VPS VAS DVHCP? no

ASE: asymmetrical enlargement, CF: cyst formation, EC: endoscopic coagulation, NCP: normal choroid plexus, SE: symmetrical enlarge-
ment, VAS: ventriculoatrial shunt, VPS: ventriculoperitoneal shunt.

DVHCP was the most likely diagnosis based on the CT,
MR imaging, and CSF findings. After resolution of the
meningitis, a ventriculoatrial (VA) shunt was inserted.

She was transferred to the previous referring hospital,
and has been followed up on an outpatient basis. Her in-
tracranial pressure has been well controlled. No morpho-
logical changes were observed in the bilateral plexuses on
follow-up CT 6 months after the operation.

Discussion

DVHCP was first reported by Davis® in 1924 before the
introduction of CT, and only 18 patients with hy-
drocephalus caused by CSF overproduction due to bilater-
al choroid plexus enlargement have been reported, in-
cluding findings employing imaging techniques (Table
1),1-3.57,9-18,18,1921.22) Iy most patients, VP shunt surgery was
performed but failed, resulting in marked ascites. This
suggests difficulty in establishing the diagnosis of this dis-
ease in the initial stage.

Bilateral CPP is characterized by asymmetric enlarged
choroid plexuses®13 which tend to be separated into lob-
ules,®¥ and cyst formation in a few cases.’® However, the
enlarged choroid plexuses were symmetric and resembled
DVHCP on imaging in some cases,'? enabling diagnosis
only after pathological examination. Most patients diag-
nosed with DVHCP1-3.57.10.13,14.18,18.192122) showed symmet-
ric choroid plexus enlargement, but some exhibited ir-
regular enlargement?V or cyst formation.® In addition, no
- pathological findings were available in 3 patients includ-
ing our patient, so the diagnosis of DVHCP was based on
imaging findings.®'4 Differential diagnosis is possible
based on imaging findings,¥ and VA shunt surgery is the
simplest and most appropriate choice,?? considering the

Neurol Med Chir (Tokyo) 51, June, 2011

risks of complications of resection such as hemianopsia,
nystagmus, and bleeding during the operation due to the
rich blood flow in the choroid.'3® Indeed, 3-year follow-
up examination showed good control of hydrocephalus
and absence of morphological changes in the choroid
plexus in previous patients.2'¥ Similar results were ob-
tained in our patient, although the follow-up period was
only 6 months. We also evaluated other options (biopsy or
resection), but selected VA shunt without biopsy and
resection, considering the risks of shunt failure due to
bleeding-related increase in the CSF protein level when a
shunt becomes necessary, infection due to long-term ex-
ternal drainage, and electrolyte abnormalities due to the
removal of a large volume of CSF from the body.
However, pathological findings may be needed to estab-
lish the diagnosis.?1V Initial VA shunt was subsequently
followed by tissue resection and pathological examination
due to the development of complications such as thrombo-
sis and infection, resulting in the diagnosis of bilateral
CPP.1.19) In most previous patients, the diagnosis of
DVHCP was established based on the histological find-
ings.1:357.10.13.16.1819.21.22) However, pathological examina-
tion suggested DVHCP on the tissue surface but CPP in the
lobular lesion, confounding the pathological diagnosis of
DVHCP in one case.'?

Tl SPECT observed symmetric, marked uptake in the
bilateral choroid plexuses on both early and delayed im-
ages and good washout, showing a negative retention in-
dex in our patient (Fig. 4). Tl SPECT in a patient with
unilateral lateral ventricular CPP observed marked uptake
in the CPP on the affected side on both early and delayed
images and a retention index of —0.15, indicating moder-
ate washout, but no uptake in the choroid plexus on the
unaffected side.1”? Although the CT and MR imaging find-
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ings suggested DVHCP in our patient, CPP remains a pos-
sibility. Therefore, long-term follow-up observation is
necessary despite the absence of morphological changes
after 6 months.

DVHCP may progress to CPP and finally to choroid
plexus carcinoma (CPC), suggesting the importance of
measuring the MIB-1 index.” The MIB-1 index is nearly
0% in the normal choroid plexus, 0.2-17.42% in CPP, and
4.14-29.74% in CPC.%%2) The MIB-1 index was 4% in a
previous case,” and 3% (left) and 0.5% (right) in another
case,” suggesting the transition period from DVHCP to
CPP in both patients. The pathological condition may
have reflected this transition from DVHCP to CPP in
patients with histological findings differing between
specimen sites,!! atypical imaging findings for pathologi-
cal findings,62Y or uptake on T! SPECT despite DVHCP
suggested by CT and MR imaging, as in our patient.

In the majority of patients2357.10-18.181921.22) including
ours, VP shunt surgery was performed first, but failed
due to marked ascites. Subsequently, resection or en-
doscopic coagulation was performed in most patients to
inhibit CSF production, followed by radical or shunt sur-
gery.1457.10-13.15,16.18.19.21.22) The advantage of these proce-
dures is that histological diagnosis is possible, so CPP is
not overlooked. However, the histological findings may
differ between sites, which causes confusion.’ In addi-
tion, there are risks of neurological complications,?? and
adverse effects of invasiveness, such as bleeding.2¥ On the
other hand, a method in which excessive CSF is returned
to the systemic circulation using a VA shunt has been
proposed,!¥ which is noninvasive and straightforward,
but whether the direct return of a large volume of CSF to
the systemic circulation is appropriate remains questiona-
ble. The most important disadvantage is that definite
histological diagnosis cannot be established. In our
patient, excessive CSF was also directly returned to the
systemic circulation using a VA shunt, but long-term fol-
low-up observation is necessary.

The present and previous cases of hydrocephalus
caused by CSF overproduction due to bilateral choroid
plexus enlargement considered to be DVHCP suggest that
a full disease description, diagnostic criteria, and treat-
ment methods have not yet been established, requiring fur-
ther studies.
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Small Supratentorial, Extraaxial Primitive
Neuroectodermal Tumor Causing
Large Intracerebral Hematoma

—Case Report—
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Abstract

A 16-year-old boy presented with an unusual case of a supratentorial, extraaxial small round blue cell
tumor of the ceniral nervous system, which was most likely a primitive neuroectodermal tumor (PNET).
Preoperative computed tomography and magnetic resonance imaging showed a large multistage hema-
toma in the left central region. Intraoperatively, a small, superficial tumorous lesion was found be-
tween the sagittal sinus and a large cortical vein hidden by the hematoma. The histological diagnosis
was PNET. This tumor is one of the most aggressive intracerebral tumors, not only in children, so treat-
ment strategies must be early, profound, and interdisciplinary. This case represents an imporfant exam-
ple of atypical extraaxial appearance of this lesion, which should be considered in the differential diag-
nosis of cortical or subcortical hemorrhage, since complete resection of this lesion is critical for the suc-

cessful treatment and outcome.

Key words: primitive neurceclodermal tumor, intracerebral hemorrhage,

neurosurgery

Introduction

Supratentorial  primilive  neurcectodermal tumors
(PNETSs) belong to a heterogeneous group of undifferen-
tiated or poorly differentiated tumors called small round
blue cell tumors (SRBCTs)* of the central nervous sys-
tem (CNS), which occcur predominantly in children or
young adults.*3¥ Recently, supratentorial PNETs were
grouped together with all extracerebellar PNETs and re-
pamed CNS PNET.1 Supratentorial PNETs are less com-
mon than cersbellar PNETs and account for 2-3% of all

Regeived July 7,2010;  Accepted October 20, 2010

Neurol Med Chir (Tokyo) 51, June, 2011

high-grade brain tumor,

childhood brain tumors with a peak in the first 3 years of
life.)® Preoperative neuroradiological findings vary and
may consist of an enhanced lesion on T,- and Ty-weighted
magnetic resonance (MR] imaging or computed tomo-
griphy (CT) with contrast medium, associated with cystic
and necrotic portions, perifocal edema, or hemorrhage.?
Initiation of early and inlerdisciplinary adjuvant treat-
ment for PNETs after complete neurosurgical resection is
critical for the patient, since these tumors show much
more aggressive behavior and the treatment options are
poorly defined compared to infratentorial counterparts.
We describe a case of SRBCT obscured by a large in-
tracerebral hemorrhage on preoperative imaging and
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Analysis of memory-related function in medial temporal lobe using electrocorticographic
recordings with chronic subdural electrodes
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Tab. 1 Chnical characteristics for 7 patients

Age/Sex Focus

verbal memory

visual memory  WAISR

WMS-REHE

Case | 3BF Lt temporal, Lt

Lt orbitofrontal

Case 2 J8E Lt lateral temporalp Bl
Case 3 24M Lt temporal Lt
Case 4 406 Rt temporal Rt
Case 5 A9F Ri temiporal Lt
Case 6 20M Li temporsl Lt
Case 7 367 Lt temporal Rt

Lt 118 117
Lt i1l 118
Lt -250 ~250D
Rt 118 Y
Bt 12 i1l
Bit a9 108
Rt 109 77 .

M: male, Fr female, Ri: right, Lt left, Bil bilateral

anterioy
Mrwun
it
prommne
' mm( g M
madial } & 6 & @B Jj Moam—
@
posterior
B

Fig. I A) The subdural electrode placed on the
left temporal base
B) Examples of memory-task fgures

(3) BHEERTEEICLSFRECGDENE
SCOGHIBR T IEBMSIS000 (Nicolet Biomedical
Inc. Wzscon‘;m} BaEi (128ch) % vy, alld

DG T 06551501z 7+ 77 4 W
y—) CHERET T,

L%’f{‘:é B (R L TANTEATL S
3t Pic)., 2P300 M (1Hz 500kHze % % B
Fd A, 500Hz#rare stimulus& L20%), 3
AR (B 5 LOBEINZI0 oIt

T4 55 (Fig 1B), S107- &0 FH-Cihn
e B R O CIMEY OB R S

Lzl BILOR Y &Y Memory) ®ATw,
ﬁﬁlﬁCﬁb*ﬁ&ﬁfbfzxiﬂ.ﬁm¢_igﬁnﬁTﬂ€§

Fig. 2 The location of the subdural electrodes on
haoth the temporal bases {cases 1-6}
The electrodes were registered by 3D-
magnetic resonance imaging (MRD in
each patient. On the temporal base, the
arids were placed almost synumetrically,
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Fig. 3 Results of the averaging analysis (500 ms~1000 ms) of the memory task (black line} in case 2.
The electrodes on the right temporal base showed major positive peak around 500-600ms in
channels {chs} & and @ (A). On the left side, a major negative peak around 500 ms appeared in
chs Dand @ (B). (C) The results of the wavelet analysis on the left temporal base showed
synchronization around 5300-800ms in the fand » bands and around 500-1000 ms in the high »

band,
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A B band 20— 35 Hy)
pMomory Picture naming P00

B Migh v band (80 ~ 120 1z}
fAemory

Picture naming £300

FEE  time{s}

Fig. 4 The figure shows the resulis of the wavelet analysis on the temporal base in the # band (A) and
high » band (B} in case 2.
Red area indicates “synchronization” and blue area indicates “desynchronization.” In the ffband,
synchronization appeared in both the medial temporal lobes (Memory} and in the right temporal
hase (Picture namingl, whereas there was desynchronization in the left medial temporal lobe
{P3003. In the high y band. strong synchronization appeared in both the medial temporal lobes
{Memory, Picture naming) whereas there was desynchronization in the left medial temporal fobe
(P300).

Tab. 2 #RIECHEECOIE (msee) T Dsynchronizaiion (ERS) 2 desynchronization (ERD) ¢y —

Memory

L1 Ry

Pie

1t Rt

P30
Lt Rt

£ bhand 500-800 ERS 4 500-800 ERS 5
8O0-1000 ERD 5 800-1000 ERD 4

7 hand 00800 ERS 1 500-800 ERS3

ERD 1
high y band; 300-800 ERS 3 600000 ERS 6
ERD 1 ERDO

400500 ERD 3 300500 ERD 5

500800 ERS 2 8001006 ERST

700-1000 ERS 4 700-1000 ERS 5

800-1000 ERS 1 800-806 ERS 4

300-100 ERSZ 100600 ERSSH

§00-1000 ERS 3

300500 ERS 4 400500 ERS. 3
300-500 ERD 4 300-400 ERD 3
300600 ERD 2

300500 ERS 3 300-500 ERS 2

300500 ERS 3 4004600 ERS 5

BRI T O

(2) EEMEEREER (F%g 4, Tab. 2)
PickMemorvy DL CH BH, BT

HC500-800msec TERS 7, 890—1000}1}3@(:‘2?}3}21')

Ei s,

HOWIZEe® Hit/z. #f L TPicTIZERD, ERS

‘773355%)‘ oiz. yWETIERFEEE L ETEE
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QEvi b(}Omse 2B WTERSA DI Tl
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