Survival Prabability {26)

RT+TMZ
AT

6 12 18 24 30 36 42
Months

Fig.1 Kaplan-Meier estimates of overall survival by treatment
A A meta-analysis comparing radiotherapy (RT) and RT+chemotherapy (nitrosoureas) (modified from

Stewart LA, et al).

B : Statistically significant survival advantage of patients treated by RT+temozolomide (TMZ) (modified from

Stupp R, et al).
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Fig.2 Overall survival in radiotherapy (RT) and
RT+PCV groups with and without
combined 1p/19q loss of heterozygosity
(LOH).

RT; radiotherapy, PCV ; procarbazine, CCNU, and
vincristine. (modified from van den Bent M], et al)
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Fig.4 Proposed treatment strategies for malignant gliomas
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Desmoplastic infantile astrocytoma and characteristics of
the accompanying cyst

Case report

Takaaki Berru, M.D.,! YuicHi SaTo, M.D.,! Norivuki Uesuci, M.D.?
Yasutaka Kuzu, M.D.,! KuniaKl OGASAWARA, M.D.,' AND AKIRA OGawAa, M.D., Pu.D.'

Departments of ‘Neurosurgery and *Pathology, Iwate Medical University, Morioka, Japan

YA desmoplastic infantile astrocytoma (DIA) is an extremely rare tumor that comprises a solid astrocytic tumor ac-
companied by a large cyst and involves the superficial cerebral cortex and leptomeninges in infants. The solid part of
this type of tumor has been well described in various reponts and books, but characteristics of the cystic portion have
remained unclear. Because adequate resection is required 1o ensure a favorable prognosis, information about the cyst
is very impontant for diagnostic purposes and surgical planning. The authors report on the clinical and histological fea-
tures of the cyst in a case of a DIA. A 12-month-old boy presented with vomiting. Contrast-enhanced magnetic reso-
nance imaging revealed a strongly enhancing single-lobed large cyst located in the deep white matter, under the solid
pant of the tumor attached to the dura mater of the left frontal lobe. Both the solid and cystic portions of the tumor were
surgically removed. The border between the cyst wall and surrounding white matter was unclear. Histologically, the
cyst wall was composed of gliosis representing a rough accumulation of reactive astrocytes, lymphocytes, and small
capillary vessels in edematous parenchyma, but no tumor cells. The present case and previous reports sugpest that the
cyst does not contain tumor cells, even if strongly depicted on contrast-enhanced neuroimaging, and that a thickly en-
hancing cyst wall indicates gliosis with accumulation of numerous small vessels. (DOI: 10.3171/PED/2008/1/2/148)

Key Worps +  cyst
desmoplastic infantile ganglioglioma
pediatric neurosurgery

astrocytoma attached to dura with desmoplastic

reaction” or “desmoplastic cerebral astrocytoma of
infancy,” has been defined as a large cystic astrocytic tumor
in infants that involves the superficial cerebral cortex and
leptomeninges, often attaching to the dura mater, with a
generally good prognosis following adequate resection. '
Both a DIA and a DIG have been integrated into the same
tumor type class in the World Health Organization classifi-
cation system, as both tumors display similar clinical and
pathological features, excluding involvement of a variable
neuronal component together with astrocytes in a DIG.*
The solid part of the tumor is easily removed due to the
location and clear demarcation from surrounding brain tis-
sue.” Because surgical removal of the tumor leads to favor-
able prognosis, neurosurgeons play a large role in the treal-

! DIA, originally referred to as a “superficial cerebral

Abbreviations used in this paper: DIA = desmoplastic infantile
astrocytoma; DIG = desmoplastic infaniile ganglioglioma; MR =
magnetic resonance.
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+ desmoplastic infantile astrocytoma  +

histology * magnetic resonance imaging =

ment of a DIA and DIG. Although both a DIA and DIG are
very rare, characteristics of the solid part of the tumor have
been well described.*”# In contrast, characteristics of the
cyst have remained unclear. For neurosurgeons, general in-
formation on clinical and histopathological features of the
cyst is important for diagnosis and treatment. The current
report describes a case of a DIA with a large cyst, and re-
views clinical and histological findings of DIA cysts in the
literature.

Case Report

History and Examination. This 12-month-old boy was born
at term afler an uncomplicated pregnancy and delivery. His
perinatal course was normal. One month before admission,
he presented with vomiting. On admission, an examination
revealed a head circumference of 50.3 cm (greater than the
mean plus 2 standard deviations) but no neurological defi-
cits, His medical history included no episodes suggestive of

J. Neurosurg.: Pediarics / Volume 1 / February 2008




Cyst accompanying a desmoplastic infantile astrocytoma

systemic autoimmune disease, intracranial infection, or head
injury, and revealed no previous surgery or radiation (reat-
ment. Physical and blood serum examinations revealed no
abnormalities.

Magnetic resonance was performed, and TI- and T2-
weighted imaging revealed a circumscribed solid lesion lo-
cated superficially in the cortex of the left frontal lobe, and a
large cyst in the deep white matter medial to the solid mumor.
The T1- and T2-weighted imaging also showed isoiniense
and very low signals, respectively. Gadolinium-enhanced
T1-weighted imaging revealed homogeneous enhancement
in the solid part of the tumor with the exception of the cen-
tral region (Fig. 1). A large single-lobed cyst (maximum di-
ameler 5.5 ¢cm) accompanied the solid part of the tumor.
Fluid in the cyst displayed greater signal intensity than cere-
brospinal fluid. The thick cyst wall also displayed strong
enhancement on gadolinium-enhanced T1-weighted imag-
ing (Fig. 1). Computed tomography depicted no calcified
foci in the solid part of the tumor or in the cyst wall. Left
internal carotid angiography revealed slight intratumoral
neovascularity fed from the operculum artery, whereas no
intratumoral neovascularity was found on extemal carotid
angiography.

Operation and Postoperative Course, A skin incision and
craniotomy were performed at the region of presumed ex-
posure of the tumor. Before opening the dura, xanthochrom-
ic fluid in the cyst was aspirated using ultrasonographic
guidance until sufficient relaxation of the frontal lobe was
achieved. Upon opening, the dura did not firmly adhere to
the solid part of the tumor. The meningioma-like hard and
reddish-gray solid portion was well demarcaied due to pres-

Fic. 1. Gadolinium-enhanced Tl-weighted MR image reveals a
heterogeneous enhancing mass attached to the dura in the left fron-
tal convex. The mass accompanies a large and thickly enhancing
cyst in the deep white matter.
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ervation of arachnoid matter adjacent to the tumor, and was
easily separated from surrounding cortex and edematous
white matter. After removal of the solid portion, the cyst
wall was noted to consist of a soft and gliotic membrane
with a reddish-gray color. Although the cyst could be re-
moved completely, separation of the cyst wall from sur-
rounding white matter was more difficult than removal of
the solid portion, because the border between the cyst wall
and surrounding white matter was unclear. We dissected be-
tween the cyst and surrounding white matter using an ultra-
sonic surgical aspirator. Postoperative MR imaging demon-
strated that both the solid and cystic portions of the tumor
had been completely removed.

Histology. The removed solid part of the wmor revealed
typical histological features of proliferating spindle-shaped
cells intermingling with large amounts of collagenous stro-
ma showing storiform or whorled patterns (Fig. 2 upper).
The collagenous stroma displayed positive results for silver
staining. Spindle-shaped cells were immunohistochemical-
ly positive for glial fibrillary acidic protein. No necrosis,
mitosis, calcified focus, or synaptophysin-positive gangli-
on cells were seen anywhere in the tumor. The histological
diagnosis of the tumor was a DIA.

The cyst wall demonstrated histological features of glio-
sis, with numerous small round cells such as astrocytes and
lymphocytes, and numerous small vessels scattered in ede-
matous parenchyma. Reactive gliosis was observed in the
surrounding white matter (Fig. 2 lower). In particular, small
vessels had accumulated close to the outside of the cyst
wall. The cyst wall and brain tissue adjacent to the tumor
were thoroughly positive for glial fibrillary acidic protein.
Examination of the entire cyst wall, however, revealed no
tumor cells.

Discussion

The DIA and DIG tumor types are extremely rare, Only
31 cases of a DIA have been reported in the literature.'*=*"
%22 The wmor was accompanied by a cyst in 30 of 32
cases (93.8%), including the present case. The DIA com-
prised a solid tumor without a cyst in only 2 cases.*" Cyst
size was defined in 15 cases from 9 reports (including the
present study) and varied widely between 1.5 and 12 cm
(mean 9.3 cm). The cyst in a DIA is most frequently com-
posed of a single lobule on preoperative neuroimaging as in
the present case, rather than multiple lobules separated by
septa. Reports have described cysts with 1, 2, and 3 lobules
in 10, 3,617 and 2 cases,"" respectively. The solid part of
a DIA is frequently located at the superficial cerebrum, and
the cyst has been located in the deep cerebrum under the
solid portion in almost all previous cases. In 19 cases for
which cyst location was defined,'67910.13-171921234 gply 3
cases revealed the cyst to be in a location other than deep
white matter medial to the solid part of the tumor,'"**

The cyst in the present case possessed a thick wall in ad-
dition to strong enhancement on gadolinium-enhanced T1-
weighted imaging. Results from previous studies, however,
have suggested that the cyst wall was obscure and lacked
enhancement on contrast-enhanced computed tomography
scans or MR images.""* In the literawre, 15 reports have
described findings on contrast-enhanced computed tomog-
raphy scans or MR images, with 11 cases demonstrating
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FiG. 2. Photomicrographs of the histological features of the solid
(upper) and cystic (lower) portions of the tumor.  Upper: The solid
part of the tumor displays typical histological features with prolifer-
ation of spindle-shaped cells intermingling with a large amount of
collagenous stroma showing storiform or whorled patierns.  Low-
er; The cyst wall displays scattered small round cells such as astro-
cytes and lymphocytes, and small capillary vessels in edematous
parenchyma. White matter adjacent to the cyst also demonstrates
the same round cells. Capillary vessels are accumulated more in
the outer cyst wall. H & E, original magnification X 100 (upper)
and X 40 (lower).

obscure or unenhanced cyst walls and 4 cases showing
thickly enhancing cyst walls.*!"**!? The cyst wall in the pres-
ent case did not contain tumor cells in sections stained using
H & E. Some reports have described histological features of
the cyst wall. Kurose and coauthors' reported that a thickly
enhancing cyst wall in a case of DIA did not contain tumor
cells but showed scattered xanthoma cells with normal mor-
phological features. Sugiyama and associates® reported 4
cases in a mixed series of DIA and DIG cases, and also
noted that cyst walls were free of invading tumor cells. Kim
et al.” observed no tumor cells within the septum of a multi-
lobular cyst in a case involving a DIA. No reports have
found tumor cells in the cyst wall of a DIA. An obscure and
nonenhancing cyst wall in a DIA case showed macroscop-
ically gliotic characteristics during surgery according to de
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Chadarévian and coworkers.® In the present case, macro-
scopic observation of the cyst wall revealed gliotic char-
acleristics during surgery, and the cyst wall histologically
demonstrated the features of gliosis, with numerous scat-
tered round cells such as astrocytes and lymphocytes, and
small vessels in edematous parenchyma. We speculate that
enhancement of the cyst wall on neuroimaging is induced
by accumulation of the small vessels within the area of glio-
sis, or increasing permeability of the blood-brain barrier in
vessels due to gliosis. Kandalkar and colleagues® reported
that the histology of the cyst wall in a case of a DIA showed
normal but atrophic brain tissues in which the outer layer
was increased due to gliosis, although results of neuroimag-
ing were not demonstrated. They speculated that these his-
tological changes in the cyst resulted from pressure of cyst
fluid on the adjacent brain, and recommended excision of
the cyst portion for seizure control after surgery. In the pres-
ent case, gliosis was increased within the outer cyst wall,
and was observed in adjacent white matter tissue. The bor-
der between the cyst wall and surrounding white matter was
unclear. This adhesion between the cyst wall and surround-
ing white matter might be induced by aggressive gliosis
within the outer side of the wall. The deep location, large
size, and unclear border of the cyst may complicate removal
of the cystic portion compared with the solid portion. Gross-
total removal of a DIA or DIG leads to a favorable progno-
sis, but long-term survival is anticipated even with residual
disease.”'# It needs o be emphasized that surgery for DIA
only requires removal of the solid portion of the tumor when
the cyst wall is nonenhanced on neuroimaging. This ap-
proach is similar to the surgical plan for a pilocytic astrocy-
toma, in which neurosurgeons generally assume that the cyst
wall is not neoplastic or does not require resection.* Based
on findings from the present case and the literature, we also
believe that surgery for a DIA with a thickly enhancing cyst
wall only requires removal of the solid portion of the tumor
and that removal of the cyst wall is not necessary. If the re-
sidual cyst wall causes uncontrollable seizures after surg

a second operation 1o remove the cyst wall should be con-
sidered.

Conclusions

Cyst characteristics of a DIA or DIG do not appear to
have been fully explored in previous studies. Because sur-
gery plays a large role in treatment for a DIA and DIG,
characteristics of the cyst commonly located in the deep
white matter under the solid part of the tumor represent im-
portant information for neurosurgeons. Clinical and histo-
logical findings in the present case and previous reports
suggest that the cyst does not contain tumor cells, even if
strong enhancement is seen on contrast-enhanced neuroim-
aging, and that a thickly enhancing cyst wall indicates glio-
sis with accumulation of numerous small vessels. The bor-
der between the cyst wall and surrounding white matter is
unclear compared with the border between the solid portion
and surrounding cortex. We therefore believe that the cyst
wall does not require removal during surgery for a DIA,
even when the cyst wall is thickly enhanced on neurcimag-
ing. Further study of the cyst wall in a limited group of pa-
tients with a DIA or DIG is required to confirm our distinct
impressions.
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Absiract

Fractional anisotropy (FA) is influenced by histological data such as cellularity, vascularity and/or fiber structure in astrocytic tumors, We
describe two patients with tumor recurrence and one patient with radiation necrosis who were diagnosed using assessment of FA value. The
assessment of FA value in enhanced lesions after radiotherapy may be able to differentiate radiation necrosis from tumor recurrence.

© 2006 Elsevier B.V. All rights reserved.

diation necrosis

Keywords: Fractional anisotropy; Diffusion tensor imaging: Tumor

1. Introduction

A differential diagnosis between tumor recurrence and
radiation necrosis is difficult after radiotherapy of brain
tumors using contrast-enhanced magnetic resonance (MR)
imaging. Damage to the blood-brain barrier induced by
radiation results in leakage of gadolinium into the intersti-
tium, which produces a ring-enhancing lesion that can mimic
tumor recurrence [1]. Several accepted methods for non-
invasively differentiating tumor recurrence from radiation
necrosis are available, including positron emission tomog-
raphy (PET), single-photon emission computed tomography
(SPECT) and 'H MR spectroscopy [2-8]. However, using
['8F]fluorodeoxyglucose or L-[methyl-''CJmethionine-PET
scanning, a differential diagnosis was occasionally diffi-
cult in several low-grade gliomas with hypometabolism or
necrotic areas secondary to radiation therapy [9,10]. Using
204 hallium (2°'T1)-SPECT scanning, increased 2°! TT uptake
was observed in both radiation necrosis and inflammatory
infectious processes [11]. 'H MRS allow reliable differential
diagnostic statements 1o be made when the tissues are com-
posed of either pure tumor or pure necrosis, however spectral
patterns are less definitive when tissues composed of varying
degrees of mixed tumor and necrosis are examined [8].

* Corresponding author. Tel.: +#81 19 651 5111; fax: +81 19 625 8799,
E-mail address: hkashi @iwate-med.ac.jp (H. Kashimura).

0303-8467/% - see front matter © 2006 Elsevier B.V. All rights reserved.
doi: 10,1016/ .clineuro. 200604005

Recently, diffusion tensor (DT) imaging has been devel-
oped to obtain quantitative information regarding the mag-
nitude and directionality of water diffusion [ 12-16]. Several
indices, such as the fractional anisotropy (FA), the relative
anisotropy (RA) and the volume ratio (VR) are derived from
DT imaging. A comparative study of FA, RA and VR in cat
brain demonstrated that FA can precisely measure the degree
of deviation from isotropic diffusion [17], and provides the
best performance in terms of contrast-to-noise ratio as a func-
tion of signal-to-noise ratio in simulations [18,19]. FA value
is expressed as numerical value between 0 and 1 without a
unit. FA of 0 corresponds to unrestricted isotropic diffusion
and 1 corresponds to linear anisotropic diffusion of water. FA
was influenced by histological data such as cellularity, vas-
cularity and/or fiber structure in astrocytic tumors [13]. We
describe two patients with tumor recurrence and one patient
with radiation necrosis who were diagnosed using assessment
of the FA values.

2. Case reports
2.1. MR imaging and image analysis
All scans were performed using a Signa VH/i 3.0 T'scanner

(General Electric Systems, Milwaukee, Wis.) and standard
head coil. A spine echo type echo planar imaging sequence
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Fig. 1. Left: T1-weighted magnetic resonance (MR) image with contrast medium showing the region of interest (ROI) in the solid portion of the lesion. Right
fractional anisotropy map showing the outline of the ROI traced sutomatically.

with diffusion gradients applied in six directions was used
for the diffusion tensor imaging with the following parame-
ters: repetition time (TR); 10,000 ms, echo time (TE); 84 ms,
slice thickness; 6 mm, field of view (FOV); 240 mm?, matrix;
256 x 260, 2 mm gap and b factors, 800 s/mm?, Fast spin echo
T1- and T2-weighted imaging were performed prior to DT
imaging, and T1-weighted with contrast medium was per-
formed after DT imaging.

The FA value was calculated using a subprogram of the
Functool™ image analysis software (General Electric Medi-
cal Systems, Buc, France). One large region of interest (ROI)
was placed within enhanced region on a Tl-weighted con-
trast medium image. ROI was automatically transferred onto
the co-registered FA maps constructed from DT imaging.
The FA values were then calculated for each patient using
the Functool™ image analysis software. The FA value was
identified as a mean of values derived for every pixel in a
given ROL

2.1.1. Casel

A 67-year-old woman had been treated for left anaplastic
astrocytoma by surgical resection, radiation and chemother-
apy. Eleven months after the initial treatment, follow-up
gadolinium-enhanced T1-weighted MR imaging revealed an
enlarged enhanced lesion (Fig. 1, left). ROI was placed within
enhanced region. The FA value of the enhanced lesion was
0.27 £ 0.04 on the FA map (Fig. 1, right). The lesion was
as diagnosed tumor recurrence. The patient underwent cran-
iotomy and then total resection. Histological examination
revealed a glioblastoma.

2.1.2. Case2

A 56-year-old woman had been treated for left frontal
astrocyloma by surgical resection, radiation and chemother-
apy. Seventeen months after the initial treatment, follow-up
MR imaging showed an enlarged enhanced lesion (Fig. 2,
left). ROI was placed within enhanced region. The FA

Fig. 2. Case |—images obtained from a 67-year-old woman. Left: Tl-weighted magnetic resonance images with gadolinium revealing heterogencously
enhanced lesions with operative scar in the left parietal lobe. Right: co-registered FA maps from DT, The FA value was 0.27 £ 0.04.
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Fig. 3. Case 2—images obtained from a 56-year-old woman. Left: T1-weighted magnetic resonance images with gadolinium revealing massive enhanced
lesions in the left temporal lobe., Right: co-registered FA maps from DT imaging. The FA value was 0.29 4 0.04

value of the enhanced lesion was 0.2940.04 (Fig. 2,
right). The patient underwent craniotomy and then total
resection. Histological examination revealed features of
glioblastoma.

2.1.3. Case 3

A 44-year-old=man had been treated for right frontal
oligoastrocytoma by surgical resection, radiation and
chemotherapy. Twenty-four months after the initial treat-
ment, follow-up MR imaging revealed an enlarged enhanced
lesion (Fig, 3, left). ROI was placed within enhanced region.
The FA value of the enhanced lesion was 0.17 +0.03 (Fig. 3,
right). The patient underwent craniotomy and then total resec-
tion. Histological examination revealed radiation necrosis
(Fig. 4).

3. Discussion

DT imaging can predict the structural properties of tis-
sue, such as the integrity and orientation of tracts in the
brain [20,21]. The FA values in normal white matter show
strong directionality of water diffusion, and consequently
a high FA value, as water diffusion parallel to the white
matter tracts is less restricted than water diffusion perpendic-
ular to them [22]. On the other hand, in astrocytic tumors,
almost all normal fibers and cell structures are destroyed
by the tumor nidus, or displaced, separating to surround
the wmor nidus [23]. These changes may be one cause
of the observed decrease in the directionality of water dif-
fusion and decreased FA values [13]. The FA values are
influenced not only by tissue damage, but also histologi-

Fig. 4. Case 3—images obtained from a 44-year-old man, Left: T1-weighted magnetic resonance images with gadolinium revealing heterogeneously enhanced
lesions with operative scar in the right frontal lobe. Right: co-registered FA maps from DT imaging. The FA value was 0,17 £ 0.03. Arrows show the area of

decreased FA value on the enhanced region
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Fig. 5. Microscopic findings obtained from case 3, Lower-power view show-

ing hyalinized tissve and reactive glia, H and E.

cal characteristics such as cellularity, vascularity and/or fiber
structure, and this correlation thereby leads o a tendency
for tumors of higher grade to present with higher FA values
[12,13,16].

The relationship between the FA value and each histo-
logical type of astrocytic tumors has been reported, with
mean FA values of 0.24 = 0.06 in glioblastoma, 0.19 £ 0.06
in anaplastic astrocytomas, 0.124+0.02 in diffuse asirocy-
tomas and 0.16£0.02 in pilocytic astrocytomas [12]. A
relationship between FA value and the WHO classifica-
tion of gliomas has also been reported. The FA value of
grade 1 gliomas (0.150 % 0.017) is significantly lower than
that of grade 3 (0.23 £0.033) or grade 4 (0.229:0.033)
gliomas. The FA value of grade 2 gliomas (0.159 £ 0.018)
is significantly lower than those of grade 3 or 4 gliomas
[16]. In our cases, the FA values of recurrent tumor were
0.27 £ 0.04 and 0.29 £ 0.04, which are equivalent to the pre-
viously reported FA value of primary gliomas. These two
cases were diagnosed as tumor recurrence by histopatho-
logical examination. The FA value of case 3 revealed a
low value in the enhanced lesion. This case was diag-
nosed as radiation necrosis by histopathological examination.
In radiation necrosis tissue, there are no normal fibers or
cell structures, and thus the directionality of water diffu-
sion is decreased. Consequently, the FA value of radiation
necrosis tissue may be lower than that of tumor recurrence
(Fig. 5).

In conclusion, although our observations were limited to
only three cases, they suggest that the assessment of FA
value in enhanced lesions after radiotherapy may be able 10
differentiate radiation necrosis from tumor recurrence. This
non-invasive technique will most likely become an option for
auxiliary examinations for histological diagnosis after adju-
vant radiotherapy. Using FA value, unnecessary craniolomies
may be avoided in the future.
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Abstract

Objectives: Short inversion-time inversion recovery (STIR) is the only magnetic resonance imaging (MRI) sequence able to produce high
contrast images of both brain-CSF and gray matter-white matter in the central nervous system. The aim of the present study is to evaluale
the effectiveness of STIR in imaging tumor involvement of the cortical surface and intra-axial structures, its usefulness in the resection of
superficially located gliomas,

Patients and methods: In this study, we perform conventional MRI (1.5T) and STIR (3.0'T) before surgery in 10 patients with superficially
located glioma, We estimate the spatial relationship between the tumor bulk, the adjacent cortical surface and intra-axial structures on T2WI
(1.5T) and STIR (3.0T). STIR findings are applied to resection of the wmor in each case.

Results: For all patients, STIR provided more satisfactory images than T2W1 of both the cortical surface structures and intra-axial structures
surrounding the tumor. During surgery, the clear demonstration of cortical surface structures on preoperative STIR images assisted in deter-
mining tumor location and the sulci to be split for the trans-sulcal approach for patients whose cortex was normal in colour. Clear contrast on
STIR between the tumor margin and peritumoral edema was useful for tumor resection.

Conclusion: STIR is able to demonstrate anatomical details of the cortical surface and intra-axial structures of the brain and is therefore
suitable for the preoperative evaluation of superficially located gliomas,

© 2007 Published by Elsevier B.V.
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1. Introduction exhibil poor anatomical detail of central nervous system
(CNS) structures; therefore, a new MRI technique is required
The main goal of clinical imaging is the detection of patho- that is capable of accurately visualizing morphological infor-
logical lesions within a target structure at high anatomical mation. Fujii et al. and Harada et al. [1,3] developed a
resolution [1,2]. Routine magnetic resonance imaging (MRI) video-inverted high-resolution PDWI, known as T2-reversed
examinations are performed using a combination of contrast MRI (T2R) that reverses and expands the gray scale of the

techniques, including T1-weighted images (TIWI), T2- PDWI in a high-field MRI system. Compared with conven-
weighted images (T2WT), proton density-weighted images tional MRI, T2R provides improved physiological resolution

(PDWI), diffusion-weighted images, and fluid-atenuated and fine contrast resolution of CNS structures due to reversal

inversion recovery images (FLAIR). Some of these sequences of the PDWI and improvement of the single-to-noise (S/N)
ratio by using a high magnetic field system [1.3,4].
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MRI sequence for imaging CNS structures [2]. A STIR image
with a reversed gray-scale produces an image with contrast
that is similar to that of T2R. STIR is widely used as a
fat-suppression technique and is used clinically for evaluat-
ing intraorbital disease, bone marrow disease, and sofi-tissue
disorders [5-10]. A shortinversion time that leads the magne-
tization vector of fat tissue completely to zero suppresses the
signal from fat. The short inversion time and high anatomic
resolution of STIR also produces high-contrast imaging of
minute CNS structures [2,11,12]. Importantly, STIR retains
prominent potentials of high brain-cerebrospinal fluid (CSF)
contrast as well as high white matter—gray matter (intra-axial)
contrast. This potential is induced by the additive effect of
proton density and T1 and T2 relaxations on the STIR sig-
nal alteration [2,7,12,13]. The S/N ratio of a STIR sequence
increases within a high-field system, and it has been sug-
gested that high-field STIR sequences should be routine in
the examination of CNS diseases [2,11-13], although the use-
fulness of STIR in the treatment of brain tumors has yet to
be investigated. The present study aims to evaluate whether
STIR can be used to visualize both cortical surface structures
and intra-axial structures that surround a brain tumor. We per-
formed STIR instead of T2WI, PDWI, and FLAIR using a
high field system as a routine preoperative MRI examination
for patients with superficially located glioma, Here we report
the findings of preoperative STIR imaging in 10 cases of
superficially located glioma. The principal aim of this study
is 10 assess the benefits of STIR as a preoperative examination
for the resection of superficially located gliomas.

2. Patients and methods
2.1. Patients

Patients recruited to this study were hospitalized in the
Depariment of Neurosurgery at Iwate Medical University,
Japan, between October 2004 and October 2005. Entry crite-
ria for this study comprised: (A) a diagnosis of superficially
located glioma based on the findings of preoperative MRI; (B)
tumor bulk growing and/or invading into the subcortex of the
gyrus; and (C) provision of informed written consent. Super-
ficially located glioma was defined as a tumor growing and/or
invading into the subcortex of the gyrus. A total of 10 patients
with newly diagnosed superficially located glioma partici-
pated in this study. All patients presented with a seizure. The
patients comprised seven men and three women with an age
range of 19-68 years (median age: 46 years) and diagnoses
of oligodendroglioma (n=3), anaplastic oligodendroglioma
(n=5), diffuse astrocytoma (n = 1), and ganglioglioma (n=1)
(Table 1).

2.2. Conventional MRI and STIR imaging

All patients underwent conventional MRI and STIR within
7 days prior to surgery. Conventional MRI was performed

Table |

Patient summary

Case Age Sex Pathology Tumor location
1 57 M Diffuse astrocytoma Lt frontal lobe
2 19 P Ganglioglioma Rt. temporal lobe
3 22 M Oligodendroglioma Lt. frontal lobe
4 36 M Oligodendroglioma Rt. frontal lobe
5 62 F Oligodendroglioma Lt frontal lobe
6 40 M Anaplastic oligodendroglioma Rt frontal lobe
7 47 M Anaplastic oligodendroglioma L parietal lobe
8 51 F Anaplastic oligodendroglioma Lt frontal lobe
9 58 M Anaplastic oligodendroglioma  Lt. frontal lobe

10 68 M Anaplastic oligodendroglioma Rt frontal lobe

using a 1.5T whole body scanner (Signa LX 9.1, GE
Yokogawa Medical Systems, Tokyo, Japan) and a standard
head coil. Conventional MRI such as TIWI, T2WI, and
gadolinium-enhanced TIWI (Gd-TIWI), was performed.
Imaging parameters for T2ZWI were as follows: repetition
time (TR) 2800 ms, echo time (TE) 11 ms, matrix 256 x 256,
field of view (FOV) 220 mm, and slice thickness 6 mm. STIR
imaging was performed uvsing a 3.0T MRI system (Signa
VH/i, GE Medical Systems, Milwaukee, WI, USA) and a
standard head coil. The following pulse sequences were
used: TR 5000 ms, TE 25 ms, inversion time 140 ms, matrix
512 x 384, FOV 240 mm, and slice thickness 6 mm. STIR
images were made by gray scale inversion of the original
images.

We compared the spatial relationship between cortical sur-
face structures such as sulci, vessels, and the gyrus (gyri)
involving the tumor on STIR images with T2WI that retain
high brain-CSF contrast resolution on conventional MRI. We
also visually compared the intra-axial contrast of the umor
margin and surrounding white matter between T2WI and
STIR.

2.3. Tumor resection

To assess whether the anatomical resolution of STIR accu-
rately depicts the anatomical structures visualized during
surgery, we did not use stereotactic navigation (frame-based
or frameless) for all tumor resections. During surgery, cor-
tical surface structures were observed on the surgical field
and compared with the STIR findings. In cases where the
gyrus involving the tumor was normal in colour, we deter-
mined the tumor location from the STIR findings. The STIR
images were used to determine the sulci to be split in
order 10 separate the gyrus (gyri) involving the tmor from
neighboring gyri. We completely split the sulci and sepa-
rated the tumor bulk from adjacent normal gyri (trans-sulcal
approach). The tumor was then dissected from the surround-
ing white matter along the tumor margin. Follow-up MRI
was performed in the period between surgery and adju-
vant therapy to estimate the extent and accuracy of umor
removal.
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3. Results

In all patients, the STIR images using 3.0 T MRI more
clearly demonstrated the cortical surface structures adjacent
to the tumor bulk than conventional MRI using 1.5T MRL
STIR findings were useful in preoperative planning for resec-
tion of the tumor, as structures such as sulci and vessels
adjacent to the tumor bulk could be precisely observed on
STIR prior to surgery. The STIR images enabled us to con-
fidently determine the sulci to be split in the trans-sulcal
approach. During surgery, the cortical surface was of nor-
mal colour in six patients. These patients consisted of all
cases with a tumor other than anaplastic oligodendroglioma
and one case of anaplastic oligodendroglioma. Preoperative
STIR evaluation of the spatial relationship of the cortical sur-
face structures between the gyrus (gyri) involving the tumor
bulk, sulci, and vessels contributed to the determination of the
tumor location two-dimensionally on the cortical surface in
five of six patients whose cortex was a normal colour (Cases
1 and 4 described below). Only one (Case 2) of these six
patients was STIR not useful for localization of the tumor on
the cortical surface. In this case, there was no cortical ves-
sel on the cortex involved with the tumor. The sulci to be
separated from the adjacent normal gyri were clearly identi-
fied; however, the resection line to be dissected at the gyrus
crossing the sulei could not be determined due to the lack of
cortical vessels. Intraoperative ultrasound was used to deter-
mine the tumor location for this case. During surgery for
patients with anaplastic oligodendroglioma, tumor location
on the cortex was easily determined because the cortex of
the gyrus involving the tumor was a reddish colour in four of
these five patients.

In all patients, preoperative STIR differentiated the wumor
margin from surrounding white matter more clearly than
T2WI using conventional MRI. After splitting the sulci, the
tumor was then dissected from the surrounding white mat-
ter along the demarcated tumor margin. STIR was useful
for dissection of the tumor bulk: for example, in cases of
anaplastic oligodendroglioma with wide spread peritumoral
edema, preoperative evaluation with STIR was used to guide
the direction and depth of dissection during removal of the
tumor bulk and peritumoral edema, as illustrated in Case 7
described below.

3.1. Hlustrative case reports

3.11. Casel

In this patient, a tumor was growing in the left super-
ficial frontal lobe. We confirmed that the speech area and
the arcuate fasciculus were not involved with the tumor
bulk by performing the preoperative functional MRI and
diffusion-weighted three-dimensional anisotropy contrast
axonography MRIL Anatomical resolution of both the cor-
tical surface and intra-axial structures was clearer on STIR
using 3.0 T MRI than on T2WI using 1.5T MRI (Fig. 1A
and B). The coronal STIR image indicated that the tumor
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bulk was located within the gyri between the superior frontal
sulcus and the inferior frontal sulcus, In the sagittal view,
a thick cortical vein was observed in a sulcus above the
tumor bulk. The tumor bulk was localized preoperatively
within the gyri between the first sulcus forward and the
third sulcus back from this cortical vein (Fig. 1C). During
surgery, we determined the tumor location on the cortex
two-dimensionally from the preoperative STIR evaluation
and confidently removed the tumor, even though the corti-
cal surface was of normal colour (Fig. 1D). Postoperative
STIR demonstrates the extent of tumor resection (Fig. 1E).
Pathological diagnosis was diffuse astrocytoma.

3.12. Cased

Preoperative STIR demonstrated the tumor growing in the
cingulate gyrus, bordered by the cingulate sulcus anteriorly
and the corpus callosum sulcus posteriorly. Anterior cerebral
arteries were sited in the cingulate sulcus and on the surface
of the genu of the callosum. These anatomical structures were
demonstrated more clearly on STIR than on T2WI (Fig. 2A
and B). Intra-axial structures were also clearly visualized by
STIR. During surgery, sulci and vessels previously identified
on STIR were observed on the cortical surface of the cerebral
longitudinal fissure. The tumor was the white colour of nor-
mal cortex and could not be located on the basis of colour;
however, we determined the tumor location from preopera-
tive STIR images. We split the cingulate sulcus and corpus
callosum sulcus and then excised the tumor using the trans-
sulcal approach. Postoperative MRI confirmed that the tumor
had been entirely removed with an exact split line (Fig. 2C).
Pathological diagnosis was pure oligodendroglioma.

3.1.3. Case7

In this case, a growing tumor enhanced by gadolinium on
T1WI was observed in the left parietal lobe (Fig. 3A). The
tumor was separated from the occipital lobe by the parieto-
occipital sulcus, with the tumor margin located behind the
lateral ventricle. These spatial relationships were visualized
more clearly on STIR than on T2WI (Fig. 3B and C). Surgery
was planned to preserve the left parietal lobe cortex in to avoid
Gerstmann syndrome. During surgery, the parieto-occipital
sulcus was easily identified by the reddish colour of the gyrus
involving the tumor. We completely split the parieto-occipital
sulcus and separated the tumor bulk from the occipital lobe.
The tumor was then dissected from the surrounding white
matter along the demarcated tumor margin. Fine contrast
resolution between the tumor bulk, peritumoral edema, and
surrounding normal white matter on STIR guided directian
and depth during removal of tumor bulk and peritumoral
edema. While edematous white matter on the anterior side
of the tumor bulk was removed, the lateral ventricle was not
opened despite of the tumor border proximity. Postoperative
MRI showed that the tumor was successfully debulked with
preservation of the parietal lobe cortex (Fig. 3D). The patient
did not display Gerstmann syndrome, The pathological diag-
nosis was anaplastic oligodendroglioma.
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Fig. 1. Images for Case 1. The conical vessels and sulci were visualized more clearly on axial STIR using 3.0T MRI (B) than on T2WI using 1.5T MRI
(A). Saginal STIR (C) demonsirates the tumor bulk located within gyri between the first sulcus forward and the third sulcus back from a cortical vein (arrow),
The sulcus number is indicated with a numeral. Contical surface showing normal colour (D). Surgical findings of a contical vein (arrow), the superior frontal
sulcus (white arrowheads), the inferior frontal sulcus (black ammowheads), and numerals showing the sulcus numbers correspond 1o those on the sagital STIR
image. Postoperative STIR (E) shows that the tumor has been debulked accurately, although postsurgical edema is seen in the white matier adjacent to the
tumor bed
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Fig. 1. (Continued ).

4. Discussion

In the present study, the use of STIR in a high magnetic
field system enabled clear depiction of the cortical surface
and intra-axial structures in all patients. In particular, corti-
cal vessels and sulci were visualized more clearly on STIR
than on conventional T2WI using 1.5T MRI These clear
depictions of STIR were beneficial for understanding the
spatial relationships between the cortical surface structures,
neighboring white matter, and tumor bulk. Our results con-
firm previous reports that STIR in a high magnetic field can
produce high contrast resolution comparable to that of micro-
or macroscopic specimens of the CNS [2,12]. While T2WI
shows high brain-CSF contrast and low intra-axial contrast,
PDWI demonstrates high intra-axial contrast and low brain-
CSF contrast. The very short inversion time of STIR makes
this the only sequence in which signal intensity is additively
affected by proton density and T1 and T2 relaxations, This
characteristic improves both the brain-CSF contrastand intra-
axial contrast [2,7,12,13]. Compared with FLAIR, STIR has
ahigher contrast resolution because FLAIR contrast incorpo-
rates signal intensities that are competitively affected by T1
and T2 relaxation. STIR has similar appearances 1o reversed
gray-scale T2R images in a high field MRI system. T2R
provides an excellent means of elucidating the fine details
of intracranial pathology [1,3]; however, T2R has excellent
intra-axial contrast, although lower brain-CSF contrast than
STIR. STIR is therefore superior to T2R, particularly in terms
of brain-CSF contrast [12].
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Tumor location can be difficult to determine without navi-
gation tools if the cortical surface of the tumor bulk is normal
in colour as demonstrated in Cases 1 and 4. The high brain-
CSF contrast of preoperative STIR evaluation enables us to
accurately determine the tumor location. In contrast, during
surgery, the utility of STIR possesses the following limita-
tions regarding two-dimensional localization of the tumor on
the cortical surface; (i) it is necessary to have information on
both the sulci and the vessels on STIR, and (ii) STIR is of
limited use for most anaplastic oligodendrogliomas because
the reddish cortex of patients with this tumor means that the
gyri involving the tumor can be easily differentiated from the
surrounding normal gyri.

The high intra-axial contrast of STIR is also useful for
resection of superficially located gliomas as shown in Case 7.
The high intra-axial contrast of STIR provided clear depiction
of intracerebral structures, providing fine contrast between
tumor tissue, peritumoral edema and surrounding normal
white matter. STIR images were useful for guidance of
the resection direction and depth within the white matter.
Gliomas can be localized for removal using several meth-
ods that include intraoperative ultrasound, frame-based or
frameless stereotactic navigation tools, intraoperative navi-
gation that combines brain mapping and functional MRIL, and
intraoperative MRI [14-20). STIR will become an optional
neuroimaging technique to support these surgical methods.
The present study did not use neuro-navigation to confirm
the accuracy of anatomical resolution on STIR; however, the
combination of STIR and a neuro-navigation system would
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Fig 2. Images for Case 4. Axial T2ZWI using 1.5T MRI (A) and axial STIR image using 3.0T MRI (B). Black arrowhead: the cingulate sulcus, white

a d: corpus calk
hospital demonstrates satisfactory removal of the tumor bulk.

be useful for resection of tumors sited in the deep white
matter.

Oligodendroglial tumor will be increasingly encountered
by neurooncologists, because the morphological spectrum
of oligodendroglial tumor includes tumors that have previ-
ously been misinterpreted as astrocytomas [21]. In the present
study, 8 of 10 patients presented with oligodendroglial tumor.
Oligodendroglial tumor is commonly seen as a superficially
located, clearly demarcated tumor enlarging a single gyrus
[15,22). MRI typically demonstrates that oligodendroglial
tumor appears well-demarcated and shows little peritumoral
edema [23]. Peritumoral edema must be removed as com-

b3

sulcus, arrows: the pericallosal and callosomarginal arteries. Postoperative T2ZWI using 1.5T MRI (C) performed at a different

pletely as possible to prevent microscopic infiltration of the
wmor into surrounding edematous brain tissue [24]. Gross
total removal has been recognized as a prognostic factor
in oligodendroglial tumors [25-30]; however, a previously
report stales that extensive gross total removal, such as lobec-
tomy, is not a prognostic factor [30]. For these reasons, it is
important to accurately remove superficially located cerebral
oligodendroglial tumors while minimizing injury to the sur-
rounding brain. The trans-sulcal approach is commonly used
as a standard strategy when removing a glioma to minimize
invasion into the brain [31]. Clear anatomical resolution of
the cortical surface on STIR images helps to identify the sulci



