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Fig. 3. Images for Case 7. Axial Gd-TIWI using 1.5T MRI (A) and T2WI using 1.5 T MRI (B). (C) STIR using 3.0T MRI more clearly demonstrates the
parieto-occipital sulcus (arrowheads) separating the tumor from the occipital lobe, and the tumor margin behind the lateral ventricle (arrow), than T2WL. (D)
Postoperative STIR shows complete removal of the tumor bulk and preservation of the parietal conex.

to be split in the trans-sulcal approach to the tumor bulk prior
to surgery. We believe that high contrast STIR imaging is
suitable for preoperative evaluation of superficially located
oligodendroglial umors.

5. Conclusion

This study demonstrates the usefulness of STIR in brain
tumor surgery. Our results, although derived from a small
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sample size and without comparing the STIR sequence fairly
and rigorously with other MRI sequences using the same sys-
tem, support the recommendation that STIR should become
a preoperative examination for the removal of superficially
located glioma. The benefits of STIR imaging include: (i)
clear depiction of cortical surface structures, and (ii) fine con-
trast of intra-axial structures, from which the limitations of
tumor resection can be evaluated, We believe that STIR is of
great assistance Lo neurosurgeons planning surgical treatment
for patients with superficially located glioma.
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Abstract

v

The objective of the present study was an evalu-
ation of the incidence and risk factors for erro-
neous histopathological diagnosis of low-grade
glioma after stereotactic biopsy, Twenty-eight
tumors diagnosed as low-grade glioma after
stereotactic biopsy and surgically resected there-
after were analyzed. There were 13 astrocyto-
mas, 7 oligodendrogliomas, and 8 mixed gliomas.
All neoplasms had a lobar location. Seven tumors
had contrast enhancement on MRI, The number
of tissue samples obtained during stereotactic
biopsy was one in 19 cases, two in 4, and three
or more in 5. Complete diagnostic agreement
in tumor typing and grading after stereotactic
biopsy and surgical resection was attained in
10 cases (36%) Agreement in tumor typing was
marked in 16 cases (57 %). Erroneous typing was

Introduction

v

Image-guided stereotactic biopsy represents a
standard neurosurgical technique, routinely used
in cases of parenchymal brain lesions. Tissue
sampling from the area that looks the most
abnormal on CT and/or MRI, results in a high rate
of positive histopathological findings [1-3]. Nev-
ertheless, heterogeneity of the lesion, frequently
abserved in gliomas, limits the diagnostic accu-
racy of the procedure, and not infrequently leads
to erroneous tumor typing and/or grading [1.3-
8]. In a large cohort of patients with malignant
gliomas diagnosed with stereotactic biopsy a dis-
proporticnally greater number of anaplastic
astrocytomas compared to glioblastomas was
found, which could result from frequent tumor
undergrading [4]. In our own series (unpublished
data), undergrading of the non-enhancing malig-
nant gliomas represented the most typical his-
topathological error, which can certainly result in
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more frequent in tumors with an MIB-1 index
of less than 3% (P=0.0629) and mixed gliomas
(P=0.0801 ). Overgrading of WHO grade | tumors
was marked in 3 cases (11%) and undergrading
of WHO grade 11l gliomas in 8 cases (28%). Tumor
undergrading was more frequent in cases with
an MIB-1 index of more than 3% (P=00045). The
MIB-1 index detected after stereotactic biopsy
was nearly always lower compared with those
established after surgical resection (F<0.0001).
In conclusion, the histopathological diagnosis of
low-grade glioma established after stereotactic
biopsy is associated with a substantial risk of
inaccuracy. Tumors with low proliferative activ-
ity and mixed gliomas are especially susceptible
for erroneous tumor typing Undergrading of
high-grade gliomas may be suspected if the MIB-
1 index in the tumor specimen constitutes more,
than 3%

an inappropriate choice of the management
strategy and a wrong determination of the prog-
nasis. Therefore, the present analysis was con-
ducted with the objective to identify the
incidence and risk factors for erroneous tumor
typing and grading in cases of low-grade glioma
diagnosed with frame-based image-guided ste-
reotactic biopsy.

Methods and Materials

v

From January 1, 2002 to December 31, 2006, 69
frame-based image-guided stereotactic biopsies of
parenchymal brain lesions were performed in the
Department of Neurasurgery of the Tokyo Women's
Medical University. In 36 cases the diagnosis of
low-grade glioma was established on the perma-
nent histopathological sections. Among the latter,
28 tumors were surgically resected withina month
after initial tissue sampling, and represented the
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clinical hasis of the present study. All analyzed data were extracted
from the constantly maintained surgical, pathological, and radio-
logical databases

Clinical characteristics of patients

No one patient had undergone previous treatment for brain
tumor. Their ages varied from 8 to 60 years (mean: 33 £13years:
median: 32 years). There were 18 men and 10 women. All lesions
were located in the cerebral lobe, mainly frontal (14 cases) and
temporal (12 cases) Overall, 15 neoplasms were located on the
left sicle and 13 on the right side. The majority of the tumors (25
cases) had low intensity signal on T;-, and high intensity signal
on T;-weighted MRI. According to MRI, the structure of the
lesion was considered as homogeneous in 14 cases and hetero-
geneous in 14 cases. Contrast enhancement was present in 7
tumors, and was characterized as heterogeneous in 5 and patchy
in two.

Indications and technique of stereotactic biopsy

The main indication for stereotactic biopsy in the present series
was the establishment of the histological type and grade of the
suspected glioma for scientifically based consideration of the
rationale for aggressive tumor resection and detailed informa-
tion for the patient and his/her family about the prognosis. The
procedure was usually accompanied by implantation of the deep
brain electrodes for preoperative brain mapping. In each case
informed consent was obtained from the patient and his or her
nearest family member.

The technique of stereotactic biopsy of parenchymal brain
lesions used in the Tokyo Women's Medical University can be
briefly presented as follows. On the day of treatment a Leksell G
stereotactic frame (Elekta Instruments AB, Stackholm, Sweden)
was fixed on the patient's head, the coordinate frame was
attached, CT, MRI, and, sometimes, angiography and multivoxel
proton magnetic resonance spectroscopy ('H-MRS) were
obtained in stereotactic conditions, and all images were trans-
ferred for co-registration to the Leksell GammaPlan version 2.0
or, later, Leksell SurgiPlan Release 220 (Elekta Instruments AB,
Stockholm, Sweden). The contrast-enhanced part of the lesion,
or its center, in cases of non-enhancing pathologies, was selected
for tissue sampling, In cases of 'H-MRS-supported biopsy the
target was chosen within the lesion-containing subvoxels, which
had the lowest NAA/Cho ratio. Tissue samples were abtained
using a Sedan-type blunt side-cutting aspiration biopsy needle,
and were divided in two parts for intraoperative and permanent
histopathological investigation Il examination of the frozen
biopsy sections did not determine the neoplastic tissue, the
sampling was usually repeated. The number of obtained biopsy
specimens was one in 19 cases, two in 4, three in 2, four in 2, and
nine in 1 case. All procedures were performed under local
anesthesia with additional intravenous sedation

Surgical resection of the tumor

All patients underwent surgical resection of the tumor directed
on its maximal possible removal. This was done on average 2+ 1
weeks alter initial rissue sampling. Intracperative MRI, real-time
neuronavigation, neurophysiclogical monitoring, comprehen-
sive brain mapping, awake cranictomy, chemical neuronaviga
tion with 5-aminelevulinic acid, and intraoperative histopatho-
logical monitoring of the resected tissue, were used routinely as
appropriate. The tumor resection rate varied from 85 to 100%

Muragaki ¥ &t 2, Low-Crade Glioma on Sterectactic Bopty

Histopathological diagnosis

All histopathological examinations were performed by one neu-
ropathologist. As is noted above, in each case, both during stereo-
tactic biopsy and surgical resection of the tumor, intraoperative
examination of the frozen sections was done using hematoxylin
and eosin staining. Permanent histopathological examination of
the formalin-fixed paraffin-embedded tissue was performed
using hematoxylin and eosin staining, as well as appropriate
immunchistochemistry. Determination of the MIB-1 index was
done inall cases. Typing and grading of intracranial tumors were
based an the World Health Organization (WHO) criteria [9]. For
diagnosis of oligoastrocytoma the presence of both astrocytic
and oligodendroglial components should constitute not less,
than 25% [10], otherwise the diagnosis of glioma with specific
cell components was made,

Comiplete diagnostic agreement was considered if the final his-
topathological diagnoses after both stereotactic biopsy and sur-
gical resection of the tumor were identical, minor disagreement,
if those were slightly different, but without significant impact
on the treatment strategy, and major disagreement if histopatho-
logical diagnoses differed significantly, which could have a seri-
ous impact on the choice of the appropriate management and
determination of prognosis [11].

Statistics

The chi-square test with continuity correction, Mann-Whitney
test, and Wilcoxon signed rank test were done. The level of sig-
nificance was determined at P<0.05.

Results

v

Histopathological diagnosis after stereotactic biopsy
The definitive histopathological diagnosis with determination of
both type and grade of the tumor was established on the perma-
nent sections after stereotactic hiopsy in 22 cases (79%). Astro-
cytic neoplasms were diagnosed in 13 cases, oligodendrogliomas
in 6 cases, including one with an astrocyric component, and oli-
goastrocytomas in 3 cases. In 6 other patients (21 %) an incom-
plete diagnosis was made, namely low-grade glioma without
detailed clarification of the tumor type. The MIB-1 index varied
from 0% to 8% (mean: 2.7 £2.2%; median: 1.9%). In 8 cases it was
less, than 1%, in 9 between 1 and 3%, and in 11 it was more than
3% All cases were designated as WHO grade |l tumors

Histopathological diagnosis after surgical resection of
the tumor

After surgical resection of the tumor, astrocytic neoplasms
were diagnosed in 13 cases, including two with oligodendroglial
component, oligodendrogliomas in 7 cases, including five with
astrocytic components, and mixed gliomas in 8 cases (five oli-
goastrocytomas, two dysembryoplastic neuroepithelial tumors.
and one ganglioglioma with astrocytic and oligodendroglial
components). The MIB-1 index varied from 0.5% to 157 % (mean:
6.7 +4.5%; median: 5.8%) Three tumors (11%) were designated
as WHO grade |, 17 (60%) as WHO grade 11, and 8 (28%) as WHO
grade 11l

Diagnostic agreement and concordance in tumor
typing, grading, and MIB-1 labeling

Complete agreement in tumar typing and grading after stereo-
tactic biopsy and surgical resection was marked in 10 cases
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stereotactic biopsy of glioma to that after its surgical resection.

(36%). Minor disagreement was marked in 10 cases (36%) and
included initial overgrading of WHO grade | tumors, as well as
incomplete histopathological diagnosis or erroneous typing of
the low-grade tumor after stereotactic biopsy. Major disagree-
ment was marked in 8 (28 %) cases with initial undergrading of
WHO grade Il glioma. No one investigated factor had a statisti-
cally significant association with the attainment of complete
diagnostic agreement between stereotactic biopsy and surgical
resection

Concordance in tumor typing after stereotactic biopsy and sur-
gical resection (€ Fig. 1) was attained in 16 cases (57%), It had
borderline associations with the MIB-1 index established after
stereotactic biopsy (P=0.0629) and tumar histological type
(P=0.0801). Erronecus typing or incomplete diagnosis after
stereatactic biopsy was done in 10 out of 17 cases with an MIB-1
index of less than 3%, and in 2 out of 11 cases with an MIB-1
index of more than 3% (odds ratio: 6.43; 95% confidence inter-
val: 1.05-39.33), as well as in 6 out of 8 mixed gliomas and 6 out
of 20 “pure” astrocytic tumors or oligodendrogliomas {odds
ratio: 7.00; 95% confidence interval: 1.09-45.15).
Undergrading of WHO grade 11l tumors was associated with the
MIB-1 index established after stereotactic biopsy (P=0.0045).
Tumor undergrading was done in | out of 17 cases with an MIB-
1 index of less than 3%, and in 7 out of 11 cases with an MIB-1
index of more than 3% (odds ratio; 28.00, 95% confidence inter-
val: 2.63-297 67).

The MIB-1 index established after stereotactic biopsy was nearly
always lower than those one, which was established after tumor
resection (P<0.0001), and in 6 cases (21%) the difference was
statistically significant. No one investigated factor had an asso-
ciation with erroneous MIB-1 labeling after sterectactic biapsy.

Discussion

v

Low-grade glicmas are encountered with an approximate inci-
dence of 0.56-1.03 per 100000 persons per year [12,13], These
tumors are usually manifested between the second and fourth
decades of life with seizures, headache, hemiparesis, and mental
abnormalities [14-16) Typical MRI findings include signal
hypointensity on Ty- and hyperintensity on T-weighted iniages,
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absence of the prominent peritumoral edema, mass effect, dis-
tant tumor foci, hemorrhage, and necroses [15.17,18]. Absence
of contrast enhancement is neither a sensitive, nor a specific

sign of low-grade neoplasms. The latter are enhanced in 18-47% -

of cases, whereas malignant tumars, mainly anaplastic astro-
cytomas, comprise from 12% to 45 % of non-enhancing gliomas
[5,16,19-23]. Overall, conventional MRI has limited accuracy
in the differentiation of low- and high-grade neuroepithelial
brain tumors, which necessitates the use of perfusion-weighted
imaging (PWI), positron emission tomography (PET), and 'H-
MRS |18,24-26] Anyway, modern neuroimaging could not
substitute the histopathological investigation of the tissue
samples, which at present represents the "gold standard” in the
diagnosis of brain tumor, its typing and grading [15,19].
Stereotactic brain biopsy is routinely used for the histopatho-
logical evaluation of parenchymal brain tumors and their differ-
entiation with non-neoplastic lesions. Determination of the type
and grade of the tumor performed with stereotactic biopsy has
been frequently considered equal to the diagnosis established
after surgical resection of the neoplasm [1,27-29]. Since the
rationale for aggressive surgery of gliomas has not been formally
proved up to date, the results of stereotactic biopsy are fre-
quently used for the choice of the optimal treatment strategy,
determination of prognosis, and usually accepted as a sufficient
criterion for case inclusion into the clinical trial [16,23,30). It
makes the preciseness of the histopathological diagnosis estab-
lished after stereotactic biopsy of paramount importance, but, in
fact, in 3-49% of cases it more or less significantly differs from
those one which was determined after subsequent tumor
removal [1-3,5-8,11,17.31-33). Complete diagnostic agree-
ment, defined as identical determination of the tumor type and
grade after sterectactic biopsy and surgical resection, was
marked just in 36% of cases in the present series.

Erroneous tumor typing after sterectactic biopsy of suspected
low-grade gliomas was done in 43 % of the cases. Oligoastrocyto-
mas and mixed neuronal-glial tumors were especially suscepti-
ble for such diagnostic inaccuracy. It is highly possible, that in
such cases small tumor specimens could not permit one to eval-
uate the representation of the different cell types [3.4,34] From
another hand, inaccurate determination of mixed gliomas can be
caused by differences in the existing criteria for their morpho-
logical characterization and differentiation from “pure” astrocy-
tomas and oligodendrogliomas [9,14]. In the present series,
representation of the astrocytic and oligodendroghial compo-
nents required for the diagnosis of oligoastrocytoma, should
constitute at least 25%, whereas others used lower cutoff levels
of 20%[16], 10% [14), and even 1 %|30] While inaccurate typing
of glioma after stereotactic biopsy is usually considered as a
“minor” diagnostic error [1,11], the precise determination of the
tumor type may be important for prediction of possible tumor
re-growth and malignant progression, response to treatment,
and patient survival [4,12-14,16,30]. Moreover, taking into
account that the presence of oligodenroglial components in gli-
oma may be associated with a better response to chemotherapy
|14,16,23,30], an imprecise determination of the tumor type
attained after stereotactic biopsy can potentially influence the
results of clinical trials [4].

Tumor undergrading represents the main cause of major diag-
nostic errors after stereotactic biopsy of glioma and can result in
an inappropriate choice of therapy and determination of prog-
nosis |[4-6,34). Misinterpretation of the biopsy findings is espe-
cially great in cases of intermediate grade tumars, which is
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extremely important for clinical decision-making [35]. In the
present study 28% of low-grade gliomas diagnosed with stereo-
tactic biopsy in fact represented WHO grade Il tumaors. It was
proposed that for avoidance of such misdiagnosis the Daumas-
Duport grading system should be applied [2,36]. The presence
of prominent nuclear atypia, mitoses, or microvascular prolifer-
ation in the biopsy sample may be considered as an indirect sign
of possible higher tumor grade |14,36]. In the present series
proliferative activity determined in the tumor specimen after
stereotactic biopsy of the “low-grade glioma” was associated
with the probability of tumor undergrading. Heterogeneity of
the Ki-67 labeling index within a tumor is somewhat independ-
ent from its histological heterogeneity, and proliferative activity
1s frequently elevated even in those areas of high-grade tumors
which do not exhibit microscopic features of anaplasia [34]. It
should be raken into account during evaluation of the his-
topathological data obtained with stereotactic biopsy, and
according to our data. tumor undergrading should be strongly
suspected il the MIB-1 index of the otherwise "low-grade gli-
oma" constitutes more than 3%

Surprisingly, in the present series the MIB-1 index established
alter stereotactic brain biopsy was nearly always lower, com-
pared to those one, which was established after surgical resec-
tion of the neoplasm, and in 21% of cases this difference was
statistically significant. Heterogeneity of Ki-67 expression in
gliomas is well known [34). It can be speculated that the con-
trast-enhanced part of the neoplasm, or its center if contrast
enhancement is absent, which are usually used as a target for
stereotactic biopsy, might not correspond to the areas of the
tunor with the highest proliferative activity

Multiple tissue sampling from different parts of the neoplasm
was proposed for an improvement of the diagnostic accuracy of
stereotactic biopsy [2,3,5,27,32,34,36). In contrast, in the
majority of our patients only one tissue specimen was taken for
histopathological investigation. In 6 out of 19 such cases (32%)
undergrading of malignant glioma was marked, compared to 1
out of 4 cases (25%) when two tissue samples were obtained at
the time of biopsy, and 1 out of 5 cases (20%) if three or more
tumor specimens were taken. This difference, however, was not
statistically significant. Additionally, it should be noted that
multiple sampling of the lesion located within the functionally
important brain area may result in increased neurological mor-
bidity [3.24]. On the other hand, newest imaging modalities,
such as PET [24,26], single photon emission computed tomogra-
phy [37), 'H-MRS [38,39], and PWI [18,25], can potentially pro-
vide better target selection and may result in an improved
diagnostic yield of stereotactic biopsy of parenchymal brain
tumors. The better diagnostic accuracy of such procedures, how-
ever, still needs to be proved.

It seems important that interpretation of the histopathological
findings after image-guided frame-based sterectactic biopsy
were done with consideration of other factors. Since the risk of
malignancy in gliomas is increasing with age [13,20,22], it
should be always taken into consideration. On the other hand,
characteristics of the tumor abtained with structural, functional,
and metabalic neurcimaging can be used as a clue for prediction
of its malignant potential [6,17,18,26]. Correspondence of all
clinical and neuroradiological data to the histopathological diag-
nosis of low-grade gliomna established after stereotactic biopsy
can atgiment its probability, whereas their discrepancy should
raise a suspicion of the possible diagnostic error with corre
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sponding corrections in the treatment strategy and follow-up
schedule.

In conclusion, the histopathological diagnosis of low-grade gli-
oma established after stereotactic biopsy of parenchymal brain
tumor is associated with a substantial risk of inaccuracy. In the
present series, complete diagnostic agreement in determination
of type and grade of the neoplasm after stereotactic biopsy and
subsequent surgical resection was attained just in 36% of cases
Al the same time erroneous tumor typing, undergrading, and
inaccurate MIB-1 labeling were marked in 43, 28, and 21%
respectively. Tumors with low proliferative activity and mixed
gliomas were particularly susceptible for erroneous tumor typ-
ing. Undergrading of high-grade tumor may be suspected if the
MIB-1 index in the biopsy sample of an otherwise “low-grade
glioma™ constitutes more than 3%
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Metabolic Assessment of Gliomas Using
"C-Methionine, ['*F] Fluorodeoxyglucose, and
"'C-Choline Positron-Emission Tomography

BACKGROUND AND PURPOSE: Positran-emission tamography (PET) 1s a useful tool in encology. The
aim ol this study was 10 8550ss the metabolic activity of gliomas using ' 'C-methionine (MET),
|""F| Huorodeoxyolucose (FDG), and "' C-choline I(CHO) PET and 1o explore the correlation between the
metabalic actvity and mistopathologic teatures

MATERIALS AND METHODS: PET exanunations were pertarmed tor 95 pnimary gliomas (37 grade I, 37
grade I, and 21 grade IV). We measured the tumor/narmal brain uptake ratio (TN ratio) on eacn PET
and investigated the correlations among the tracer aptake, tumaor grade, tumar type, and tumor
proliferation activity. In addition, we compared the ease of visual evaluation for tumor detection

RESULTS: All 3 of the tracers showed positive correlations with astrocytic tumor (AT) grades (IAV and
WAV). The MET T/N ratio of oligodendroglial tumors (OTs) was significantly higher than that of ATs of
the same grade. The CHO T/N ratio showed a significant positive correlation with istopathologic grade
m OTs. Tumor grade and type intluenced MET uptake anly. MET T/N ratios of more than 2.0 were seen
in 87% of all of the gliomas. All of the tracers showed signiticantly positive corelations with Mib-1
labieling index in ATs but not in OTs and oligoastrocytic tumars

coNcLusion: MET PET appears to be usetul in avaluating grade, type, and proliferative activity ol ATs.
CHO PET may be usetul in evaluating the potential malignancy of OTs. In terms of visual evaluation of
tumor localization, MET PET is supernar ta FDG and CHO PET in all ot the gliomas, due to its

P ositron-emission tomography (PET) can provide valuable
metabolic information and is used for grading and char-
acterizing brain tumors, evaluating treatment response, and
predicting prognosis. In brain tumors, the 2 most widely used
tracers are |"*F] fluorodeoxyglucose (FDG) and ''C-methio-
nine (MET). In previous reports, a relationship was found
between FDG uptake and glioma grade and between MET
uptake and glioma grade." * FDG allows detection of the in-
creased glucose uptake characteristic of malignant cells, so
DG PET has previously been used successfully in oncology.
Recent studies of other organ systems have demonstrated a
close correlation with FDG uptake and the proliferative activ-
ity of tumors.” '* Due to the high-glucose metabolism in nor-
mal brain tissue, however, FDG may not be the ideal tracer for
detection of gliomas. MET is more appropriate to image the
size and spread of gliomas, even without enhancement on
contrast-cnhanced MR imaging, because MET PET has the
advantage of showing selective uptake in the brain tumor
compared with normal brain tissue, More recently, ''C-cho-
line {CHOD was introduced as another novel agent o evaluate
different aspects of tumors,"™ "

In both low-grade and high-grade oligodendrogliomas
1ODs) increased vascular attenuation was seen, in contrast (o
astrocytic tumors (ATs), for which microvascular prolifera-
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straightlorward detecnon of “hot lesions”

tion was seen in only high-grade umors.'”"" Using conven-
tional modalities, there are no specific neuroradiologic fea-
tures that can differentiate between ATs and oligodendroglial
tumors (OTs); however, clinical management of OTs differs
from other gliomas due (o the specific chemotherapeutic sen-
sitivities of OTs." ™ We hypothesized thata multitracer inves-
tigation that examined pretreatment tumor uptake compared
with normal brain would provide valuable information about
glioma grade and type; therefore, we studied metabolic activity
by using MET, FDG, and CHO PET and compared them with
tumor pathology. In addition, we compared the ease with
which tumors could be visually evaluated in cach system and
investigated each tumor's proliferation index, comparing this
with the metabolic activity as measured with PET.

Materials and Methods

Patients
From lanwary 1, 2002, through June 30, 2006, we examined the met-
uf primary gliomas in 95 patients at the Chubu Medical

abolic activity
Center for Prolonged Traumatic Brain Dystunction, Kizawa Memo-
rial Hospital, in this retrospective study, All of the patients gave writ-
ten informed consent, and the protocol was approved by the research
committee of Kizawa Memorial Hospital Foundation.

PET examinations performed in patients with brain stem gliomas
and World Health Organization (WHO) grade | tumaors were ex-
cluded. We also excluded stereotactic hiopsy cases, because histology
was occasionally insurficient for definitive tumaor grading. All of the

patients underwent open surgical procedures within 4 weeks after

PET scanning. Presuy adiologic evaluation was performed with
MET PET, FDG PET, CHO PET, and contrast-enhanced MR imaging
in all of the patients. We included cases of “the hottest kesion” dem-

onstrated preoperatively on cach PET thar were resectable, Tumors




Table 1: Histopathologic results according to WHO classification and MBI findings

MRl Enhancement”

WHD Classification No. of Patients Age, Mean * SD, y Tumar Size, Mean + SO, cm’ None Weak Strong
Grada I

Difluse astrocytoma " 378 =134 511 = M4 ] 1 2
(igodendroglnma 9 e =124 B57 = 567 B 3 0
Miguastrocyloms 1 A6 141 A3 =410 12 1 1
Grade I

Anaplastc astiocytoma 13 432 * 136 487+~ 233 § B B
Anaplastic oligodendroglioma 13 02 =148 404 + 216 4 2 i
Anaplastic oligoastiocyloma 5 M2=168 352=102 3 2 0
Grade IV

Glisblastoma multiforme 21 600 =109 37 > 327 0 3

Total 95 459 = 158 176 = 16 al 0 k7]

Note:—Mill indicates MR imaging, WHO, Woud Healith Organizaon

* Noow indhcates no entancement weak pinial o shght snhamceel, stong, ovious Enhancement

were classified according to their histologic diagnosis by using the
WHO dassification. Fifty-four tumaors were ATs, 22 were OTs, and 19
were mixed oligoastrocytic tumors (OATs), and all of the wmors
were located supratentonially. A summary of these data is shown in
Table 1

PET Scan Procedure

The PET study was carried out according o the standardized proce-
dure used in our institution. The PET scanner wasan ADVANCE NX)
Imaging System (General Electric Yokokawa Medical System, Hino-
shi, Tokyo, lapan), which provides 35 rransaxial images at 4.25-mm
intervals. The in-plane spatial resolution (full width ar half maxi-
mum) was 4.8 mm, and the scan mode was the standard 2D mode,
Refore the emission scan was performed, a J-minute transmission
scan was performed 1o correct photon attenuation with u ning source
containing “"Ge, Patients fasted for at least 4 hours betore PET stud-
ies. A venous cannula was inserted in the forearm for injection of the
vadiopharmaceuticals. From this cannula, a blood sample was also
draswn to measure the serum ghucose level, and blood glucose levels
were corrected if necessary, A dose of 7.0 MBg/kg of MET, 5.0
MBqg/kg of FDG, or 7.0 MBg/kg of CHO was injected intravenously,
depending on the examination, The emission scan was acquired as
follows: 1) for 30 minutes, beginning 5 minutes after MET injection;
2} for 7 minutes, beginning 35 minutes after FDG injection: and 3} for
7 s, begi 2 mi after CHO injection, During PET
data acquisition, head motion was continuously monitored by using
laser beams projected anta ink markers drawn over the forehead skin
and corrected manually, as necessiry. The images were reconstructed

13

by using the ordered-subsets expectation maximization algarithm,

MR Imaging Procedure
MR imaging was performed on a L5T system (Signa; GE Medical
Systemns, Milwaukee, Wis). Tl-weighted images, 12-weighted images,
and Muid-attenuated inversion recovery (FLAIR) images were ac-
quired using our standard protocol. For coregistration of metabolic
and unatomic data, 31 spoiled gradient-echo images were also ac-
quired after administration of 0.2 ml/kg of gadopentetate dimeglu-
mine (Gd-1TPA, Magnevist; Nihon Shering, Osaka, Japan) by using
following parameters: no gap; L.O0-mm thickness; TRITE = 20.0/1.6
ms; fhipangle = 15% NEX = |; and axial views.

Tumor volume was measured using the Gd-DTPA enhanced area,

When enhancement wis absent, we referred 1o the FLAIR image,

Gd-DTPA enhancement was classified as follows: none, no enhance-
ment; weak, partial or slight enhancement; or strong, obvious en-
hancement throughout the tumor

Data Analysis

Tracer accumulation in the regions of interest (ROLs) was analyzed as
the standardized uptake value (SUV), which is the activity concentra-
tion in the ROD at a fixed time point divided by the injected dose
normalized 1o the patient’s measured weight. The MET, FDG, and
CHO SUV tumar/normal brain uptake ratios {T/N ratios) were cal-
culated by dividing the maximum SUV for the tumar by the mean
SUV of contralateral normal frontal cortex. The tumar SUVS were
selected as the highest accumulation, and the reference ROIs were
drawn in 3 circular ROLs with a diameter of 10 mm on cach of the 3
axial planes. Coregistration of PET and MR imaging was undertaken
inall of the cases with the Dir View, an image analysis sofrware package
(A]S, Tokyo, Japan), by using a method described by Kapouleas ot

al** If increased accumulation was absent or not clear, an RO was

selected in consultation with the fusion image. We used the T/N ratio
instead of absolute SUV because of the high, unexplained intersubject
variahility of SUV. We used umor maximum SUV instead of tumaor
mean SUV 1o minimize the effect of tumor heterogenceity. In each
tracer we defined the T/N ratios more than 2.0 as hot lesions und
carried out analysis of what percentage took in all of the cases 1o

evaluate visual ease for tumar detection.

Proliferation Activity

The tumors were graded according to the WHO classification of brain
tumors fram representative hematoxylin-eosin-stained slides of cach
tumor. An avidin-biotin immunoperoxidase or simple stain MAX
peroxidase (Nichirei, Tokyo, Japan) rechnique was used to perform a
Mib-1 monoclonal antibody (DAKO, Glostrup, Denmark) assay in
selected sections of each case. The Mib-1 labeling index (L1) was
quantified visually by counting the number of mitoses inarcas of the
tumor showing the highest number of immunopositive nuckei. All of
the tissue sections were examined at high-power magnification
1 2400} along horizontal and vertical axes perpendicular to cach other
until 1000 cells were counted. Only neoplastic cells were included in
the quantification of the Mib-1-positive cells. Necratic and hemor-
thagic areas and the borders of each section were omitted from quan-
tification. The results were expressed as the percentage of Mib-1-
positive cells per 1000 tumor cells,
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—_— DA; 14 Table 2: T/N ratio in gliomas

i S E—— ;
T AA; 19

Grade 11, Grade I, Grada IV,
0 ; 4
GBM; 21 Tumot Mean = S0  Mean = SO Mean = 5D
60 a9 4 19 |
1 Astrocyle lymor, r A 2
AOD; 13 il &
MET 224+ 090 103 < 102 503 = 165
0OA; 14 . % i -
AOA: § FDG 079+ 008 127 =046 168 = 0/8
LT i £HO 268+ 204 176+ 304 1835 ~ 673
E | Ubgodendroglial tumor 9 13
3 | MET 395 = 160 446 = 155
0 | ‘ FOG 103 = 040 .71 = 1.08
CHO 146 = 252 121221
o | Oligoastrocylic tumont 14 ]
- - MET 260091 283+ 099
QA AOK FOG 100 + 045 085 = 0.15
19 CHO 378 = 336 3022174
Moto:—1/N ristin ind urnor fnomal brsn uotake st MET, 7'Conwthianiog, DG
11 Horodenmyghucoe Ccholing
2}
i 0.29 = 0.07, respectively. In ATs, MET T/N ratios of diffuse
i astrocytoma (DA), anaplastic astrocytoma (AA ), and glioblas-
Eist toma multiforme (GBM) were 2.24 = 0,90, 3.03 = 1.02, and
g 5.03 * 1,65, respectively. There was a significant difference
Ll L ] between these ratios among the different grades of ATs (DA/
i GBM: P < 001; AAIGBM: P < .001). In OTs and OAs, MET
TIN ratios of O, anaplastic oligodendroglioma (AOD), oli-
Py = = — goastrocyloma (OA), and anaplastic oligoastrocytoma (AOA)
DA KA. oM W N0 0N AGA were 3,95 = 1,60, 4.46 = 1.55, 2,60 = 0.91, and 2.83 = 0.99,
%0 - t i . respectively. There were no significant differences between the
— =3 ol ratiog of O and AOQD or between those of OA and AOA (Fig
Bo - 1)
In ATs, FDG T/N ratios of DA, AA, and GBM were 0.79 *
im' (.08, 1.27 = 0.46, and LE8 = .78, respectively. Significant
+ differences were present between the different grades of ATs
g (DA/GBM: P < .001; AA/GBM: P < .05). However, no signif-
EWH icant dilterences were seen between FDG T/N ratio of OTs and
that of OATs (O 1.03 £ 0,415 AOD: 1.71 £ 1.09; OA: 1.00 £
- , I ; 0.45; ADA: 0.85 = 0,15; Fig 1),
— [ - In ATs, CHO T/N ratios of DA, AA, and GBM were 2.69 +
00 2.4, 1.76 £ 3.M, and 1B.35 £ 6,73, respectively. Significant

DA AA  GBM 0D ADD DA ADA

Fig 1. Goph swowing e comelabon belween Tace gt a0 e grade. * P

differences were present between the different grades of ATs

< 0F (DAJGBM: P << .001; AA/GBM: P < .001). In OTs, signifi-

L I R ]} cantly different CHO T/N ratios were observed between OD
and AOD (346 = 252 and 12.71 = 12.21, respectively; P <

Statistical Analysis

ata are presented as means £ SDs, To compare the T/N ratios be- -
tween histologic grade and type, smatistical analyses were performed Fig 1).
using analysis of variance and a Tukey post hoc test. Analyses of co-
varimoe (ANCOV A were used 1o determine whether tumor-relared
factors (grade, type, Gd-DTPA enhancement, and rumor size) influ

enced cach tracer uptake. To compare the percentage of the hot le

siens among 3 tracers, stutistical analvses were performed using ¥
test with Bonferroni correction. To determine whether tracer accu

mularions were related to cach other and/or to proliferation activiry,
Spearman correlation cocfficients were caleulated. P values less than

05 were considered stanistically significant

(MET: P < 05; CHO: P -

cases are shown in Fig 2.

Results

05). In OAs, CHO T/N ratios of OA and AOA were not sig-
nificantly different (3.78 £ 3.36 and 3.02 = 1.74, respectively;

In grade 11 ghomas, the MET T/N ratio of OD was the
highest, and there was a significant difference between the DA
and OB (P < 05); however, no significant differences were
seen on FDG or CHO PET between these 2 tumors, In grade 111
gliomas, MET and CHO T/N ratios of AOD were the highest,
and significant differences were shown between AA and AOD
01) and between AOA and AOD
(CHO: P < .05). However, a significant difference was not
observed on FDG PET (Table 2 and Fig 1). Represemtative

Tumaor size did not reach statistical significance in each

glioma, Tumor size did not appear to affect each tracer uptake

Semiquantitative Analysis of PET Studies

by ANCOVAs, Grade intfluenced all of the tracers, and tumor

The mean SUVs of the contralaieral normal frontal cortex ol type inlluenced MET uptake only. The degree of Gd-DTPA
MET, FDG, and CHO were 1,25 = 0.39, 648 = 1,51, and enhancement inlluenced MET and CHO uptake (Table 3)

1178 Kato | AINR 29 | Jun-Jul 2008 | wwaw s oy




s supermpoasd on MR mageg Lel? b

svocymoma, MET T/ iaun

N ratin 274, and FDE 1N 1atin

£ 4 68-yeum old man presented with

A: DA B;OA C; 0D
D; AA E; GBEM

HEO PET s supenrposed oo MH imagng. iy [
1.72, CH 1N vano = 1 38, and FDE TN sacio = 066 8 A 23 yesr obd
2 A &4 yeam ol man presaibid with oligorkensoghons, MET T/N

20, CHO TN it < 1017, )

LT 1N ratn

1338 anl 106

ASTHIC YA

/N e /N vati

Table 3. Summary statistics ol ANCOVAs

Table 4: Percentage ol T/N ratio more than 20 in gliomas

MET FDG, CHO, Grade || Grade 11l Grade IV Overall

Variable P P P Variable 137), n (%) (37, n (%) (21), n (%] (35). m (%)*
Su 07 19 19 (751 341916 200000

| (1151 11 X 12.7)

(e 3 1 18 (48.0

JIPA enhancemanl =5 K1} m ke 1t MU
Note:—MET rubcaies 06, 1) Muorodeoryghionse, TH choline e ey N i
Fd DTPA yadnperretat dim Al sty dpm i o

Visual Evaluation for Tumor Localization

The TIN ratio of MET was more than 2.0in 75.7% of grade II,
91.9% ol g.'.l.l&‘(.' HI, 100% of gr ade 1V, and 87.4% of all of the
ghomas. The T/N ratio of CHO was more than 2.0 in 48.6% of
grade 11, 78.449

of the gliomas. The T/N ratio of FDG was more than 2.0 in

o of grade T, 100% of grade IV, and 7 1L.6% of all

7% of grade I, 16.2% of !_'||I|1L 11, 28.6% ol g[.llh' IV, and
13.7% of all gliomas (Table 4). In all of the gliomas, the per-
centage of hot lesions was the highest on MET PET, and there
were significant differences in the percentage of hot lesions
among 3 tracers (IMET/FDG and CHO/FDG: P << 001; MET
CHO: P 0l

Correlation Among 3 Tracer Accumulations

In all of the gliomas, significant correlations among the T/N
ratios of MET, FDG, and CHO were shown (Fig 3). Signif-
icant correlations were also shown between ATs and OTs
(ATs: MET/EDG: r = 0.68, MET/CHO: ¢ (.83, FDG
CHO: r = 0.67; OTs: METIFDG: r = 0,66, MET/CHO: r =
.81, FDG/CHO: r = 0.81; P < In OATS,
sighificant correlations were observed between FDG and
CHO (r=0.67; P -
0.58; P

P= (1Y)

001 for each)

005) and between MET and FDG (r=

01) but not between MET and CHO (r = 0.40;
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Table 5: Correlation between tracer uplake and prolileration index
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Correlation between Tracer Accumulation and
Proliferation Activity

We evaluated the proliferation activity measured by Mib-1 LI
from 70 gliomas. The relationship between tracer uptake and
proliferation activity is shown in Table 5. The mean Mib-1 Lls
of 13 DAs, 14 AAs, 7 GBMs, 8 ODs, 9 AODs, 14 OAs, and 5
AOAs were 4.6% = 2.1%, 14.8% * 9.9%, 3]1.6% * 20.2%,
5.5% % 4.5%, 17.5% = 16.6%, 79% = 5.7%, and 16.1% %
11.1%, respectively. In ATs, there were significant correlations
between the T/N ratios of each tracer and the Mib-1 L1 (P <
001 for each: Fig 1). However, for OTs and OATs, asignificant
correlation was not shown in all of the tracers

Discussion
To our knowledge, this is the first elinical study to evaluate the
grade, lype, and proliferation index ol a series of gliomas while
simultaneously assessing tumor presence by nsing 3 PET trac

ficant dillere

ers, Previously, Kim et al” reported that €
} |
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in glioma grades could be shown on MET PET. not on FDG
PET, and that Mib-1 LI was significantly correlated with only
MET uptake. Other reports have shown significant correlation
hetween glioma grade and FDG uptake.”* ™" In our series, in
the case of ATs, all of the tracers demonstrated significant
positive correlations between their uptake on PET imaging
and tumor grade. In addition, all 3 of the tracers demonstrated
significantly positive correlations between their uptake and
biologic proliferation activity as determined by Mib-1 LL
However, in neither OTs nor OATs did the uptake on PET
imaging show any significant relation 1o grade and prolifera-
tion activity, excluding the correlation between CHO uptake
and tumor grade in OTs, The T/N ratios of MET, FDG, and
CHO were significantly correlated 1o each other in all of the
gliomas except for MET and CHO in OATs. On MET PET,
there was a significant difference between ATs and OTs, both
in grade 11 and 111 tumors. Additionally, by ANCOVA, MET
influenced both grade and type. These results show that MET
has the potential to evaluate tumor grade and type and, for
ATs, biologic proliferation activity.

MET and CHO are tracers that are relatively easy to use for
evaluating the presence or absence of tumor on PET images
compared with FDG,* A T/N ratio more than 2.0 means that
the tumor SUV is clearly higher than that of the normal frontal
cortex; therefore, the tumor is more easily visualized when the
TIN ratio increases beyond 2.0. The T/N ratio of FDG was
more than 2.0in 13.7% of all gliomas. Conversely, the percent-
ages of MET and CHO T/N ratios greater than 2.0 were 87.4%
and 71.6%, respectively, in all of the gliomas, and the percent-
age of MET hot lesions was significantly higher than that of
CHO hot lesions. These results demonstrate the significant
difficulty in evaluating tumor presence on FDG PET com-
pared with MET and CHO PET. The mean SUVs of MET and
CHOin the normal frontal cortex were 1,25 = 0.39and 0.29 =
0.07, respectively, in this study. Thus, the accumulation of
CHO in normal brain was much lower than that of MET.
However, CHO demonstrates extremely high uptake in cho-
roid plexus, venous sinuses, and the pituitary gland, and it is
difficult 1o recognize the existence and/or the border of brain
tumor around these structures. Conversely, except for the pi-
tuitary gland, MET demonstrates slight uptake in normal
brain tissue. Given these results, MET appears 1o be superior
1o CHO for evaluating tumor presence on PET.

Utriainen et al'® investigated the association between cho-
line accumulation and content by using 2 modalities. The as-
sociation between CHO uptake measured with PET, and con-
centration of choline containing component measured with
"H-MR spectroscopy was not statistically significant. They de-
scribed that it is uncertain whether the association should be
expected, because the choline-containing component mea-
sured with "H-MR spectroscopy represents intracellular me-
1abolite pools of phosphocholine and glycerophosphocholine,
whereas the rate of CHO uptake is thought to be controlled by
amino acid transporter expression and atienuation in tumor
endothelial cells. 1t is possible that there was a lack of signifi-
cance in this study due to small sample sizes thus, large studies
using 'H-MR spectroscopy and CHO PET will be necessary in
the future.

Generally, OTs are reported 1o show significantly higher
uptake of MET on PET compared with ATs, This study dem-

onstrated results similar to previous reports."** 1t should be
noted that the OT component can increase MET uptake of
gliomas at the time of PET examination. The mean Mib-1 Ll of
OTs and OATs showed a general trend 1oward a higher pro-
liferation index than that of ATs, even for tumors of the same
grade. This finding, however, is not necessarily the only reason
why the OT component leads to increased MET uptake on
PET. There was no significant difference between the mean
T/N ratios of tumors on MET PET between grade 11 and 111
OTs and OATs, unlike ATs, yet there was a significant differ-
ence of the mean Mib-1 LI between grades 11 and 111 OTs and
OATs, similar to results seen in ATs.

Regarding the difference of MET uptake between ATs and
OTs/OATS, vascular proliferation and angiogenesis of the tu-
mor should be taken into consideration. The main mechanism
of MET uplake is due to an increase of MET transportinto the
tumor. In gliomas, MET uptake may be attributed 1o the acti-
vation of the carrier-mediated transport system ai the normal
blood-brain barrier. This uptake does not directly reflect pro-
tein synthesis, but it represents cell avidity for amino acids. ™!
This system may correlate with tissue proliferation, which also
includes tumor angiogenesis. Plate et al*® reported that tu-
mors can influence the growth of their vasculature and, there-
fore, can regulate their increased nutrient supply, including
amino acids. 1t has been demonstrated that expression of an-
giogenesis signals is an early event in glioma progression, as
demonstrated by the expression of vascular endothelial
growth factor (VEGF) and VEGF type | receptorsin low-grade
gliomas.”® ¥ The angiogenic process initiated by the VEGF
system induces an increase in carrier-mediated large amino
acid transport, and the VEGF system represents the link be-
tween increased MET uptake and low-grade tumor progres-
sion.” In this study, the MET uptake ratio of OTs was signifi-
cantly higher than the ratio of ATs of the same grade. This
finding may be correlated with the microvessel attenuation of
the tumor. As measured by immunostaining with factor V11,
OTs demonstrate high microvessel counts and high MET up-
take comparable with malignant astrocytomas.™ This may be
one of the reasons why MET uptake of OTs is higher than that
of ATs, regardless of grade.

Other authors have reported MET T/N ratio of GBMs as
ranging from 2.2 to 2.5, whereas a mean SUV of normal cortex
was 1.05 = 0.46." “*"*" Hara et al’' reported that the CHO
T/N ratio 0f 7 cases of GBM was 11.2 £ 2.28, and mean SUV of
normal posterior temporal cortex was 0.10 = 0.02. In this
article, both T/N ratios of the tumors and mean SUVs of nor-
mal cortex were higher than those of previous reports, most
probably due to protocol differences.

Currently, PET-guided stereotactic brain biopsy may allow
analysis of a potential correlation of metabolism with histol-
ogy and confirmation of the correlation between PET tracer
uptake and tumor grade. In addition, MET PET provides use-
ful information to assess tumor spread and to plan for surgical
resection and radiosurgery.** ™ The limitation of this study
was a lack of long-term follow-up 1o calculate survival rate,
particularly for the cases of grade 11 gliomas. In addition, due
1o the short half-life of ' 'C-labeled tracers, such a study neces-
sitates the availability of an on-site cyclotron and radio-
pharmacy. We consider that these PET studies contribute to
presurgical planning and aid in evaluating the need for post-
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surgical adjuvant chemoradiotherapy in therapeutic strategies
for glioma,

Conclusions

MET PET appears to be useful in evaluating grade, type, and
proliferative activity of ATs. CHO PET may be useful in eval-
uating the potential malignancy of OTs. In terms of visual
evaluation of tumor localization, MET PET is superior to FDG
and CHO PET in all of the gliomas due to its straightforward
detection of hot lesions. These PET studies can potentially
estimate tumor viability and may be able to predict tumors
with the potential for malignancy. Future studies ought to
investigate the metabolic change in long-term follow-up.
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Usefulness of intraoperative magnetic resonance imaging for glioma surgery
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Summary

Buckground, Rudical resection of ghomus cun mercase patient’s
survival, There is known concern, however, that aggressive tumour
removal cun result in neurological morbidity. The ohjective of the
present study was to eval the uselul of low magnetic licld
strength (0.3 Tesla) open i perative Inagneti imaging
{IMR1) for comnplete rosection of glioma with emphass on Tune-
onal oulcome,

Methods From 2000 10 2004, 96 pulicnis with intrucruninl glho-
mas underwent tumour resection with the use of IMRI in Tokyo
Women's Medicul University. There were 50 men and 46 woinen:
mean age was 39 yeurs, Tumour volume varied from 1.2 ml 10
198 ml (median: 36,5 mL.). Resaction rate and postoperative neuro-
logical sntus were compared between control group (46 cases, oper-
ated on during the initial period afer insiallation of iIMRI), und
studly group (50 most recent cases, in whom surgery wis done using
estublished treatment ulgorithm und improved image quality).

Firdings. Overall, mean resection rate was 93%. und mediul re-
sidual umour volume was 0.17 ml. Total tumour removal was
achieved in 44 cases (467:). Compared to control group. resection
e in the study group was significantly higher (91% ws. 95%
< 0.05), whereas residual tumour volume was significantly smaller
(1.7 mL v, 0.025 mL: P < 0.001). Nine patients in the control group
1207%%) and 24 in the study gronp (48%) experienced temporary post-
operative neurologivul deterioration (P < 0.01), however, the rule of
I bidity evaluated 3 hs alter surgery did not diller
significuntly between the groups investigated (13% ve. 14%).

Conclushons, Use of iIMRT during surgery for intracranial gliomas
pevmils 1o allain aggressive lumour resection with good lunctional

1 Nevertheless, surgical with the iIMR] system,

tablish of treatment algorithm, and improvement of imuge
quality are of paramount imporiance for optimal resulis.

Keywards: Glioma: surgery: outcome: intrsoperative MRL intri-
eperative igati ive brain i

intrnoy pping

Introduction

Gliomas are the most frequent primary brain tu-
mours, management of which 1s extremely challeng-
ing. Despite advances in modern treatment modalities,

including resective surgery, radiotherapy, chemother-
apy, and immunotherapy. outcomes of patients with
malignant gliomas remain poor. Furthermore, there is
still significant controversy with regard to the goals of
surgical resection [12, 25]. Some believe that since the
relationship between resection rate und patient prog-
nosis has not yet been established [7, 23), the possible
benelit of radical remeval of tumour is overshadowed
by the relatively high risk of postoperative neurolog-
ical morbidity. At the same time others argue that cor-
relation between resection rate and prognosis has sufli-
ciently been defined [1, 8, 14, 15]) and that total tumour
removal is the most effective treatment for maulignant
glioma.

Regardless of this controversy, most investigators
agree that better demarcation of the tumour border in
the eloquent areas of the brain would result in an in-
vreased resection rate with reduced risk of postopera-
tive neurologicul deterioration. The objective of the
present study was to evaluate the usefulness of low
mugnetic field strength (0.3 Tesla) open intraoperative
magnetic resonance imaging (IMRI) for complete re-
section of glioma with emphasis on functional out-
come.

Methods and materials

From 2000 to 2004, 244 neurosurgical procedures with the use of
IMRI were performed in Tokyo Women's Medical University.
Ninety-six patients had resection of intracranial glioma and these
cases were selected for the present retrospective analysis. The vast
majority of procedures were perlormed by the sume neurosurgeon
with subspecialization in surgical ncuro-oncology (Y.M.), Informed
ennsent was abtained hefore surgery from each patient and hisfher
nearest fumily member. Resection rate and postoperative neuro-
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Table |, General elinteal characteristies of 96 poients with intacranial pliomas uperated on with the adjunct of the 1M RI sysiem

Case characteristics Tolal cohort (N = 96) Comparative subgroups Pevalue
Control group (N = 46) Study group (N = 50)
Mean age + SD (years) 9+ 106 ¥+ 18 40+ 15 P=075*
Gender (men/women) 5046 2/24 3 P = 043**
Tumour (initially diagnosedfrecurrent) 66/30 26/20 40/10 P=0.04*"
Tumour WHO histological grade P =025
1 3 i3%) 214%) 1 (5%)
-1 27 (28%) 10 (2% 17 (M%)
-m 33 (3a%) 15 (33%) 18 (36%4)
v 30 (31%) 16 (35%) 14 (28%)
Tumour functional grade® P =039
- 16 (17%) T(15%) 9 (18%)
-1 29 (30%) 17 (3T%) 12 (24%)
- m S1(53%) 22 (48%) 29 (58%)
Median tumour volume in mL (95% C1) 16.5(28.7-43.9) 35.5119.8-46.1) 41.3(26.7-524) P = 0.52*

* According 1o Student’s t test: ** necording 10 chi-square test; bold: statistically significamt difference (P < 0.05)," Suwaya functional grade:
grade | (non eloguent), grade 11 (near eloquent). grade 111 {cloguent) [26).

logical stntus were compared between control group (46 cises, oper-
uied on during initial period afier installation of IMRT), and study
group (50 most recent cases, in which surgery was done using estab-
lished treatment algorithm and improved image quahity).

General elinival eharacteristics

General clinical characteristics of patienis are presented in Table
L Thcremeﬁomundﬁmmmmupmj'wyun
(range: from 6 10 78 years), | ly-di d were
found in 66 cases. wheneas recurrent I'I.DD]I.IITI! were socn in 30, Sis-
teen tumours (17%) were located in the non-eloquent areas of the
bruin (Saways functional grade 1) [26]. 29 (30°%) in near eloguent
areas of the brain (Sawnya functional grade 11}, und 51 (53%) in clo-
quent areas of the bruin (Sawaya functional grade 111) (26). The tw-
mour volume varied from 1.2 ml to 198 ml (median: 36.5 ml),

Typing and grading of gliomas were done according 1o criteria of
the World Health Organization { WHO) classification. There were 29
glioblastomas muliiforme, 19 urmplamc utlru:ymnu. 15 dllfnu s

all surgica) devices and imstruments that arc used within the 5-gauss
line, such os operating table { MOT2000-MR1, Mizuho [kakohgyo.
Tokyo, Japan, Fig. 1C) and operating microscope ( MRI-30, Mitaka
Kahki, 'l'nl‘.)rn Japan, Fig. ID), arc constructed from non-
fer o ial 1o p accidents and avoid image arti-
focts,

Body coils for the scanning of the abdominal region were ur.:d as
receiver coil in the control group, whilke I coils for the
of open brain surgery with higher signal-to-noise ratio were devel-
oped later on (Head Holder Coil. Hitnchi Medicul, Tokyo. Japan,
Fig. 1E) and used in the study group. Although the ficld strength of
this scanner is low, it can provide inages of sullicient quality for
identification of residuisl lumours. and n]lm gencmlon of 3-D re-
construction images, m ti giogruphy (MRA), and
cine-MRL

During surgery MR images were obtained st 3-mm shice thickness
(1.5-mm slice intervals, 100 shces) under the lollowing conditions:
field of view (FOV). 230 x 230 mm: TR, 27 msec: TE, 10 msee (for
Ty-weighted spin echo), sud FOV, 230 x 230 mm; TR. 3000 msec:
TE 120 rnsec lrﬂl‘T‘-wf.‘ighlcd turbo). An MR contrast agent {ga-

i di ine pentaacetic acid) was udministered in-

trocyt .7 lustic oli ylomas, & Jend

ﬂ uhguns:m:ymsnu. 4 pulncync ritrocytomas. 3 pkmnorphlc xan-
Y 2 anay epe 2 ependy and

ane subepe Three 5 ﬂ’;f-i coresponded (o WHO

grade 1. 27 Qﬂ.‘/-] 1o grade 11, 33 (34%) 10 grade 111 and 30 (31%) to
grade [V, In 3 recurrent cases histological typing and grading of
tumour were nol possible due 1o presence of extensive radintion ne-
CIOSIS,

Introvperarive MR and MR comparible openating devices

The internal orgamzation of our “intelligent operaling thealre™ is
proesenied on Fig. |A. MR1 was selecied us an intraoperative imag-
ing method, because it provides excellent spatinl resolubion without
radiztion exposure [I3). Intnoperative MRI scanner (ATRIS 11,
Hitachi Medical, Tokyo, Japun, Fig. 1B), as availuble st Tokyo
Women's Medical Uiniversity, has a disc-shaped permanent magnet
with a magnetic ficld strength of 0.3 Tesla and a gantry gap of 43 cm
in width, Low magnetic fickd strength creates narrow S-guuss line,
and the patient can eusily be moved oulside of the field but sull re-
maining in the operative theatre, which permits 1o use some conven-
tional surgical devices (for example. high-speed drill). Nevertheless,

‘, at 0.. mifkg in the control group and at 0.4 mifkg in
the study group. Scanning duralion was ) min and 36 sec for T;-
weighted imnges and 5 min for Ty-weighted images. All MR1 data
were displayed on the in-room display screen,

Iivwoperative 'real-tinnie” update peurongvigation

A surgical navigalion system (PRS navigator, Toshiba. Tokyo.
Jupan. Fig. 1F) was used in 35 rocent cases (o facilitate lumour re-
moval and detection of its remnants. The auvigator was based on a
conventions] inlrared location-identification device, which shows the
location of the suction tip and position of the suction tube in 3 sec-
tional planes. Navigation DICOM format files of MR images were
translerred 10 @ compuier through # local ares petwork, lmiges
were available for use in less than § alier MR scanning

Surgival procedure

In 84 cases surgery was performed with patients in the supine po-
sition, whereas 12 paticnts were in prone posilion. Alter induction of




iMRI for glioma surgery

A

Fig. 1. The i 1 org

of the “intelhig t

anesthesin. the patienl heud was flixed i a four-pont head holder

9

g theatre™ at the Tokyo Women's Medical University: general view (A) with
marked 5- -gauss line (dorred line), 0.3 Tesla open |MRI (B). “R-cumwl.lbk operating uble (C), MR<ompatible operating microscope (D).
original receiving coil for scanning of vpen brain surgery (E). surgical neuronavigation system ()

sidual neoplosm vr possible udverse effects such as haemorrhage. I
residual tumour was identified and considered suitable for additionn!
the newly obtuined MR data were transferred 1o the nav-

coil. Crani y was perl d in a usual . followed by
opening of the durl mam’ and hmoid, Therealter, fiducial
markers were fixed to the skull, the 1g coil was d 1o

the four-point head holder coil, and the operating table was coverad
with the second transparent drape. Patient’s head was moved in the
center of the MR guntry by sliding the upper portion of the operul-
ing table. MR imuging was performed. and data were transferred
onto a for further neuranavigation. The fiducial markers
were registered in the compuicr, which pu.rmltltd use of “neak-time™
updaie neuronavigati dnnns

IMthe wats | d near or in ¢l t brain areas, cortical
Pping physiological itoring. andfor stimulation of the
cranial nerves were performed - ws uppropriate before von of

neoplusm — for identification of the motor grea, speech area, cranial
nerves and its nuclei. Somatosensory evoked potentials (SEP) and
motor cvoked potentials (MEP) were routinely monitored during
surgery.

After removal of 1he neopiasm. IMRI wos performed aguin 10
assess the complelencss of umour resection. identification of the re-

igation computer and lurther resection of the neoplasm wis per-
formed using this updated information. When resection of the tu-
mour was completed, final IMRI was doue to evalimte the resection
rute,

Such lml.rn‘ml algorithm permitted us i mre precise urtcmnlltm
in the op ve ficld 1w gation sys-
terns, which are based on 1 MR | images obtwined before surgery and
constitute i risk for possible mislocalization errors due to brain shifi
alter removal of CSF and the iwmour itsell |18, 19],

utewne evaliaation

Comparative evaluation of logwal Bigns and sympioms was
done before surgery. within 2 wecks afier tumour resection, and 3
muonths thereafer.

Comparison of pre- and post-operative MRI] was performed (o
assess resection rule and residunl tumour volume, The latter was
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defined as an area of increased sigmal intensily on contrist-enhanced
T)-weighted images [28), o, il the tumour did not show contrust en-
hancement. &s wi area of incrensed sipnal intensity on Ty-weighted
IS COrT ding to the defined muss ledion. An drea of ab-
normal signul intensity was computed for euch shee and multiplied
by the shice width (1.5 mm). and a ve vitlue wis obtained
by adding the values for the individual slices.

Sraristies

Statisticu] analysis was pecformed using Statview 5.0 (SAS Insti-
wie. Cury, NCIL The level of significance was determined at
P < 0,08,

Results

In all cases sccond iIMRI permirted to identify the re-
sidual tumour, and additional resection was performed
whenever possible (Figs. 2 and 3). If according to in-
truoperative brain mapping or neurophysiological
monitoring the residval tumor infiltrated eloquent
briin structures, it was left ir site. Overall, total -
mour removal was achieved in 44 cases (46%), mean
resection rate was 93 + 10%. and median residual
tumour volume was 0.17 ml (95% Cl: 0-0.93 mL)
(Tuble 2), Residual tumour volume was greater in neo-
plasms of higher histological and functional grade, but
such trends did not reach statistical significance (Wil-
coxon signed-ranks test or ANOVA),

Early surgical complications included 2 cases of
wound infection (2%) (Table 3). No case of postopera-
tive haemorrhage occurred. Immediately after surgery
16 patients (17) showed improvement in pre-existing
signs and symptoms, 63 (66%) remained unchanged,
whereas 33 (34'4) exhibited more or less prominent
neurological deterioration. Therefore, total short-
term morbidity was 36%. '

At 3 months the neurological stotus of 13 patients
(14%) still remained worse than before surgery, In
long-term follow-up one patient died due to infection.
while another one exhibited deep pulmonary embo-
lism. Therefore, total long-term morhidity was 14%
and mortality 2%,

A comparison of the two groups ol patients revealed
their compatibility in clinical characieristics. At the
same time, reseclion rate in the study group comparcd
to control group was significantly higher (91% vs. 95%;
P < 0.05), whercas residual tumour volume was sig-
nificantly smaller (1.7 mL vs. 0,025 mL; P < 0.01)
(Table 2), The number of cases with total removal
was also higher in the study group as compared to the
control group (52 vs. 39%). but this difference did

Y. Muragaki er aul

Fig 2 Identification of residual tumor by iIMR I and its further ug-
gressve resection. In Case | (fefi colinm) primary multiple cerebral
astrocytomas in the right fronial Tobe wnd lefl (dominani) uppocam-
pus (A} were removed during surgery, but residual umour in the lefi
hippocempal ail (arrembemd ) was disclosed by contral iIMR1 (B),
and wus removed thereafter (C) with 1ol removil confirmated on
rostoperative MRI (1) the prtiemt had transiear aphasia but oo
permanent neurological deficit. In Case 2 (right colnm) 8 glam
glioblestoms in the right fronto-temporal lobe. insular cortex and
basal gunglin ( E) was removed during surgery. but residual nmour
{arranphened ) in the insular corten and deep frontal lobe was identilied
(F) and subtetally (97%) removed (G), which was conlirmed by
postoperutive MR (1) the patient did not have motor deficit after
surgery

not reach statistical significance. Further subgroup
analysis showed that residual volume of WHO grade
IV tmours (4.6 ml vs. 0,05 ml; P < 0.05) and neo-
plasms of Sawaya [unctional grade III, located in
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Flg. 3. IMRI before (pper o ) amd alter (oier fow) aggressive resection of gliomas located in or near cloguent brin arens: 99% removal of
malignant { WHO grade 1V) tumour from the le temporal Tobe und insular cortex (A HKF% removal of the tumour (WHO grade 11) with
contralateral extension through the corpus callosum (B) 97% removal of the wmour | WHO grade 111) Tocated in the Broadmann arca 44
{elassical Brova 2ane) (C): 98% removal of the tumour (WHO grade 111) Tocated in the right parietn! lobe in the vicinity of the pyramidal tract
{ D) with preservation of lunctionally imporant brain tissue wirmwlead )

the cloquent ureas of the brain (3.8 ml vs. 0.23 ml.
P < 0.035). as well as resection rate of the latter (887
vs. 95%. P < 0.05) were significantly improved in the
study group compared to the control group (Table 2).

Nine patients in the control group (20%) and 24 in
the study group (48%) experienced temporary post-
operative neurological deterioration (P < 0.05) (Table
3). However, the rate of permanent morbidity, which
was evaluated 3 months after surgery, did not difler
significantly between the groups investigated (137 vs.
14%) (Tabic 3).

Discussion

Using imtraoperative MRI

First iMRI systems were introduced in 1997 by
Black e o/, [3] and Tronnier ef ul. [32, 36]. Since then,
such devices have been used for real-time observution
of surgical manipulations. for assessment of the extent
of tumour resection, and evaluation of the intraopera-
tive complications. Different modifications include a
twin theatrer system developed by Tronnier and Sten-
meier ef wl, [29, 32), a rotatable patient table system in-

troduced by Rubino et al. [24), a ceiling-mounted mov-
able MR gantry system presented by Sutherland ef al.
[30]. and high-ficld (1.5-Tesla) hamburger-type MR
gantry system used by Nimsky e al. [21]. While in-
traoperative observation and guidance of surgery by
iMRI ure theoreticully presumed to produce the most
favorable outcomes, the available devices usually pro-
vide relatively narrow working space und necessitate
all surgical devices and instruments to be composed
ol nen-ferromagnetic materials. By contrast, systems
that employ MR imaging il some temporary break
points during surgical procedure, while labor and time
increase for patient transfer to the MRI venue, can
provide u higher degree of freedom to the surgeon and
permit to use standard (not MR-compatible) surgical
instruments. It should be noted that any type of iMRI
system increases the operation lime, because MR
imaging by itself is a time-consuiming process.

Hadani ¢ «l [11] previously reported experience
with compact mobile 0.15 Teslu MRI. Such system
has definite advantages in terms of cost-performance,
but needs a special magnetic shicld to prevent artifacts
and limits space for surgical manipulations due to nar-
row MR gantry gap. On the other hand. high magnetic
ficld strength iIMRI scanners can provide higher image
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Table 2. Swrgical outcome in 96 coses of imtrocramal gliomox operated on with the adfunct of the (M RI systen

Y. Muragaki of ol

Surgical outcome parameters Total cohort (N = Y6) Comparative subgroups P-valuc
Control group (N = 46) Study group (N = 50)

Medinn residunl lumour volume in il 0.17(0-0.96) 1L610-4.2) 0.025 (0-0.67) P = 0.006*
(95% CI)

Med: fual 1 in mlin
regard 1o WHO histological grade:

-1 n 0 0 P=0.10*
m 0.91 1.6 0.58 P=037"
v 0.13 46 0.05 P = 0.02*

Median residunl tumour volume i mL in
regard 1o Sawaya functional grade:

1 0 0 0 P =0.07*
n U] 0.2 0 P=1032"

- 0.93 38 0.23 P = 0.02*

Mean resccuon rate + SD (%) 93+ 10 %1l 95+ 10 P = 0.04*

Mean resection mte (%%) in regard to
WHO histological grade:

i 94 93 96 P=041*

- 11 96 94 97 P=0.1*

- IV 90 88 92 P =043

Mean resection rate (%) in regard Lo
Sawaya functional grade:

-1 97 L] 100 P = 0.06*

-1 94 95 M P = 0.84"
m 92 88 95 P = 0.03*

Number of cases of total removal 44 (8% I8 139%) 26 (52%) P=02]*

* According to Student’s ttest: ** according to chissquare test: bold: statistically significamt ditference (P < 0.05).

Table 3. Fanrctivnnd intieonne after vemwoal wf fntracruniel gfionas with the adpmet of the (AR syxiem

Total cohart (N = %6) Compurzlive subgroups P-villue
Control group (N = 46) Study group (N = 50)

Neurologicil stulus
improved 16007%) 11 (24%) S110%) P=0068"

~ unchanged 63 [66%) 26 (5T) 37 (74%) P=007""
temporiry deteriorated 33(34%) 9 (20%4) 24 (48%:) P =0.01**
permanently delerioraled 13(14%) 6L3) TL4) P = 0.04%

Surgeal complications

- infection 2(2%) 2(4%) (s P =,14%*
postoperative haemorrhage 01y 0(0%) 00%)
venous embuolism 1(1%) 0 (U%e) 1(2%) P=099**
pulmonary embolism 1(1%,) 0 (i) 1 (2%) P =099

Total short-term morbidity 35 (36%) 11 (24%) 24 (48%) P =001+

Totul long-terim morbidity L3tI4%) 6(13%) TElaw) P = 089"

Tatal mortality 2{2%) 1 (2% 1{2%) P = 095"

* According to Student’s | lest; ** aeconding (o chi-square test; bold: statistically signilicant ditTerence (P < 0.05),

quality, shorter scanning time, and vanability of imag-  which can result in suboptimal conditio
ing options, such as diffusion tensor imaging [20], func-
tional MRI [10], and proton MRS, Image distortion

during scanning, however, can cause geomelric errors, pared to 0.2 Tesla one [9]. [t should be

ns [or neurona-

vigation during tumour removal. Risk of image distor-
tion is 5 times greater in 1.5 Tesla MR scanner com-

also taken into




