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The Influence of Gliomas and Nonglial Space-occupying

L esions on Blood-oxygen-level-dependent
Contrast Enhancement

Axel Schreiber, Ulrich Hubbe, Sargon Ziyeh, and Jurgen Hennig

BACKGROUND AND PURPOSE: Functional MR (fMR) imaging with blood-oxygen-level—
dependent (BOLD) contrast enhancement is increasingly used as a noninvasive tool for pre-
surgical mapping in patients with intracranial tumors. Most physiologic studies of task-related
BOLD contrast enhancement have involved healthy volunteers. Therefore, it is not known
whether BOLD contrast is evoked in the same way in or adjacent to tumor tissue. The purpose
of this study was to study the influence of different intracranial tumors on BOLD contrast
enhancement.

METHODS: fMR mapping of the sensorimotor cortex was successfully performed in 15 of
21 patients with intracranial space-occupying lesions by using a bimanual motor task. Tumors
were located either within the sensorimotor area itself or in adjacent brain areas, inducing
changes of signal intensity on T2-weighted images along the pre- or postcentral gyrus. Space-
occupying lesions were divided into a group comprising gliomas (seven cases) and a group
comprising nonglial space-occupying lesions (three metastases, two cavernomas, one abscess,
one arteriovenous malformation, one meningioma). A hemispheric activation index was cal-
culated using the volume of activation on the affected and on the contralateral hemisphere.
Hemispheric activation indices of gliomas and nonglial lesions were compared statistically.

RESULTS: The activated volume in the hemispheres ipsilateral to the nonglial lesions was
14% larger than in the contralateral hemisphere, whereas in the hemispheres ipsilateral to
gliomas, the activated volume decreased by 36% in comparison with the contralateral hemi-

sphere. The difference between nonglial lesions and gliomas was significant (P < .05).
CONCLUSION: The generation of BOLD contrast enhancement isreduced near gliomas but

is not affected by nonglial tumors.

Functiona MR (fMR) imaging using blood-oxy-
gen-level—dependent (BOLD) contrast enhance-
ment is increasingly being used as a noninvasive
tool for the presurgical mapping of cortical func-
tion in patients with intracranial tumors (1-5). Until
now, most physiologic studies of task-related
BOLD contrast enhancement have been limited to
healthy volunteers. It is not known whether BOLD
contrast enhancement is evoked in the same way in
or adjacent to tumor tissue. The evolution of BOLD
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contrast enhancement depends on structural prop-
erties of the brain, such as the cortical blood vol-
ume, density, size, and topography of cortical ves-
sels, physical properties, such as water diffusion
coefficient (6-9); and the ultrastructura composi-
tion of the cortex, such as the cellular contacts be-
tween capillaries and astrocytes and neurons (10).
In addition, metabolic properties of the brain, such
as the oxygen extraction fraction in the cortex, glu-
cose metabolism, and neurotransmitter distribution,
particularly of those involved in neurovascular cou-
pling (11), may also affect BOLD contrast
enhancement.

Intracranial space-occupying lesions alter some
or al of these properties. They induce proliferation
of pathologic vessels in the adjacent tissue, thus
altering density, size, and topography of vessels
and increasing the blood volume (12-14). The
blood-brain barrier is broken down within the tu-
mor mass and partially breached in the tissue ad-
jacent to the tumor (15). The resulting vasogenic
edema has been shown to change the apparent dif-
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fusion coefficient (16). Positron emission tomo-
graphic studies of patients with gliomas have
shown decreases in oxygen extraction within the
tumor and global increases in the cortex. In the
same patients, cerebral blood flow to the cortex is
globally decreased (17-19). Within the zone of gli-
omatous invasion, the cortex ultrastructure is al-
tered. Preexisting blood vessels are deprived of
their glial sheaths as reactive astrocytes retract their
end feet (20). Although neurons show little destruc-
tive change during the early stages of invasion,
even when surrounded by neoplastic cells, their cel-
lular contacts with the astrocytes and the capillary
bed are reduced. The biochemical environment
(adenosine 5'-triphosphate, pH, glucose, lactate,
etc. [21, 22]) and the cortical levels of neurotrans-
mitters in and around gliomas are altered. Specifi-
cally, the release of nitric oxide by reactive astro-
cytes and macrophages at the brain-glioma
interface may increase the regional cerebral blood
flow (23).

In this study, we compared the effects of glial
and nonglial space-occupying lesions on BOLD
contrast enhancement in the sensorimotor area. We
predicted that glial tumors would affect BOLD
contrast enhancement more than nonglial tumors
because of their structural and functional differenc-
es. Neuroepithelial tumors, such as gliomas, dif-
fusely infiltrate adjacent brain parenchyma (12, 24).
In contrast, other space-occupying lesions are de-
lineated from normal tissue, at least at the micro-
scopic level. Neuroglia tumors, therefore, alter the
cellular architecture of the brain, whereas nonglial
lesions may cause macroscopic deformation with-
out substantially affecting cellular architecture in
the perilesiona area. In addition to structural
changes, gliomas have the capacity to elaborate
neurotransmitters as they are derived from glial
cells that play an important role in releasing and
eliminating transmitter substances from the synap-
tic cleft (25). We would thus expect glial tumors to
have an effect on cortical metabolism and neuro-
vascular coupling. The purpose of this study was
to compare the effect of gliomas and nonglia
space-occupying lesions on BOLD contrast
enhancement.

M ethods

We used a simple bimanual motor task to elicit BOLD con-
trast enhancement in the sensorimotor cortex of both hemi-
spheresin 21 patients. In the 15 patients with successful results
of their fMR imaging examinations, the volume of activation
on the hemisphere ipsilateral to the space-occupying lesion
was normalized to the volume of activation on the hemisphere
contralateral to the space-occupying lesion (referred to as the
contralateral or ipsilateral hemisphere, respectively) by calcu-
lating a hemispheric activation index (HAI). Parameters of the
tumors that we suspected to have influence on BOLD contrast
enhancement were tumor volume, distance of the tumor to the
hand-motor area and its displacement by the tumor, age of the
patient, and type of tumor (glioma versus nonglial lesion).
Stepwise multiple regression was used to determine the para-
meters that best accounted for the variability of the HAI.
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Patient Selection

For a period of 18 months, we included patients suffering
from intracranial space-occupying lesions in the study. The
lesions were located within the pre- or postcentral gyrus or at
least altered the MR signal within the pre- or postcentral gyrus
when located elsewhere in the frontal or parietal brain. In ad-
dition to the neurologic status assessed by the department of
neurosurgery, the motor system was examined before fMR im-
aging was performed. The symptoms were classified into three
categories. 1) without signs of pathologic abnormalities (nor-
mal muscle strength and tone in comparison with the contra-
lateral side), 2) mild motor deficits (muscle strength reduced
in comparison with the contralateral side but repeated motion
against gravitational force possible without fatigue) (Table),
and 3) major motor deficits (motion against gravitational force
reduced). Patients with major motor deficits of the upper ex-
tremities, patients with contraindications to MR imaging, or
patients who were not cooperative for other reasons were ex-
cluded. The participants were informed regarding the experi-
mental procedure, and the paradigm was trained. All partici-
pants provided informed consent to participate in the study. A
total of 21 patients were studied; 15 cases were successful. Of
the successful cases, seven patients suffered from gliomas (five
astrocytomas, one glioblastoma multiforme, one ependymoma)
and eight patients suffered from intracranial space-occupying
lesions of nonglial origin (three metastases, three vascular mal-
formations, one meningioma, one abscess) (Table). At thetime
of the MR imaging examination, 19 patients were treated with
antiepileptic drugs (14 patients presented with epileptic sei-
zures initially) and 15 with steroids. Among the patients in the
group with gliomas (nonglial lesions) who had successful re-
sults of their fMR imaging, seven (6) were treated with anti-
epileptic drugs and seven (4) with steroids; three (5) presented
with epileptic seizures. Handedness was assessed using the Ed-
inburgh handedness inventory (26). The tumor diagnosis was
confirmed histologically.

MR Imaging

Participants were positioned in a 1.5-T Siemens Magnetom
Vision imager (Siemens, Erlangen, Germany) equipped with a
vacuum cast (Tellewa AG, Adlikon, Switzerland) to reduce
head motion. Earphones were put on to shield the ears against
the gradient noise and to maintain the communication with the
operator. For functional imaging, we used a blipped, multisec-
tion echo-planar sequence (3500/84 [TR/TE]; flip angle, 90°),
with a matrix of 128 X 128 pixels and a field of view of 256
X 256 mmZ2. Parallel to a line connecting the genu with the
splenium corporis calos (structures visible on the sagittal
scout image), 8 to 12 axial sections with 4-mm thickness were
acquired covering the sensorimotor cortex of the upper limb.
The spatial resolution was 2 X 2 X 4 mm3. Before the fMR
imaging was performed, an automated shimming procedure
was used to optimize By homogeneity. Each section was im-
aged 64 times during 224 s. The first two images were dis-
carded to allow for steady-state saturation of tissue magneti-
zation. The motor task was arranged in a block design,
aternating 28 s of rest with 28 s of bimanua opening and
closing of the hands at approximately 1 Hz. The operator in-
formed the participants by earphones when to start and when
to stop the hand movement. The motion of the hands was
monitored regarding frequency, extent, and bimanual
symmetry.

Anatomic sections were acquired in the same position as
the functional images, using a T2-weighted turbo spin-echo
sequence (4500/120; flip angle, 180°), with an in-plane res-
olution of 0.61 X 0.45 mmZ2. Whole-brain anatomic images
were acquired as a 3D T1-weighted, magnetization-prepared—
rapid-acquisition—gradient-echo (MPRAGE) sequence (9,7/4;
flip angle, 12°), covering the entire head (175 mm ear to ear
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times 256 X 256 mm?2), with an isotropic spatial resolution
of 1 mm3.

Image Processing

All fMR imaging experiments were corrected for head mo-
tion by using a voxel-based cross-correlation algorithm refer-
enced to the first set of images. This first set of images was
coregistered with the 3D image of the brain by using a loca
elastic-matching algorithm based on Beziér splines. The
spline-defining grid had a mesh size of 16 mm3, leading to a
total number of approximately 150 control points within the
measured volume. Each control point could be relocated in
three dimensions under elastic constraint (27). Statistical sig-
nificance of changes in signa intensity was calculated on a
voxel-by-voxel basis using Student’s t test. To account for he-
modynamic latencies, the rest/activity pattern was shifted by
one data point (3.5 s). Voxels with P less than .025 were dis-
played in the activation map. The activation map was spatially
filtered using a median filter (3 X 3 matrix). The probability
of false-positive voxels occurring randomly was reduced by
this procedure to 2 X 10-6. The signa time courses of the
remaining clusters of activated voxels were examined. Clusters
showing more than 9% increase of signal from the rest to the
activation condition were suspected to be due to flow or head
motion and were therefore excluded from further analysis.
Clusters showing no adequate hemodynamic delay (at least 3.5 s
or one image) were suspected to result from head motion and
were excluded as well. The volume of the clusters of activation
in the sensorimotor cortex (in most cases only one cluster per
hemisphere) that were qualified by their signal time course was
calculated for the contralateral (Ac) and for the ipsilateral (A;)
hemisphere.

On the 3D images, the maximum extent of the space-oc-
cupying lesions was measured in three orthogonal directions
(X, ¥y, 2 and the volume of the space-occupying lesions was
estimated as an €llipsoid with the volume: V = 7 X x X y X
Z/6. The localization of the hand-motor area was determined
on the 3D image as the ()-shaped formation of the precentral
gyrus (28, 29), if this was possible to do without doubt. In the
remaining cases, the hand-motor area, as determined by fMR
imaging, was used as a clue regarding where to look for the
hand-motor area in the 3D image. In these cases, the typical,
athough distorted, form of the hand-motor area could be re-
cognized ex post facto. The distance between the space-occu-
pying lesion and the hand-motor area was measured. The dis-
placement of the hand-motor area, attributable to the
space-occupying lesion, was estimated as the distance between
the actual hand-motor area on the ipsilateral hemisphere and
the hand-motor area of the contralateral hemisphere mirrored
at the median sagittal plane, assuming lateral symmetry of the
central sulcus (30, 31).

Satistical Evaluation

Because of the large interindividua variance of the volume
of activation (32, 33), the activated volume on the ipsilateral
hemisphere was normalized to the activated volume on the
contralateral hemisphere by calculating the HAI as HAI = A/
A.. HAIls were statistically compared with a balanced activa-
tion, with HAI = 1 as expected in heathy participants (hemi-
spheric symmetry in activation). Using SPSS (SPSS Inc.,
Chicago, IL), stepwise multiple regression was performed to
test which of the parameters (volume of the space-occupying
lesion, distance to the hand-motor area, displacement of the
hand-motor area, or type of tumor [glioma versus nonglial le-
sion]) best predicted the HAI. The P value was set to less than
.05 to enter a parameter in forward model selection and to
greater than .05 to remove a parameter in backward model
selection. The effects of paresis of the hand contralateral to the
tumor, tumor on the dominant versus nondominant hemisphere,
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and type of tumor on the HAI were studied using analysis of
variance.

Results

fMR imaging was considered successful if the
sensorimotor cortex on the contralateral hemi-
sphere could be localized because of the BOLD
contrast enhancement or if the participants had co-
operated during the measurement and the fMR im-
aging data were free from artifact, even if there was
no BOLD contrast enhancement. For 15 (71%) of
the 21 patients examined, fTMR imaging was suc-
cessful and the sensorimotor cortex could be local-
ized on the contralateral as well as on theipsilateral
hemisphere. Because of head motion that could not
be corrected, six (29%) functional data sets had to
be discarded. Three of these were from patients
who had neuropsychological deficits and were not
fully able to keep till. All artifact-free examina-
tions showed BOLD contrast enhancement on the
ipsilateral or the contralateral hemisphere. The
mean HAI of al 15 successful experiments was
0.91, with an SD of 0.48 (Table). In these patients,
the distribution of frequencies of the hand motion
was bimodal, with one peak with the imager pace
at 1.14 Hz and a second peak at 0.95 Hz. The mean
frequency was 1.03 Hz, with an SD of 0.1 Hz. The
frequencies did not correlate significantly with the
total volume of activation or with the HAI. The
frequency and phase of the hand motion was bi-
manually symmetrical in all patients.

Adjacent to nonglial tumors, a normal volume of
BOLD contrast enhancement was €elicited. Neither
the proximity of the space-occupying lesion (Fig
1A) nor white matter edema directly extending into
the pre- and postcentral gyrus nor the displacement
of the sensorimotor cortex of the hand (Fig 1B)
influenced the activated volume. On average, the
activated volume in the ipsilateral hemisphere was
14% larger than in the contralateral hemisphere, al-
though this deviation from a balanced distribution
(HAI = 1) did not prove to be significant (mean
HAI, 1.14; SD, 0.47).

BOLD contrast enhancement was reduced near
gliomas, as indicated by the mean HAI of 0.64 (SD,
0.34) in this group of patients. The distribution of
HAIs significantly differed between the patients
with nonglial lesions and the patients with gliomas
(t test, P < .01). The mean HAI in the glioma
group differed significantly (P < .01) from 1 (bal-
anced distribution) aso. In two patients (cases 14
and 20) with gliomas, the hand-motor cortex
showed T2 signal hyperintensity, suggesting glio-
matous infiltration (34, 35). No BOLD contrast en-
hancement was evoked on the infiltrated cortex
(Fig 2) in either case, athough there was BOLD
contrast enhancement on the adjacent cortex show-
ing no T2 signal hyperintensity.

Only the type of tumor (glioma or nonglia le-
sion) significantly (P < .05) correlated with the
HAI. The other parameters (volume of the space-
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Fic 1. Adjacent to nonglial tumors, a normal volume of BOLD contrast enhancement was elicited.

A, Case 4. Arrows point to a small chronic abscess in the left precentral gyrus within the hand area. Upper row (T2-weighted turbo
spin-echo sequence: 4500/120/1) shows edema apparently confined to the white matter. A narrow band of cortex is spared (open
arrowheads). Lower row (echo-planar image: 3500/84/1), shows BOLD contrast enhancement in the cortex directly adjacent to the
edema (arrowheads). Neither the edema nor the lesion affect the BOLD contrast enhancement.

B, Case 10. Arrows point to a metastatic lesion located in the right postcentral gyrus, slightly superior to the hand area. Arrowheads
point to the functional activation of the sensorimotor cortex. Upper row is an overlay of the activation map onto the full head volume
(MPRAGE: 9, 7/4/1 [TRITE/excitations]). Lower row is an overlay onto the functional echo-planar sections (3500/84/1). In the ipsilateral
hemisphere, the activation is squeezed between the swollen pre- and postcentral gyrus, but is not reduced. There is very little activation

in the contralateral hemisphere.

occupying lesion, distance to the hand-motor area,
and displacement of the hand-motor area) did not
significantly correlate with the HAI (P > .20 in
all cases). The type of tumor explained 24% of the
variability of the HAI (R2, Yates adjusted). After
linear regression using type of tumor, the scatter-
plot of residuals showed random scattering. The
analysis of variance detected a significant (P >
.05) effect on the HAI, again for the type of tumor.
The other parameters (paresis of the hand contra-
lateral to the tumor and tumor on the dominant
versus nondominant hemisphere) did not have any
impact on the HAI.

Discussion

We have shown that different space-occupying
lesions may have different effects on BOLD con-
trast enhancement. Near gliomas, BOLD contrast
enhancement is significantly reduced in the pre-
and postcentral gyrus, whereas it remains unaffect-
ed near nonglial space-occupying lesions. This con-
curs with the finding of BOLD contrast
enhancement reduction in a case of grade 1V gli-
oma reported by Holodny et a (36). The authors
suggested that the venous vessels were compressed
because of the increased pressure in the area adja-
cent to the gliomas. The resulting reduction of the
cortical blood volume would lead to a diminished
BOLD contrast enhancement. Following this line

of argument, the loss of BOLD contrast enhance-
ment should be more pronounced the larger a tu-
mor is and the greater its mass effect. Our data do
not support this hypothesis in that tumor volume,
proximity to the hand-motor area, and mass effect
did not correlate with the HAI. Our data rather sug-
gest that tumors exert little mechanical influence on
BOLD contrast enhancement. Task-related changes
in BOLD contrast enhancement occur in the corti-
ca capillary bed and draining pial venules. As
such, purely mechanical deformation of white mat-
ter tracts and their vasculature will not be expected
to affect BOLD contrast enhancement among pa-
tients with deep intraaxial tumors.

We hypothesize that the invasive nature of gli-
omas and their capacity to elaborate neurotrans-
mitters may account for the reduction in BOLD
contrast enhancement seen in functional brain tis-
sue adjacent to these lesions. This idea is corrob-
orated by the absence of BOLD contrast enhance-
ment in invaded cortex in the cases of patients 14
and 20 in our sample and in one case reported by
Mueller et a (5). On the other hand, Nitschke et a
(37) reported one case of glioma showing BOLD
contrast enhancement within the perifocal edema
until now, few comparable cases have been re-
ported, because in most cases, cortical invasion was
accompanied by mgjor neurologic deficits. The ab-
sence of BOLD contrast enhancement within tu-
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Fic 2. Case 20. The patient was suffering from an anaplastic astrocytoma invading the precentral gyrus. She presented with focal epileptic
seizures of the face on the left side but did not have a motor deficit. Overlay of the activation map onto the functional echo-planar image
(3500/84/1) shows activation nearly symmetrical in the upper two sections lining the ()-shaped hand-motor area. There is less activation in the
ipsilateral sensorimotor cortex on the lower two sections. The signal hyperintense parts of the sensorimotor cortex do not display BOLD contrast
enhancement. Region of interest 1 is the cluster of activated voxels in the most medial part of the pre- and postcentral gyrus. Region of interest
2 is on the lateral continuation of the pre- and postcentral gyrus within an area of T2 signal hyperintensity of the cerebral cortex. The signal
hyperintensity likely indicates gliomatous infiltration; in this case, histologic analysis of the resected specimen showed diffuse infiltration of the
cortex. The interval of the signal intensity of region of interest 1 shows task-related signal changes (BOLD contrast enhancement) of approx-
imately 6%, with hemodynamic delays of one to three images (gray bars indicate stimulation measurements). Region of interest 2 does not
show BOLD contrast enhancement, although the analogous area in the left hemisphere is strongly activated.

mors is frequently reported (37, 38), except for cas-
es of arteriovenous malformations, which have
been reported by Maldjian (39) to show BOLD
contrast enhancement in some cases. Nevertheless,
cortical function may be preserved within tumors,
as can be inferred from the intact motor function
and has been proved by intraoperative cortical
stimulation (40, 41). In case 20, no pareses, and in
case 14, only mild pareses of the hand were found,
indicating a mostly intact function of the sensori-
motor cortex. Thus, we favor the hypothesis of a
direct influence of the gliomas on the BOLD con-
trast enhancement over a secondary reduction of
BOLD contrast enhancement attributable to re-
duced neuronal activity.

A hypothesis for the findings in case 6 (Fig 3)
of reduced BOLD contrast enhancement in the ip-
silateral hemisphere (HAI, 0.24) is the possibility
of the secondary brain metastasis having neuroen-
docrine function similar to that found with the pri-
mary lesion in the lung. This exemplifies the idea
that tumors synthesizing neurotransmitters have

greater impact on BOLD contrast enhancement.

In the glioma group, BOLD contrast enhance-
ment is reduced on the ipsilateral hemisphere, even
if the two cases (cases 14 and 20) with macroscopic
signs of invasion of the cortex were excluded from
analysis. There probably is more than one mecha-
nism to account for the reduction of BOLD contrast
enhancement in tissue surrounding gliomas. A “‘lo-

Fic 3. Case 6. Arrows point to a metastasis of a neuroendo-
crine active lung cancer located in the left precentral gyrus near
the hand area. A large edema extends into the pre- and post-
central gyrus. The patient presented with focal epileptic seizures
starting at the right hand, generalizing secondarily. Arrowheads
point to clusters of activation in the sensorimotor cortex overlaid
onto the functional echo-planar sections (3500/84/1). On the ip-
silateral hemisphere, the functional activation is far less than on
the contralateral hemisphere. The parieto-occipital clusters on
the lowest section are attributable to head motion.
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cal” mechanism involving the destruction of inter-
cellular contacts and signaling pathways could re-
sult from cortical invasion. Other mechanisms
involving effects over a distance could result from
derangement in metabolism and neurotransmitter
distribution in and adjacent to gliomas (‘*‘long dis-
tance”’ mechanisms).

Holodny et a (36) proposed that the reduction
of BOLD contrast enhancement near a glioma
could be attributed to a loss of autoregulation of
the tumor vasculature. This probably accounts for
the area directly adjacent to gliomas, where tumor
vasculature is present. Because we found BOLD
contrast enhancement reduction some distance
from gliomas, we think that the proposed long-dis-
tance mechanisms work on the normal cortical vas-
culature. The release of nitric oxide by reactive as-
trocytes and macrophages at the brain-glioma
interface (23) results in luxury perfusion and a re-
duced oxygen extraction fraction. Because deoxy-
hemoglobin levels are low to begin with, a reduced
BOLD contrast enhancement can be expected.

Yoshiura et al (42) examined seven patients with
brain tumors with and without paresis of the hand
(three and four patients, respectively), using a mo-
tor task with the hand contralateral to the tumor.
The ratio of the activated area in the sensorimotor
cortex ipsilateral/contralateral to the hand motion
was abnormally high in the patients with paresis.
The authors suggested that the relative excess ac-
tivation of the unaffected motor area reflects com-
pensatory reorganization induced by the functional
damage (42). In our sample, only four patients, two
of whom had gliomas, had paresis of the hand. In
comparison with the 11 patients without paresis, we
found only avery small and insignificant difference
in the HAI between the groups (patients with pa-
resis, 0.88; others, 0.92). Thus, there is no evidence
for (mild) paresis to account for the decreased
BOLD contrast enhancement on the ipsilateral
hemisphere. In addition, our data do not support
the notion that compensatory reorganization causes
excess activation on the contralateral hemisphere
because the mean volumes of activation on the con-
tralateral hemisphere were 122 voxels among pa-
tients with paresis and 170 voxels among the
others.

The type of tumor explains 24% of the variabil-
ity of the HAI (far more than any of the other pa-
rameters). Although this does not seem to be an
impressive figure, it should be noted that even
within a healthy participant, the variability of the
HAI is high. We examined two participants with
the same paradigm used for patients, 11 and 12
times, respectively, on different days. We found
mean HAI of 1.26 = 0.29 SD (23%) and 0.93 =
0.19 SD (20%) for these participants (unpublished
data). The variability between participants can be
expected to be even larger. As such, the interindi-
vidual variability in activation may account for
most of the variability in HAI in the patients with
tumors that was not attributable to the type of tu-
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mor. The random scatter in the residual plot also
supports this.

Hemispheric asymmetry in BOLD contrast en-
hancement has been reported to accompany hemi-
spheric dominance (43). As the tumors grow on
either hemisphere, the HAI will be computed,
sometimes with the volume of activation on the
dominant hemisphere in the numerator and some-
times in the denominator, further giving rise to var-
iability of the HAI. This effect, however, was not
significant in the present study.

Another source of variability may be a difference
in motor performance between the two hands. We
monitored the frequency and the extent of the
movement but did not control for the force. In ad-
dition, it may pose a larger computational load to
the ipsilateral hemisphere to perform the paradigm
because of a partial impairment of the cortex, even
if the motor output is symmetrical. This may affect
the HAI in individual patients regardless of wheth-
er they suffer from a glioma or a nonglial lesion.
Because we compared two groups of patients with
tumors, we do not think there is a net effect on the
mean HAI of the groups, but it will add to the
variability of the index.

Conclusion

Near gliomas, BOLD contrast enhancement is
significantly reduced, whereas it remains unaffect-
ed near nonglial space-occupying lesions. We pro-
pose two mechanisms to reduce BOLD contrast en-
hancement near gliomas. A local mechanism seems
to be linked to cortical invasion. It seems not to
result from reduced neuronal activity but works di-
rectly on the neurovascular coupling. It is interest-
ing to note that during cortical invasion, the neu-
rovascular coupling, at least in some cases, seems
to break down before the cortical function is se-
verely affected. A second long-distance mechanism
is probably attributable to derangement in metab-
olism and neurotransmitter distribution.

Great care should be taken in the assessment of
fMR mapping of eloquent areas in tumor patients
because BOLD contrast enhancement, at least near
gliomas, may be reduced or missing on function-
aly intact cortex. In a bad-case scenario, for ex-
ample, a cluster of activated voxels would be ros-
tral to a glioma, resulting from a motor task. That
could mean that one is looking at the activated pri-
mary motor cortex and the glioma is located in the
parietal brain. It, however, could also be the acti-
vated prefrontal cortex one is looking at, and the
glioma is located in the precentral gyrus directly
adjacent to the primary motor cortex. The func-
tionally intact primary motor cortex does not show
BOLD contrast enhancement because of the close
proximity of the glioma.

Although the data are preliminary in this respect,
it will be interesting to explore the possibility fur-
ther to make use of the differential impact of gli-
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omas and nonglial lesions on BOLD contrast en-
hancement in differentiating the type of tumor.

Usually, fMR imaging in patients is used to
make inferences from the results of the functional
imaging on the disease. We propose to use fMR
imaging for patients to make inferences on the
physiologic mechanisms of BOLD contrast en-
hancement in humans, taking into account the path-
ologic conditions the disease causes in the brain.
Thisis especialy valuable if it is possible to obtain
a biopsy specimen of the brain for histologic and
histochemical examination, such as from patients
with brain tumors, and will also be interesting in
cases of metabolic diseases.

Bimanual motor activation paradigms are helpful
in the clinical setting because they provide BOLD
contrast enhancement on the contralateral hemi-
sphere as well. They can be used as an internal
control of the quality of the fMR imaging exami-
nation and provide localization of the contralateral
hand-motor area. This is useful because it allows
the quantification of the mass effect of the tumor
regarding the hand-motor area if the ipsilatera
hand-motor area shows BOLD contrast enhance-
ment as well. If the ipsilateral hand-motor area
does not show BOLD contrast enhancement, the
localization of the contralateral hand-motor area at
least allows an educated guess regarding the local-
ization of the ipsilateral hand-motor area.
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