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Purpose: To prospectively evaluate the effect of preoperative func-
tional magnetic resonance (MR) imaging localization of
language and motor areas on therapeutic decision making
in patients with potentially resectable brain tumors.

Materials and
Methods:

The Institutional Review Board approved this HIPAA-compli-
ant study, and each patient gave written informed consent.
Thirty-nine consecutive patients (19 male, 20 female; mean
age, 42.2 years) referred for functional MR imaging for pos-
sible tumor resection were prospectively evaluated. A preop-
erative diagnosis of brain tumor was made in all patients.
Sentence completion and bilateral hand squeeze tasks were
used to map language and sensory motor areas. Neurosur-
geons completed questionnaires regarding the proposed
treatment plan before and after functional MR imaging and
after surgery. They also gave confidence ratings for func-
tional MR imaging results and estimated the effect on surgical
time, extent of resection, and surgical approach. The effect of
functional MR imaging on changes in treatment plan was
assessed with the Wilcoxon signed rank test. Differences in
confidence ratings between altered and unaltered treatment
plans were assessed with the Mann-Whitney U test. The
estimated influence of functional MR imaging on surgical
time, extent of resection, and surgical approach was denoted
with summary statistics.

Results: Treatment plans before and after functional MR imaging
differed in 19 patients (P � .05), with a more aggressive
approach recommended after imaging in 18 patients.
There were no significant differences in confidence ratings
for functional MR imaging between altered and unaltered
plans. Functional MR imaging resulted in reduced surgical
time (estimated reduction, 15–60 minutes) in 22 patients
who underwent surgery, a more aggressive resection in
six, and a smaller craniotomy in two.

Conclusion: Functional MR imaging enables the selection of a more
aggressive therapeutic approach than might otherwise be
considered because of functional risk. In certain patients,
surgical time may be shortened, the extent of resection
increased, and craniotomy size decreased.
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Functional magnetic resonance (MR)
imaging has shown tremendous
potential as a noninvasive tool for

preoperative planning by combining an-
atomic definition with physiologic infor-
mation to demonstrate the spatial rela-
tionship between functionally eloquent
brain regions and intracranial patho-
logic features (1–6). Functional MR im-
aging can be used to identify eloquent
cortical regions (7,8), particularly when
these cortical regions are displaced or
reorganized secondary to pathologic
processes (7,9–11), and can facilitate
the assessment of potential neurosurgi-
cal risks (12).

In addition to providing information
regarding the feasibility of resection,
functional MR imaging may provide ad-
ditional information regarding surgical
approach and the selection of patients
for invasive functional mapping (1). The
results of numerous studies have shown
agreement between functional MR im-
aging localization of sensory motor func-
tion and localization by means of inva-
sive neurosurgical methods (13–15).
Functional MR imaging has been shown
to have high sensitivity (81%–92%) for
the mapping of language areas in com-
parison with intraoperative electrocor-
tical stimulation (16) and generates
highly reproducible results for global
and regional language lateralization,
particularly in patients with epilepsy
(17).

Despite demonstration of the tech-
nical and diagnostic efficacy of func-
tional MR imaging compared with more
invasive reference standards, definitive

evidence that functional MR imaging
substantially affects therapeutic deci-
sion making and patient outcome has
not been fully established. Conse-
quently, functional MR imaging has not
been fully integrated into the broader
clinical practice of neuroradiology.
Thus, the purpose of our study was to
prospectively evaluate the effect of pre-
operative functional MR imaging local-
ization of language and motor areas on
therapeutic decision making in patients
with potentially resectable brain tu-
mors.

Materials and Methods

Patients
The study protocol was approved by the
hospital Institutional Review Board.
Each patient gave written informed con-
sent prior to participating in the study.
The study was conducted with compli-
ance to the Health Insurance Portability
and Accountability Act. All patients
were referred for preoperative func-
tional MR imaging by three neurosur-
geons (A.H.F., T.M.G., J.H.S.) at our
institution between May 2004 and Feb-
ruary 2005. Thirty-nine consecutive pa-
tients (19 male and 20 female patients;
mean age, 42.2 years � 18.2 [standard
deviation]) with potentially resectable
brain tumors were evaluated prospec-
tively (Table 1).

Imaging
All imaging was performed by using a
1.5-T MR imager (Horizon; GE Medical
Systems, Milwaukee, Wis) equipped
with echo-planar imaging capabilities. A
three-plane localizer image was initially
obtained to identify anatomic land-
marks and to allow positioning of the
transverse sections parallel to the ante-
rior commissure–posterior commissure
line. Functional MR imaging of the brain
was performed during sentence com-
pletion and bilateral hand squeeze
tasks by using T2*-weighted blood ox-
ygen level—dependent MR imaging
(2000/40 [repetition time msec/echo
time msec], 24 � 24-cm field of view,
64 � 64 matrix, 5-mm section thick-
ness, and no intersection gap), and

anatomic imaging was performed at
the same section position by using dual-
echo long-repetition-time spin-echo MR
imaging (3000/14/84 [repetition time
msec/echo time msec/inversion time
msec], 24 � 24-cm field of view, 256 �
192 matrix, 5-mm section thickness, no
intersection gap, and echo train length
of eight).

Paradigm
All paradigms were controlled by using
the CIGal software program (developed
by J.T.V. [18]) operating on a Windows
XP platform (Microsoft, Redmond,
Wash). The software provided real-
time video and audio stimulus presenta-
tion, behavioral response monitoring,
and accurate synchronization with the
MR imager. For language tasks, pa-
tients were shown sentences with
blanks and were asked to silently fill in
the blanks. For example, “The Ameri-
can flag is red, white and _____.” This
was followed by the control condition
for which patients were shown scram-
bled letters parsed into groups to simu-
late the appearance of text and were
instructed to guide their eyes over the
pseudo-text. The following is an exam-
ple of the pseudo-text used for the con-
trol condition: “Mry Ghtpieuw ghyr mo
ywu, qoiem chg _____.” The tasks and
control conditions were matched for
sentence length. Patients were also
asked to perform a motor task that in-
volved alternating hand squeezing. Both
of these tasks (language and motor tasks)
have been shown to induce reliable acti-
vation in language areas (16,19) and hand
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Advances in Knowledge

� Functional MR imaging has a sig-
nificant effect on therapeutic plan-
ning in patients with potentially
resectable brain tumors by facili-
tating the selection of therapeutic
options that might otherwise not
have been considered because of
functional risk.

� In certain patients, surgical time
may be shortened, the extent of
resection may be increased, and
craniotomy size may be
decreased.
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sensory motor areas (20,21). All patients
were trained in verbal and motor tasks 10
minutes prior to examination. Stimuli
were projected onto a translucent screen
that was positioned alongside the MR im-
ager. Stimuli were viewed by way of a
mirror that was mounted on the head
coil.

There were no failures due to tech-
nical difficulties or to an inability to per-
form tasks or obtain usable data. The
time involved in performing an entire
preoperative functional MR imaging
session, which included complete pa-
tient training and the acquisition of
structural images, was less than 1 hour,
with approximately 30 minutes for ac-
tual imaging.

Image Analysis
Functional MR imaging data were ana-
lyzed by using the fScan image analysis
program (developed by J.T.V. [18,22]),
and t test activation maps were gener-
ated to reveal the degree to which vari-
ations in MR signal intensity corre-
sponded to fluctuations in task stimulus
and performance. These voxel-wise as-
says were created in real time, which
enabled immediate identification of im-
aging problems and interactive determi-
nation of when enough data had been
collected to produce adequate mapping
results (J.T.V., 10 years of experience
in functional MR imaging). Maps were
convolved with a 10-mm smoothing
kernel and were thresholded to a t
value, which varied from 1.5 to 3.0
depending on the threshold for opti-
mal localization of the activation foci.
Statistical data were overlaid in color
on a registered set of coplanar conven-
tional dual-echo long-repetition-time
spin-echo MR images.

Image Interpretation
Images were reviewed in consensus by
two neuroradiologists (J.R.P. and L.M.S.,
with 10 years and 1 year of experience
in functional MR imaging, respectively)
who rendered a written interpretation.
This interpretation consisted of an an-
notated set of T2-weighted MR images
with thresholded activation maps super-
imposed as a color-coded overlay. The
report included the identification of ac-

tive areas, the presumed function that
the active areas corresponded to, and
the proximity of these areas to the tu-
mor.

Effect of Assessment on Treatment Plan
The referring neurosurgeons were given
questionnaires regarding their treatment
plan before and after receiving the func-
tional MR imaging interpretation. The

preoperative questionnaire, which was
given to neurosurgeons before functional
MR imaging, included questions regard-
ing the indication for functional MR imag-
ing, the preoperative treatment plan, and
additional diagnostic testing (eg, Wada
testing) that would be performed if func-
tional MR imaging were not available.
Plan options, which were listed in order
of increasingly aggressive therapy and

Table 1

Patient Demographics

Patient No./Sex/Age (y) Diagnosis Hemisphere

1/M/76 Glioblastoma multiforme Left temporal
2/M/69 Glioblastoma multiforme Left temporal
3/F/44 Glioblastoma multiforme Left parietooccipital
4/F/27 Anaplastic astrocytoma Left frontotemporal
5/F/20 Pleomorphic xanthoastrocytoma Left temporooccipital
6/F/38 Anaplastic astrocytoma Left parietal
7/M/70 Glioblastoma multiforme Left parietal
8/F/49 Glioblastoma multiforme Left frontal
9/M/56 Glioblastoma multiforme Left temporal

10/F/31 Glioblastoma multiforme Left frontal
11/M/53 Glioblastoma multiforme Left parietooccipital
12/F/23 Central neurocytoma Left intraventricular
13/M/77 Metastatic adenocarcinoma Left temporal
14/M/44 Anaplastic oligodroglioma Left frontoparietal
15/F/66 Anaplastic oligodroglioma Left frontal
16/M/30 Well-differentiated astrocytoma Left frontal
17/M/44 Well-differentiated astrocytoma Left frontal
18/M/53 Malignant primitive neuroectodermal tumor with

gliosarcomatous and neuroblastic elements
Left temporal

19/F/49 Glioblastoma multiforme Right frontal
20/M/26 Glioblastoma multiforme Left frontotemporal
21/M/26 Gliosis Left temporal
22/M/37 Glioblastoma multiforme Right frontal
23/F/44 Glioblastoma multiforme Left temporoparietal
24/F/64 Glioblastoma multiforme Right posterior frontal

and parietal
25/F/33 Glioblastoma multiforme Left frontal
26/M/43 Glioblastoma multiforme Left frontal
27/M/52 Oligodendroglioma Left frontal
28/M/60 High-grade glioma Right frontal
29/M/57 Glioblastoma multiforme Left frontal and

temporal
30/F/72 Epidermoid Left frontotemporal
31/F/27 Anaplastic oligoastrocytoma Right parietal
32/M/69 Glioblastoma multiforme Left temporal
33/F/45 Giant cell glioblastoma multiforme Right posterior frontal
34/F/27 Well-differentiated astrocytoma Left frontoparietal
35/F/54 Meningioma Right frontal
36/F/31 Anaplastic glioma Left temporal
37/M/8 Well-differentiated oligodendroglioma Right posterior frontal
38/F/16 Ganglioglioma Left occipital
39/F/15 Simple cyst and gliosis Right temporal
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surgical risk, included (a) no surgery,
(b) biopsy, (c) craniotomy with intra-
operative cortical mapping, performed
with sedation, and (d) craniotomy with-
out mapping, performed with a general
anesthetic.

The functional MR imaging ques-
tionnaire, which was given to neurosur-
geons after functional MR imaging, in-
cluded questions regarding the preoper-
ative plan after taking into account the
functional MR imaging results. The neuro-

surgeons were asked to rate on a scale of
1–5 their confidence in the functional MR
imaging results for the lateralization and 1
localization of expressive speech, recep-
tive speech, and motor function (0, no
confidence in results; 1, results suggestive
of lateralization; 2, results could be used
as a rough guide to surgical planning; 3,
lateralization and localization are likely
but need confirmation; 4, fairly confident
in results; and 5, very confident in re-
sults).

A postoperative questionnaire was
used in patients who underwent surgery
to establish the type of surgical proce-
dure that was actually used (plan op-
tions b–d) and to determine how (if at
all) functional MR imaging affected sur-
gical time, the extent of surgical resec-
tion, and surgical approach.

Statistical Analysis
A Wilcoxon signed rank test was used
to assess any significant changes be-
tween treatment planning before and
after functional MR imaging, equally
weighting incremental changes in the
plan ranked on a scale of 1–4 from least
to most aggressive. Differences in confi-
dence regarding the functional MR im-
aging result for lateralization of speech
and localization of speech and motor
function, between patients in whom the
therapeutic plan was altered and those
in whom it was not altered, were as-
sessed by using the Mann-Whitney U
test. The estimated influence of func-
tional MR imaging on surgical time, ex-
tent of resection, and surgical approach
was denoted with summary statistics.
Statistical tests were performed by us-
ing a commercially available software
program (SPSS, version 12.2; SPSS,
Chicago, Ill), and a P value of .05 was
considered to indicate a statistically sig-
nificant difference. Trends in the esti-
mated reduction in surgical time over
the course of the study were assessed
graphically in 3-month intervals.

Results

Effect on Treatment Plan
Functional MR imaging significantly al-
tered (Table 2) the neurosurgeon’s

Figure 1

Figure 1: Left temporal lobe metastatic adenocarcinoma in 77-year-old man. Transverse functional MR
images derived from series of T2*-weighted echo-planar MR images (2000/40, 24 � 24-cm field of view,
64 � 64 matrix, 5-mm section thickness, no intersection gap) are displayed as thresholded activation maps
overlaid in red and yellow on a set of coplanar transverse T2-weighted fast spin-echo MR images (3000/84,
24 � 24-cm field of view, 256 � 192 matrix, 5-mm section thickness, no intersection gap, echo train length
of eight). Surgery was not initially planned because of presumed involvement of receptive speech area. Left
inferior frontal gyral activation (yellow arrows) is consistent with dominant expressive speech area and is
separate from but abuts anterior margin of superior aspect of T2-weighted signal intensity abnormality in left
temporal lobe and superior aspect of small left frontal T2 component. Left middle temporal gyrus activation
(green arrows) is consistent with dominant receptive speech area and is lateral to midposterior portion of T2
hyperintense component. Craniotomy with mapping was performed, and resection was extended. No postop-
erative neurologic deficits were documented.

Table 2

Effect of Functional MR Imaging on Therapeutic Decision Making

Treatment Plan before
Functional MR Imaging

Treatment Plan after Functional MR Imaging*

No Surgery Biopsy

Craniotomy with
Intraoperative
Mapping

Craniotomy with
General
Anesthesia

No surgery 2 2 5 0
Biopsy 0 0 7 1
Craniotomy without sedation 0 1 13 3
Craniotomy with sedation 0 0 0 5

* Actual intervention agreed with treatment plan after functional MR imaging in all 39 patients.
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therapeutic plan in 19 (49%; 95% con-
fidence interval: 33.0%, 64.4%) of 39
patients and enabled a more aggres-
sive approach in 18 patients (46%;
95% confidence interval: 30.5%, 61.8%)
(P � .001). Of the nine patients in whom
no surgical intervention was initially
planned, five were changed to craniot-
omy with mapping, two were changed
to biopsy, and two remained un-
changed and did not undergo surgery
(Figs 1, 2). Of the 30 patients who
were scheduled to undergo surgical in-
tervention, seven were changed from
biopsy to craniotomy with mapping,
one was changed from biopsy to crani-
otomy with general anesthesia, and
three were changed from craniotomy
with mapping to craniotomy with gen-
eral anesthesia as a result of the func-
tional MR imaging results (Figs 3–5).

Additional invasive diagnostic test-
ing (eg, Wada testing) would have been
requested in four of 30 patients but was
avoided in all of these patients after
functional MR imaging. In one patient,
the neurosurgeon altered the treatment
plan to a less aggressive surgical ap-
proach after functional MR imaging.
This patient experienced progressive
hemiplegia preoperatively and, because
functional MR imaging showed encase-
ment of the motor area by the lesion in
the precentral gyrus, the treatment plan
was changed from craniotomy with
mapping to biopsy (Fig 6).

Confidence Ratings
The median confidence rating was 4 for
the localization of speech and motor
function and 5 for the lateralization of
speech function. Median confidence rat-
ings for functional MR imaging did not
differ significantly (P � .05) between
patients in whom the treatment plan
was altered and those in whom it was
not altered.

Surgical Time, Resection, and Approach
In addition to the surgical treatment
plan, functional MR imaging also af-
fected surgical time, the extent of surgi-
cal resection, and surgical approach, as
determined by means of the postopera-
tive questionnaire. By facilitating the lo-
calization of motor and language areas,

functional MR imaging helped to
shorten surgical time by an estimated
15–60 minutes in 22 (60%; 95% confi-
dence interval: 43.6%, 75.3%) of 37 pa-
tients. There was an increasing trend in
this regard for the first three quarters of
the study (Fig 7). In six (16%; 95% con-
fidence interval: 4.3%, 28.1%) of 37 pa-
tients who underwent surgery, the neu-
rosurgeon specifically commented that
the functional MR imaging results en-

abled a more complete resection than
otherwise would have been achieved.
Surgical approach was also affected,
with a smaller craniotomy performed in
two (5%; 95% confidence interval:
1.9%, 12.7%) of 37 patients.

Discussion

The results of our study indicate that
functional MR imaging has a significant

Figure 2

Figure 2: Recurrent left parietal lobe anaplastic astrocytoma in 37-year-old right-handed woman. Trans-
verse functional MR images derived from series of T2*-weighted echo-planar MR images (2000/40, 24 �
24-cm field of view, 64 � 64 matrix, 5-mm section thickness, no intersection gap) are displayed as thresh-
olded activation maps overlaid in red and yellow on a set of coplanar transverse T2-weighted fast spin-echo
MR images (3000/84, 24 � 24-cm field of view, 256 � 192 matrix, 5-mm section thickness, no intersection
gap, echo train length of eight). Surgery was not initially planned because of presumed involvement of recep-
tive speech area. Left inferior and middle frontal gyral activation (yellow arrows) is consistent with dominant
expressive speech area and is located at anterior border of more cephalad component of lesion. Left superior
and middle temporal gyral activation (green arrows) is consistent with dominant receptive speech area and
abuts inferior border of temporal component of lesion, with superior temporal gyral activation component
lying anteroinferior to lesion. Biopsy was performed, and no postoperative neurologic deficits were doc-
umented.
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effect on therapeutic planning in pa-
tients with potentially resectable brain
tumors by altering the treatment plan—
most often to a more aggressive ap-
proach—in a significant number of pa-
tients. In certain patients, surgical time
may be shortened, the extent of resec-
tion may be larger, and the craniotomy
size may be smaller. Additional invasive
diagnostic testing (eg, Wada testing)
would otherwise have been performed
in a few of the patients but was avoided
by using functional MR imaging.

For patients in whom the treatment
plan was not altered, functional MR im-
aging likely contributed confidence to
the neurosurgeons’ decision to proceed
with the planned treatment approach.
The neurosurgeons’ confidence ratings
for these patients were not significantly
different from those for patients in
whom the treatment plan was altered.
Of note, there were two patients in
whom the preoperative plan of no sur-

gery was confirmed by means of func-
tional MR imaging.

Studies in the literature corroborate
the lack of postoperative neurologic
deficits in patients who have under-
gone preoperative functional MR im-
aging (11,23). The influence of func-
tional MR imaging on therapy has also
been suggested in the literature (13).
In the study by Wilkinson et al (11) it
was shown that, when functional MR
imaging data were incorporated into
neuronavigation-guided surgical ap-
proaches, functional MR imaging facil-
itated safe tumor resection in anatomic
areas that were previously thought to be
high risk, without intraoperative corti-
cal mapping, by means of conventional
MR imaging. In a retrospective study,
Lee et al (1) demonstrated that func-
tional MR imaging was complementary
to invasive functional mapping. The ef-
fect of functional MR imaging on thera-
peutic planning has been documented

thus far in only one prospective study in
which investigators demonstrated con-
siderable influence on diagnostic and
therapeutic decision making in patients
with epilepsy (24).

Despite the increasing clinical use of
functional MR imaging as a preopera-
tive planning tool, there are several lim-
iting factors that are intrinsic to the
method itself. First, functional MR im-
aging is an indirect activation modality
that shows some (but not necessarily
all) of the brain areas that participate in
the execution of a particular task. In
particular, functional MR imaging can-
not differentiate between activation in
brain areas that are simply correlated
with a particular function and activation
in brain areas that are truly essential for
performing that function. Second, the
pathologic features of tissue can alter
signal intensity on blood oxygen level–
dependent functional MR images in a
manner that has not been fully charac-
terized (25,26). Third, accuracy in map-
ping the spatial extent of the activated
voxels is limited and depends on the
statistical threshold chosen. Individuals
vary in their functional MR activation
levels for a given task. Fitzgerald et al
(16) described variable activation in in-
dividuals across a variety of task para-
digms in many brain regions. Finally,
functional MR imaging requires active
participation by a cooperative patient, a
condition that is not always feasible in
the neuro-oncologic population.

There are multiple steps that can be
taken to reduce the effect of these limi-
tations. In our study, we used a stan-
dardized imaging and analysis protocol,
consistent neuroradiologists, and a small
group of neurosurgeons to minimize the
variability in methods across the patient
population. Variations in the pathologic
characteristics of the tumors, the per-
ceived tumor extent, and the surround-
ing edema may account for some of the
variability in the neurosurgeons’ confi-
dence in the accuracy of the spatial ex-
tent of localization.

To minimize task performance vari-
ability across different patients, we
used real-time functional MR imaging
analysis and head-motion plots to allow
the operator to assess the quality of the

Figure 3

Figure 3: Left intraventricular central neurocytoma in 23-year-old left-handed woman. Transverse func-
tional MR images derived from series of T2*-weighted echo-planar MR images (2000/40, 24 � 24-cm field of
view, 64 � 64 matrix, 5-mm section thickness, no intersection gap) are displayed as thresholded activation
maps overlaid in red and yellow on a set of coplanar transverse T2-weighted fast spin-echo MR images (3000/
84, 24 � 24-cm field of view, 256 � 192 matrix, 5-mm section thickness, no intersection gap, echo train
length of eight). Preoperative plan included Wada testing and possible craniotomy with mapping. Dominant
expressive speech area is shown in left middle and inferior frontal gyri (yellow arrows) and is anterolateral to
lateral ventricular component of lesion. Left superior and middle temporal gyral activation (green arrows) is
consistent with dominant receptive speech area and is anterior and inferolateral to left atrial component of
lesion. Imaging results confirmed left dominant speech; Wada testing was avoided. Lesion was resected dur-
ing craniotomy with general anesthesia by using right paramedian approach. No postoperative neurologic
deficits were documented.
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data at the time of imaging. The opera-
tor views functional MR imaging activa-
tion maps and motion plots in real time
and can assess an active area and plot
fluctuations of task-related blood oxy-
gen level–dependent signal intensity
over time. In this way, head motion or
task performance problems can be
quickly identified and corrected so that
new activation maps can be generated.
In rendering a clinical interpretation for
functional MR imaging, the neuroradi-
ologist uses the combination of activa-
tion maps, activation time course plots,
and expected anatomic location of func-
tional areas.

Given that the small number of neu-
rosurgeons who referred patients al-
ready had some confidence in functional
MR imaging, another limitation of our
study is referral bias, and the patients
who were referred were those for
whom the localization of eloquent
speech and sensorimotor cortex might
affect treatment planning. This ap-
proach, however, has an advantage in
that, because it is used in clinical prac-
tice, it provides a realistic assessment of
therapeutic options and the role of diag-
nostic functional MR imaging. Because
the referring neurosurgeon also com-
pleted the preoperative, functional MR
imaging, and postoperative question-
naires, this prospective study focused
on the treatment effect of functional MR
imaging for patients in whom functional
MR imaging might be ordered, without
attempting to assess its role across the
entire population of potential patients.

Our study has addressed the issue of
therapeutic planning effect without at-
tempting to assess the patient outcome
effect of functional MR imaging (27).
For the latter, one would need to per-
form a randomized trial with a control
population in whom functional MR im-
aging information was requested but
not provided. To do so, however, would
have ethical implications.

Because of rapid technologic ad-
vancements in medicine—particularly
in the specialty of radiology—it is often
difficult to establish the actual benefits
of new techniques with a traditional hi-
erarchical scientific assessment, which
can take a relatively long period of time

compared with the rapid evolution of
new technology. Thus, new technolo-
gies are often implemented on the basis
of subjective expectations of usefulness
and/or experience with a limited num-
ber of patients (28). In fact, it has been
suggested that all that may be needed to
decide to implement a new technology
is to demonstrate that the new diagnos-
tic strategy facilitates clinical decision
making without detriment to patient
care (28). The goal of our study there-
fore was to establish if and how this new
modality (ie, functional MR imaging)
would affect therapeutic planning in the
routine clinical environment.

Because it can be fully implemented
in a busy clinical environment, func-
tional MR imaging has a broad role in
neurosurgical planning, including pa-

tient selection, assessment of the feasi-
bility of surgery, and surgical planning.
In the appropriate setting, it can be eas-
ily added to conventional MR imaging
because of the speed of the study. Func-
tional MR imaging can take less than 10
minutes to complete, which includes the
time needed to perform online statisti-
cal analysis (29). This immediate feed-
back allows the radiologist to decide
whether a given task needs to be re-
peated to ensure that the appropriate
functional area is localized. We were
successful in our study in patients with
varying clinical functional status. There
were no failures due to technical diffi-
culties or to an inability to perform
tasks or obtain usable data. The time
involved in performing an entire preop-
erative functional MR imaging session,

Figure 4

Figure 4: Medial left frontal lobe well-differentiated astrocytoma in 30-year-old man. Transverse func-
tional MR images derived from series of T2*-weighted echo-planar MR images (2000/40, 24 � 24-m field of
view, 64 � 64 matrix, 5-m section thickness, no intersection gap) are displayed as thresholded activation
maps overlaid in red and yellow on a set of coplanar transverse T2-weighted fast spin-echo MR images (3000/
84, 24 � 24-cm field of view, 256 � 192 matrix, 5-mm section thickness, no intersection gap, echo train
length of eight). Craniotomy with general anesthesia was planned, with lesion presumed to be sufficiently
removed from expressive speech areas. Left inferior frontal gyral activation (yellow arrows) is consistent with
dominant expressive speech area located 1 cm inferolateral to posterior margin of left frontal lobe lesion. Left
superior and middle temporal gyral activation (green arrows) is consistent with dominant receptive speech
area, is located inferiorly, and is separated from left frontal lobe lesion by sylvian fissure. Imaging results
helped confirm existing treatment plan. No postoperative neurologic deficits were documented.
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Figure 5

Figure 5: Left posterior temporooccipital region
pleomorphic xanthoastrocytoma with anaplastic fea-
tures in 20-year-old woman. Transverse functional MR
images derived from series of T2*-weighted echo-
planar MR images (2000/40, 24 � 24-cm field of
view, 64 � 64 matrix, 5-mm section thickness, no
intersection gap) are displayed as thresholded activa-
tion maps overlaid in red and yellow on a set of copla-
nar transverse T2-weighted fast spin-echo MR images
(3000/84, 24 � 24-cm field of view, 256 � 192 ma-
trix, 5-mm section thickness, no intersection gap, echo
train length of eight). Biopsy was planned because of
lesion proximity to presumed receptive speech area.
Left inferior frontal gyral activation (yellow arrows) is
consistent with expressive speech area. Left superior
temporal gyrus activation (white arrows) is consistent
with dominant receptive speech area and is anterior
and superior to left temporooccipital resection cavity,
with small component (green arrow) within 1 cm ante-
rior to T2 signal intensity abnormality at superior as-
pect of resection cavity. Imaging results helped plan
surgical approach, and craniotomy with mapping and
resection were performed. No postoperative neuro-
logic deficits were documented.

Figure 6

Figure 6: Right parietal lobe anaplastic oligodendroglioma in 23-year-old woman. Trans-
verse functional MR images derived from series of T2*-weighted echo-planar MR images
(2000/40, 24 � 24-cm field of view, 64 � 64 matrix, 5-mm section thickness, no intersection
gap) are displayed as thresholded activation maps overlaid in red and yellow on a set of copla-
nar transverse T2-weighted fast spin-echo MR images (3000/84, 24 � 24-cm field of view,
256 � 192 matrix, 5-mm section thickness, no intersection gap, echo train length of eight).
Resection and craniotomy with mapping were initially planned. Left-hand sensory motor area
(yellow-red regions) is adjacent to anterior margin of superior portion of lesion in right pari-
etal lobe. Bilateral sensory motor areas (white arrows) are shown, and activation is seen in
supplementary motor cortex (yellow arrows). Because patient experienced left hemiplegia and
because functional motor area was intimately involved with lesion, treatment plan was
changed to biopsy. No postoperative neurologic deficits were documented.
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complete with structural image acquisi-
tion, was less than 1 hour, with approx-
imately 10 minutes prior to the study for
instruction on the tasks and approxi-
mately 30 minutes for actual imaging.

Future studies focusing on the out-
come of patients who undergo preoper-
ative functional MR imaging are still
needed, though such studies will be dif-
ficult to perform. A randomized con-
trolled trial in a large number of pa-
tients will be needed to show an effect
because of the indirect relationship
between the diagnostic test and pa-
tient outcome. Other issues warrant-
ing investigation include disease-spe-
cific effects on the measured blood ox-
ygen level–dependent response, effects
of individual variations in cerebrovascu-
lar anatomy, and effects due to the pres-
ence of incidental pathologic abnormali-
ties (eg, atherosclerotic disease).

In conclusion, functional MR imag-
ing has a significant effect on therapeu-
tic planning in patients with potentially
resectable brain tumors and enables the
selection of therapeutic options that
might otherwise not have been consid-
ered because of functional risk. In cer-
tain patients, surgical time may be
shortened, the extent of resection may
be larger, and craniotomy size may be
smaller.

Acknowledgment: The authors thank David M.
Delong, PhD, for helpful comments.
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