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The primary aims of the presurgical evalu-
ation of children with intractable lesional
epilepsy are to define whether the lesion is

responsible for seizures and to address its
anatomic relationship to functionally eloquent
cortex to determine likely functional risk when
resected (5). In the first stage, such evaluation is
based on a noninvasive and multidisciplinary
approach that includes clinical assessment,
 video- electroencephalogram monitoring, struc-
tural and possibly functional cerebral imaging
(5, 6). Neuropsychological and neuropsychiatric
assessments also form an integral part of the

assessment (5, 6). A multidisciplinary discussion,
balancing the benefits against the risk of surgery
based on the results of noninvasive evaluation,
determines the eligibility of the children for
resective surgery. Surgery might not be a worth-
while option if there is sufficient evidence that
functional deficits will inevitably result from the
extent of resection required to alleviate seizures
(5, 19). In cases whereby the noninvasive ap -
proach fails to provide the required information,
invasive monitoring using subdural or depth
electrodes is required to accurately localize the
area of seizure onset and determine its proxim-
ity to functional cortex (5).

Functional magnetic resonance imaging
(fMRI) of the brain is a noninvasive neuroimag-
ing technique that has progressively been trans-
ferred from research to clinical practice and is

ABBREVIATIONS: fMRI, functional magnetic res-
onance imaging; IFM, invasive functional map-
ping; PSMC, primary sensorimotor cortices; SPM,
statistical parametric mapping

INFLUENCE OF MOTOR FUNCTIONAL MAGNETIC
RESONANCE IMAGING ON THE SURGICAL
MANAGEMENT OF CHILDREN AND ADOLESCENTS
WITH SYMPTOMATIC FOCAL EPILEPSY

OBJECTIVE: To determine the clinical value of motor functional magnetic resonance imag-
ing (fMRI) in the presurgical evaluation of a large group of children and adolescents
with epilepsy caused by lesions close to the central sulcus.
METHODS: Forty- three patients (19 males; mean age, 13 years) with lesional focal epilepsy
underwent motor fMRI as part of a multidisciplinary standardized presurgical evaluation
between 2000 and 2006. fMRI data were analyzed using statistical parametric mapping
(SPM2) and screened for the presence of  movement- related artifacts. The ways in which
the results of motor fMRI influenced the  decision- making process were reviewed.
RESULTS:The success rate of motor fMRI was 93% and data were of high quality in 67.5%
of the patients. Together with other clinical considerations, motor fMRI results contributed
to the surgical management of 32 patients (74%). They helped 1) to determine the type
of surgery in 23 patients (72%; 12 cases with and 11 cases without invasive functional map-
ping), 2) to indicate a reduced  benefit- risk ratio with the consequence that surgery was
not further considered in 5 patients (16%), and 3) to indicate that surgery was not an
appropriate option because of the high risk of motor function deficit in 4 patients (12%).
CONCLUSION: Motor fMRI can be performed with a high degree of success and good
data quality in this population of patients. It has an important additive role in the dis-
cussion of the feasibility of resective surgery contributing to the  decision- making process
for children with epilepsy caused by brain lesions close to the central sulcus.

KEY WORDS: Children,  Decision- making process, Epilepsy surgery, Functional magnetic resonance imag-
ing, Motor functional magnetic resonance imaging
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now used routinely in the presurgical evaluation of children
with intractable epilepsy (12). fMRI has mainly been used to
locate functional language and sensorimotor cortices in relation
to a lesion (12, 19). Thus, in cases whereby resective epilepsy
surgery might compromise motor function and therefore signif-
icantly affect the patient’s quality of life, fMRI can aid surgical
 decision- making by providing accurate localization of primary
sensorimotor cortices (PSMC) and establishing their anatomic
relationships with brain lesions (3, 4, 8, 17). In addition, fMRI
can provide information about possible reorganization of func-
tion, which may be of particular interest when determining the
surgical strategy (11, 14, 19). Although numerous studies have
validated and highlighted the important role of motor fMRI in
the presurgical evaluation of patients with epilepsy, reports
describing how motor fMRI can actually influence the surgical
management of patients with extratemporal brain lesions are
rare and principally focused on adults (2, 17, 19).

To determine the clinical value of motor fMRI in the presur-
gical evaluation of children and adolescents with extratempo-
ral symptomatic epilepsy, we reviewed how motor fMRI con-
tributes to the surgical management of a large group of
children with epilepsy caused by the presence of a lesion or
lesions close to the central sulcus.

PATIENTS AND METHODS

Patients
The epilepsy surgery program at Great Ormond Street Hospital for

Children NHS Trust has been in existence since 1992. Children included
in the present study had complex epilepsy and were referred for assess-
ment of possible epilepsy surgery between July 2000 and August 2006.

 Forty- three patients (19 males and 24 females; mean age, 13 years;
range, 7 to 18 years) with lesional focal epilepsy underwent motor
fMRI as part of a multidisciplinary standardized presurgical evaluation
at Great Ormond Street Hospital for Children NHS Trust over this time
period. The decision to perform motor fMRI was based on presumed
proximity of the lesion to the PSMC. Children younger than 7 years old
were not referred for fMRI because of the high likelihood of poor com-
pliance. Other investigations undertaken for the presurgical evalua-
tion included clinical review, interictal and ictal electroencephalogram
with or without  single- photon emission computed tomography, opti-
mized structural magnetic resonance imaging, neuropsychological and
neuropsychiatric evaluations. After evaluation, surgery feasibility was
discussed in a multidisciplinary meeting considering results of all
investigations, and a decision was made about whether to offer surgery.
For patients who underwent surgery, we categorized the type of surgi-
cal procedure (invasive monitoring, focal resection, disconnection,
biopsy) and the postoperative outcome (seizure frequency according to
the Engel Classification of Postoperative Outcome [9] and neurological
deficit). For each patient, data were retrieved from medical records.

Clinical details of the patients are summarized in Table 1. Seven chil-
dren had lesions acquired during the first 2 years of life (patients 1–7). Six
children had vascular malformations (patients 8–13). Five children had
tumors (patients 14–18).  Twenty- three children (patients 19–41) had mal-
formations of cortical development (1), and 2 children had other types of
brain lesions (patients 42 and 43). Nine patients (21%) had motor deficits.
Three other patients had motor coordination problems of the affected
hand associated with a parietal lesion.  Twenty- eight patients (65%) had
mild to severe learning and/or behavioral difficulties.
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fMRI Data Acquisition
Magnetic resonance imaging investigations were performed between

July 2000 and February 2005 (32 patients) on a Siemens Magnetom
Vision 1.5 T system (Erlangen, Germany) and from October 2005 until
August 2006 (11 patients) on a Siemens Magnetom Avanto 1.5 T system.
Anatomic images used for the localization of activated voxels were
obtained from T1-weighted fast  low- angle shot images. fMRI data were
acquired using  whole- brain echo planar imaging. The parameters used
for structural and fMRI data acquisition have been described in detail
elsewhere (7, 18, 19).

Experimental Paradigm
Each run consisted of the acquisition of 125 echo planar imaging vol-

umes (14, 19). The first 5 volumes were discarded to ensure magnetiza-
tion equilibrium. In the 120 remaining volumes, a block design was
used, consisting of 24 alternating blocks of rest and motor task with 5
volumes in each block (14, 19). During rest periods, children were
asked to close their eyes, relax, and make no movements. The motor
task consisted of active or passive  flexion- extension of all fingers simul-
taneously (approximately 1–2 Hz) (19). For each patient, 2 runs for the
hand contralateral to the brain lesion (the affected hand) were obtained.
One run was also obtained for the hand ipsilateral to the brain lesion
(the nonaffected hand) in 30 patients (70%) to compare with the activa-
tion map obtained with the affected hand. In patient 22, foot move-
ment–related activations were used instead of the hand, using the same
paradigm except that the motor task consisted of movements of
 flexion- extension of the ankle. Each child practiced the task outside the
scanner before fMRI data acquisition. Task performance during the
scanning procedure was closely monitored.

fMRI Data Preprocessing and Analyses
Because the fMRI data used for the surgical discussion and  decision-

 making processes were acquired over a 6-year period, the need for con-
temporaneous surgical  decision- making meant that the images were
preprocessed and analyzed using different versions of the statistical
parametric mapping (SPM) software (SPM99 for the earlier studies and
SPM2 for the later studies; Wellcome Department of Imaging Neuro -
science, London, UK; http://www.fil.ion.ucl.ac.uk/spm). The images
were first realigned to the first image of the first run to correct for head
movements (post hoc realignment). Structural images were then coreg-
istered to the mean echo planar image. fMRI data were then smoothed
to 3 times the original voxel size (14, 19). The statistical analyses com-
pared motor task with rest in a block design (14, 19). The results were
considered significant at P � 0.05 corrected for multiple comparisons.

Finally, to assess fMRI data quality in this group of children at the
end of the 6-year period, all data were preprocessed and reanalyzed in
SPM2 using the same methodology.

Assessment of Motor fMRI Data Quality
Motor fMRI paradigms can be associated with sudden head move-

ments or head motion synchronized with the motor task condition. This
is a well recognized confounding factor that can impair the quality of
fMRI data and produce regions of false apparent activation (10, 13, 16).
This could be particularly true in this population of children and adoles-
cents with pharmacoresistent lesional epilepsy because 65% of them had
mild to severe learning and/or behavioral difficulties. To evaluate in
this group of patients the impact of head movements on the quality of
motor fMRI data after post hoc realignment, fMRI results that were rean-
alyzed in SPM2 were screened for the presence of  motion- related arti-
facts, which typically appear in the form of a corona of activation at the
edges of the brain (13, 16). The fMRI studies of each patient were then
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TABLE 1. Clinical details of the patientsa

Patient Age Epilepsy Current
no. (y)/sex 

Hand Lesion type Motor deficit
onset seizure

1 7/F L L Fr-Pa atrophy R hemiparesis 3 d CPS

2 11/M L L Te-Oc porencephalic cyst No 1 d SPS

3 15/M R R Pa-Oc atrophy L hemiparesis 2 y CPS

4 15/M R R hemispheric atrophy L hemiparesis 5 y CPS

5 17/F L L Fr-Pa atrophy R hemiplegia 3 d SPS

6 18/F L L Fr porencephalic cyst R hemiparesis 4 mo SPS

7 18/M R R Fr-Pa-Te atrophy L hemiparesis 8 y SPS � SG

8 10/F R L Fr-Pa AVM No 4 y CPS

9 10/M R R Pa pial angioma No 3 y CPS

10 11/F R R Pa AVM No 11 y SPS

11 12/F R R Pa-Oc pial angioma No 10 y SPS

12 13/M R R Fr cavernoma No 10 y CPS

13 16/F R R Fr-Ce cavernomas No 14 y SPS

14 10/M R L Pa-Oc pilocytic astrocytoma R dyspraxia 7 y 6 mo SPS

15 11/M R R Fr-Ce meningiomatosis No 6 y SPS

16 12/M R R Fr-Pa meningiomatosis No 12 y SPS

17 12/F R L Fr meningioangiomatosis No 8 y SPS � SG

18 16/F R L Fr-Pa anaplastic astrocytoma No 9 y SPS

19 8/F R R Pa-Ce DNETb No 4 y SPS

20 9/F R R Fr DNET No 3 y CPS

21 10/F R R Te-Pa FCD No 7 mo CPS

22 10/F L L Pa-Oc FCD No 2 y 5 mo CPS

23 10/M R L Pa DNET No 8 y SPS

24 12/F R L Fr-Ce DNETb No 1 y 6 mo SPS

25 12/F R R Fr-Pa FCDb L hemiparesis 1 y 7 mo SPS, CPS � SG

26 12/F R L Fr DNET No 11 y CPS

27 12/M R R Fr FCDb No 7 mo CPS � SG

28 12/M R R Pa DNETb No 12 y CPS

29 12/F R L Fr FCDb No 5 y CPS

30 12/F R R Fr FCD No 2 y CPS

31 13/F R L Pa DNET R dyspraxia 10 y CPS

32 14/F L L Pa DNET No 8 y CPS

33 14/M R L Pa-Te FCDb No 2 y SPS

34 14/M L L Fr and L Pa FCDb No 9 y CPS

35 15/M L R Fr DNET No 10 y SPS

36 15/M L L Fr FCD R hemiparesis 3 mo CPS

37 15/M L R Fr DNET No 11 y CPS

38 16/F R R Pa DNETb No 3 mo SPS

39 16/F L L polymicrogyria R hemiparesis 11 y CPS

40 17/F L L Pa FCD R dyspraxia 6 mo CPS

41 17/F R L insular FCD No 1 y SPS

42 14/M R L HS (L Fr epileptic focus) No 3 y 5 mo CPS � SG

43 14/M R L Pa-Te hemorrhage, No 9 y SPS
L HS, L Te atrophy

a Age, age at the time of motor functional magnetic resonance imaging; hand, handedness; L, left; Fr, frontal; Pa, parietal; R, right; CPS, complex partial seizures; Te, temporal; Oc,
occipital; SPS, simple partial seizures; SG, secondary generalization; AVM, arteriovenous malformation; Ce, central; DNET, dysembryoplastic neuroepithelial tumor; FCD, focal cortical
dysplasia; HS, hippocampal sclerosis.
b Based on radiology.



rated according to a classification adapted from Hoeller et al. (13): “no
 motion- related artifacts” (Grade 1), “mild to moderate  motion- related
artifacts” (Grade 2), or “severe  motion- related artifacts” (Grade 3).

We searched for the existence of a significant association between the
presence of  movement- related artifact (Grades 2 and 3) and the age at
the time of fMRI using the unpaired t test. The χ2 test was used to
search for significant association between the presence of  movement-
 related artifact (Grades 2 and 3) and the presence of focal motor deficit
or learning and/or behavioral difficulties. For χ2 tests, the Yates correc-
tion was used when the number of patients per cell was less than 5.
Results were considered significant at P � 0.05.

Influence of Motor fMRI Data on the Surgical Management
Reports of the epilepsy surgery meeting and medical records were

reviewed to determine in what ways motor fMRI data influenced the
surgical management of each patient. Reanalysis of data did not con-
tribute to this part of the study.

The surgical management of children with symptomatic epilepsy is
typically based on a multidisciplinary approach and can be influenced
by multiple factors (5). Therefore, to determine the specific contribution
of motor fMRI in surgical management, we considered separately the
influence of motor fMRI data on 2 key stages: the discussion of surgery
feasibility (discussion process) and the final surgical management
 (decision-making process). Indeed, even if some children were consid-
ered eligible for surgery based on fMRI after the discussion process,
motor fMRI data may not have directly influenced the final surgical
management because other factors dominated the final decision.

During the discussion of the
results of the multidisciplinary
standardized presurgical evalua-
tion performed at Great Ormond
Street Hospital for Children NHS
Trust, fMRI results were used to
help determine the surgery feasi-
bility in consideration of the risk to
motor function by localizing func-
tion and determining its anatomic
relationship to the brain lesions
being considered for resection.
Therefore, the ways in which the
results of motor fMRI influenced
the discussion process were
grouped into 3 categories: 1) there
was no risk of impairment of motor
function, 2) invasive functional
mapping (IFM) was required
because of the close anatomic rela-
tionship between motor cortex and
the brain lesion, 3) surgery was not
an option because of the high risk
to motor function.

Then, the information pro-
vided by motor fMRI was inte-
grated with other results of the
noninvasive presurgical evalua-
t ion to balance the benefits
against the risk of surgery and
decide whether the children were
eligible for resective surgery. The
ways in which the motor fMRI
results influenced this  decision-
 making process were grouped
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into 4 categories: 1) it influenced the type of surgery (with or without
IFM; surgical technique), 2) surgery was not considered because of a
poor  benefit- risk ratio, 3) surgery was not performed because of the
high risk to motor function, and 4) the final decision to perform surgery
was dominated by factors other than the risk to motor function. Each
patient was classified according to these categories. A reduced  benefit-
 risk ratio for surgery meant that, considering the overall clinical picture
of the patient at the time of evaluation and the potential risk to motor
function, it was better to not perform surgery. For example, this might
be the case for a patient with a benign lesion and a low seizure fre-
quency or nondisabling seizures. Surgery was not considered an appro-
priate option when the risk to motor function was clearly too high,
whatever the seizure frequency or type.

RESULTS

fMRI Results

fMRI analyses showed significant predominant activation of
the PSMC contralateral to the affected hand (or foot) in 38
patients (88%), significant activation only in the PSMC ipsilateral
to the affected hand in 2 patients (5%, patients 5 and 18) (Fig. 1),
and no significant activation in 3 patients (7%, patients 8, 11,
and 29). We found significant activation in the PSMC contralat-
eral to the unaffected hand in 93% of the 30 patients who had a
motor fMRI examination for this hand.

FIGURE 1. Predominant activations found in the primary  sensory- motor cortex (PSMC) ipsilateral to the affected
hand in patients 5 and 18 (P5 and P18) suggesting the occurrence of functional reorganization related to the brain
lesion. Red–white scale indicates the level of significance of the BOLD (blood oxygen level dependent) signal increase
(Z score). Motor functional magnetic resonance imaging (fMRI) results are superimposed on structural magnetic res-
onance imaging (MRI) scans (T1-weighted image). Brain lesions are highlighted by a white arrow. For both patients,
movement of the affected right hand induced significant activation only in the right PSMC. In P5, the atrophy of the
left hemisphere as a result of perinatal stroke can be seen. This patient did not have a motor fMRI scan of the nonaf-
fected hand. In P18, movement of the nonaffected hand induced significant activation that colocalized with those of
the affected hand (right). The left frontoparietal astrocytoma can be seen on the structural MRI scan. L, left.
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 (decision- making pro cess) were determined for the 40 patients
with significant PSMC activations.

During the discussion pro cess, motor fMRI indicated that
there was no risk to motor function in 17 patients (42.5%) (Fig. 3);

Quality of Motor fMRI Data
fMRI data that were reana-

lyzed in SPM2 were screened
for the presence of  motion-
 related artifacts.  Twenty- nine
patients (67.5%) had Grade 1
 motion- related artifacts, 10
(23.5%) had Grade 2  motion-
 related artifacts, and 4 (9%)
had Grade 3  motion- related
artifacts (Fig. 2). In these latter
4 patients,  motion- related arti-
facts  resulted from head
motion of small amplitude
synchronized with the motor
condition as evaluated by post
hoc realignment (Fig. 2). The
presence of  motion- related
artifacts did not prevent the
localization of the PSMC with
regard to the lesion.

No significant association
was found between the pres-
ence of  movement- related
artifact and age at the time of
fMRI (P � 0.23), the presence
of focal motor deficit (χ2,
0.1851; P � 0.667), or the pres-
ence  of  learning and/or
behavioral difficulties (χ2,
0.07; P � 0.793 with the Yates
correction).

No significant activation
was observed in 3 of the 43
patients .  The absence of
 significant activation in the
PSMC in  pat ient  29  was
attributable to frequent sud-
den head movements of high
ampl i tude  (�10  mm for
translation movements and
�15 degrees for rotation
movements) as evaluated by
post hoc realignment. The
absence of significant activa-
tion in the other 2 patients
(patients 8 and 11) was not
attributable to head move-
ments as assessed by post hoc
realignment.

Influence of Motor fMRI
Data on the Surgical Management

The ways in which motor fMRI data influenced the discus-
sion of surgery feasibility based on the risk for motor function
(discussion process) and the final surgical management

FIGURE 2. Movement- related artifact observed in patient 33, classified as “severe” (Grade 3) as defined by Hoeller
et al. (13). A, motor fMRI results superimposed on the patient’s structural MRI scan (T1-weighted image) showing
the activation in the left primary  sensory- motor cortex and  movement- related artifacts that appear in the form of a
corona of activation at the edges of the brain. A red–white scale is shown, as in Figure 1. B, results of the post hoc
realignment (3 rotation parameters) showing that the  movement- related artifacts were the result of head motion of
small amplitude synchronized with the motor condition. Note that the movement data display the results from 3 sep-
arate acquisition runs, each of 120 image data sets (24 alternating blocks of rest and motor task with 5  whole- head
data sets in each block), producing the relatively large shifts evident at images 120 and 240. L, left.

B

A

FIGURE 3. Motor fMRI results of patients 17, 22, and 31 (P17, P22, and P31) superimposed on their structural MRI
(T1-weighted) scans. Motor fMRI confirmed that the surgical procedure posed little functional risk in these patients
and that invasive functional mapping was not required. Brain lesions are highlighted by a white arrow. Red–white
scale as in Figure 1. L, left.
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for localization of seizure
onset in 2 patients (patients 21
and 43).

In the 19 patients for whom
fMRI identified the need for
IFM, 13 patients were finally
selected for surgery with IFM,
but 1 of them required an
emergency operation without
IFM (patient 18). Five other
patients were not considered
further for surgery because of
the potential risk to motor
function and the fact that
seizures were relatively well
controlled by antiepileptic

drugs (decreased  benefit- risk ratio). In 1 case, surgery was finally
not offered because of the poor chance of surgical success
(seizure onset not localized electroclinically, diffuse pial
angioma).

In the 4 patients for whom fMRI identified that surgery was
probably not an option, surgery was not offered, in order to
spare motor function.

Therefore, in this population of 43 children, motor fMRI results
were not considered for the final surgical management in 11
patients (26%, 3 with no significant fMRI results and 8 for whom
motor fMRI did not directly influence the final surgical manage-
ment); motor fMRI results, together with other clinical consider-
ations, influenced the final surgical management in 32 patients
(74%). In these 32 children, motor fMRI contributed to determin-
ing the type of surgery in 23 patients (72%, 11 cases without IFM
and 12 cases with IFM), indicated a reduced  benefit- risk ratio
with the consequence that surgery was not further considered in
5 patients (16%), or indicated that surgery was not an option
because of the high risk to motor function in 4 patients (12%).

Surgical Outcome
Among the 23 children in whom motor fMRI helped in the

final surgical decision, 22 had surgery. One adolescent (patient
41) was referred to an adult center for surgery, and no surgical
data are available. The surgical outcome of the patients is sum-
marized in Table 2. Among the 22 children who underwent a
surgical procedure, 2 had IFM but did not undergo resective
surgery because of a close relationship between the motor cortex
and the epileptic focus as assessed by IFM. In the 20 remaining
cases, only 1 had a motor deficit after surgery, which was tran-
sient. Regarding seizure outcome, 65% were free from disabling
seizures (Engel Class I), 10% had rare disabling seizures (Engel
Class II), 15% had a worthwhile improvement (Engel Class III),
and 10% had no worthwhile improvement (Engel Class IV).

DISCUSSION
This study shows that motor fMRI can have an important addi-

tive role in the discussion of the feasibility of resective surgery
and the final  decision- making process for children with epilepsy
caused by a brain lesion or lesions close to the central sulcus.

that IFM was required in 19 patients (47.5%) (Fig. 4); and that
surgery was probably not an option because of the high risk to
motor function in 4 patients (10%) (Fig. 5).

In the 17 patients for whom it was concluded that fMRI indi-
cated a negligible risk to motor function, 11 patients were finally
selected for surgery without IFM. In the other 6 children, motor
fMRI data did not directly influence the final surgical manage-
ment because other factors dominated the final decision: sur-
gery was finally refused by the parents and/or the child in 2
cases despite the absence of risk to motor function (patients 2
and 5); surgery was finally not performed because seizures were
well controlled by antiepileptic drugs at the time of surgical deci-
sion and the lesion was nonprogressive in 2 children (patients 27
and 33); and surgery was performed with invasive monitoring

FIGURE 4. Motor fMRI results of patients 1, 24, and 41 (P1, P24, and P41) superimposed on their structural MRI
scans (T1-weighted image for P1 and P24, FLAIR [ fluid- attenuated inversion recovery] for P41). Motor fMRI confirmed
that the surgical procedure was of high functional risk in these patients and that invasive functional mapping was
required. Brain lesions are highlighted by a white arrow. Red–white scale as in Figure 1. L, left.

FIGURE 5. Motor fMRI results of patients 10 and 39 (P10 and P39) super-
imposed on their structural (T1-weighted) MRI scans. Motor fMRI con-
firmed that the surgical procedure was probably not an option in these
patients because risk to motor function was too high. The motor fMRI for
patient 39 showed that the polymicrogyric cortex was functionally active and
did not show any significant activation in the ipsilateral primary  sensory-
 motor cortex. Red–white scale as in Figure 1. L, left; R, right.
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This study also demonstrates that motor fMRI can be per-
formed with a high degree of success and high data quality in
children and adolescents with pharmacoresistent extratempo-
ral epilepsy, even in the presence of learning or behavioral dis-
order. Indeed, in our group of 43 children, the success rate was
93% and data were of high quality in 67.5%, despite the fact
that 65% of the patients had mild to severe cognitive or behav-
ioral impairments. In 32.5% of patients, we found moderate to
severe  motion- related artifacts that did not, however, prevent
the localization of the sensorimotor cortex. According to our
results, the presence of  movement- related artifact was not asso-
ciated with a younger age at the time of fMRI, the presence of
motor deficit, or learning and behavioral difficulties. The refer-
ral of children for motor fMRI should therefore not be limited.
The severe  motion- related artifacts were attributable to  small-
 amplitude head motions synchronized with the motor condi-
tion, which is a well recognized confounding factor that can
produce regions of false activation (10, 13, 16).

In 2 patients, fMRI showed predominant activations in the
ipsilateral PSMC. Although we cannot rule out the existence of
 false- negative fMRI results in the contralateral cortex because of
cerebral hypoperfusion or lack of vascular autoregulation caused

by the brain lesion, these results may suggest the existence of a
shift of motor function from the contralateral to the ipsilateral
PSMC. In these 2 cases, fMRI did not directly influence the final
surgical management. Nevertheless, they highlight the potential
role of fMRI to reveal possible functional reorganization in chil-
dren with brain lesions. However, to validate the existence of
motor reorganization as suggested by fMRI, the functional eval-
uation of such patients could be combined with other investiga-
tions such as neurophysiological evaluation (motor evoked
responses, transcranial magnetic stimulation).

At the time of surgical discussion, fMRI contributed to deter-
mining that the brain lesion was adequately distant from the
motor cortex (IFM not required) in 42.5% of the children. In
47.5% of the patients, it highlighted the need to perform IFM
because of the close anatomic relationship between the lesion
and the motor cortex. Finally, in 10%, the lesion was shown to lie
in the motor cortex and surgery was, therefore, not considered a
possible therapeutic option, in order to spare motor function. In
1 of these patients, fMRI showed that the polymicrogyric cortex
was functionally active. This was crucial information when the
feasibility of extensive resective surgery was considered and dis-
cussed. This case illustrates, as previous studies have shown,

TABLE 2. Surgical outcomes of the patientsa

Patient
no.

Operation Pathology PO deficit Engel class

3 IM � R Te-Oc dysC NA Unchanged IA

4 IM � R Te FR Hypoxic-ischemic changes Unchanged IA

12 R Fr FR Cavernoma No IA

14 L Pa-Oc FR Pilocytic astrocytoma Unchanged IA

15 L Fr FR Meningiomatosis No IA

16 R lesionectomy Meningiomatosis No IA

17 L Fr FR Meningioangiomatosis No IVB

19 IM � R Pa-Ce FR DNET No IIIA

20 IM � R Fr FR DNET No IIIA

22 L Pa-Oc FR FCD No IA

23 L Pa FR DNET No IA

26 L Fr FR DNET No IA

28 IM � R Pa FR DNET No IB

30 IM � R Fr FR FCD No IA

31 L Pa FR DNET No IIIA

32 IM � L Pa FR DNET No IIA

33 L Te lobectomy Nonspecific No IA

35 IM � R Fr FR DNET L transient hemiplegia IIA

36 IM � L Fr FR FCD Unchanged IVB

37 R Fr FR DNET No IA

38 IM NA No NA

42 IM NA No NA

aPO, postoperative; IM, invasive monitoring; R, right; Te, temporal; Oc, occipital; dysC, disconnection; FR, focal resection; Fr, frontal; L, left; Pa, parietal; Ce, central; DNET,
dysembryoplastic neuroepithelial tumor; FCD, focal cortical dysplasia; NA, not applicable.
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the major role of fMRI in the functional assessment of large mal-
formations of cortical development before surgery (15, 20–22).

In the group of 43 children we studied, motor fMRI influ-
enced the final surgical decision  (decision- making process) in
74% of cases. In these 32 patients, by helping in the evaluation
of the risk to motor function, fMRI contributed to determining
the type of surgery (with or without IFM) in 72% of the chil-
dren and had a major impact in 28% of the patients by leading
to the decision to reject surgical treatment. However, it must be
stressed that it is very difficult to try to quantify the specific
contribution of fMRI in the surgical  decision- making process,
because the decision is based on a multidisciplinary approach
that is affected by multiple factors.

Although it is not possible to compare our data with what
would have been the postoperative outcome without the use of
motor fMRI, our data do suggest that the use of motor fMRI in
noninvasive presurgical evaluation can contribute to postoper-
ative prognosis. Indeed, by contributing to determining the
 benefit- risk ratio for resective surgery, considering the results
from motor fMRI is likely to decrease the number of patients
who would undergo IFM without resective surgery. Moreover,
it helps to select patients who will have the best chance for a
good neurological outcome after surgery. This statement is con-
sistent with the very good postoperative outcome obtained in
the 20 children who underwent resective surgery.

In our institution, in view of the potential risks from inferring
functional eloquence solely from anatomic landmarks based
on anatomic variability, anatomic displacement induced by the
lesion, and plasticity phenomena, motor fMRI is now per-
formed in all children with epilepsy aged 7 years or older who
are being considered for surgery and who have lesions close to
the central sulcus. Motor fMRI is used to provide additional
information to determine the localization of the motor cortex.
Even when motor fMRI “only” confirms the location of the
motor cortex as suggested by structural magnetic resonance
imaging, these results substantially increase the confidence
level in discussing the feasibility of surgery, and they help in
determining the  benefit- risk ratio of resective surgery at the
individual patient level. Considering the noninvasiveness of
fMRI, its increasing availability, and its potential to contribute
substantially to surgical management, our data suggest that
this investigation should be considered in all children with
epilepsy caused by a lesion close to the central sulcus who are
candidates for resective surgery.

CONCLUSION

This study shows that motor fMRI is a very useful imaging
technique in the surgical management of children with sympto-
matic epilepsy caused by the presence of a lesion close to the cen-
tral sulcus. By identifying the pattern of motor activation at the
individual level (anatomic location, functional involvement of
pathological cortex, cerebral reorganization), fMRI helps to outline
the overall clinical picture of each patient, guide the final surgical
decision, and contribute to the postoperative outcome. fMRI is
therefore useful in counseling parents and children, and in
improving the process of informed consent for resective surgery.
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COMMENTS

De Tiège et al. have described their approach to using motor func-
tional magnetic resonance imaging (fMRI) in the preoperative

evaluation of a small cohort of 43 young patients with focal epilepsy
caused by lesions in proximity to the central sulcus. Specifically, this
study targets the issue of how motor fMRI may meaningfully con-
tribute to the surgical management of these patients.

The authors’ main finding is that the implementation of motor fMRI,
in the context of other clinical considerations, may be useful in as many
as 75% of cases. Also, their results suggest that motor fMRI helps in the
decision to pursue invasive, intraoperative functional mapping, aids in
identifying a decreased “benefit-risk ratio” of surgical intervention,
and helps eliminate surgery as an option in high-risk patients who are
susceptible to developing a postoperative motor deficit.

Importantly, this article captures the necessity to develop technolo-
gies such as motor fMRI, and other applications that extend beyond this
technique, for the preoperative assessment of epileptic patients who
are about to undergo surgical treatment. In fact, it is often difficult to
identify a specific epileptogenic focus for resection, either in focal (i.e.,
lesional) or generalized (i.e., nonlesional) epilepsy. Fortunately, tech-
niques such as motor fMRI are welcomed and encouraged in clinical
practice to help identify eloquent cortex that might otherwise be at risk
during resection. These noninvasive tools are quickly applied and eas-
ily interpreted, and they often provide additional information such as
potential functional reorganization of neural pathways. Ultimately, it is
in the best interest of the patient to collect as much data as possible
before pursuing resective surgery, and it is for this reason that motor
fMRI should be included in any physician’s armamentarium of diagnos-
tic tools for epilepsy, in addition to video-electroencephalography, stan-
dard imaging studies (e.g., magnetic resonance imaging), single-photon
emission computed tomography, neuropsychological examination, and
Wada testing. De Tiège et al. have produced an elegant study discussing
some details inherent to the motor fMRI technique, which will likely
continue to become increasingly refined over time.

Demitre Serletis
James T. Rutka
Toronto, Canada

This is a retrospective study of how motor fMRI data influenced
decision making for children potentially undergoing epilepsy sur-

gery. The authors were able to obtain good-quality studies in a large
percentage of patients, although some sort of reprocessing and reanaly-
sis was evidently performed for purposes of this study. It is unclear
how this after-the-fact reanalysis impacts the decision making, which
was obviously done at the time of the original study.

These types of studies are difficult to perform. One cannot really
ascertain the true value of the study, since we do not know how these
patients would have done without this study being performed. In a
sense, there is a self-fulfilling prophecy: if the fMRI looked problematic,
the patient was not offered surgery, so we do not know what would
have happened had the surgery actually been performed. The best that
one can conclude is that the fMRI influenced the decision-making
process, but we cannot determine whether it was for better or worse.

Leslie N. Sutton
Philadelphia, Pennsylvania

In this study, the authors were able to obtain reliable fMRI data in
most children imaged, even though many were uncooperative and

moved their heads during the sequences. The authors’ success will
encourage others to pursue fMRI studies in similar patients.

To me, discrete lesion surgery is different from seizure surgery. In
this group of 22 patients, there were 11 discrete lesions, 9 dysembry-
oplastic neuroepithelial tumors, 1 cavernoma, and 1 pilocytic astrocy-
toma. I am not quite certain where to place the 3 with focal cortical dys-
plasia. If one removes the lesion, and not the surrounding brain, the
seizures stop or are significantly diminished in the majority of cases.
Even if abnormal electrical activity were present in the adjacent
parenchyma, I would not excise the area. Thus, I question the useful-
ness of fMRI in this subgroup of the authors’ series. In those discrete
lesions that are enlarging and/or producing a progressively difficult-to-
control seizure disorder, there would be little reason not to operate,
irrespective of the results of fMRI.

In their series, only 1 patient had a transient neurological deficit. This
would indicate that the selection of patients was excellent, that their
surgical technique was very good, or that they were overly conserva-
tive. The reality is probably a combination of these factors.

J. Gordon McComb
Los Angeles, California

This is a large and important report of motor fMRI in children as
young as 7 years of age who were considered candidates for

epilepsy surgery. Although it is not possible to prove the precise bene-
fit of fMRI from this study, there are sufficient anecdotes to show that
the information was useful to support moving forward with this non-
invasive technology, especially if it informs more definitive evalua-
tions, such as cortical stimulation mapping through grid electrodes. It
is encouraging that effective images could be obtained both from active
motor tasks and passive finger flexion/extension, as it gives opportu-
nities to map even the less cooperative patients.

fMRI has been accepted too slowly by the neurosurgical commu-
nity, perhaps because it is expected to give “the” functional map, as
opposed to being one of several indications of functional localization
in the presurgical evaluation of the (pediatric) epilepsy patient. The
relatively easy analysis stream and acquisition time described in this
article should encourage future use of this method. I think the authors
should be more aggressive with regard to the youngest ages for which
they will try to perform fMRI. Our group has successfully imaged
children as young as 5.1 years of age with careful, frequent practice
and desensitization, including using a mock scanner before the study.
Interestingly, our work was almost cancelled, at the last minute, by
the radiology department because the child was “too young” for an
fMRI. The capacity of young children to cooperate for studies should
not be dismissed.

Jeffrey G. Ojemann
Seattle, Washington
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