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Abstract

Direct electrical cortical stimulation is often considered the “gold 
standard” to identify motor or other eloquent cortices during surgi-
cal procedures. However, this method sometimes fails or is insuf-
ficient by itself, and the use of other methods can be very helpful in 
reducing post-operative morbidity. We report the case of a 28-year-
old patient who was considered for surgical resection of epileptic 
focus due to intractable seizure. During surgery both direct electri-
cal stimulation and cortical somatosensory evoked potentials failed 
to identify the motor and sensory areas for unclear reasons. The 
surgical plan for resection of his seizure focus was aborted because 
of its anatomical proximity to the motor strip. Postoperatively, 
fMRI was performed revealing motor activation at the pre and post 
central sulcus, which was used as a guide to a successful repeat 
intraoperative cortical stimulation and resection of the epileptic fo-
cus. Functional MRI is a useful tool for identifying motor or other 
eloquent cortices. During pre-operative planning of neurosurgical 
procedures involving cortical regions adjacent to eloquent cortex, 
the use of a multimodal approach can greatly improve accuracy and 
decrease the risk of post-operative deficits.
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Introduction

Precise localization of eloquent cortex is critical in plan-
ning the extent of cortical resection in various neurosurgical 
procedures, including vascular, tumor and epilepsy surgery. 
This is especially true in neocortical, non-lesional, epilepsy 
surgery, where identification of the epileptic focus can be 
challenging and cortical resection involves cortical areas 
that are otherwise normal and functional. Therefore, avoid-
ing eloquent cortical areas is crucial in reducing the risk of 
neurological deficits associated with the surgery. Direct elec-
trical cortical stimulation is the most commonly used meth-
od to help identify eloquent cortex, and can be performed 
pre-operatively, when subdural grid electrodes are placed for 
identification of the epileptic focus, or intraoperatively, and 
is sometimes paired with cortical somatosensory evoked po-
tentials [1-5]. However, other techniques have recently been 
introduced, and offer complementary or alternative methods 
that improve the precision of functional mapping. Those in-
clude magnetoencephalography (MEG), positron emission 
tomography (PET), functional MRI and electrocorticograph-
ic signal processing, all of which revealed comparative accu-
racy to cortical stimulation [4, 6, 7]. In some cases multiple 
modalities are used to minimize the risk of post-operative 
deficits. In fact, neither direct cortical stimulation nor evoked 
potentials are infallible in identifying the motor cortex [8, 9]. 
The exact reason cortical stimulation sometimes fails is not 
entirely clear, and is frequently multifactorial.

We report the case of a patient with neo-cortical, non-
lesional, intractable epilepsy who underwent evaluation for 
epilepsy surgery. Initial pre-operative and intraoperative 
cortical stimulation failed to identify the motor cortex, but 
fMRI pointed to the right location of the motor areas, allow-
ing a repeat successful cortical stimulation, demonstrating 
the importance of a multimodal approach in helping identify 
eloquent cortex in difficult cases.

Manuscript accepted for publication March 2, 2011

aDepartment of Neurosurgery, Hackensack University Medical Center, 
 New Jersey, USA
bDepartment of Radiology, OSF Saint Francis Medical Center, Peoria, 
 IL, USA
cDepartment of Pediatrics and Neurosurgery, Hackensack University 
 Medical Center, NJ, USA
dDepartment of Radiology, Hackensack University Medical Center, NJ, 
 USA
eNortheast Regional Epilepsy Group, Comprehensive Epilepsy Center, 
 Hackensack University Medical Center, NJ, USA
fCorresponding author: Mostafa El Khashab, drmelkhashab@yahoo.com

doi:10.4021/jnr104e



J Neurol Res  •  page no. to be assigned  El Khashab et al

Articles © The authors   |   Journal compilation © J Neurol Res and Elmer Press™   |   www.neurores.org

Case Report
   

The patient was a 28-year-old right-handed man with intrac-
table epilepsy. He sustained a closed head injury at age 11 
and started having seizures approximately 6 months later. 
He was also diagnosed with Attention Deficit Disorder. His 
seizures were characterized by a brief period of staring, fol-
lowed by secondary generalization, sometimes associated 
with head version to the left. His seizures were refractory 
to multiple anti-epileptic drugs (AED) and he experienced 
weekly seizures for many years, sometimes associated with 
falls resulting in significant injuries and limb fractures. Brain 
MRI revealed developmental variant of a choroidal fissure 
cyst in the left hippocampus resulting in mild deformity of 
the distal body of the hippocampus. His PET scan showed 
only subtle decrease in metabolic activity in the anterior me-
dial aspect of the right temporal lobe compared to the left 
side.

He underwent evaluation for epilepsy surgery. His phase 
I video-EEG monitoring revealed bilateral independent 
fronto-temporal interictal discharges and poorly localized 
seizures, frequently associated with diffuse, mostly bifron-
tal onset without consistent lateralization or localization. He 
underwent a survey study with bilateral frontal and temporal 
subdural strip electrodes inserted via burr holes, which re-
vealed predominant seizure onset in the right hemisphere, 
mostly the right posterior frontal region. He subsequently 
had a right fronto-temporal craniotomy, with placement of a 
large lateral fronto-parietal grid and several strips sampling 
frontal and temporal regions. Several typical seizures were 
recorded, most of which with secondary generalization, in-
dicating seizure onset in the posterior frontal and anterior 
parietal regions. Once enough information was collected, the 
patient was restarted on all his anti-epileptic medications and 
bedside cortical stimulation was performed to localize the 
primary motor cortex. Cortical stimulation was performed 
twice on two different days, but failed to reveal the motor 
cortex, despite using high output currents. The only func-
tional area identified was the frontal eye field. Therefore, the 
patient was taken to the operating room and had intraopera-
tive cortical somatosensory evoked potentials which failed 
to elicit a reliable phase reversal response. Extensive intra-
operative cortical stimulation was then performed and again 
failed to reveal the motor areas. The areas of seizure onset 
corresponded anatomically to the anterior parietal cortex, 
and it was deemed risky to perform surgical resection in the 
absence of precise mapping of the motor cortex. Several pic-
tures of the brain were taken and specific anatomical land-
marks were recorded to mark the area of seizure onset. The 
procedure was aborted without resection. The exact reason 
for the failure of cortical stimulation to identify the motor 
cortex was not clear, and the possibility of cortical reorgani-
zation was considered. About a month later, the patient un-
derwent functional MRI using a simple motor paradigm of 2 

Hz finger tapping, revealing areas of motor activation in the 
posterior frontal regions bilaterally, corresponding anatomi-
cally to the expected location of the motor cortex, refuting 
the explanation of possible functional reorganization of the 
motor cortex. About a month later, a second craniotomy was 
performed and the area of seizure onset was identified using 
the pictures and anatomical landmarks recorded during the 
previous surgery. After craniotomy, the patient was allowed 
to wake up to the point of being able to communicate and 
follow directions. Initially, cortical somatosensory evoked 
potentials were attempted and revealed a reliable phase re-
versal. This was followed by cortical stimulation, starting in 
the area of phase reversal. EMG electrodes were inserted in 
several upper extremity muscles and the EMG signal was 
monitored continuously to help identify subtle contractions 
triggered by the stimulation. Motor responses were elicited 
in the face and upper extremity, allowing precise mapping 
of the motor strip. The area of seizure onset was posterior to 
the motor cortex and cortical resection was then performed. 
The patient was tested repeatedly during and after the resec-
tion without any deterioration in his motor function. There 
was no postoperative neurological deficit. His seizure im-
proved markedly after surgery, with marked reduction in sei-
zure frequency and severity. He did not have any secondarily 
generalized seizures anymore and his post-operative seizures 
are characterized by brief periods of behavioral arrest and 
staring, with rapid termination and return to baseline mental 
status.

 
Discussion
  
This case underlines the importance of using a multimodal 
approach to help identify eloquent cortex in difficult cases. 
Although direct cortical simulation remains the “Gold Stan-
dard” for functional mapping, functional MRI offers many 
advantages, including the non-invasive nature of the proce-
dures, the ability to repeat it if necessary, and the use of a 
different physiological basis from cortical stimulation. The 
reason why initial cortical stimulation failed to trigger any 
motor response is not clear. The failure could not have been 
due to technical factors, since stimulation of the frontal eye 
field elicited reproducible eye deviation and head version to 
the left. Reorganization of motor cortex to other ipsilateral 
or even, contralateral cortical areas is a possibility, but was 
clearly not the case in this patient, since both functional MRI 
and repeated cortical stimulation revealed the motor cortex in 
the same region that was stimulated initially. We believe that 
the initial failure was due to changes in cortical excitability, 
possibly due to the effect of anti-epileptic medications and 
frequent seizures. After implantation of the subdural grid and 
strips, the patient was gradually tapered off his AEDs to re-
cord seizures. Several complex partial seizures with second-
ary generalization were recorded, and then the patient was 
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reloaded with all his AEDs after being completely off medi-
cations for two weeks. Cortical stimulation was performed 
two days later. Seizures are known to cause changes in cor-
tical excitability, and in this patient, it is possible that de-
creased cortical excitability was more pronounced because 
of the proximity of his seizure focus to the motor cortex and 
because of the frequent secondary generalization. Another 
important factor is the reintroduction of anti-epileptic drugs. 
In fact, several AEDs have been shown to lower the motor 
threshold and decreased cortical excitability measured by 
transcranial magnetic stimulation [10]. Reintroducing high 
doses of AEDs after a period of drug holiday may lead to 
cortical inhibition that will subside overtime with return of 
cortical excitability to a more stable baseline.

Direct cortical electrical stimulation is in general very 
reliable in identifying cortical areas preoperatively and intra-
operatively. However, the technique can only be performed 
after craniotomy and usually cannot be repeated easily. 
Furthermore, as demonstrated in our case, there is a small 
chance of failure. Therefore, there is considerable effort to 
develop more non-invasive and reliable techniques for map-
ping functional areas [11], including fMRI, MEG [12] and 
PET [7], which have been demonstrated to be useful and 
highly accurate. Magnetoencephalography and PET can be 
very helpful, but demand special procedures and expensive 
equipment, not available in most institutions [12]. On the 
other hand, functional MRI can be acquired together with 
structural MRI, which is a routine presurgical procedure. 
Using fMRI guidance can improve the quality of the func-
tional targeting whenever data are ambiguous by choosing 
the electrophysiological target that matches the activated 
area on fMRI [13]. Functional MRI offers many advantages. 
It is non-invasive and can be safely repeated if necessary. In 
addition, the mechanism of activation relies on changes in 
blood flow to specific cortical region, which is believed to 
correlate with electrophysiological activation. Furthermore, 
in patients with intracranial lesions that either deform cor-
tical anatomy or potentially lead to displacement and reor-
ganization of functional areas, cortical stimulation can be 
especially problematic and the use of functional MRI can be 
extremely helpful in identifying functional regions and help 
guide subsequent cortical stimulation if necessary.

Advances in anesthetic, radiologic and neurophysiolog-
ic techniques have greatly improved the safety of neurosur-
gical procedures and helped decrease morbidity and the risk 
of post-operative neurological deficits. Using a multimodal 
approach in identifying functional cortical areas can be very 
helpful to further reduce post-surgical morbidity.

Abbreviations

AED: Antiepileptic drug, EEG: Electroencephalography, 
EMG: Electromyography, fMRI: Functional magnetic reso-

nance imaging, MEG: Magnetoencephalography, PET: Posi-
tron emission tomography.
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