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Presurgical evaluation for drug refractory epilepsy

Manjari Tripathi a, *, Sucharita Ray a, P. Sarat Chandra b

a Department of Neurology, All India Institute of Medical Sciences (AIIMS), New Delhi, 110029, India
b Department of Neurosurgery, All India Institute of Medical Sciences (AIIMS), New Delhi, 110029, India
h i g h l i g h t s
� Presurgical evaluation for drug refractory epilepsy must be multimodal.
� Basic investigations are a video EEG documenting 3 habitual seizures more seizures must be recorded if there are multiple lesions, combination with
pseudoseizures, normal MRI and discordance in localization between these.

� A 3 Tesla epilepsy protocol MRI which is elctroclinically guided to its reading is a must.
� When there is discordance of these basic investigations or when the MRI is normal and shows multiple lesions- PET, Ictal and interictal SPECT (SISCOS)
and MEG must be done.

� When the hypothesis is clear but not sufficient to go for direct surgery Stereo EEG implantation and grids (for mapping eloquent cortex) specially should
be used.
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a b s t r a c t

Surgical management of epilepsy is an established safe and effective way in improving patients' seizure
frequency and overall morbidity. A robust array of options is available to carry out an in-depth evaluation
of a surgical candidate in epilepsy. However, underutilisation of the available options may seriously
challange post-operative outcomes. In this paper, we discuss the different aspects of various non-invasive
and invasive procedures available to evaluate a surgical candidate of epilepsy and discuss their relative
advantages and position in the diagnostic algorithm.

© 2016 IJS Publishing Group Ltd. Published by Elsevier Ltd. All rights reserved.
1. Introduction

Surgery for epilepsy is an established method for substantial
reduction in seizure frequency and improvement in the quality of
life of the patient. Although associated with inherent risks, the
collaterals weigh less than the risk of uncontrolled seizures. The
morbidity and mortality of seizures even if small (about 0.5%) is
cumulative every year. Thus a person having 6 years of seizures will
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have a risk of 3% mortality [1]. Adequate safety of epilepsy surgery
has been proven in a majority of world literature an attendant the
risk of death being no more that 2%. Thus it is not illogical to
consider epilepsy surgery if the seizures are therapy resistant.
Other causes to consider surgical intervention include: Fig. 1.

a) cognitive decline accruing due to recurrent epilepsy is seen
with certain epilepsy syndromes or status epilepticus (SE)
[2].

b) depression occurring in up to 9e37% and anxiety in up to
11e25% patients with medically refractory epilepsy man-
dates emergent redressal [3].
d.
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Abbreviations

AED Antiepileptic drug
AIIMS All India Institute of Medical Sciences
AMTR Anteromedial temporal resection
Cm Centimeter
CT Computerized Tomography
DRE Drug-resistant epilepsy
ECoG Electrocorticogram
EEG Electroencephalogram
e.g For example
etc et cetera
fMRI Functional Magnetic Resonance Imaging

FDG Fluorodeoxyglucose
Hz Hertz
ILAE International League Against Epilepsy
LKS Landau-Kleffner syndrome
ml milliliter
MRI Magnetic Resonance Imaging
MTS Mesial Temporal Sclerosis
PCO2 Partial pressure of carbon dioxide
PET Positron emission tomography
SE Status epilepticus
SISCOM Subtraction ictal-interictal SPECT coregistered to MRI
SPECT Single-photon emission tomography

Fig. 1. Flowchart showing a management algorithm for patients being subjected to epilepsy surgery.
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c) vocational issues impeding employment
d) social stigma associated with epilepsy, seen particularly in

developing countries like India, and hence early surgery
when indicated may be advantageous.

e) better long term economic feasibility in the patient under-
going early surgery

In several retrospective trials and one prospective, randomized,
controlled trial for a well-defined.

syndrome with a known favorable surgical outcome, surgery
was demonstrated to have lessmorbidity andmortality. In addition,
surgery also yielded a better quality of life and reduced depression
and anxiety as early as three months after anteromedial temporal
resection (AMTR), compared with continued medical therapy. This
improved quality of life is specifically related to the occurrence of
complete seizure freedom in both the medical and surgical study
groups [1].

In order to undertake such a fruitful ad successful procedure,
appropriate selection of candidates is a must along with their
complete and thorough workup to maximize the benefit of surgery.
In fact, the presurgical evaluation of the candidate to determine the
suitability of the candidate for surgery is almost as important as
selecting the correct surgical procedure for the candidate to
improve morbidity and mortality outcomes.

1.1. Strategy for a surgical workup

The presurgical evaluation for epilepsy has changed substan-
tially in the past few.

decades, most notably since the advent of long-term video-EEG
monitoring in the late.

1970s, advanced neuroimaging, and subspecialty epilepsy cen-
ters. It is a coordinated input of an integrated team consisting of
neurologists, neurophysiologists, neuropsychologists, social
workers, radiologists, nurses, and epilepsy neurosurgeons. Aspects
of the presurgical evaluation include patient's clinical history and
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physical examination findings, social circumstances, seizure syn-
drome and severity along with diagnostic testing findings. A sur-
gical plan is usually developed at a multidisciplinary team
conference. This allows open discussion among multiple experts so
that the surgical approach is unique and is tailored to the in-
dividual's personal needs and epilepsy syndrome. When all pre-
surgical information points to a unifying location and theory
regarding focal seizure onset (also referred to as concordant data),
then the patient may proceed directly to respective surgery. When
data are inadequate to define a respective strategy, then diagnostic
intracranial electrodes may be considered to further define the
syndrome or site of seizure onset prior to any resective surgery
(phase II) [4].

2. Diagnostic phase

A presurgical diagnosis is made after classifying the seizure
types and specific epilepsy syndrome affecting the patient. The
International League Against Epilepsy (ILAE) recognizes approxi-
mately ten types of recurrent seizures and approximately forty
forms of epilepsy syndromes [5]. Both classification schemes reflect
the fact that seizures and epilepsies naturally fall into two major
groups, based on the site of seizure onset in the brain, either (1)
focal (partial, localization-related) or (2) generalized [6].

2.1. Structural and metabolic brain imaging

Because seizures may result from cortical lesions or malforma-
tions, neuroimaging can often help identify and localize this dam-
age and, therefore, the focus.

2.1.1. Computerized tomography (CT) scanning
Not used in routine practice. Magnetic Resonance imaging (MRI)

has replaced routine CT scanning because of superior imaging
resolution. The one exception is that CT scanning demonstrates
intraparenchymal calcification and acute bleeding better than MRI.
It is also much more rapid process compared to MRI which takes
more time. This may be helpful in distinguishing certain types of
tumors or CNS syndromes, such as Sturge Weber syndrome and
calcifications. The sensitivity of CT has not been found to be higher
than 30% in unselect patient populations [7].

2.1.2. MRI
Brain MRI unquestionably is the best structural imaging study.

Every surgical evaluation should include a complete study with
special thin-cut magnified views perpendicular to the axis of the
temporal horn. These views can demonstrate mesial temporal
sclerosis (MTS) in children and adults and developmental malfor-
mations in infants and young adults. MRI can detect up to 80% cases
of patients with refractory focal epilepsy and about 20% patients
with a single unprovoked seizure or epilepsy in remission [8,9].

2.1.3. Positron emission tomography (PET)
Unlike MRI or CT scanning, PET scanning demonstrates brain

glucose metabolism rather than structure. The typical finding from
an interictal scan is hypometabolism in the region of the epileptic
focus and, if the scan is obtained during a seizure, the typical
finding is hypermetabolism from the focus. PET is more sensitive in
temporal compared to extratemporal lobe epilepsy with a sensi-
tivity of up to 70e80% [10].

2.1.4. Single-photon emission tomography (SPECT)
SPECT scanning helps quantify as well as visualize the blood

flow through a region of the brain thus allowing for both qualitative
and quantitative evaluation of regional cerebral perfusion [11].
Interictal SPECT scans are less accurate than ictal scans. However,
ictal scans are problematic because the tracer must be injected
within the initial seconds of seizure onset. This requires that the
radionucleotide is available on the monitoring ward 24 h per day
with personnel licensed (under state law) to administer intrave-
nous injections. Ictal F-18 fluorodeoxyglucose (FDG) positron
emission tomography (PET)/computed tomography (CT) can pro-
vide better spatial resolution than single photon emission CT by
better delineation of seizure onset zone and propagation pathways
[12].

2.1.5. A newer methodology that has greater accuracy than either
ictal or interictal SPECT scanning is subtraction ictal-interictal
SPECT coregistered to MRI (SISCOM)

This requires obtaining scans (separated by at least 48 h to
accommodate radionucleotide washout) during an interictal period
and within seconds of seizure onset. These scans are then sub-
tracted from one another with the use of specialized computer
software. This leaves a better indication of the cortical area of ictal
onset. This subtracted scan can then be co-registered onto the pa-
tient's MRI to provide support for the location of the focus [13].

2.2. Electroencephalogram (EEG) evaluation

The most useful and specific test in defining epileptogenic cor-
tex is the EEG [14]. The approach to its utility has been discussed in
the earlier sections. Features of the scalp EEG ictal discharge, other
than just location, can be helpful in the presurgical evaluation. For
example, it has been reported that the frequency of the initial ictal
discharge in the scalp EEG correlates with the degree of hippo-
campal pathology in temporal lobe epilepsy [15].

Even before the clinical evaluation starts, an assessment of
home videos made by a caregiver of a person living with epilepsy
can give reliable information on semiological signs and help in
classification of epilepsy than medical history. Agreement levels
with subsequent videoEEGwere seen to be 0.92 in the case of home
videos as compared to 0.75 in the case of medical history [16]. Some
patients may require prolonged EEG recording to note the temporal
onset of seizures and interictal activity. In these patients videoEEG
recordings of ictal, interictal and sleep stages and in some cases,
home video EEG monitoring can also facilitate in diagnosis of epi-
lepsy type and help in its localization to help in deciding the future
course of action [16]. Magnetoencephalography (MEG) and mag-
netic source imaging is also being used in centers where available.

2.3. Neuropsychological testing

Routinely, all surgical candidates undergo extensive neuropsy-
chological testing. Neuropsychologists lack consensus as to what
constitutes an adequate preoperative test battery; consequently,
testing is not well standardized among centers. A test battery
usually contains a personality inventory (eg, Minnesota Multi-
phasic Personality Inventory), intelligence quotient tests, memory
and language function tests, and other tests, depending on the in-
terests of the neuropsychologist [17]. The neuropsychological
testing may be tailored as per local needs (e.g AIIMS battery) [18].

The earlier rationale for such testing to help localize an epilep-
togenic focus on the basis that subtle deficits in cognitive func-
tioning are not so valid nowwith the increased availability of better
imaging modalities. However, certain tests and abnormal findings
have value in demonstrating lateralization of dysfunction to one
hemisphere and, occasionally, to one lobe of the brain. Perhaps the
best example is the testing of material-specific memory and abili-
ties among patients with suspected temporal lobe epilepsy. In such
cases, deficits in verbal memory and other verbal abilities (e.g,
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object naming, word list generation) are commonwhen the seizure
focus lies in the left temporal lobe in a right-handed patient.
Similarly, deficits in nonverbal memory and abilities suggest right
temporal lobe epilepsy in a right-handed person. These tests can
also be used for other purposes, such as formulating postoperative
vocational goals.

2.4. Intracarotid amobarbital (Wada) test

The intracarotid amobarbital test was initially developed by Jun
Wada to preoperatively determine which hemisphere contains
language function. It has also been used to test memory function
within each hemisphere when considering AMTR [19].

The test is accomplished by individually cannulating each in-
ternal carotid artery. After contrast arteriography verifies that blood
flows to the corresponding hemisphere and not to the brainstem or
contralateral side, a dose of sodium amobarbital (sufficient to
impede hemispheric function) is injected. If the drug produces a
contralateral hemiparesis, function of that hemisphere is assumed
to be minimized. If speech persists in the face of this hemiparesis,
language function is assumed to not be represented within that
hemisphere.

The deficiencies of this evaluation for memory function directly
relate to the multiple problems of targeting a drug effect to specific
brain structures via cerebral blood flow. Injection of a drug into the
internal carotid artery does not assure drug effect in the basal
temporal area in general or the hippocampal region specifically
(both are areas thought to be involved in memory retrieval). This is
due to variations in the direct blood supply to the hippocampus and
inequalities in delivery when the drug is injected into the blood
stream [20].

In addition, the test is invasive in nature. Significant complica-
tions occurred in up to 10.9% of the cases including encephalopa-
thy(7.2%), seizures (1.2%), strokes (0.6%), transient ischemic attacks
(0.6%) and localized hemorrhage at the site of catheter insertion
[21]. Complications and difficulty in drug procurement in the past
have led to the test being increasingly superseded by more
noninvasive techniques like the fMRI [22,23]. Discordant results
between the WADA test and fMRI have been noted in only 14% of
the patients and occurred especially predominantly in those pa-
tients who reported either test reporting a bilateral language dis-
tribution or atypical language dominance [24]. Most centers now
perform functional MRI for language and memory and thus WADA
is being performed less and less.

2.5. Intracranial EEG recordings [25]

The following are examples of instances that may require
invasive intracranial monitoring:

1) Seizures are lateralized but not localized (eg, a left-sided,
widespread frontotemporal onset).

2) Seizures are localized but not lateralized (eg, ictal EEG patterns
appearing maximally over both temporal lobes).

3) Seizures are neither localized nor lateralized (eg, stereotyped
complex partial seizures with diffuse ictal changes or initial
changes obscured by artifacts).

4) Seizure localization is discordant with other data (eg, EEG ictal
scalp data discordant with neuroimaging [MRI, PET, SPECT] or
neuropsychological data).

5) Relationship of seizure onset to functional tissue must be
determined (eg, seizures with early involvement of language or
motor function).

6) Relationship of seizure onset to lesion must be determined (eg,
dual pathology or multiple intracranial lesions).
7) If seizures are clinically suspected, but video-EEG is inadequate
for defining them (eg, simple partial seizures with no detectable
scalp EEG ictal discharge or suspected epileptic seizures with
unusual semiology that suggests psychogenic seizures [pseudo-
pseudo seizures]).

It should be remembered that invasive intracranial monitoring and
surgery do not result in seizure freedom in every patient.

Depth, strip, and grid electrodes are implantable intracranial
devices used to record the electrocorticogram (ECoG) and to
stimulate the cortex to determine function [26].

2.6. Strip electrodes

Strip electrodes are used most often to lateralize the side of
seizure onset in frontal and temporal lobe epilepsy, but they may
also be used to obtain survey studies over the entire cortical surface
of the brain. They are usually implanted while the patient is under
general anesthesia, according to the preoperative plan created by
the epilepsy monitoring team. Electrodes can be directed safely
over long distances within the calvaria by surfing electrodes over
the brain with a gentle fluid pulse. Fluoroscopy is used to confirm
placement prior to closure of the wound [27].

2.7. Subdural grid electrodes

Arrays of electrodes more than one columnwide are considered
intracranial grids. Practically speaking, electrode arrays that are
2e3 contacts wide cannot be easily passed for any substantial
distance through a burr hole and require a craniotomy for place-
ment. Once the decision to proceed with a craniotomy is made, grid
arrays of 5e8 rows (20e64 contacts) are usually used to maximize
coverage over the craniotomy site. The craniotomy site is deter-
mined based on data gathered during the presurgical evaluation;
usually, a large craniotomy is performed to accommodate up to an 8
X 8-cm grid. Prophylactic antibiotics and dexamethasone are
routinely administered. The grid is removed when sufficient data
have been obtained to determine the site of ictal onset or, alter-
natively, to determine that no more recording is likely to lead to
satisfactory localization [28].

If resective surgery is planned, then the relationship of the grid
to the underlying cortex must stay unchanged while the crani-
otomy is reopened. If resection is not performed at the time of grid
removal (e.g, because of hemorrhage, edema, patient preference, or
insufficient data), then pertinent landmarks may be documented
with digital photography or frameless stereotaxy for reoperation at
a later date [29].

2.8. Depth electrodes and stereo-EEG

Depth electrodes are used most commonly for recording from
the hippocampus and amygdala. The approach usually preferred is
via the occipital, parasagittal route. This trajectory allows for
simultaneous implantation into the amygdala and anterior and
posterior hippocampus using a single multi-contact electrode.
Stereo-EEG has made phase II epilepsy surgery easier [30].

2.9. Staged procedures

The following are reasons a second intracranial study may be
considered:

� Strip electrode survey study for lateralization and localization to
a lobe, with a planned return at a later date for definition of the
ictal onset zone and cortical mapping as necessary
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� Reimplantation of a second grid because of failed localization
secondary to sampling error (Seizures may occur on the margin
of the grid, be diffuse, or show variable propagation that makes
seizure localization uncertain.)

� Recurrent seizures after a previous intracranial study and
resection

These procedures are typically performed months to years after
the first intracranial study, either to give the wound time to heal or
because seizures recur at some variable time after resective surgery.

A simple way to document the operative technique is for the
monitoring team to use an anatomical brain diagram and trans-
parencies of the grid montage to create a mock-up of the surgery.
The image created is compared with fluoroscopic images taken at
surgery so that a relatively accurate rendition of the electrode
placement is available within minutes on the day of the surgery.
These images can be quite helpful in interpreting seizure onset and
propagation during EEG monitoring [31].

2.10. Cortical mapping

Often, in addition to defining the location of the epileptogenic
cortex, the surgeon must determine its relationship to the func-
tional cortex. This requires mapping the cortex underlying an
implanted grid electrode. The technique is similar to that per-
formed acutely in the operating room and requires a testing pro-
tocol appropriate to the cortical region being investigated. Cortical
stimulation is performed using commercially available constant
current generators. Cortical mapping is performed by selecting 2
adjacent electrodes (1 cm intervals) because bipolar stimulation
provides more precise control of current flow. Bipolar pulses at 50
Hertz (Hz) are used for language, motor, and sensory mapping.
Extraoperative cortical mapping has several advantages over acute
intraoperative mapping. Functional mapping may be performed in
multiple sessions if necessary. For example, if a seizure that impairs
function is generated during mapping, the patient may be allowed
to recover for several hours (or days) until proceeding with further
mapping.

2.11. Complications

Published series of infection rates from all types of intracranial
electrodes range from 0 to 12%. The morbidity of surgery depends
on the type of electrode implantation; intracranial strip electrodes
have the lowest morbidity, and intracranial grid placement has the
highest morbidity.

The most common cause of morbidity in subdural strip place-
ment is an infection. One randomized study by Wyler and co-
workers found a 0.85% rate of infection between groups treated
with antibiotics prior to surgery, compared with a 3% infection rate
when no antibiotics were given [26]. No difference in infection
rates was noted between patients who received antibiotics for the
duration of strip electrode implantation versus those who received
only a single preoperative dose; therefore, at the authors' institu-
tion, a single dose of antibiotics is given immediately before strip or
grid implantation. Other complications of intracranial strip place-
ment include cortical contusion, cerebral edema, brain abscess,
subdural empyema and subdural hemorrhage, placement of elec-
trodes into the brain parenchyma, accidental extraction of elec-
trodes, and superficial wound infection. Many of these
complications are minor and cause no long-term problems; per-
manent neurological deficit is seen in less than 1% of patients who
undergo intracranial strip electrode implantation [32,33].

The rate of permanent neurological deficit from occipital depth
electrode placement has been reported at less than 1%. The risk of
hitting the brainstem or posterior cerebral artery with occipitally
inserted depth electrodes may be decreased by (1) targeting tip
placement in the lateral amygdala and lateral hippocampus, (2)
making sure the occipital burr hole is not too medial, and (3)
confirming the trajectory with an image guidance system prior to
electrode placement.

3. Flowchart of pre-surgical work-up in patients eligible for
epilepsy surgery

The following flowchart depicts the various stages in the diag-
nostic algorithm of patients with drug refractory epilepsy. As we
can see, imaging forms the first modality of investigation in pa-
tients with DRE following standard investigations for localization
and lateralization are carried out. Patients, where even advanced
non-invasive modalities are not sufficient to pinpoint the seizure
focus, undergo invasive stereotactic EEG and based on those find-
ings and patient suitability, are finally taken up for surgery or un-
dergo other procedures [34e38].

4. Conclusion

The significance of a thorough preclinical work-up cannot be
overemphasized. The choice of tests is determined by the patients'
clinical profile and results. Noninvasive methods are crucial to the
localization of lesions but occasionally fail in certain lesions for
which invasivemethods are helpful in pinpointing the seizure focus
and finding a site amenable to surgery.

Ethical approval

Yes.

Sources of funding

Center Of Excellence Epilepsy research: AIIMS, DBT.

Author contribution

Manjari Tripathi is incharge presurgical evaluation in AIIMS,
Epilepsy Clinic, Unit III and wrote the neurological aspect of the
paper. Sucharita Ray is responsible for modification of comments
and manuscript during revision. Sarat P Chandra wrote the surgical
aspect of the paper.

Conflicts of interest

None.

Guarantor

Manjari Tripathi.

References

[1] S. Wiebe, W.T. Blume, J.P. Girvin, M. Eliasziw, Effectiveness and efficiency of
surgery for temporal lobe epilepsy study group, a randomized, controlled trial
of surgery for temporal-lobe epilepsy, N. Engl. J. Med. 345 (2001) 311e318,
http://dx.doi.org/10.1056/NEJM200108023450501.

[2] B. Hermann, M. Seidenberg, Epilepsy and cognition, Epilepsy Curr. 7 (2007)
1e6, http://dx.doi.org/10.1111/j.1535-7511.2007.00151.x.

[3] O.-Y. Kwon, S.-P. Park, Depression and anxiety in people with epilepsy, J. Clin.
Neurol. Seoul. Korea 10 (2014) 175e188, http://dx.doi.org/10.3988/
jcn.2014.10.3.175.

[4] A.T. Berg, B.G. Vickrey, J.T. Langfitt, M.R. Sperling, T.S. Walczak, S. Shinnar,
C.W. Bazil, S.V. Pacia, S.S. Spencer, Multicenter Study of Epilepsy Surgery, the
multicenter study of epilepsy surgery: recruitment and selection for surgery,
Epilepsia 44 (2003) 1425e1433.

http://dx.doi.org/10.1056/NEJM200108023450501
http://dx.doi.org/10.1111/j.1535-7511.2007.00151.x
http://dx.doi.org/10.3988/jcn.2014.10.3.175
http://dx.doi.org/10.3988/jcn.2014.10.3.175
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref4
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref4
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref4
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref4
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref4


M. Tripathi et al. / International Journal of Surgery 36 (2016) 405e410410
[5] J. Engel, A proposed diagnostic scheme for people with epileptic seizures and
with epilepsy: report of the ILAE task force on classification and terminology,
Epilepsia 42 (2001) 796e803, http://dx.doi.org/10.1046/j.1528-
1157.2001.10401.x.

[6] M.J. Brodie, P. Kwan, Staged approach to epilepsy management, Neurology 58
(2002) S2eS8.

[7] H. Gastaut, J.L. Gastaut, Computerized transverse axial tomography in epi-
lepsy, Epilepsia 17 (1976) 325e336.

[8] T. Roy, A. Pandit, Neuroimaging in epilepsy, Ann. Indian Acad. Neurol. 14
(2011) 78e80, http://dx.doi.org/10.4103/0972-2327.82787.

[9] R. Kuzniecky, E. Faught, R. Morawetz, Electroencephalographic correlations of
extracranial and epidural electrodes in temporal lobe epilepsy, Epilepsia 32
(1991) 335e340.

[10] R. Casse, C.C. Rowe, M. Newton, S.U. Berlangieri, A.M. Scott, Positron emission
tomography and epilepsy, Mol. Imaging Biol. MIB Off. Publ. Acad. Mol. Imaging
4 (2002) 338e351.

[11] M.D. Devous, Single-photon emission computed tomography in neuro-
therapeutics, NeuroRx J. Am. Soc. Exp. Neurother. 2 (2005) 237e249.

[12] M. Tripathi, M. Tripathi, A. Garg, N. Damle, C. Bal, Ictal onset zone and seizure
propagation delineated on ictal F-18 fluorodeoxyglucose positron emission
tomography/computed tomography, Indian J. Nucl. Med. IJNM Off. J. Soc. Nucl.
Med. India. 31 (2016) 77e78.

[13] T.J. von Oertzen, F. Mormann, H. Urbach, K. Reichmann, R. Koenig,
H. Clusmann, H.J. Biersack, C.E. Elger, Prospective use of subtraction ictal
SPECT coregistered to MRI (SISCOM) in presurgical evaluation of epilepsy,
Epilepsia 52 (2011) 2239e2248.

[14] S. Noachtar, J. R�emi, The role of EEG in epilepsy: a critical review, Epilepsy
Behav. EB 15 (2009) 22e33.

[15] M. Javidan, Electroencephalography in mesial temporal lobe epilepsy: a re-
view, Epilepsy Res. Treat. 2012 (2012).

[16] D. Dash, A. Sharma, K. Yuvraj, A. Renjith, S. Mehta, P.M. Vasantha, A. Arora,
M. Tripathi, Can home video facilitate diagnosis of epilepsy type in a devel-
oping country? Epilepsy Res. 125 (2016) 19e23.

[17] S. Sayuthi, J. Tharakan, M.S. Pieter, W.M. Salmah, M. Madhavan, A. Tahir,
J. George, Neuropsychological assessment in epilepsy surgery e preliminary
experience in a rural tertiary care hospital in north east Malaysia, Malays. J.
Med. Sci. MJMS 16 (2009) 39e43.

[18] S.K. Sanyal, P.S. Chandra, S. Gupta, M. Tripathi, V.P. Singh, S. Jain, M.V. Padma,
V.S. Mehta, Memory and intelligence outcome following surgery for intrac-
table temporal lobe epilepsy: relationship to seizure outcome and evaluation
using a customized neuropsychological battery, Epilepsy Behav. EB 6 (2005)
147e155.

[19] J.N. Acharya, D.S. Dinner, Use of the intracarotid amobarbital procedure in the
evaluation of memory, J. Clin. Neurophysiol. Off. Publ. Am. Electro-
encephalogr. Soc. 14 (1997) 311e325.

[20] B.D. Bell, K.G. Davies, A.M. Haltiner, G.L. Walters, Intracarotid amobarbital
procedure and prediction of postoperative memory in patients with left
temporal lobe epilepsy and hippocampal sclerosis, Epilepsia 41 (2000)
992e997.

[21] T. Loddenkemper, H.H. Morris, G. M€oddel, Complications during the Wada
test, Epilepsy Behav. EB 13 (2008) 551e553.

[22] A. Sharan, Y.C. Ooi, J. Langfitt, M.R. Sperling, Intracarotid amobarbital
procedure for epilepsy surgery, Epilepsy Behav. 20 (2011) 209e213.
[23] C. Kesavadas, B. Thomas, Clinical applications of functional MRI in epilepsy,

Indian J. Radiol. Imaging 18 (2008) 210e217.
[24] J.K. Janecek, S.J. Swanson, D.S. Sabsevitz, T.A. Hammeke, M. Raghavan,

M. Rozman, J.R. Binder, Language lateralization by fMRI and Wada testing in
229 epilepsy patients: rates and predictors of discordance, Epilepsia 54 (2013)
314e322.

[25] A.K. Shah, S. Mittal, Invasive electroencephalography monitoring: indications
and presurgical planning, Ann. Indian Acad. Neurol. 17 (2014) S89eS94.

[26] A.R. Wyler, G.A. Ojemann, E. Lettich, A.A. Ward, Subdural strip electrodes for
localizing epileptogenic foci, J. Neurosurg. 60 (1984) 1195e1200, http://
dx.doi.org/10.3171/jns.1984.60.6.1195.

[27] F. Dubeau, R.S. McLachlan, Invasive electrographic recording techniques in
temporal lobe epilepsy, Can. J. Neurol. Sci. J. Can. Sci. Neurol. 27 (Suppl 1)
(2000) S29eS34 discussion S50e52.

[28] T.J. Rosenbaum, K.D. Laxer, Subdural electrode recordings for seizure focus
localization, J. Epilepsy 2 (1989) 129e135, http://dx.doi.org/10.1016/0896-
6974(89)90027-3.

[29] H.M. Hamer, H.H. Morris, E.J. Mascha, M.T. Karafa, W.E. Bingaman, M.D. Bej,
R.C. Burgess, D.S. Dinner, N.R. Foldvary, J.F. Hahn, P. Kotagal, I. Najm, E. Wyllie,
H.O. Lüders, Complications of invasive video-EEG monitoring with subdural
grid electrodes, Neurology 58 (2002) 97e103.

[30] A. Abisogun, Z. Fallil, A. Mehta, C. Harden, Stereo-Electroencephalography
versus subdural grids and depth electrode placements: when to use Which?
(P6.335), Neurology 82 (P6.335) (2014).

[31] D.R. Blatt, S.N. Roper, W.A. Friedman, Invasive monitoring of limbic epilepsy
using stereotactic depth and subdural strip electrodes: surgical technique,
Surg. Neurol. 48 (1997) 74e79.

[32] G.C. Wiggins, K. Elisevich, B.J. Smith, Morbidity and infection in combined
subdural grid and strip electrode investigation for intractable epilepsy, Epi-
lepsy Res. 37 (1999) 73e80.

[33] C.H. Wong, J. Birkett, K. Byth, M. Dexter, E. Somerville, D. Gill, R. Chaseling,
M. Fearnside, A. Bleasel, Risk factors for complications during intracranial
electrode recording in presurgical evaluation of drug resistant partial epi-
lepsy, Acta Neurochir. (Wien) 151 (2009) 37e50.

[34] P.S. Chandra, M. Tripathi, Epilepsy surgery: recommendations for India, Ann.
Indian Acad. Neurol. 13 (2010) 87e93.

[35] V. Malhotra, S.P. Chandra, D. Dash, A. Garg, M. Tripathi, C.S. Bal, M. Tripathi,
A screening tool to identify surgical candidates with drug refractory epilepsy
in aresource limited settings, Epilepsy Res. 121 (2016) 14e20.

[36] K. Chaudhary, S.S. Kumaran, S.P. Chandra, A.N. Wadhawan, M. Tripathi,
Mapping of cognitive functions in chronic intractable epilepsy: role of fMRI,
Indian J. Radiol. Imaging 24 (1) (2014) 51e56.

[37] P. Jayakar, W.D. Gaillard, M. Tripathi, M.H. Libenson, G.W. Mathern, J.H. Cross,
Task force for paediatric epilepsy surgery, commission for paediatrics, and the
diagnostic commission of the international League against epilepsy. Diag-
nostic test utilization in evaluation for resective epilepsy surgery in children,
Epilepsia 55 (4) (2014) 507e518.

[38] P.S. Chandra, G. Vaghania, C.S. Bal, M. Tripathi, N. Kuruwale, A. Arora, A. Garg,
C. Sarkar, R. Diwedi, S. Malviya, V. Padma, M. Tripathi, Role of concordance
between ictal-subtracted SPECT and PET in predicting long-term outcomes
after epilepsy surgery, Epilepsy Res. 108 (10) (2014) 1782e1789.

http://dx.doi.org/10.1046/j.1528-1157.2001.10401.x
http://dx.doi.org/10.1046/j.1528-1157.2001.10401.x
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref6
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref6
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref6
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref7
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref7
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref7
http://dx.doi.org/10.4103/0972-2327.82787
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref9
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref9
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref9
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref9
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref10
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref10
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref10
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref10
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref11
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref11
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref11
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref12
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref12
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref12
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref12
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref12
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref13
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref13
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref13
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref13
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref13
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref14
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref14
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref14
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref14
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref15
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref15
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref16
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref16
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref16
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref16
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref17
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref17
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref17
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref17
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref17
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref17
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref18
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref18
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref18
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref18
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref18
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref18
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref19
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref19
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref19
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref19
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref20
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref20
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref20
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref20
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref20
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref21
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref21
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref21
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref21
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref22
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref22
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref22
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref23
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref23
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref23
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref24
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref24
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref24
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref24
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref24
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref25
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref25
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref25
http://dx.doi.org/10.3171/jns.1984.60.6.1195
http://dx.doi.org/10.3171/jns.1984.60.6.1195
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref27
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref27
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref27
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref27
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref27
http://dx.doi.org/10.1016/0896-6974(89)90027-3
http://dx.doi.org/10.1016/0896-6974(89)90027-3
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref29
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref29
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref29
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref29
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref29
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref30
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref30
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref30
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref31
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref31
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref31
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref31
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref32
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref32
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref32
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref32
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref33
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref33
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref33
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref33
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref33
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref34
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref34
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref34
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref35
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref35
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref35
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref35
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref36
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref36
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref36
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref36
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref37
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref37
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref37
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref37
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref37
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref37
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref38
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref38
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref38
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref38
http://refhub.elsevier.com/S1743-9191(16)31003-2/sref38

	Presurgical evaluation for drug refractory epilepsy
	1. Introduction
	1.1. Strategy for a surgical workup

	2. Diagnostic phase
	2.1. Structural and metabolic brain imaging
	2.1.1. Computerized tomography (CT) scanning
	2.1.2. MRI
	2.1.3. Positron emission tomography (PET)
	2.1.4. Single-photon emission tomography (SPECT)
	2.1.5. A newer methodology that has greater accuracy than either ictal or interictal SPECT scanning is subtraction ictal-intericta ...

	2.2. Electroencephalogram (EEG) evaluation
	2.3. Neuropsychological testing
	2.4. Intracarotid amobarbital (Wada) test
	2.5. Intracranial EEG recordings [25]
	2.6. Strip electrodes
	2.7. Subdural grid electrodes
	2.8. Depth electrodes and stereo-EEG
	2.9. Staged procedures
	2.10. Cortical mapping
	2.11. Complications

	3. Flowchart of pre-surgical work-up in patients eligible for epilepsy surgery
	4. Conclusion
	Ethical approval
	Sources of funding
	Author contribution
	Conflicts of interest
	Guarantor
	References


