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Patients with an intractable localizationPatients with an intractable localization--related related 
seizure disorder and normal MRI, i.e. with seizure disorder and normal MRI, i.e. with 
nonlesionalnonlesional focal epilepsy, may be focal epilepsy, may be 
considered for surgical treatment. considered for surgical treatment. 

However, in these patients it is difficult to localize the However, in these patients it is difficult to localize the 
epileptogenicepileptogenic zone, and epilepsy surgery results are zone, and epilepsy surgery results are 
less favorable.less favorable.

This is the main reason for increasing use ofThis is the main reason for increasing use of
functional imaging methodsfunctional imaging methods in epilepsy in epilepsy 
surgery candidates.surgery candidates.

In addition FI is the key technique to determine  In addition FI is the key technique to determine  
whether it will be possible to whether it will be possible to resectresect the the 
epileptogenicepileptogenic zone without inducing relevant new zone without inducing relevant new 
neurological or neuropsychological deficits.neurological or neuropsychological deficits.



Functional imaging techniquesFunctional imaging techniques

•• InterictalInterictal and and ictalictal PETPET
•• InterictalInterictal and and ictalictal SPECT, SPECT, SISCOMSISCOM
•• fMRIfMRI (incl. continuous EEG/(incl. continuous EEG/fMRIfMRI andand

ictalictal fMRIfMRI))

These techniques must be carried out These techniques must be carried out as a part of a as a part of a 
multimodal preoperative evaluation processmultimodal preoperative evaluation process (incl. (incl. 
interictalinterictal and and ictalictal videovideo--EEG, MRI, EEG, MRI, neuropsychologneuropsycholog. testing, . testing, 
and event. intracranial EEG recordings).and event. intracranial EEG recordings).

The aim is then to assess whether The aim is then to assess whether all data point to the all data point to the 
same abnormal areassame abnormal areas and to combine all available and to combine all available 
data to delineate the spatial relations between data to delineate the spatial relations between 
epileptogenicepileptogenic, , irritativeirritative and functionaland functional--deficit zones!deficit zones!
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InterictalInterictal FDGFDG--PETPET can detect a local glucose can detect a local glucose ¯̄ metameta--
bolismbolism within epileptic focuswithin epileptic focus (functional(functional--deficit zone, which deficit zone, which 
is usually exceeding is usually exceeding epileptogenicepileptogenic zone!)zone!)



Sensitivity of FDGSensitivity of FDG --PETPET

differs according to the location of the epileptic focus and to differs according to the location of the epileptic focus and to 
the nature of underlying lesion.the nature of underlying lesion.

Mean value in all types of partial epilepsies Mean value in all types of partial epilepsies –– 7070--80%80%
Mean value in pts with normal brain MRI Mean value in pts with normal brain MRI –– 6161--77%77%

TLE TLE –– 8585--100%          100%          
FLE FLE –– 3636--96%96%

,�
!
��	,�
!
��	 #��
����%
����#��
����%
���� ��	��	 ���������������������� �
	�#�	�
	�#�	 ������ 22
����
����!����
����! ����	��	�	����	��3
����	
�	�������������	��	�	����	��3
����	
�	���������
4�������"���	���
�	
�	��0	��	#��#��	�#��	�#��	
�	5$ 674�������"���	���
�	
�	��0	��	#��#��	�#��	�#��	
�	5$ 67



FDGFDG--PET PET andand localizationlocalization ofof thethe EZEZ

The presence of a temporal The presence of a temporal hypometabolismhypometabolism makes invasivemakes invasive
recordings unnecessary in deciding whether or not to performrecordings unnecessary in deciding whether or not to perform
a conventional AMTR in a patient presenting with all criteriaa conventional AMTR in a patient presenting with all criteria
of medial TLE of medial TLE (history, seizure phenomenology, HS in MRI, neuropsychology).(history, seizure phenomenology, HS in MRI, neuropsychology).

A focal A focal hypometabolismhypometabolism limited to the temporal lobe predictslimited to the temporal lobe predicts
a good outcome of AMTR, even in a good outcome of AMTR, even in nonlesionalnonlesional TLE patients =TLE patients =
MRIMRI--negative, PETnegative, PET --positive TLEpositive TLE
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•• CoregistrationCoregistration of PET and MRI dataof PET and MRI data
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•• IctalIctal PETPET is extremely rareis extremely rare
PET is not adapted to PET is not adapted to ictalictal studies except for studies except for szsszs that can be provoked that can be provoked 
during data acquisition, provided they do not induce head movemeduring data acquisition, provided they do not induce head movements.nts.



SPECTSPECT

is the most appropriate is the most appropriate ictalictal imaging method for identifyingimaging method for identifying
the seizure onset zone in epilepsy surgery candidates.the seizure onset zone in epilepsy surgery candidates.
IctalIctal SPECT studies are superior to SPECT studies are superior to interictalinterictal images!images!

-- InterictalInterictal imaging imaging = = hypoperfusionhypoperfusion

(sen(senssitivititivityy 4545--70%)70%)
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-- IctalIctal imagingimaging = = hyperperfusionhyperperfusion
(sensitivity ~ 90%, specificity ~ 80%)(sensitivity ~ 90%, specificity ~ 80%)



SISCOM = Subtraction Ictal SPECT CO-
registered to MRI (O� Brien et al, 1998, 2000; So, 2000; 
Brinkmann et al, 2000; Kaiboriboon et al, 2002)
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BrBráázdil et al, Epileptic Disorders, 2006; 8(3):190zdil et al, Epileptic Disorders, 2006; 8(3):190--4.4.
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Ganglioglioma GI (without MCD)
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Indications for SISCOMIndications for SISCOM

•• Pts with intractable focal epilepsy and normal MRI scanPts with intractable focal epilepsy and normal MRI scan
•• Pts with Pts with multilobarmultilobar pathologypathology
•• Pts with the presence of a discordant noninvasive Pts with the presence of a discordant noninvasive 

presurgicalpresurgical evaluationsevaluations
•• Pts with surgical failures, considered for rePts with surgical failures, considered for re--operationoperation

To determine the strategy for placement of subdural and deptTo determine the strategy for placement of subdural and depth h 
electrodes for chronic intracranial EEG monitoring.electrodes for chronic intracranial EEG monitoring.



Functional MRIFunctional MRI
Major applications in epilepsy:Major applications in epilepsy:
1/ determination of eloquent cortical areas1/ determination of eloquent cortical areas
2/ localization of paroxysmal and 2/ localization of paroxysmal and ictalictal phenomenaphenomena

Ad 1/ a) Lateralization and localization of languageAd 1/ a) Lateralization and localization of language

AtypicalAtypical representationrepresentation ofof speechspeech area in a area in a rightright--handerhander

VFT

L                       R

L
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Story
listening

Sensory speech area
(Wernicke)

Broca speech area



b) b) SensorimotorSensorimotor systemsystem

Primary auditory cortexPrimary visual cortex

Primary motor cortex (hand)

tongue



c) c) MemoryMemory
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•• EEGEEG--triggered triggered fMRIfMRI (spikes(spikes--triggered triggered fMRIfMRI)) ––
acquisition of single MRI scans was triggered manually by a acquisition of single MRI scans was triggered manually by a 
neurophysiologist monitoring the EEG closelyneurophysiologist monitoring the EEG closely
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•• Continuous EEG/Continuous EEG/fMRIfMRI (EEG and (EEG and fMRIfMRI are acquired are acquired 
continuously and in parallel; crucial step is to remove imaging continuously and in parallel; crucial step is to remove imaging 
artifacts /scanner pulses and gradients/)artifacts /scanner pulses and gradients/)
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Ad 2/Ad 2/ Functional MRIFunctional MRI in the evaluation of the in the evaluation of the 
irritativeirritative zone zone (mapping of spontaneous (mapping of spontaneous interictalinterictal
epileptiformepileptiform EEG activity)EEG activity)



EEG/EEG/fMRIfMRI
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•• IIccttalal fMRIfMRI
�%���!�$	��	�
�	�

,�	�%���!�$	��	�
�	�

,�	 2����2���� ��	�
�	�

3�	��	�
�	�

3�	 4�$$�
 4�$$�
 �

3�	��������	�

3�	��������	
��	�
�	�

��	��	�
�	�

��	 5��+
�5��+
� ��	�
�	����	�
�	�� ���	���	 ��
����
�� ))*�++�+�*�++�+� ��	�
�	����"��	�
�	����"
���� ���� 22���
������
��� D	����
��	
�	D	����
��	
�	 �!����!��� ����0	/��#	'��������	����
���	���
�
��
�����0	/��#	'��������	����
���	���
�
��
�

Ad 2/Ad 2/ Functional MRIFunctional MRI in the localization of the in the localization of the 
epileptogenicepileptogenic zone?zone?
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ConclusionsConclusions

•• Functional imaging is a valuable tool in the Functional imaging is a valuable tool in the 
presentpresent--date date presurgicalpresurgical evaluation of patients.evaluation of patients.

•• All described techniques (All described techniques (interictalinterictal PET, SISCOM, PET, SISCOM, 
and EEG/and EEG/fMRIfMRI) may contribute importantly ) may contribute importantly toto the the 
localization of the epileptic source in many localization of the epileptic source in many specificspecific
((nonlesionalnonlesional) patients. ) patients. 

•• The The epileptogenicepileptogenic zone (EZ) is a theoretical concept (none of zone (EZ) is a theoretical concept (none of 
the currently available tests permits direct measurement and the currently available tests permits direct measurement and 
precise delineation of the EZ). It seems very likely that new precise delineation of the EZ). It seems very likely that new 
diagnostic techniques with a capacity to directly define EZ willdiagnostic techniques with a capacity to directly define EZ will
be developed in the field of functional be developed in the field of functional neuroimagingneuroimaging (imaging (imaging 
the distribution of neurotransmitters and receptors involved in the distribution of neurotransmitters and receptors involved in 
the pathogenesis of epilepsy?, data driven the pathogenesis of epilepsy?, data driven fMRIfMRI methods?, methods?, 
continuous EEG/functional MRSI?, continuous EEG/functional MRSI?, ……).).


