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Ratio Ictal SPECT Co-registered with MRI visualizes a greater extent of the 

ictal onset zone in focal refractory epilepsy 
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Abstract 

Background: Until recently, the main non-invasive technique to evaluate the ictal onset zone has been 

Subtraction ictal SPECT coregistered with MRI (SISCOM). While SISCOM provides useful information about 

the ictal onset zone, the case we report herein suggests the possibility that multiple regions are involved in a 

more complex network
7
, whose identification can improve the patient’s prospects for resective epilepsy 

surgery.  

Case: The 23 year old right handed female case under discussion illustrates how Ratio Ictal SPECT 

coregistered with MRI (RISCOM) findings better guided the invasive evaluation with a more precise targeting 

of the subdural grids. Here, the concordance between the noninvasive technique (RISCOM) and the invasive 

evaluation (chronic electrocorticography) allowed a better determination of the seizure onset zone for 

resective epilepsy surgery. In turn, the resected tissue included a more extended area (orbitofrontal), which 

was not seen by SISCOM. Importantly, the case also allows for a better understanding of the relationship 

between the epileptogenic lesion and the ictal onset zone, and their role in the postsurgical outcome. The 

patient achieved seizure freedom (Engel 1A).  

Conclusion: A more accurate determination of the ictal onset zone by this novel noninvasive technique not 

only greatly impact in the postsurgical outcome of patients with focal refractory epilepsy. It may also indicate 

that the ictal onset zone can be the expression of interlobar connections that does not necessarily include the 

epileptogenic lesion of patients with malformations of cortical development. 
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Introduction 

Epilepsy surgery is a multidisciplinary specialty 

directed to the identification and localization the 

epileptic focus
2
, mapping its spatial relationships 

with functional cortical area(s), and ultimately 

resecting the epileptic focus to achieve seizure 

freedom
2
 

3
 

6
. The main goal of any resective 

epileptic surgery is to reduce the number of 

seizure, preserving the functionality and 

improving the quality of life
1
. Selection criteria 

for resective epilepsy surgery are 

pharmacoresistence and absence of potential 

damage to eloquent cortex from the surgery 

preserving ability of the remaining brain to carry 

on normal functions
1
.  While targeted resection 

often cures epilepsies with resectable foci 

(lesional or nonlesional focal epilepsies)
1
 

4
, the 

rate of seizure freedom after temporal resective 

epilepsy surgery is 70-80%
6
 and mostly depends 

on the ability to completely resect the 
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epileptogenic zone
6
. It is believed that the early 

postoperative failures are due to the inability to 

localize and/or resect the entire epileptic focus, 

whereas late recurrences are likely due to 

development/maturation of a new and active 

epileptic focus (de novo epileptogenesis)
2
.  We 

use different techniques such as magnetic 

resonance imaging (MRI), video-

electroencephalography (EEG), subdural grids, 

depth electrodes, magnetoencephalography 

(MEG), Single Photon Emission Computed 

Tomography (SPECT), positron emission 

tomography (PET) and neurocognitive testing in 

order to localize the potential epileptogenic zone
1
 

2
 

8 9
. In order to get a more precise definition 

(determination) of the epileptogenic zone that is 

hypothetically defined area the resection of which 

leads to seizure freedom
5 6

. It should be inferred 

after presurgical evaluation defining other areas 

(the epileptogenic lesion, the ictal onset, 

symptomatogenic, irritative, and epileptogenic 

zones) and finding explanations for the 

discrepancies, if any, between these areas. In 

some cases, however, there is not a clear 

concordance among these areas and invasive 

monitoring complemented by functional imaging 

modalities is necessary to localize the 

epileptogenic zone.
11

 

 

Single photon emission computed tomography 

(SPECT): 

Ictal onset zone is the area from which seizures 

originate on ictal EEG. Electrocorticography 

(ECoG) is considered the gold standard 

investigatory mean to know about the ictal zone 

but the issue is that ECoG is an invasive 

procedure and needs a previous planning in order 

to put the electrodes over the area closest to the 

ictal onset zone, which can only be found by other 

investigatory methods
5 6

. Seizure activity causes 

blood flow changes in the brain. These changes 

are predominant in the ictal onset zone and are 

detected by single photon emission computed 

tomography (SPECT)
5
. SPECT is used to localize 

the ictal onset zone in the presurgical evaluation 

of patients with refractory focal-onset epilepsy. 

99mTc-HMPAO is injected at the time of seizure. 

Both high resolution (3-4 mm voxel) inSpira 

(Neurologica Corp, Danver, MA) scanner that is 

72-detector focused collimator ring scanner 

system and conventional 2-headed detector 

SPECT scanner i.e Seimens (Hoffman Estates, IL) 

with 7-10 mm voxel resolution are used to get the 

SPECTS.   

Ictal SPECT and baseline SPECT are processed 

and then co-registered on MRI to get the SISCOM 

(Subtraction ictal SPECT co-registered to MRI) 

and RISCOM (Ratio ictal SPECT co-registered to 

MRI). SISCOM is broadly based on the difference 

(subtraction) between regional blood flow or 

perfusión during seizure activity and the baseline 

blood flow. We developed a new technique for 

detecting brain perfusion changes related to ictal 

activity i.e RISCOM. RISCOM technique is based 

on the determination of the relative changes of the 

blood flow during seizure compared to baseline 

blood flow taking the ratio of ictal and baseline 

regional brain perfusion in subjective terms.  

 

History and Examination 

The patient is a 23 year old right handed female 

with past medical history of right hemisphere 

closed-lip schizencephaly with dysgenesis of the 

corpus callosum, left hemiatrophy, hemiparesis, 

hypothyroidism, premature ovarian failure, right 

eye blindness, mild mental retardation, and 

intractable seizures epilepsy since age 4. Her 

family described that seizure begin with head 

turning to the right and rub her hands together 

with altered mental status lasting 60-90 seconds 

with occasional secondary generalization. She was 

taking phenytoin and levetiracetam, but was still 

having seizures 1 to 2 times a week. Patient states 

she does normally have an aura consisting of 

headache prior to her seizures and that this can 

occur up to 5 minutes preceding the seizures. Her 

physical examination showed normal speech and 

orientation, with mild (4/5) left hemiparesis 

including the face, slightly wide-based gait and 

left foot drop. Visual field fixation was preserved 

in left eye and could only detect light in right eye. 
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Non Invasive EEG Monitoring 

The patient was evaluated with Video 

Electroencephalography (vEEG) recording, during 

which typical complex partial seizures (CPS) were 

captured. Electrographic findings suggested the 

ictal onset zone over the right temporal lobe with 

irritative cortex extending to the bifrontal region, 

peri-sylvian and intra-sylvian cortex.  

 

Presurgical MRI  

Closed clip schizencephaly in the right temporal 

region with dysgenesis of the corpus callosum, 

absence of the septum pellucidum and hypoplasia 

of the optic chiasm was visible in MRI (Fig.3). 

There was apparent increased relative cerebral 

volume/permeability within the right 

frontotemporal region. 

 

Invasive EEG Monitorning 

Patient underwent a right temporal craniotomy 

with placement of subdural electrodes. Frequent 

epileptiform discharges were seen over the right 

orbito-frontal region, the right anterior 

subtemporal region, and the anterior temporal pad. 

There were also frequent runs of electrographic 

seizures localized to the anterior subtemporal 

strips and anterior temporal region on the 

temporal pad. These findings were consistent with 

a partial seizure disorder of the right that is likely 

localized to the anterior temporal region as well as 

the orbitofrontal region. Fig. 7 shows the 

placement of electrodes intra-operatively and Fig. 

6 is CT/MRI showing the position of electrodes 

post-operatively. 

 

Preoperative SPECT Imaging 

The patient was injected with 99mTc-HMPAO at 

11
th

 sec after the clinical onset (unspecific aura) of 

seizure (Fig.2).  SISCOM post processed images 

(Fig.4) showed activation (hyperperfusion) of the 

right temporal region (Fig.1a), RISCOM images 

confirmed this finding but also showed activation 

of the ipsilateral orbitofrontal cortex (Fig.1b & 

Fig.5). These results were taken in account to plan 

the placement of the intracranial subdural 

electrodes. 

Preoperative Functional mapping  

Electrical stimulation of the subdural electrodes 

suggested that electrodes FP4-FP5 and TP7-TP8 

produce a clear reproducible bilateral eye 

movement to the left. This most likely represented 

premotor motor cortex such as frontal eye fields. 

Neighboring rows of electrodes TP19-TP24 and 

TP27-TP32 produced relatively low voltage after 

discharges and long electrographic runs that 

propagated along the temporal pad. No behavior 

changes were seen during this activity. No 

spontaneous or stimulated seizures occurred. 

However, stimulation of RST1-RST2 induced a 

"feeling like I will have a seizure". Approximately 

one and a half hours after stimulation she had a 

non typical seizure. 

 

Preoperative Neurophychological evaluation 

Low average verbal and nonverbal reasoning 

abilities were found. Performance was severely 

impaired on a measure of executive function 

requiring abstract problem-solving and mental 

flexibility. In contrast, she demonstrated intact 

working memory, processing speed, and language 

skills. She also demonstrated good learning and 

recall of both verbal and visual information. She 

did not report symptoms of depression on 

interview.  

In conclusion, poor performance on a test of 

problem-solving and mental flexibility was 

consistent with a right fronto-temporal seizure 

focus, as evidenced by prior video-EEG 

monitoring. She appeared to be at an increased 

risk for visual memory decline following surgery.  

 

Preoperative WADA test 

Expressive and receptive language skills appeared 

to be fully mediated by the left cerebral 

hemisphere. Verbal and visual memory abilities 

also appeared to be mediated by the left 

hemisphere. Therefore, the available data 

suggested that the patient would appear to be at a 

relatively lower risk for memory decline 

following resection of right temporal lobe 

structures.  
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Operation 

On 9
th

 day after admission she had been done 

temporal lobectomy, amygdalohippocampectomy 

and resection of orbitofrontal cortex and then was 

transferred to NSICU for post-operative care.  

 

Post Operative course 

She had increased lethargy so computed 

tomography (CT) was performed which showed 

increasing midline shift and mildly dilated lateral 

ventricles. External ventricular drain (EVD) was 

placed on one day after resective surgery. 

Hospitalization was complicated with fever of 

102-103°F. Abnormal Cerebrospinal fluid (CSF) 

was found concerning for meningitis. CSF culture 

didn't grow any bacteria, and the patient was 

treated for presumed culture negative meningitis 

with Vancomycin, cefepime and metronidazole 

for 3 weeks. She continued to improve and her 

EVD was pulled after 2 days.  

Patient continued to do well clinically. She 

remained afebrile and no seizures noted post-

operatively. After 10 days of resective surgery she 

was transferred to the Rehabilitation Center.  

 

Postoperative MRI Brain without and with IV 

contrast 

There was a wedge-shaped infarction of the right 

parietal and occipital lobe, and areas of infarction 

with gyral enhancement in the inferior frontal lobe 

in the right middle cerebral artery distribution 

adjacent to the excised temporal lobe. There were 

regions of dural and leptomeningeal enhancement 

over the right frontal, parietal and occipital areas 

possibly due to postsurgical change. There was a 

small area of encephalomalacia in the right 

superior frontal lobe. 

 

Postoperative Neurological Examination  

Patient was alert and oriented. Speech and 

comprehension was intact. No changes were 

found in the right eye blindness and mild left 

hemiparesis that were present before the surgical 

resection. Left hemianopsia was noted as a new 

abnormal finding related to the surgery. No other 

new abnormalities were found. 

Postoperative neuropsychological evaluation 

We did neuropsychological evaluation after a 

week of surgery and then on every office visit. 

From the emotional functioning standpoint, she 

described her mood as happy most of the time. 

She reported good appetite and sleep and no other 

symptoms of depression, including suicidal 

ideation. Neuropsychologically she performed 

slightly worse on some measures of memory but 

not likely to a clinically significant degree. Some 

aspects of her executive functioning had improved 

(in particular, problem-solving). She was 

otherwise stable in all cognitive domains assessed.  

 

Seizure Outcome 

The patient had no seizures after resection. She 

was taking levetiracetam 1500mg BID and 

phenytoin 300mg QHS postoperative. After the 

two years of follow up, cVEEG was performed 

and no electrographic or clinical seizures were 

noted. Phenytoin was discontinued after 2 year 

postoperatively. The patient is now not 

experiencing the typical seizure she used to have 

and neither is she experiencing the auras. Patient 

continues to be Engel 1A after 3.5 years of the 

resective surgery.  

 

Pathological Specimen  

The laminar architecture of the cortex was 

preserved. Extensive astrogliosis was noted in the 

subpial region, molecular layer, all cortical layers 

and white matter. These findings were highlighted 

by the GFAP immunostaining. The 

cytoarchitecture of amygdala and hippocampus 

was not present.  

 

Discussion and conclusion 

Interlobar connections may have a more important 

role than just one isolated area in the seizure onset 

in some patients and may not necessarily overlap 

the epileptogenic lesion
7
. RISCOM allows 

identifying a more complex network and extended 

ictal onset zone than SISCOM. In this study we 

demonstrated the feasibility and usefulness of a 

new SPECT processing technique during 

presurgical evaluation. InSpira scanner for SPECT 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=0CDAQFjAC&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FX-ray_computed_tomography&ei=6xC7U8joIMSoyASFlYKgBA&usg=AFQjCNE1KPf_QzcjgWZ1hy_fRNvNswZ8ZQ&sig2=2c0K2D6pFi-46AgibDTEsg
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=0CDAQFjAC&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FX-ray_computed_tomography&ei=6xC7U8joIMSoyASFlYKgBA&usg=AFQjCNE1KPf_QzcjgWZ1hy_fRNvNswZ8ZQ&sig2=2c0K2D6pFi-46AgibDTEsg
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAA&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FCerebrospinal_fluid&ei=ARG7U_iLO4KHyAS7ioGwAQ&usg=AFQjCNF0EzdNRLX2pUJK5XD6FrbaqggURQ&sig2=TTMfDMb_WZXkniH2y8G9VA
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provides better resolution and may be optimal for RISCOM raw SPECTS scan.  

 

 
Fig.1(a). SISCOM (Seimens) images both saggital and axial are showing increased signal only within right 

temporal region.  

 

 
Fig.1(b). RISCOM (InSpira) images both saggital and axial are showing increased signal within right 

temporal region with ipsilateral orbitofrontal activity (arrow). 

 

 
Fig.2. Relation between time of injection for ictal SPECT and clinical onset (aura) of seizure on EEG chart. 

 

 
Fig.3. MRI Stealth T2 after craniotomy 
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Fig.4. SISCOM (Seimens) 

 

 
Fig.5. Perfusion Neuroimaging RISCOM (Inspira) 

 

 

 
Fig.6. Postoperative CT/MRI showing electrode 

placement 

 

 
Fig.7. Intra operative ECoG picture showing the 

electrodes under scalp 

 

References 

1. Obeid M, Wyllie E, Rahi AC, Mikati M a. 

Approach to pediatric epilepsy surgery: 

State of the art, Part I: General principles 

and presurgical workup. Eur J Paediatr 

Neurol. 2009;13(2):102-14.  

doi:10.1016/j.ejpn.2008.05.007. 

2. Najm I, Jehi L, Palmini A, Gonzalez-

Martinez J, Paglioli E, Bingaman W. 



 

Jain M et al JMSCR Volume 04 Issue 05 May  Page 10587 
 

JMSCR Vol||04||Issue||05||Page 10581-10587||May 2016 

Temporal patterns and mechanisms of 

epilepsy surgery failure. Epilepsia. 

2013;54(5):772-82.doi:10.1111/epi.12152. 

3. Jette N, Wiebe S. Update on the surgical 

treatment of epilepsy. Curr Opin Neurol. 

2013;26(2):201-7. 

doi:10.1097/WCO.0b013e32835ef345. 

4. Obeid M, Wyllie E, Rahi AC, Mikati M a. 

Approach to pediatric epilepsy surgery: 

State of the art, Part II: Approach to 

specific epilepsy syndromes and 

etiologies. Eur J Paediatr Neurol. 

2009;13(2):115-27. 

doi:10.1016/j.ejpn.2008.05.003.  

5. Textbook of Epilepsy Surgery Edited by 

Hans O Lüders MD PhD Epilepsy Center 

Neurological Institute University Hospitals 

of Cleveland Case Western Medical 

Center Cleveland, OH,USA 

6. Graef A, Hartmann M, Flamm C, 

Baumgartner C, Deistler M, Kluge T: A 

novel method for the identification of 

synchronization effects in multichannel 

ECoG with an application to epilepsy. Biol 

Cybern 2013;107:321–335. 

doi:10.1007/s00422-013-0552-8. 

7. Fernández IS1, Loddenkemper T. 

Electrocorticography for seizure foci 

mapping in epilepsy surgery. J Clin 

Neurophysiol. 2013 Dec;30(6):554-70. 

doi:10.1097/01.wnp.0000436898.10125.7

0. 

8. Bertram, E.H., Neuronal circuits in 

epilepsy: Do they matter?, Exp. Neurol. 

(2012), 

doi:10.1016/j.expneurol.2012.01.028 

9. Martinkovic L, Hecimovic H, Sulc V, 

Marecek R, Marusic P: Modern techniques 

of epileptic focus localization. Int Rev 

Neurobiol. 2014;114:245-78. doi: 

10.1016/B978-0-12-418693-4.00010-8 

10. Haneef Z, Chen DK: Functional neuro-

imaging as a pre-surgical tool in epilepsy. 

Ann Indian Acad Neurol. 2014 

Mar;17(Suppl 1):S56-64. doi: 

10.4103/0972-2327.128659. 

11. Pittau F, Grouiller F, Spinelli L, Seeck M, 

Michel CM, Vulliemoz S: The role of 

functional neuroimaging in pre-surgical 

epilepsy evaluation. Front Neurol. 2014 

Mar 24;5:31. doi: 10.3389/fneur. 

2014.00031. eCollection 2014. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


