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Ictal SPECT reveals
different epileptogenic zones
in frontal lobe epilepsy
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ABSTRACT – We report a patient with frontal lobe epilepsy due to a right
frontal astrocytoma (WHO Grade III) in whom two ictal SPECTs (single
photon emission tomography) were performed during two seizures with
different semiology and different EEG seizure patterns. Subtraction of ictal
and interictal SPECT showed right lateral frontal hyperperfusion during a
left face clonic seizure, and right mesial fronto-polar hyperperfusion during
a subclinical seizure. This report demonstrates that ictal SPECT may reflect
different seizure semiology from the frontal lobe of the same individual
and that simultaneous EEG is indispensable for the correct interpretation
of SPECT in epilepsy.

tal lobe epilepsy, SISCOM

Case study

A 56-year-old male was diagnosed
with a right frontal tumour after
his first generalized tonic-clonic sei-
zure. Tumour resection was perfor-
med and histology revealed an ana-
plastic astrocytoma WHO Grade III
(figure 1). He received phenytoin for
three months and remained seizure-
free off medication for almost seven
years. He then had a relapse with
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Functional and structural neuroima-
ging techniques are important in
the evaluation of patients with focal
epilepsies for localization of the epi-
leptogenic zone. Ictal SPECT has a
high localizing and lateralizing value
in patients considered for epilepsy
surgery (Duncan, 1997). Superimpo-
sition of subtraction images of inter-
ictal and ictal SPECT onto MR images
(SISCOM) improves the localizing
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value significantly (Tan et al., 2008).
However, spread of epileptic acti-
vity may lead to falsely localizing
results of ictal SPECT (Noachtar et
al., 1998). Therefore, early injection
and simultaneous EEG are important
prerequisites.

a generalized tonic-clonic seizure
during night sleep. Antiepileptic
treatment failed to control clonic
seizures of the left face and the
tongue with preserved conscious-
ness. He was admitted to the
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Discussion

The SPECTs in our patient show highly localized hyper-
perfusion in two different regions associated with two
different seizure semiologies from the same lobe. The
SPECT subtraction technique is superior to conventio-
nal visual analysis for the localization of the seizure
onset zone (Schauble and Cascino, 2003). Whereas
the mesial fronto-polar hyperperfusion was clinically
silent, the fronto-lateral hyperperfusion was associa-
ted with a contralateral clonic seizure of the face.
igure 1. Postoperative T2 (A) and T1 (B) weighted axial MRI
strocytoma (WHO Grade III).

pilepsy Monitoring Unit of the University of Munich
or continuous non-invasive video-EEG monitoring. A
0-channel video-EEG evaluation with scalp electrodes
10-10 system) was performed. Interictal EEGs showed
o epileptic discharges, but right frontal intermittent
lowing. We recorded a right anterior temporal subcli-
ical EEG seizure pattern (electrodes FT8, T8) without
ny clinical seizure symptoms, lasting 98 seconds. An
CD-SPECT tracer was injected during this EEG seizure
attern, 45 seconds after the onset of the EEG seizure
attern. The ictal SPECT with a technetium 99 m-

abelled ethylcysteinate dimer (99mTc-ECD, Neurolite;
MS Pharma, Brussels, Belgium) was performed on
triple-head gamma camera (Multispect 3; Siemens,

rlangen, Germany) equipped with high-resolution
ollimators and showed a right fronto-mesial hyper-
erfusion. Three days later, repetitive clonic seizures
f the left face were associated with right fronto-

emporal EEG patterns of shifting, maximum between
lectrodes Fp2, F4, T8, F8 and FT8 (10-10 system). A
econd ictal ECD-SPECT tracer injection was perfor-
ed 37 seconds after clinical seizure onset (left face

witching). This clonic seizure lasted for 102 seconds.
his ictal SPECT showed a regional right frontolateral
yperperfusion at the posterior edge of the previous
esection in the inferior frontal gyrus. For further
valuation, an interictal ECD-SPECT was performed.
ubtraction of the first ictal (subclinical) and interictal
48 Epileptic Disord, Vol. 20, No. 5, October 2018

PECT showed a significant perfusion difference (23%)
n the right mesial superior frontal gyrus (figure 2; blue
olour). Subtraction of the second ictal (left face clo-
ic seizure) and interictal SPECT showed a significant
yperperfusion (22%), predominantly at the dorsal
argin of the former resection defect in the right late-

al inferior frontal gyrus (figure 2; red colour).

Figure 2. Superimposition of subtraction images of interictal and
ictal SPECT onto MR images (SISCOM) during a subclinical sei-
zure, showing right mesial frontal hyperperfusion (blue), and
during a left face clonic seizure, showing right fronto-lateral
hyperperfusion (red); subtraction is thresholded at 20% diffe-
rence between ictal and interictal scans.
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ctal perfusion SPECT is an important imaging tool in
he evaluation of patients considered for resective epi-
epsy surgery, especially in patients with non-lesional
pilepsies (Duncan, 1997; Van Paesschen et al., 2007;
ayalakshmi et al., 2011). Its sensitivity and specificity
re about 90% in TLE and 80% in extratemporal epilep-
ies (Spencer et al., 1995). The use of ictal subtraction
PECT -particularly when coregistered to MRI (as in
his case)- was shown to improve sensitivity for the
dentification of an epileptogenic focus, and the com-
ination of ictal subtraction SPECT with interictal PET
ay even provide better results (Matsuda et al., 2009;
esai et al., 2013). For ictal SPECT, early injection at

eizure onset (less than 15-20 seconds after seizure
nset) is highly likely to show regional hyperperfusion

n the ictal onset zone (Lee et al., 2006; Van Paesschen
t al., 2007). Relatively late injection in our patient
ay reflect spread of the epileptic activity, leading to

alse localization and more widespread hyperperfu-
ion (Noachtar et al., 1998; Van Paesschen et al., 2000;
upont et al., 2006). There are two explanations for
ivergent ictal SPECT results in the same patient: either

he injection time was late and reflects spread of ictal
pileptic activity or the patient has two independent
eizure onset zones, with corresponding different EEG
atterns and different semiology. However, the injec-

ion time was similarly late for both seizures. We
annot exclude a single seizure onset zone with dif-
erent spread patterns leading to different semiology
nd ictal EEG patterns, ultimately reflected by variable
PECT hyperperfusion. The patient’s epilepsy impro-
ed with change of medication and further surgery
as not performed. Thus, an invasive EEG study was
ot justified to clarify the epileptogenic zone.
imultaneous EEG during SPECT tracer injection was
rucial for the interpretation of the SPECT. Without the
EG, the ictal character of the tracer injection would
ave been missed and interpretation would have been
isleading. We conclude from our patient that sub-

raction of ictal and interictal SPECT is very sensitive
n demonstrating the epileptogenic zone of epileptic
pileptic Disord, Vol. 20, No. 5, October 2018

eizures. Adequate interpretation of SPECT requires
onsideration of clinical symptomatology and simul-
aneous EEG. �

upplementary data.
ummary didactic slides are available on the
ww.epilepticdisorders.com website.
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Ictal SPECT and frontal lobe epilepsy

isclosures.
one of the authors have any conflict of interest to declare.

eferences

esai A, Bekelis K, Thadani VM, et al. Interictal PET and ictal
ubtraction SPECT: sensitivity in the detection of seizure
oci in patients with medically intractable epilepsy. Epilepsia
013; 54: 341-50.

uncan JS. Imaging and epilepsy. Brain 1997; 120:
39-77.

upont P, Van Paesschen W, Palmini A, et al. Ictal perfusion
atterns associated with single MRI-visible focal dysplastic

esions: implications for the noninvansive delineation of the
pileptogenic zone. Epilepsia 2006; 47: 1550-7.

ayalakshmi S, Sudhakar P, Panigrahi M. Role of single pho-
on emission computed tomography in epilepsy. Int J Mol
maging 2011; 2011: 803920.

ee SK, Lee SY, Yun CH, Lee HY, Lee JS, Lee DS. Ictal
PECT in neocortical epilepsies: clinical usefulness and fac-
ors affecting the pattern of hyperperfusion. Neuroradiology
006; 48: 678-84.

atsuda H, Matsuda K, Nakamura F, et al. Contribution
f subtraction ictal SPECT coregistered to MRI to epi-

epsy surgery: a multicenter study. Ann Nucl Med 2009; 23:
83-91.

oachtar S, Arnold S, Yousry TA, Bartenstein P, Werhahn KJ,
atsch K. Ictal technetium-99m ethyl cysteinate dimer single-
hoton emission tomographic findings and propagation of
pileptic seizure activity in patients with extratemporal epi-

epsies. Eur J Nucl Med 1998; 25: 166-72.

chauble B, Cascino GD. Advances in neuroimaging: mana-
ement of partial epileptic syndromes. Neurosurg Rev
003; 26: 233-46, discussion: 247-8.

pencer SS, Theodore WH, Berkovic SF. Clinical applica-
ions: MRI, SPECT, and PET. Magn Reson Imaging 1995; 13:
119-24.

an KM, Britton JW, Buchhalter JR, et al. Influence of subtrac-
ion ictal SPECT on surgical management in focal epilepsy of
ndeterminate localization: a prospective study. Epilepsy Res
008; 82: 190-3.
449

an Paesschen W, Dupont P, Van Heerden B, et al. Self-
njection ictal SPECT during partial seizures. Neurology
000; 54: 1994-7.

an Paesschen W, Dupont P, Sunaert S, Goffin K, Van Laere
. The use of SPECT and PET in routine clinical practice in
pilepsy. Curr Opin Neurol 2007; 20: 194-202.

http://www.epilepticdisorders.com/
http://www.ncbi.nlm.nih.gov/pubmed?term=Interictal PET and ictal subtraction SPECT: sensitivity in the detection of seizure foci in patients with medically intractable epilepsy
http://www.ncbi.nlm.nih.gov/pubmed?term=Imaging and epilepsy
http://www.ncbi.nlm.nih.gov/pubmed?term=Ictal perfusion patterns associated with single MRI-visible focal dysplastic lesions: implications for the noninvansive delineation of the epileptogenic zone
http://www.ncbi.nlm.nih.gov/pubmed?term=Role of single photon emission computed tomography in epilepsy
http://www.ncbi.nlm.nih.gov/pubmed?term=Ictal SPECT in neocortical epilepsies: clinical usefulness and factors affecting the pattern of hyperperfusion
http://www.ncbi.nlm.nih.gov/pubmed?term=Contribution of subtraction ictal SPECT coregistered to MRI to epilepsy surgery: a multicenter study
http://www.ncbi.nlm.nih.gov/pubmed?term=Ictal technetium-99m ethyl cysteinate dimer single-photon emission tomographic findings and propagation of epileptic seizure activity in patients with extratemporal epilepsies
http://www.ncbi.nlm.nih.gov/pubmed?term=Advances in neuroimaging: management of partial epileptic syndromes
http://www.ncbi.nlm.nih.gov/pubmed?term=Clinical applications: MRI, SPECT, and PET
http://www.ncbi.nlm.nih.gov/pubmed?term=Influence of subtraction ictal SPECT on surgical management in focal epilepsy of indeterminate localization: a prospective study
http://www.ncbi.nlm.nih.gov/pubmed?term=Self-injection ictal SPECT during partial seizures
http://www.ncbi.nlm.nih.gov/pubmed?term=The use of SPECT and PET in routine clinical practice in epilepsy


Journal Identification = EPD Article Identification = 0991 Date: October 25, 2018 Time: 5:56 pm

450 Epileptic Disord, Vol. 20, No. 5, October 2018

P. Correia, et al.

TEST YOURSELF
EDUCATION

(1) What is the role of ictal or interictal SPECT in focal epilepsy?

(2) Which measures improve SPECT sensitivity in the evaluation of epilepsy patients?

(3) Why is simultaneous EEG required for ictal SPECT interpretation?

Note: Reading the manuscript provides an answer to all questions. Correct answers may be accessed on the
website, www.epilepticdisorders.com, under the section “The EpiCentre”.
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