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	 Summary
	 Background:	 Children with focal epilepsy unresponsive to anticonvulsant therapy may become surgical 

candidates. Inter-ictal SPECT (SPECT-IN) studies demonstrate an area of hypoperfusion within 
the seizure focus in up to 50% of patients. The goal of this study was to evaluate the usefulness of 
corregistration of MR and SPECT-IN images for localization of the epileptogenic focus.

	 Material/Methods:	 Brain MRI and SPECT-IN were performed in 20 children (mean age 9.5). We found multifocal (3–6 
perfusion deficits in 10 patients) or diffuse perfusion deficits (lobar) in all patients. In fused MR 
and SPECT images we evaluated average activity in volumes-of-interest (VOIs) outlined in each 
gray matter region with deficits. Average VOI activity below average total brain activity with at 
least 15% difference to the mirror VOI in the brain cortex on the opposite side of was considered as 
“true” perfusion deficit (TPD).

	 Results:	 In all children from our group, MRI and SPECT-IN image fusion and evaluation of TPD allowed to 
verify most of multifocal or diffuse deficits: in each of 12 patients we found 1 TPD, in each of 6 
patients 2 TPD and in each of 2 patients 3 TPD. In 8 patients with 2 or 3 TPD we used scalp EEG or 
ictal SPECT for identification of one probable location of epileptogenic focus.

	 Conclusions:	 In children with refractory focal epilepsy, image fusion of MRI and SPECT-IN with evaluation of 
TPD has potential clinical utility in localization of epileptogenic focus.
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Background

Epilepsy is one o the most frequent neurological disor-
ders in children. As many as 25% of pediatric patients 
with epilepsy are not responsive to pharmacological treat-
ment. Epilepsy in such cases is called “refractory” [1,2] 

and patients with this type of epilepsy are potential can-
didates for surgical treatment [3]. Unlike the adult patients 
in whom predominant cause of epilepsy is connected with 
hippocampal sclerosis and posttraumatic lesions, in chil-
dren developmental abnormalities of grey matter are a 
common etiology [4].
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When trying to determine the location of epileptogenic 
focus in case of multiple structural lesions of the CNS or 
lesions that are so discrete that remain undetected in MRI, 
the neurosurgeons have to decide on extensive operation 
procedures basing mainly on EEG data [5,6]. SPECT, assess-
ing CNS perfusion, is one of the methods applied for local-
izing the epileptogenic focus when MRI remains equivocal. 
The evaluation of increased perfusion within the epilep-
togenic focus in ictal SPECT is of much greater diagnos-
tic value then data obtained by interictal SPECT. However, 
performing such an examination during seizures is very 
often much more complicated in children as compared to 
adults, not only due to seizure provocation, but also due 
to the need for registering the examination during the next 
sedation in case of younger and non-cooperative patients. 
Interictal SPECT reveals areas of hypoperfusion within the 
epileptogenic focus in over 50% of patients [7–9].

The aim of the study was to assess whether the quanti-
tative analysis of interictal SPECT within the brain gray 
matter areas on fused SPECT and MR images allows to 
identify the probable location of epileptogenic focus in chil-
dren with refractory epilepsy. As a new reference value for 
determining perfusion deficits, apart from routinely used 
maximum value of cerebellar perfusion, we used mean 
value of global brain perfusion per unit volume.

In the past, there were attempts to increase the potential 
diagnostic value of MRI and SPECT in adult patients with 
epilepsy by corregistration of images and subtraction of 
ictal and interictal SPECT images [10].

At present, as a result of newly emerging software and 
more efficient computer analysis, the possibilities of medi-
cal image post-processing have developed. The use of new 
opportunities of post-processing in order to simplify the 
diagnostic process in children with refractory epilepsy con-
stitutes an additional issue of our study.

Material and Methods

The study included a group of 20 patients (14 girls, 6 boys) 
aged 4–17 years (mean age 9.5 yrs.) who were treated with 
two antiepileptic drugs with poor seizure control and had 
normal MRI (no structural lesions) or abnormal but equivo-
cal (multiple structural lesions – heterotopias, dysplasias, 
multifocal developmental malformations or postoperative 
lesions). An interictal SPECT (ECD 99m Tc) was performed 
in all patients in order to localize an epileptogenic focus 
before a potential surgery. The group characteristics is pre-
sented in Table 1.

In the studied group, 7 patients were diagnosed with cryp-
togenic epilepsy (CE) without any structural changes in 
brain MRI. In 11 patients MRI study revealed multiple 
lesions with features characteristic for heterotopia and cor-
tical dysplasia (MCC – malformation of the cerebral cortex). 
In 2 patients with epilepsy, abnormal structure of brain tis-
sue on MRI resulted from prior unsuccessful surgical treat-
ment – hemispherectomy and multilobar resection. These 
patients due to postoperative changes in brain tissue struc-
ture were classified as a separate group with postoperative 
lesion (POOP).

MRI

MRI was performed in all patients, using 1.5 T scanners 
in axial projection (ax) in Talairach plane (parallel to line 
joining anterior and posterior commissures) as well as 
in coronal (cor) and sagittal (sag) projections. A routine 
examination protocol included SE/T1-weighted images (ax) 
(488/10/1) [TR-repetition time/TE-echotime/excitations], 
TSE/T2-weighted (ax, sag) (3920/102/1), T2FLAIR (ax, cor) 
(2500/9000/111/1) [IR-inversion time/TR/TE/excitations] 
end volumetric SPGR/T1 (cor), GRE/T2*-weighted (ax). 
Slice thickness was 1-5 mm. Matrix: 256×256 i 256×192, 
field of view: 220–230 mm. Additionally, diffusion-weight-
ed imaging (DWI) was performed with following param-
eters: TR/TE-2300/73, field of view: 230 mm, matrix: 
128×128, slice thickness: 5 mm, gap: 1 mm, b-values 
0/500/1000 mm2/s. In case of identified structural changes, 
SE/T1-weighted images were obtained after intravenous 
injection of paramagnetic contrast medium at a dose of 0.2 
mmol/kg of body weight.

In structural images, the presence of developmental lesions 
was assessed visually. Thickness of brain cortex and poten-
tial blurring of gray matter – white matter junction was 
also analyzed in order to identify a cortical dysplasia. In 
all patients, neoplastic lesions and vascular malformations 
were excluded.

SPECT

SPECT was performed using 99mTc-ECD at a dose of 0.3 
mCi/kg of body weight, injected intravenously to the 
patient in horizontal position, in a dark and quiet room. 
Acquisition was initiated 30–60 minutes after radiotracer 
administration. SPECT registration was performed using 
dual-detector gamma-camera (MULTISPECT, SIEMENS, 
GERMANY) with parallel-hole collimators LEHR (Low 
Energy High Resolution). The registration of SPECT 
was carried out until over 5 millions counts per scan 
were obtained. Matrix 128×128 was applied with angu-
lar sampling of 3 degrees using the so-called “step and 
shoot” method. Image reconstruction was achieved with 
Butterworth filter 0.4 for backward reconstruction using 
Chang’s attenuation correction method.

Interictal SPECT was performed in all 20 patients. In inter-
ictal SPECT we looked for perfusion deficits in the cortical 
region, using standard semi-quantitative evaluation com-
paring the level of cortical perfusion to maximum number 
of counts within cerebellum (maxC) taken as area of refer-
ence. Assessing interictal SPECT, the brain standard perfu-
sion deficits (SPD) were areas with the number of counts 
per single pixel of less than 50% maxC within the medial 
temporal lobe cortex, and of less than 70% of maxC within 
the rest of the cortex [11].

To analyze the number and location of SPD regions, a 3D 
reconstruction of interictal SPECT images was applied with 
a double cut-off level regarding the number of counts in 
the basic volume unit (voxel): 50% and 70% of maxC value. 
The 3D Viewer, a PMOD (Biomedical Image Quantification 
PMOD Technologies) software toolbar was used for 
reconstruction.
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In our group of children with epilepsy, two ictal SPECT 
were registered. Patients were waiting for the examina-
tion in a quiet, dimmed room, resting in lying position. 
The 99mTc-ECD tracer was administered intravenously 
without EEG supervision, at a dose of 0.3 mCi/ kg of body 
weight, approximately 10 seconds after seizure onset, and 
the acquisition was started 30-60 minutes after tracer 
injection. The ictal SPECT images were assessed for the 
presence of foci of increased metabolism/perfusion (>90% 
maxC).

MR and SPECT image analysis

For corregistered MR and SPECT image analysis, a method 
of image integration was applied, using image fusion tool 
PFUS (Flexible Image Matching and Fusion Tool) available 
in PMOD toolbar.

The T2 FLAIR MR images in axial projection (ax) were con-
sidered as referential structural data (Figure 1A). SPECT 
images obtained as a collection of transverse sections were 

fused with MR images using automatic integration algo-
rithm that additionally allowed to fit the images from these 
two examinations considering anatomical reference marks. 
Thanks to the method of interpolation, SPECT images 
were not only fitted to anatomical mask of MRI, but also 
unified regarding spatial resolution and divided into the 
same number of transverse sections and the same thick-
ness of each slice as in MRI (so-called “corregistered data”) 
(Figure 1B).

Brain volume was assessed in fused MR and interic-
tal SPECT cross-sections using VOI (Volume of Interest) 
Constructor – the tool available in PMOD software. The 
area of all interictal SPECT cross-sections was drawn man-
ually with VOI Constructor and brain tissue borders were 
verified in MRI. Subsequently, the total volume of brain 
tissue (cm3) was quantitatively assessed, as well as global 
(totB) and average (avB) number of counts per unit volume 
in the brain SPECT (gray matter, white matter and areas of 
cerebral fluid).

Patient initials) Age/sex diagnosis MRI Intrerictal SPECT
Standard evaluation

EEG
Location of the lesion

Patient 1 (SE) 7/F MCC Multiple lesions ++ Left hemisphere

Patient 2 (KZ) 4/F CE Normal + Left temporal

Patient 3 (KK) 10/F CE Normal ++ Left frontal

Patient 4 (SD) 11/F POOP Multiple lesions ++ Left hemisphere

Patient 5 (NS) 3/F CE Normal + Left parieto-occipital

Patient 6 (ZK) 7/F CE Normal + Right frontal

Patient 7 (PK) 5/M CE Normal ++ Left and right frontal independently

Patient 8 (SM) 7/M POOP Multiple lesions ++ Right hemisphere

Patient 9 (PM) 17/F MCC Multiple lesions ++ Equivocal

Patient 10 (GP) 15/F MCC Multiple lesions + Left hemisphere

Patient 11 (MA) 10/F MCC Multiple lesions ++ Right hemisphere

Patient 12 (WJ) 15/F MCC Multiple lesions ++ Right hemisphere

Patient 13 (BK) 14/F CE Normal + Left fronto-temporal

Patient 14 (HM) 7/M MCC Multiple lesions + Left frontal

Patient 15 (JK) 15/F MCC Multiple lesions + Right hemisphere

Patient 16 (KD) 11/F CE Normal ++ Left parieto-occipital

Patient 17 (CF) 2/M MCC Multiple lesions ++ Right frontal

Patient 18 (GP) 10/M MCC Multiple lesions + Right hemisphere

Patient 19 (JA) 11/F MCC Multiple lesions + Left hemisphere

Patient 20 (BB) 10/M MCC Multiple lesions + Right hemisphere

Table 1. Characteristics of the study group.

CE – cryptogenic epilepsy; POOP – epilepsy persisting after hemispherectomy or multilobar resection; MCC multifocal congenital cortex 
malformations, multiple lesions on MRI – gray master heterotopia, cortical dysplasia; + – 3–6 focal lesions in SPECT; ++ – multiple and diffuse 
lesions in SPECT.
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The location of SPD changes was determined on transverse, 
sagittal and coronary sections obtained by fusion of MR and 
interictal SPECT images, using a 10-color scale for encoding 
interictal SPECT images to allow visualization of the cut-off 
levels of 50% and 70% of maxC. In each SPD region identi-
fied in interictal SPECT, a morphological verification using 
T2 FLAIR MR images was performed concerning the thick-
ness of the cortex and distinction of gray matter – white 
matter junction. It resulted in new, anatomically modified 
regions of interest. Only those SPD foci/areas with perfu-
sion deficit overlapping cortical gray matter with an area 
of at least 0.5 cm3 were taken into account for the analysis 
(Figure 1C). Average number of counts within the anatomi-
cally verified region (avROI) was compared with avB, which 
was taken as a new reference value defining the boundary 
between normal and reduced perfusion of the brain. AvROI 
value in each SPD was also compared with the average 
number of counts in the corresponding region in the oppo-
site cerebral hemisphere with the difference of >15% as 
indicating the presence of perfusion deficit.

Results

In the interictal SPECT, using the standard method of 
assessment, multiple SPD perfusion deficits were found in 
all 20 patients; ten of them had extensive (areas covering 
the whole lobe) or multifocal (confluent) cerebral lesions, in 
case of the other 10 patients the number of foci of cerebral 
cortex hypoperfusion varied from 3 to 6 (Table 2).

After verification of the region of interest to the area of cor-
tical gray matter on MRI, taking avB as a cut-off level delin-
eating border between normal perfusion and hypoperfusion 
and at least 15% difference in avROI as compared to the per-
fusion level of corresponding structure in the opposite hemi-
sphere, we were allowed to identify “true” regions of perfu-
sion deficit (TPD) on fused MR and interictal SPECT images.

In the group of 10 patients with extensive SPD in interictal 
SPECT, the aforementioned analysis of fused MR and inter-
ictal SPECT images revealed single TPD in five patients, 2 
TPDs in three of them, and 3 TPDs in other two patients.

Among the other 10 patients with 3–6 SPD lesions, 7 
patients showed single TPD, whereas in 3 patients two TPD 
were found. (Table 2).

In all 7 patients with two or three TPD lesions an addition-
al analysis was performed based on EEG or ictal SPECT, 
resulting in localization of a single TPD focus. In one 
patient two foci, most likely epileptogenic, were identified 
(patient described below, from the POOP group).

Figure 1. �(A)– Brain MRI (transverse section in T2 FLAIR sequence) 
of a child with cortical and subcortical multifocal lesions. 
(B) interictal SPECT and MR image fusion of the same 
patient. (C) voxels of interest (VOIs) identified in abnormal 
MR areas and within corresponding regions of the opposite 
hemisphere. Regions were marked on the presented 
transverse section and transferred to adjacent cross-
sections with apparent lesions on MRI and hypoperfusion 
on interictal SPECT.

A C

B
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The SPECT subtraction was performed in 2 patients who 
underwent both ictal and interictal SPECT. Ictal/inter-
ictal SPECT subtraction images were fused with MR 
images using a PMOD software for medical image fusion. 
Superimposed images were visually analyzed and quan-
titatively assessed by estimating the number of counts 
in the region of increased metabolism/perfusion, i.e. area 
in which the level of perfusion compared with interictal 
SPECT was increased by at least 15% (when compared with 
the maxC value as a reference for each study).

Analysis of patients from the POOP group

In 2 patients with epilepsy and brain lesions on MRI result-
ing from prior unsuccessful surgery, the evaluation of the 

interictal SPECT only was difficult – in the whole area of 
resection of the cerebral tissue, a perfusion deficit of <50% 
maxC was found. Only the fusion of MR images and inter-
ictal SPECT allowed a precise determination of the pres-
ence of residual brain tissue in the area assessed in terms 
of avROI level: 
1.	�In 1 patient after multilobar left-side resection, apart 

from the interictal SPECT, the ictal SPECT was also per-
formed. MR image fusion with ictal/interictal SPECT 
subtraction images allowed to identify an epileptogenic 
focus within the residual tissue of the left temporal lobe.

2.	�In the second patient, after hemispherectomy, the inter-
ictal SPECT study showed three areas of perfusion 
deficit meeting the criteria for TPD – two areas that 
showed the lowest perfusion similarly (as compared to 

Patient (initials) Diagnosis Interictal SPECT (SPD) Interictal SPECT (TPD) 
+ MRI 

Correlation with EEG or 
ictal SPECT

Patient 1 (SE) ( MCC Multiple frontal, temporal, 
occipital bilaterally 1 deficit Correlation with EEG +

Patient 2 (KZ) CE 3 deficits 2 deficits EEG Verification 1focus

Patient 3 (KK () CE Diffuse frontal and parietal 
bilaterally 1 deficit  Correlation with EEG +

Patient 4 (SD) POOP
Extensive frontal and parietal, 
left occipital + focuses in right 

hemisphere 
2 deficits Ictal SPECT 1focus

Patient 5 (NS) CE 5 focuses 1 deficit Correlation with EEG +

Patient 6 (ZK) CE 4 focuses 1 deficit Correlation with EEG +

Patient 7 (PK) CE Multiple in left hemisphere frontal 
and parietal 2 deficits Ictal SPECT 1focus

Patient 8 (SM) POOP Extensive right frontal and parietal 
+ 3 focuses in left 3 deficits EEG Verification 2 focuses

Patient 9 (PM) MCC Extensive frontal and parietal 
bilaterally 1 deficit Correlation with EEG +

Patient 10 (GP) MCC 3 perfusion deficits 1 deficit Correlation with EEG +

Patient 11 (MA) MCC Extensive right temporal 1 deficit Correlation with EEG +

Patient 12 (WJ) MCC Extensive frontal and occipital 
bilaterally 1 deficit Correlation with EEG +

Patient 13 (BK) CE 4 deficits 1 deficit Correlation with EEG +

Patient 14 (HM) MCC 5 deficits 1 deficit Correlation with EEG +

Patient 15 (JK) MCC 4 deficits 1 deficit Correlation with EEG +

Patient 16 (KD) CE Extensive frontal and parietal 3 deficits EEG Verification 1focus

Patient 17 (CF) MCC Diffuse lesion – frontal, temporal 
and occipital 2 deficits EEG Verification 1focus

Patient 18 (GP) MCC 6 deficits 2 deficits Correlation with EEG +

Patient 19 (JA) MCC 3 deficits 2 deficits Correlation with EEG +

Patient 20 (BB) MCC 3 deficits 1 deficit Correlation with EEG +

Table 2. Results of neuroimaging and EEG in study group.

CE – cryptogenic epilepsy; POOP – postoperative epilepsy; MCC – multifocal congenital cortical malformations.
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referential average CNS perfusion) corresponded to the 
most probable location of the epileptogenic focus in EEG. 
The patient was subjected to reoperation (resection of 
both areas) with good outcome.

Analysis of patients from the MCC group

Using a new evaluation method in 11 patients with multi-
focal congenital cortical malformations (multiple structural 
lesions and multiple perfusion deficits in the standard SPD 
assessment), the location of a probable single lesion with 
maximum perfusion disturbance was obtained in 8 cases, 
while in 3 patients two structural CNS lesions with similar 
decrease in perfusion were identified. In these 3 patients 
with two lesions, the result of EEG, lateralizing the brain 
hemisphere or localizing particular lobe responsible for dis-
turbed bioelectrical CNS activity, appeared to be helpful to 
select a single potential focus.

Analysis of patients from the CE group

In the group of 7 patients with cryptogenic epilepsy, a stan-
dard assessment of SPECT showed multiple foci of perfu-
sion deficit (at least 4 lesions). After quantitative analy-
sis of the intensity of perfusion deficits in fused MR and 
SPECT images in 4 patients, a single focus of maximum 
intensity was established. In case of two patients, two per-
fusion deficits of similar intensity were localized in CNS, 
whereas one patient had three lesions of comparable perfu-
sion deficit. In two cases, the result of EEG appeared to be 
helpful to establish a single, most probable location of epi-
leptogenic focus. In one case an ictal SPECT was performed 
and the subtraction of ictal and interictal SPECT images 
allowed to determine the pathological area.

Out of 20 patients qualified for the assessment after failing 
to respond to treatment with two antiepileptic drugs, with 
preliminary diagnosis of refractory epilepsy, 19 patients man-
ifested partial improvement or full response to pharmacologi-
cal treatment (one patient) due to the modification of therapy 
or introduction of polytherapy. This resulted in postponing 
the decision on surgical treatment. One patient with seizures 
occurring despite previously conducted surgery (Engel class 
IV) was re-operated considering the location of the epilepto-
genic focus established by corregistered interictal SPECT and 
MR images – with good postoperative outcome (Engel class II).

Concentrating on methods of quantitative analysis of activ-
ity in regions of interest on interictal SPECT images we 
tried to elaborate a procedure helpful to localize an epilep-
togenic focus by:
•	 �assessing areas with perfusion/metabolism deficits 

defined as a reduction in activity per unit volume of 
cerebral gray matter below the average activity of tracer 
accumulation in the central nervous system in interictal 
SPECT study, with the difference in activity in the cor-
responding area of the opposite hemisphere of >15%,

•	 �comparing the location of areas with perfusion deficits 
with the results of EEG and/or with the activity in ictal 
SPECT study in order to select a single probable epilep-
togenic focus from several locations in the CNS with 
decreased perfusion/metabolism in interictal SPECT 
study.

Table 3 presents the suggested diagnostic scheme, basing 
on our study results in children with refractory epilepsy 
and normal or unclear MRI.

Discussion

Due to a small number of patients involved in the study 
(20 patients) and only one case of child referred to surgery 
treatment with good postoperative outcome, our results are 
not sufficient to draw clear conclusions regarding appropri-
ate diagnostic procedure in children with refractory epilep-
sy [12]. In order to obtain as much experience as possible 
in the area of diagnostics and treatment in children with 
refractory epilepsy, the authors included patients from 
two leading centers of pediatric neurology. This, however, 
did not result in a significant increase in the number of 
patients in the studied group or the group referred to sur-
gical treatment. Possible explanation includes: more effec-
tive pharmacological treatment in this group of patients, 
as well as the fact that clinicians are very cautious when 
deciding on surgery treatment. However, it has to be kept 
in mind that pharmacological therapy resulting in a signifi-
cant reduction of the number of epileptic seizures equals 
improvement. Nevertheless, most of the pharmacological-
ly treated patients still remain classified within the group 
with refractory epilepsy according to ILAE definition. For 
those patients it is necessary to elaborate algorithms of 
diagnostic procedure in order to precisely localize an epi-
leptogenic focus and implement surgical treatment with 
minimal damage to the remaining brain tissue, as an alter-
native to not fully effective pharmacotherapy.

In the analysis of the time from epilepsy diagnosis to deci-
sion on surgical treatment in leading neurological centers, 
even in adult patients with most common pathology – 
mesial temporal sclerosis (MTS), requiring only to deter-
mine the lateralization, the prevailing period exceeds 20 
years [13–16]. Slow but noticeable reduction of this period 
from an average of 22.6 yrs. in 1996–1999 to 21.1 yrs. in 
2004–2008 was observed [17]. In some cases, the decision 
on surgical treatment is postponed due to pseudo-effec-
tiveness of pharmacotherapy and patient being too quickly 
classified as efficiently controlled with antiepileptic drugs, 
or due to inadequate assessment of seizure incidence with-
in the treatment period [18]. In pediatric population, about 
36% of epileptic patients develop refractory epilepsy which 

Table 3. Proposed algorithm of diagnosis in children with epilepsy.

Diagnosed epilepsy (clinically + EEG) 
(exclusion of idiopathic generalized epilepsy)

¯
MRI diagnostics 

¯
Cryptogenic refractory epilepsy or multifocal lesions on MRI 

¯
Interictal SPECT + MRI (image fusion) 

Quantitative evaluation of activity within ROI (TPD)
¯

>1 area of hypoperfusion in interictal SPECT fused with MRI
¯

Verification of epileptogenic focus location in EEG or ictal SPECT
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is more than in adult patients [19]. It has to be taken into 
account considering the fact that pseudo-effectiveness of 
pharmacological treatment within the first months of ther-
apy is equally common as in adult population [20].

CNS pathologies characteristic for pediatric epilepsy, like 
heterotopia or gray matter dysplasia, require not only eval-
uating lateralization (as it is in MTS) but also locating the 
lesion before surgery to avoid damaging hemispherectomy 
or extensive lobectomy. Determining a precise location and 
size of epileptogenic focus before resection imposes addi-
tional, high requirements on the diagnostic methods in this 
group of patients: EEG, MRI, SPECT and PET.

The evaluation of risks and potential benefits for the 
patient before deciding on surgery is crucial. In the previ-
ous studies [21,22], a complete cessation of seizures was 
achieved in approximately 50% of epilepsy patients with 
annual risk of death as a result of operation of about 1.37%.

The literature concerning the use of SPECT to locate epilep-
togenic foci is limited and brings divergent opinions regard-
ing the usefulness of functional examination. In 2008, Patil 
et al. conducted a prospective study to assess the usefulness 
of MRI, EEG and SPECT in the qualification of 353 children 
with epilepsy for surgical treatment. The authors found 
that 78% of children with no morphological changes or with 
multiple changes on MRI were scheduled for surgery basing 
on EEG results, whereas SPECT results did not significantly 
influence the decision in this group of patients [23].

However, a prospective study by Tan et al. from Mayo 
Clinic, conducted at the same time and assessing the 
impact of functional imaging on decisions about surgical 
treatment in patients with cryptogenic epilepsy confirmed 
the usefulness of SPECT in preoperative localization of 
lesion in as much as 31% of patients [24].

Previous studies conducted at Mayo Clinic in 2004 by 
Buchhalter also demonstrated the usefulness of ictal and 
interictal SPECT registration, as well as fusion of SPECT 
and morphological MR images in localizing epileptogenic 
focus in children [25].

Integration and post-processing of SPECT and MR images 
have evolved over the years due to the rapid technological 
progress in the methods of computer processing of medical 
images and significantly increased the potential for func-
tional testing in the neurological diagnostics. Subtraction 
technique of ictal and interictal SPECT images and fusion 
of the subtraction results and MRI images is particularly 
advanced at Mayo Clinic, being the source of the majority 
of studies assessing the usefulness of this method [26,27].

The development of post-processing methods led to the 
situation in which the interictal SPECT was questioned by 
Paesschen in terms of its usefulness in the diagnostics of epi-
lepsy, while the ictal and interictal SPECT subtraction was 
assessed by the same author as diagnostically useful [28].

In our opinion, the method of interictal SPECT and MR 
image fusion proposed in the present study is comparable 
to MR and 18F-FDG PET image fusion successfully used in 

the identification of epileptogenic foci instead of invasive 
EEG or intraoperative electrocorticography; area showing 
hypo-metabolism exceeding the size of the MRI lesion is 
more likely an epileptogenic focus than other morphologi-
cal change in the CNS, according to Chandra [29].

In our study, ictal SPECT allowing image subtraction was 
achieved only in two cases. Caution in referring patients 
for SPECT during induced seizures was in the majority of 
cases a result of effectiveness or pseudo-effectiveness of 
pharmacological treatment and postponing the decision 
on surgery. However, it remains uncertain whether these 
patients will or will not require a re-assessment and quali-
fication for the procedure. Hence, this preliminary assess-
ment of interictal SPECT can be a helpful starting point for 
ictal SPECT evaluation.

On the other hand, it is known that so far there has been 
no certain diagnostic scheme used in localizing epilepto-
genic foci – according to Gupta [30], different centers apply 
completely different sets of diagnostic tests, none of which 
seems to be superior.

All capabilities of SPECT are still not fully recognized and 
explored; there is a scarcity of medical centers using inte-
grated imaging in routine diagnostics. There are also no 
quantitative criteria helping to differentiate between nor-
mal and abnormal results. In pediatric patients, another 
difficulty is the inability to create normative SPECT data-
bases, which are in use for adult patients. The only pos-
sibility of semi-quantitative evaluation of SPECT studies in 
children is to compare the activity in the region to a well-
defined area or to the reference value.

The presented work is a preliminary study – the group is 
heterogeneous and there is no verification of the results, 
since only one patient in the study group underwent effec-
tive surgical treatment basing on data from our assessment.

Conclusions

The authors intend to continue the study of young patients 
with refractory epilepsy basing on the experience gained 
during the present research and new possibilities of evalua-
tion of structural and metabolic changes in the CNS:
•	 �3T MRI scanner with higher spatial resolution will facili-

tate the identification of discrete structural changes,
•	 �applying the experiences with SPECT imaging of CNS 

perfusion/metabolism to MRI, with the use of a quantita-
tive evaluation of the first pass of paramagnetic contrast 
(in T1- and T2-weighted sequences with deconvolution 
algorithm based on signal intensity with parametric model-
ing) or non-contrast imaging (ASL, BOLD).
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