Neuropsychiatric Disease and Treatment

Dove

ORIGINAL RESEARCH

Regional Ictal Hyperperfusion in the Contralateral
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Background and Objective: Subtraction of ictal SPECT coregistered to MRI (SISCOM)
provides complementary information for detecting the ictal onset zone, especially in patients
with MRI-negative focal epilepsy, and provides additional useful information for predicting
long-term postresection outcomes. This study sought to investigate the relationship between
surgical failure and increased cerebral blood flow (CBF) pattern using SPECT in patients
with mesial temporal lobe epilepsy with unilateral hippocampal sclerosis (MTLE-HS).
Methods: Among 42 subjects who underwent anterior temporal lobectomy with amygda-
lohippocampectomy (ATL-AH) for MTLE-HS, 29 (69.0%) were seizure-free (SF group).
Hyperperfusion was compared in 14 ipsilateral and contralateral brain regions in SISCOM
images between the two groups.

Results: The pattern of ictal hyperperfusion in temporal regions did not vary significantly
between the SF and non-seizure-free (NSF) groups. However, CBF increases in the contral-
ateral occipital area was more frequent in the NSF group than in the SF group. Furthermore,
ictal hyperperfusion of the ipsilateral occipital and contralateral parietal areas tended to be
more frequent in the NSF group.

Conclusion: The results indicate that poor ATL-AH surgical outcome is associated with
a tendency of ictal hyperperfusion of the contralateral occipital cortex based on SISCOM
analysis. The pattern of early ictal CBF changes implicating the propagation from temporal
to occipital cortices can be considered a marker of poor surgical outcomes of ATL-AH in
MTLE-HS patients.
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Introduction
Epilepsy surgery is an effective treatment for medically intractable epilepsy, espe-
cially in patients with mesial temporal lobe epilepsy (MTLE). Anterior temporal
lobectomy (ATL) with amygdalohippocampectomy (AH) is commonly associated
with favorable outcomes in unilateral hippocampal sclerosis (HS) on MRI.'
Nevertheless, the complete seizure freedom (Engel’s class [A) rates after ATL
with AH in TLE with unilateral HS patients were 85%, 77%, 74%, and 66% at 1,
2, 5, and 10 years, respectively.’

Ictal single-photon emission computed tomography (SPECT) is an effective
evaluation tool to assess focal increase in cerebral blood flow (CBF) associated
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with an ictal increase in neuronal metabolic activity.’
Subtraction of ictal and interictal SPECT that are co-
registered on MRI (SISCOM) is an established image
processing technique that improves the sensitivity and
specificity of seizure localization and facilitates effective
presurgical evaluation of intractable focal epilepsy.*’
Several studies have analyzed the relationship between
SISCOM and postsurgical seizure outcomes, and better
results were noted when the SISCOM localization was
concordant with the region of surgical resection or con-
ventional diagnostic techniques, such as intracranial
EEG® ' A recent meta-analysis of the association
between SISCOM localization and postoperative outcomes
concluded that SISCOM had moderate sensitivity for loca-
lizing the epileptogenic zone and provided complementary
information when the MRI was negative.'?> However, the
characteristics of SISCOM findings in patients with failed
epilepsy surgery have not been specifically evaluated.

In the present study, the characteristic ictal hyperperfu-
sion patterns of surgery-failed patients were analyzed
using SISCOM to differentiate between seizure-free (SF)
and non-seizure-free (NSF) patients after ATL with AH.

Methods

Subjects

This study retrospectively reviewed 42 patients who
underwent ATL and total AH for MTLE that was asso-
ciated with unilateral HS between January 2010 and
December 2016, at Samsung Medical Center. All patients
had undergone extensive presurgical evaluation with ictal
and interictal SPECT imaging. Epilepsy classification was
determined based on a detailed clinical history, results of
video-EEG monitoring with the Extended International
10-10 system for scalp electrodes and neuroimaging stu-
dies that included MRI, PET, and SPECT images. All
seizure characteristics were compatible with mesial tem-
poral lobe onset, such as behavioral arrest, staring, and
oro-alimentary automatisms, which are frequently pre-
ceded by psychic or abdominal auras. MRI was performed
using a GE Signa 1.5-Tesla scanner (GE Medical Systems,
Inc., Milwaukee, WI, USA) or a 3.0-Tesla scanner
(Philips, Best, Netherlands). Loss of internal structure,
decreased volume, and increased signals in T2-weighted
and fluid-attenuated inversion recovery (FLAIR) MRI
scans were the primary supporting diagnostic images for
HS. MRI diagnosis of HS was proven in all patients by
postoperative histopathological examination.

Surgery and Follow-Up
Surgery and determination of the type of operation were
on discussion at

performed independently based

a multidisciplinary patient management conference.
Postoperative seizure outcome was assessed using outpa-
tient clinic interviews or phone interviews. All patients
underwent at least 2 years of postoperative follow-up.
Patients were assigned to either the seizure-free group
(Engel’s 1A class, SF group) or non-seizure-free group
(not in Engel’s IA class, NSF group) based on the outcome
at the most recent follow-up.'®> The study was conducted
with approval from the Institutional Review Board of
Samsung Medical Center, Sungkyunkwan University of
Korea, according to the Declaration of Helsinki.
Informed written consent was obtained from all patients

or from their family members.

Interictal and Ictal SPECT Studies

Brain SPECT scans were performed 30—60 min after injec-
tion of 25 mCi 99mTc ethyl cysteinate dimer (ECD) using
a three-headed Triad XLT system (Trionix Research
OH, USA).
SPECT imaging was performed when the patients had no

Laboratory, Inc., Twinsburg, Interictal
documented seizure activity for more than 24 h. For ictal
studies, patients were injected with a radiotracer during
seizures. The time of radiotracer injection was defined as
the moment when the syringe plunger was fully depressed.
Injection times were determined by reviewing a video
containing this information. The SPECT injection time
(time interval between EEG seizure onset and radiotracer
injection) and injection time index (injection time divided
by total seizure duration) were measured for all subjects.
Subsequently, subjects with an injection time index on
ictal SPECT > 0.50 were excluded from the analysis.
Subtraction ictal SPECT coregistered to MRI analysis
was performed on an offline workstation using ANALYZE
10.0 (Biomedical Imaging Resource, Mayo Foundation,

Rochester, MN, USA).

Interpretation of Subtracted SPECT

The area of ictal hyperperfusion of subtracted SPECT was
considered significant only when the regional cerebral
blood flow (rCBF) difference was > +2.0 SD in each
pixel of the brain SPECT image between ictal and inter-
ictal states. We analyzed the presence of ictal hyperperfu-
sion in 14 anatomic regions, based on the process in our
previous study:’ temporal regions of the anterior, mesial,
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Table | Clinical Characteristics of Subjects with SF and NSF in MTLE with HS
SF (n=29) NSF (n=13) P value

Age at seizure onset, years, mean * SD 14.48 + 8.59 17.46 £ 13.13 0.385
Age at surgery, years, mean + SD 32.28 £ 10.48 35.08 + 12.02 0.448
Sex, male, n (%) 41.4 385 1.000
Duration of epilepsy, years, mean + SD 17.79 £ 10.32 17.62 £ 10.33 0.959
Non-HS temporal lesion (%) 0.34 £ 0.77 0 0.116
History of major head trauma (%) 13.8 15.4 1.000
History of CNS infection (%) 13.8 0 0.293
History of secondary GTC seizure (%) 759 76.9 1.000
SPECT injection time, sec, mean * SD 32.17 £ 15.06 28.23 + 1857 0.470
Injection time index, mean * SD 033 £0.10 023 +0.14 0.008*
Bilateral ictal onset EEG (%) 10.3 23.1 0.353
Bilateral interictal EEG (%) 13.8 15.4 1.000
Ictal-interictal EEG discordance (%) 20.7 15.4 1.000

Notes: Mann—Whitney U-test for continuous variables and Fisher’s exact test for categorical variables. Significance requires p < 0.05 (*).
Abbreviations: SF, seizure free; NSF, non-seizure free; MTLE, mesial temporal lobe epilepsy; OP, operation; HS, hippocampal sclerosis; CNS, central nervous system; GTC,

generalized tonic clonic; EEG, electroencephalography.

lateral, and temporal stem; frontal regions of dorsolateral,
orbitofrontal, and mesial; insular cortex; thalamus; basal
ganglia; cingulate gyrus; parietal area; occipital area; and
brainstem. The location of significant ictal hyperperfusion
was visually determined independently by two neurolo-
gists (YH Hwang and YM Shon), who were blinded to
patient information.

Statistical Analyses

Statistical analyses were performed with a statistical pack-
age for a commercially available software package (PASW
version 18.0; SPSS Inc., Chicago, IL, USA). Descriptive
statistics were utilized to characterize the study population.
Independent sample #-tests or Mann—Whitney U-tests and
the y* test, when appropriate, were used to compare differ-
ences and frequencies of baseline characteristics between
groups. The comparison of hyperperfused areas on
SISCOM images was analyzed using Fisher’s exact test.
To determine the regional CBF difference between the two
groups, a p-value < 0.0018 in the multiple comparison
using Bonferroni correction was required for statistical
significance. In other tests, p-values < 0.05 were consid-
ered statistically significant.

Results
Demographics and Clinical

Characteristics
Among 42 patients, 29 had SF outcomes (Engel’s IA class)
and 13 subjects did not (Engel’s 2B to 4B class). The

demographic and clinical characteristics of the SF and
NSF groups are summarized in Table 1 and were similar
between the two groups, including seizure onset age, sur-
gery age, sex, duration of pre-operation, other temporal
lesions, and history of head trauma or CNS infection.
Furthermore, ictal and interictal bilateral EEG proportions
were not different between the two groups. The only
difference between the two groups was SPECT injection
time index; the NSF group received the radiotracer injec-
tion earlier than did the SF group (p < 0.05).

SISCOM Images Analysis

Ictal hyperperfusion in 14 ipsilateral and contralateral
brain regions was evaluated and compared between the
two groups using SISCOM images (Table 2). Noticeably,
mesial temporal hyperperfusion was observed in almost all
patients, greater than 92% in both the SF and NSF groups.
The CBF increases in the ipsilateral and contralateral
mesial, lateral temporal, and temporal stem areas were
not significantly different; however, the contralateral occi-
pital areas were significantly more common in the NSF
group than in the SF group (61.5% vs 6.9%, p = 0.0001,
Figure 1 and Table 2). Although ictal hyperperfusion of
the ipsilateral occipital and contralateral parietal areas
tended to be more frequent in the NSF group than in the
SF group (10.3% vs 46.2%, p = 0.038; 37.9% vs 76.9%,
p = 0.043, respectively), this difference was not observed
after the Bonferroni correction. The ictal CBF changes in
other regions of the medial frontal, dorsolateral frontal,
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Table 2 Hyperperfusion Areas in SISCOM Image of Subjects
with SF and NSF in MTLE with HS

Regional Seizure Free Non-Seizure Free P value
Hyperperfusion® (N=29) (N=13)
Mesial Temporal

Ipsilateral 93.1% 92.3% 1.000

Contralateral 44.8% 15.4% 0.089
Anterior Temporal

Ipsilateral 82.8% 92.3% 0.647

Contralateral 13.8% 15.4% 1.000
Lateral Temporal

Ipsilateral 69.0% 92.3% 0.134

Contralateral 20.7% 46.2% 0.141
Temporal stem

Ipsilateral 75.9% 84.6% 0.695

Contralateral 13.8% 7.7% 1.000
Dorsolateral Frontal

Ipsilateral 34.5% 38.5% 1.000

Contralateral 37.9% 53.8% 0.501
Orbitofrontal

Ipsilateral 62.1% 38.5% 0.192

Contralateral 31.0% 46.2% 0.488
Medial Frontal

Ipsilateral 24.1% 7.7% 0.398

Contralateral 20.7% 15.4% 1.000
Insula

Ipsilateral 86.2% 100% 0.293

Contralateral 17.2% 15.4% 1.000
Thalamus

Ipsilateral 44.8% 61.5% 0.505

Contralateral 10.3% 38.5% 0.083
Basal ganglia

Ipsilateral 69.0% 76.9% 0.722

Contralateral 17.2% 7.7% 0.647
Cingulate Gyrus

Ipsilateral 31.0% 15.4% 0.453

Contralateral 10.3% 30.8% 0.176
Parietal

Ipsilateral 41.4% 53.8% 0.516

Contralateral 37.9% 76.9% 0.043
Occipital

Ipsilateral 10.3% 46.2% 0.038

Contralateral 6.9% 61.5% 0.0001*
Brainstem 51.7% 46.2% 1.000

Notes: °Fisher’s exact test. Using Bonferroni correction, significance requires
p<0.0018(*).

Abbreviations: SISCOM, subtraction ictal SPECT coregistered to MRI; SF, seizure
free; NSF, non-seizure free; MTLE, mesial temporal lobe epilepsy; HS, hippocampal
sclerosis.

orbitofrontal, insula, cingulum, basal ganglia, thalamus,
parietal, and brain stem areas were not significantly differ-
ent between the two groups.

Discussion

For several decades, it has been acknowledged that perfu-
sion changes observed during SPECT seizures are closely
related to the underlying electrophysiological changes
observed during semiologically matched EEG seizures.”
8.10.1L14 Based on the assumption that the nuclear tracer
requires 15 to 20 seconds of transit time after intravenous
injection to reach the brain,'® the peak tracer uptake inter-
val was defined as a time period of several seconds starting
SPECT
Therefore, the ictal hyperperfusion pattern

15 seconds after the patient’s individual
injection.'*
might reflect an average of the distribution of blood flow
around peak time rather than just a snapshot at the moment
the blood flow reaches the corresponding brain regions.

In the present study, ictal regional hyperperfusion in
the contralateral occipital areas was associated with poor
surgical outcomes in patients with MTLE with unilateral
HS based on SISCOM analysis. Furthermore, the NSF
group showed a tendency for hyperperfusion at the ipsi-
lateral occipital and contralateral parietal cortices. Only
a few meta-analyses have investigated SISCOM and
related surgical outcomes, and the studies only included
patients with extra-TLE that were compared with a small
number of patients'? or non-lesional TLE cases with inho-
mogeneous clinical features.” To the best of our knowl-
edge, this is the first study in which SISCOM images were
used to compare surgical outcomes in homogeneous
MTLE-HS patients.

Two findings support our hypothesis that the ictal
hyperperfusion pattern indicates the importance of
a connection between the mesial temporal ictal onset
zone and its contralateral occipital lobe. First, structural
neuroimaging studies have shown substantial evidence that

16,17

TLE-HS is widespread and impacts both gray and

white matter (WM) abnormalities'® 2!

that extend beyond
the epileptogenic zone. Moreover, recent graph theoretical
studies based on diffusion tensor imaging (DTI) suggested
that epileptogenic networks can be disrupted over inferior
fronto-occipital fasciculus or thalamo-occipital connec-
tions in patients with TLE-HS.*>?* The underlying
mechanism is unknown, but research reports reporting

that robust and recurrent focal seizures can cause
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Figure | An illustrative images of SISCOM findings of a patient from SF (A) and NSF (B) group. (A) There are regions with hyperperfusion in right mesial, lateral temporal
area in a patient with R HS. (B) It shows hyperperfusion pattern in right occipital cortex as well as left mesial temporal area (a case with L HS). The pseudocolor pattern of

illustrations was shown as red or yellow for higher and blue or purple for lower CBF.

Abbreviations: SF, seizure free; NSF, non-seizure free.

widespread chronic vasogenic edema that can cause pro-
gressive WM injury in tracts that radiate from the seizure
focus in occipital areas.>>’ Second, diffuse or contralat-
eral propagation of ictal EEG has been associated with
poor surgical outcomes in MTLE-HS patients.®>° Ictal
electrographic seizure propagation from the occipital to
been described in previous

temporal lobes has

3132 and the reverse direction of spread has also

studies,
been reported in a thorough electrode study.> In addition,
in cases with EEG seizure pattern that propagates to the
contralateral side, the outcomes were worse when the
propagation time was < 10 s.® These findings contribute
to the understanding that the ictal CBF pattern of early
propagation to the contralateral side, especially the occi-
pital and parietal areas, is an indirect sign of poor surgical
outcomes.

Prognostic markers of surgical outcomes in MTLE
have varied from study to study and have included uni-
lateral interictal epileptiform discharges, epilepsy duration,
age at surgery, hand dystonic posturing, and presence of
focal to bilateral tonic-clonic seizure (FBTCS).>*3¢
MTLE patients with FBTCS showed extended hypometa-
bolism in FDG-PET compared with subjects without
FBTCS,* indicating that FBTCS affects surgical out-
comes through the diffuse epileptogenic zone or secondary

epileptogenesis toward the contralateral side. However,

a significant difference in the history of FBTCS was not
noted for the NSF and SF groups in this study. Moreover,
because all the ictal injections in our patients were per-
formed during the first half of the seizure (injection time
index < 0.50), we can reasonably assume that the effect of
diffuse, widespread hyperperfusion from FBTCS, which
typically occurs late in the course of mesial temporal
seizures, could be minimized considerably.

There were some limitations to the present study. First,
the relatively small size of the study population and the
difference in size between groups (13 vs 29 patients) limit
the generalization of the results. Second, variability in radio-
isotope injection time was a possible limitation. Regional
ictal CBF patterns are strongly affected by the timing of
radioisotope injection in relation to seizure onset and dura-
tion. However, potential increases in the topographic varia-
bility of ictal perfusion caused by delayed injection time
could not be excluded.” Furthermore, there is no established
standard for appropriate injection time for TLE in SPECT.

In conclusion, based on SISCOM analysis, poor ATL-
AH surgical outcome in MTLE-unilateral HS patients was
associated with ictal hyperperfusion of the contralateral
occipital cortex. The rapid CBF propagation toward occipi-
tal cortices during ictal onset might play an important role in
poor surgical outcomes in MTLE. The presence of these
SISCOM findings may be used as a prognostic indicator of
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poor postoperative seizure outcomes and warrants additional

consideration before proceeding to surgery. Further investi-

gations with a larger study population and concurrent ana-

lysis of dynamic EEG changes could elucidate the detailed

relationship between temporal-occipital connection and

postoperative seizure outcomes in MTLE patients.
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