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A B S T R A C T

Objective: In the detection of seizure onset zones, arterial spin labeling (ASL) can overcome the limitations of
positron emission tomography (PET) with 18F-fluorodeoxyglucose (18F-FDG), which is invasive, expensive, and
radioactive. PET/magnetic resonance (MR) systems have been introduced that allow simultaneous performance
of ASL and PET, but comparisons of these techniques with stereoelectroencephalography (SEEG) and compar-
isons among the treatment outcomes of these techniques are still lacking. Here, we investigate the effectiveness
of ASL compared with that of SEEG and their outcomes in localizing mesial temporal lobe epilepsy (MTLE) and
assess the correlation between simultaneously acquired PET and ASL.
Methods: Between October 2016 and August 2017, we retrospectively studied 12 patients diagnosed with pure
unilateral MTLE. We extracted and quantitatively computed values for ASL and PET in the bilateral hippo-
campus. SEEG findings and outcome were considered the gold standard of lateralization. Finally, the bilateral
asymmetry index (AI) was calculated to assess the correlation between PET and ASL.
Results: Our results showed that hypoperfusion in the hippocampus detected using ASL matched the SEEG-
defined epileptogenic zone in this series of patients. The mean normalized voxel value of ASL in the contralateral
hippocampus was 0.97 ± 0.19, while in the ipsilateral hippocampus, it was 0.84 ± 0.14. Meanwhile, sig-
nificantly decreased perfusion and metabolism were observed in these patients (Wilcoxon, p < 0.05), with a
significant positive correlation between the AI values derived from PET and ASL (Pearson's correlation, r=0.74,
p < 0.05).
Significance: In our SEEG- and outcome-defined patients with MTLE, ASL could provide significant information
during presurgical evaluation, with the hypoperfusion detected with ASL reliably lateralizing MTLE. This non-
invasive technique may be used as an alternative diagnostic tool for MTLE lateralization.

1. Introduction

During presurgical evaluation of mesial temporal lobe epilepsy
(MTLE), a significant relationship between treatment outcome and ac-
curacy in identifying the epileptogenic zone has been recognized
(Hardy et al., 2003). Conventional non-invasive presurgical evaluation
includes semiology, electroencephalography (EEG), structural imaging,
and functional imaging (Chavakula and Cosgrove, 2017; Duncan, 2010;
Fisher et al., 1997; Rosenow and Luders, 2001). In recent years, 18F-

fluorodeoxyglucose positron emission tomography (18F-FDG PET) has
been considered as the leading functional imaging option for pre-
surgical evaluation during the interictal phase, particularly in patients
with structural imaging-negative refractory epilepsy. This is because
high consistency has been observed between regional hypometabolism
and the epileptogenic zone (Rathore et al., 2014). However, there re-
main some limitations in the use of 18F-FDG PET in clinical practice: 1)
it is invasive and expensive, 2) it involves exposure to radiation, 3) it is
unavailable in many epilepsy centers.
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Notably, arterial spin labeling (ASL), a magnetic resonance (MR)
imaging technique that measures perfusion, has been increasingly used
to evaluate brain function in multiple neurological disorders in recent
years (Blauwblomme et al., 2014; Boscolo Galazzo et al., 2015). It
provides information on regional cerebral blood flow (CBF) by using
magnetically-labeled arterial blood water as an endogenous contrast
agent (Detre et al., 1992; Williams et al., 1992).

Previous studies have compared 18F-FDG PET and ASL (Boscolo
Galazzo et al., 2016; Kim et al., 2016; Storti et al., 2014; Wolf et al.,
2001); however, many of them have failed to conduct further in-
vestigations involving simultaneous comparisons of the two modalities.
PET and MRI co-registration images may exhibit limitations with re-
spect to detection of seizure foci, since the two images are acquired at
different times using different machines (Ding et al., 2014). Mis-
registration or various motion artifacts may introduce errors (Rakheja
et al., 2013). A combined PET/MR scanner with simultaneous acqui-
sition permits simultaneous imaging of physiological and pathophy-
siological processes and provides both anatomical and functional in-
formation on the same subject (Ding et al., 2014; Fraioli and Punwani,
2014; Tudisca et al., 2015). Thus, a better comparison of different
modalities under identical conditions can be achieved with this system.
One previous report has compared simultaneous 18F-FDG PET and ASL
with a PET/MR system, but it lacked a gold standard diagnosis for most
of the included cases, with no invasive treatment and with unavailable
outcome data (Boscolo Galazzo et al., 2016). To the best of our
knowledge, few studies have investigated the correlations between PET
and ASL, simultaneously acquired with PET/MR, and no previous study
has systematically compared these with invasive techniques (stereo-
electroencephalography, SEEG) and outcome in MTLE. Based on pre-
vious studies, we have conducted further investigations using SEEG and
treatment outcome as gold standards to assess the usefulness of ASL,
with data collected using combined PET-MRI, in patients with MTLE.

Therefore, in this study we aimed to: 1) clarify the effectiveness of
ASL in lateralizing the seizure onset zone (SOZ) in MTLE by comparing
the results from ASL with those from SEEG and its outcome results and
2) assess the correlation between perfusion data from ASL and meta-
bolism data from 18F-FDG PET, which were simultaneously acquired
with a PET/MR scanner.

2. Methods

2.1. Patients

Between October 2016 and August 2017, we retrospectively studied
12 patients (mean age: 25 years, range: 17–35 years; male: N=6, fe-
male: N=6) who had confirmed pure MTLE diagnosed with semiology,
EEG, structural MRI, and SEEG. The patients had a mean seizure
duration of 14.00 ± 4.63 years. Table 1 shows the demographics and
clinical features of the included patients.

The inclusion criteria were as follows: 1) pure unilateral MTLE, 2)
an invasive SEEG evaluation, and 3) ASL and 18F-FDG PET simulta-
neously acquired with PET/MR. The exclusion criteria were bilateral
MTLE or other types of epilepsy and lack of ASL, 18F-FDG PET, or SEEG
evaluation.

The 12 patients underwent the same protocol. First, 18F-FDG PET,
ASL, and 3D MRI were simultaneously acquired with a PET/MR scanner
after long-term video scalp EEG examination. Second, SEEG electrode
implantation and electro-clinical evaluation were conducted by a multi-
disciplinary team (MDT) to precisely localize the SOZ. Subsequently,
radiofrequency thermocoagulation (RFTC) was also performed in these
patients (unpublished data).

This study was approved by the ethics committee at Xuanwu
Hospital and conducted in accordance with the Declaration of Helsinki.
All patients provided informed consent prior to their inclusion in the
study.

2.2. 18F-FDG PET, ASL, and 3D MRI data acquisition

All patients underwent a static PET scan and the clinical scan pro-
tocol was as follows. Each patient was instructed to fast for at least 6 h
and had a confirmed serum glucose level below 8mmol/L; brain images
were acquired with the patient in the supine position 60min after an
intravenous injection of 3.7 MBq/kg of 18F-FDG. PET/MR allowed for
the simultaneous comparison of PET with ASL under the same condi-
tions. The images were acquired using a GE SIGNA TOF PET/MR system
(GE Healthcare, Milwaukee, WI, USA). Simultaneous PET and 3 T MR
imaging data were acquired. 3-Tesla MR were conducted with a 19-
channel head-neck coil. PET reconstruction was performed with a TOF-
OSEM algorithm (time-of-flight ordered subset expectation maximiza-
tion; 8 iterations and 32 subsets) on a 192× 192 matrix, 35-cm field-of
view, 2.78-mm slice thickness, and included correction for scatter,
random counts, dead time, and point spread function (full width at half
maximum of a 3.0-mm Gaussian filter). For this integrated PET/MR,
attenuation correction was performed with T1WI. The PET acquisition
was performed before and after contrast injection. The duration was
approximately 10min for each task.

ASL perfusion imaging was performed simultaneously with the 18F-
FDG PET/MR scanning. All ASL scanning independently used the 3D
pseudo-continuous arterial spin labeling technique in a region of in-
terest (ROI) and voxel-wise manner. The parameters were as follows:
repetition time (TR)=4809ms; echo time (TE)= 10.7 ms; post-la-
beling delay=2025ms; field of view (FOV)= 240×40mm; number
of excitations (NEX)= 3; spiral readout of 8 arms×512 samples;
32× 4.0mm axial sections with whole brain coverage; and dura-
tion= 4min 39 s.

All patients underwent 3D T1-weighted scans with a sagittal 3D
brain volume sequence (FOV=256×256mm; NEX=1; TR/
TE=8.5/3.2 ms; flip angle= 15; slice thickness= 1mm; and dura-
tion= 5min 8 s). Fat saturation was applied.

2.3. SEEG implantation and outcome data

All 12 patients underwent implantation of frameless SEEG elec-
trodes (Alcis, Besancon, France) with the guidance of Robotic
Stereotactic Assistance (Medtech, Montpellier, France). The contacts
mainly covered the area of the mesial temporal lobe of the ipsilateral
side. The others were mainly distributed across the frontal and insular
lobes in cases of temporal plus epilepsy. In most patients, there was
further implantation in the contralateral hippocampus in cases of bi-
temporal lobe epilepsy.

After implantation, all patients underwent long-term intracranial
SEEG recording until at least one ictal onset EEG was captured. The
invasive EEG recordings of both the interictal and ictal periods were
analyzed by the MDT. The SOZ was defined from the SEEG recordings
using the standard as: 1) low-voltage fast activity over 20 Hz, 2) re-
cruiting fast discharge (around 10 Hz or more) of spikes or polyspikes,
and 3) rhythmic activity (around 10 Hz) of low amplitude (David et al.,
2011). Brain mapping and electro-stimulation were conducted before
RFTC. The outcome was categorized following Engel's classification
(Engel Jr., 1993).

2.4. Quantitative hippocampus volume analysis

Given that our patients had pure unilateral MTLE, we chose the
ipsilateral hippocampus, which was individually segmented, as the
object of our analysis. For individual patients, the 3D-T1 image was
processed for cortical reconstruction and volumetric segmentation with
the standard FreeSurfer image analysis v5.3.0 package, according to the
developer's online guidelines (http://www.freesurfer.net/fswiki/
DownloadAndInstall). Bilateral hippocampal volumes were quantita-
tively assessed, with the bilateral hippocampus extracted as a ROI for
further analysis. Furthermore, the T1 image in the right-anterior-
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superior coordination space was also obtained.
The hippocampus volume index (HVI) can be calculated with the

following formula: HVI= hippocampus volume×100/total in-
tracranial volume (Granados Sanchez and Orejuela Zapata, 2017).
Here, the ipsilateral side was defined as the side of the seizure foci.
Thus, the contralateral and ipsilateral HVIs were compared with the
Wilcoxon signed-rank test with statistical significance determined as
p < 0.05.

2.5. 18F-FDG PET, CBF, and 3D MRI data analysis

Image analysis was conducted with tools from the FMRIB Software
Library (https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/FslInstallation). The
quantitative FDG-PET and CBF data analyses were voxel-based, which
may be of additional value compared with the visual qualitative ana-
lysis. Non-brain tissue was first removed from the structural MR images
with the Brain Extraction Tool. Subsequently, we conducted linear re-
gistration with the FMRIB Linear Registration Tool to normalize co-
registered CBF maps derived from ASL and PET with structural MRI
using 6 degrees of freedom and the mutual information cost function.
The spatial resolution of the registered ASL in all directions was
smoothed with a 6-mm FWHM after reconstruction with SPM8 (http://
www.fil.ion.ucl.ac.uk/spm/software/spm8/). We extracted the bi-
lateral hippocampus as a mask from the ASL and PET images, which
provided quantitative information on perfusion and metabolism, re-
spectively. To reduce inter-subject variance before performing statis-
tical analysis, the voxel value for each patient's PET and ASL images
was divided by the average voxel value measured in the cerebellum.
The reasons were as follows: 1) the cerebellum is unlikely to be hy-
permetabolic in epilepsy. For the temporal lobes to be considered hy-
pometabolic, these references must indeed be hypometabolic. This
renders the finding of cortical hypometabolism relative to total cere-
bellar cortex metabolism more robust. 2) Cortical reference sites out-
side the temporal lobes may be involved in patients with extratemporal
epilepsy. 3) Brain activity due to thinking or uncontrollable sensory
input, particularly visual, or intermittent use of motor areas such as the
frontal eye fields may alter (increase) extratemporal cortical metabolic
rates (Blum et al., 1998). We compared the normalized average voxel
value of perfusion from ASL and metabolism from PET between the
contralateral and ipsilateral hippocampus with the Wilcoxon signed
rank test (p < 0.05).

Next, we calculated the asymmetry index (AI) with the following
formula (Lim et al., 2008):

= − +AI (ipsilateral contralataral)/[ipsilateral contralateral/2]

Therefore, the AI values for the bilateral hippocampus (hippo-
campus metabolism AI, HMAI; hippocampus perfusion AI, HPAI) can
thereby be separately calculated for each patient. To investigate cor-
relations, we calculated Pearson's correlation coefficient between AI
values with Matlab R2015a (Mathworks, Natick, Mass, USA). We in-
terpreted the correlations as follows: 0.0–0.2= slight; 0.2–0.4= fair;
0.4–0.6=moderate; 0.6–0.8= substantial; 0.8–1.0= almost perfect
(Richard Landis and Koch, 1977). Wilcoxon signed rank tests were
calculated with the Statistical Package for the Social Sciences for
Windows (Version 22; IBM, Armonk, New York, USA).

3. Results

3.1. EEG, SEEG, and outcome

In our 12 patients, we observed a series of abnormal discharges
during the interictal phases and rapid changes at ictal onset in the
mesial temporal area. We also observed abnormal discharges in most
patients (N=10), with some showing bilateral changes in the scalp
EEG.

A total of 85 electrodes were implanted (average, 7.09 ± 0.79).
Regarding the SEEG recordings, we did not observe any propagation to
the lateral temporal area or extra-temporal lobe structures (Fig. 1). All
patients had definite lateralization after long-term monitoring (right
side, N=7; left side, N=5) without bilateral temporal lobe epilepsy.
In our 12 patients, nine (75%) achieved Engel class I with a mean
follow-up of 9.00 ± 3.54months (Table 1).

3.2. Comparison of 18F-FDG PET, ASL, and SEEG

Table 2 presents the mean normalized voxel values of perfusion
from ASL and metabolism from PET. In our 12 patients, we observed a
mean normalized voxel value of ASL from the contralateral hippo-
campus of 0.97 ± 0.19 (range: 0.65–1.43) and from the ipsilateral
hippocampus of 0.84 ± 0.14 (range: 0.59–1.17). This represents a
significant difference between the two hemispheres (Wilcoxon signed
rank test, p < 0.05), with lower perfusion on the ipsilateral side. As for
PET, we observed a mean normalized voxel value in the contralateral
hippocampus of 1.07 ± 0.30 (range: 0.80–1.75), while there was a
significantly lower mean voxel value on the ipsilateral side using the
Wilcoxon signed rank test (0.86 ± 0.20; range: 0.66–1.33; p < 0.05).

Table 1
Patient characteristics.

Pt Sex Age (years) Seizure duration
(years)

Type of seizure Frequency Number of
AEDs

Etiology/MRI
findings

EEG⁎ (side/
area)

SEEG PET ASL Follow-up
(months)

Engel

1 M 26 19 Complex partial 2–4/month 3 R HS R/T Fr R R R 9 IA
2 F 17 8 Complex partial/

GTCS
1–2/month 3 L HS L/Hemi L L L 12 IB

3 F 27 12 Complex partial 10/month 4 R HS B/T R R R 8 II
4 F 35 20 Complex partial 1–2/week 3 R HS B/T R R R 4 IA
5 F 19 12 Complex partial/

GTCS
4–5/month 3 L HS L/Fr L L L 13 IA

6 M 18 18 Simple partial 2–3/week 3 L HS N L L L 11 IB
7 M 30 14 Complex partial 2–4/month 4 R HS N R R R 4 IA
8 F 27 13 Complex partial/

GTCS
1–2/month 3 L HS L/Hemi L L L 13 IB

9 F 28 17 Complex partial 12/month 4 R HS R/T R R R 4 IA
10 M 27 16 GTCS 6/year 3 R HS R/T Fr R R R 12 IB
11 M 32 15 Complex partial 2–3/week 4 R HS R/T R R R 11 II
12 M 19 4 Complex partial 2–3/day 2 L HS B/T L L L 7 III

Pt: patient; M: male; F: female; GTCS: generalized tonic-clonic seizures; R: right; L: left; B: bilateral; HS: hippocampus sclerosis; Fr: frontal; T: temporal; Hemi:
hemisphere; N: normal; EEG: electroencephalography; SEEG: stereoelectroencephalography; ASL: arterial spin labeling; AED: antiepileptic drug.

⁎ All patients underwent a 3–4 h scalp-EEG with no seizure onset, and the EEG-based lateralization and localization information were determined by the area of the
epileptic discharges during the interictal phase.
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We observed relatively low metabolism and perfusion in the ipsi-
lateral hippocampus in our 12 patients. Single-rater visual interpreta-
tion suggested that the area of low metabolism visualized with PET
tended to be larger than the area of decreased perfusion visualized with
ASL. No inter-rater reliability for these assessments were conducted
(Fig. 2). Our results suggest that ASL can be effectively used to later-
alize the SOZ in patients with MTLE, with results comparable to those
obtained by SEEG recordings.

Table 2 shows the AI values calculated for the two groups, while
Fig. 3 presents scatter plots of the AI values in the two groups. There

was a significant correlation between the AI values from PET and ASL
using Pearson's correlation coefficient (r=0.72, p < 0.05; Table 3).

3.3. Hippocampal volume analysis

Table 2 also shows the HVIs for each individual patient. The mean
HVI of the contralateral hippocampus was 0.32 ± 0.07 (range:
0.22–0.53) while the HVI of the ipsilateral hippocampus was
0.21 ± 0.04 (range: 0.15–0.31). These values were statistically sig-
nificantly different (Wilcoxon signed rank test, p < 0.05; Table 3). In
all 12 patients, we observed lower volumes in the ipsilateral hippo-
campus, which in some cases could be visually detected with structural
imaging. These results are in line with the SEEG findings and clinical
localizations. Fig. 4 presents the distribution of the HVI values in our 12
patients.

4. Discussion

In our retrospective study, we demonstrated a strong correlation
between metabolism measured with PET and perfusion measured with
ASL in MTLE. To our knowledge, this is the only report to have sys-
tematically employed the SEEG technique and outcomes to assess the
effectiveness of ASL in lateralizing the SOZ in MTLE compared with
simultaneous acquisition of 18F-FDG PET.

ASL is a newly developed MRI technique to measure perfusion,
which has mostly been used in research, although it is increasingly
being applied in clinical practice. Moreover, the development of
quantification measures will contribute to increasing the diagnostic
accuracy of ASL (Brown et al., 2007). Some reports have previously
verified the ability of ASL to localize the seizure focus. Many such
studies have qualified the usefulness of ASL by visually comparing it
with PET, but lacked quantification (Kim et al., 2016; Matsuura et al.,

Fig. 1. Reconstruction and stereoelectroencephalography (SEEG) recordings from patient 2 (left mesial temporal lobe epilepsy, MTLE)
A–B: 3D reconstruction of nine electrodes and the spatial relationship between the electrodes and relative brain structure. OH, TH, and TB were implanted in the
hippocampus. TA was implanted in the amygdala. TH′ was placed in the contralateral hippocampus.
C: SEEG recordings of the interictal phase. Abnormal discharges can be seen in the left hippocampus and amygdala.
D: SEEG manifestation at seizure onset. Rhythmic high amplitude discharges can be seen in the ipsilateral hippocampus and amygdala. There was no propagation to
the lateral temporal area or extra-temporal lobe structures, with no abnormalities in the right hippocampus. The patient was evaluated as Engel IB at the 12-month
follow up.

Table 2
Statistical results.

Pt nPET-L nPET-R nASL-L nASL-R HVIL HVIR HMAI HPAI

1 0.93 0.74 0.99 0.85 0.31 0.24 −0.23 −0.15
2 0.66 0.80 0.89 0.97 0.20 0.22 −0.19 −0.08
3 0.86 0.71 0.91 0.78 0.34 0.20 −0.19 −0.15
4 1.04 0.85 0.94 0.81 0.35 0.25 −0.20 −0.14
5 1.62 1.19 1.06 0.84 0.22 0.29 −0.31 −0.23
6 0.77 0.93 1.02 1.11 0.22 0.31 −0.18 −0.08
7 1.05 0.88 0.97 0.83 0.34 0.31 −0.18 −0.16
8 0.79 0.98 0.73 0.85 0.19 0.28 −0.21 −0.16
9 0.92 0.77 0.85 0.78 0.32 0.24 −0.18 −0.08
10 1.75 1.33 1.43 1.17 0.53 0.15 −0.27 −0.20
11 0.99 0.78 0.65 0.59 0.29 0.19 −0.24 −0.09
12 0.82 0.91 0.83 0.90 0.22 0.30 −0.11 −0.08

nPET-L: normalized left hippocampus average voxel value of PET; nPET-R:
normalized right hippocampus average voxel value; nASL-L: normalized left
hippocampus average voxel value of ASL; nASL-R: normalized right hippo-
campus average voxel value of ASL; HVIL: left hippocampus volume index;
HVIR: right hippocampus volume index; HMAI: hippocampus metabolism
asymmetry index; HPAI: hippocampus perfusion asymmetry index.
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Fig. 2. Comparison between arterial spin labeling (ASL) and positron emission tomography (PET) from patient 2 who was diagnosed with left mesial temporal lobe
epilepsy
Hypoperfusion visualized by ASL was consistent with hypometabolism visualized by PET on the left hippocampal area. The area was relatively larger in PET images
compared with that in ASL by qualitative assessment.

Fig. 3. Scatter plot of asymmetry index values and Pearson's correlations
A: Scatter plot of 12 patients' AI values in PET and ASL. All the AI values in PET and ASL were negative showing that the metabolism and perfusion on the ipsilateral
side were relatively decreased.
B: We observed a significant correlation between arterial spin labeling and positron emission tomography (Pearson's correlation, r=0.74, p=0.006).
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2015).
In our 12 patients, the diagnosis of pure unilateral MTLE was con-

firmed with structural images, semiology, SEEG recordings, and sur-
gical outcomes. The SEEG technique has been increasingly used as a
minimally-invasive way to precisely localize SOZ with the advantage of
allowing a three-dimensional definition of the epileptogenic zone
(Minotti et al., 2018). In our 12 patients, SEEG was used not only for
better localization of SOZ in patients with MTLE, but also for the RFTC
approach as a further treatment for epilepsy. We found that seizures
were mostly well controlled after RFTC (Engel I: 75% of patients),
which was similar to the findings of previous studies (Kramska et al.,
2017; Malikova et al., 2014). The invasive EEG results and middle-term
surgical outcomes were used as the gold standards to confirm the di-
agnosis and localization of MTLE. Thus, we restricted our quantitative
analysis to a single ROI, the bilateral hippocampus. We calculated the
normalized average voxel values to compare perfusion from ASL and
metabolism from PET, which can quantify changes in perfusion and
metabolism changes in MTLE. Thus, we assessed the effectiveness of
ASL to lateralize MTLE, which showed excellent consistency with
findings of the invasive assessments. We also observed a significant
difference between perfusion in the ipsilateral and contralateral hip-
pocampus, which showed the presence of hypoperfusion in patients
with MTLE (p < 0.05). The hypoperfusion visualized with ASL is
consistent with hypometabolism visualized with 18FDG PET, suggesting
consistency between the cerebral blood flow and functional changes in
the mesial temporal lobe during the interictal phase.

The use of 18F-FDG PET to identify areas of hypometabolism during
the interictal phase has proven to be an effective and sensitive tool to

detect epilepsy foci in presurgical evaluations (Rathore et al., 2014).
Some recent studies have compared ASL, PET, and other imaging
modalities (Shimogawa et al., 2017; Sierra-Marcos et al., 2016), some
of which have quantified their results (Storti et al., 2014). These results
showed a good consistency between separately acquired 18F-FDG PET
and ASL in detecting epilepsy foci. A major disadvantage of the com-
bined PET/MR systems is the complication with MR-based attenuation
correction (Attenberger et al., 2015; Beyer et al., 2008). Moreover, it
may require more time and impose more limitations for patients com-
pared with PET/CT (for example, patients with magnetic implants
cannot be examined with PET/MR). However, comparisons between
the separate acquisitions may inappropriate due to differences in con-
ditions and time. Thus, a better comparison of different modalities
under the same conditions can be achieved with the PET/MR system,
which ensures that both the PET and ASL procedures will take place
simultaneously. Moreover, switching from PET/CT to PET/MR will
reduce the radiation exposure caused by the CT aspect of the ex-
amination (Hirsch et al., 2013). Therefore, as it was available, the PET/
MR was chosen for scanning in this study series, which in a way can be
considered as a proof of principle for previous studies using separate
systems.

Studies comparing PET and ASL acquired simultaneously with a
hybrid PET/MR scanner are rare (Boscolo Galazzo et al., 2016). Boscolo
Galazzo et al. (2016) assumed that simultaneous functional acquisition
of PET and ASL can allow more accurate comparisons and better results,
as the acquisitions occur under the same physiological or pathophy-
siological conditions. They assessed concordance between ASL and PET
similarly using AI values, and observed high agreement between the
two (rs= 0.49, p < 0.0005), which is consistent with the results of the
present study. However, their study lacked the use of invasive SEEG
evaluation and treatment outcome as gold standards, as we have used
here. We compared metabolism and perfusion in the hippocampus of
patients with MTLE and observed a significant correlation between the
two parameters (r=0.74, p=0.006), which was opposite to the
findings of a previous study (Lim et al., 2008). Compared with PET, ASL
has several benefits in that it avoids exposing patients to radioactive
substances and involves lower cost and greater time-efficiency (Wolf
and Detre, 2007). In addition, previous studies have used 1.5T MRI for
ASL scanning for detecting the epileptogenic zone (Blauwblomme et al.,
2014; Kim et al., 2016), which certified its reliability with 1.5 T MRI.

Table 3
Comparing hippocampal volume indices (HVIs), positron emission tomography
(PET) data, and arterial spin labeling (ASL) data between contralateral and
ipsilateral sides.

Z-value p-value Correlation(r)

Contralateral & ipsilateral HVI −3.064 0.002⁎

Contralateral & ipsilateral PET −3.059 0.002
Contralateral & ipsilateral ASL −3.059 0.002
HMAI & HPAI 0.006⁎⁎ 0.74

(⁎) Wilcoxon signed-rank test; (⁎⁎) Pearson's correlation.

Fig. 4. Distribution of the hippocampal volume indices in the 12 patients
We observed decreased volume of the left hippocampus in patients 2, 5, 6, 8, and 12, with the other patients showing hippocampal atrophy on the right side.
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This completely non-invasive diagnostic method offers an alternative
choice for presurgical evaluation, especially when PET/CT or PET/MR
is not available at a medical center or their use is limited to specific
situations.

We also quantitatively measured the volume of the hippocampus
and observed that the ipsilateral hippocampus was significantly smaller
than the contralateral side (p < 0.05). Atrophy of the hippocampus
may offer further diagnostic evidence of MTLE, which provides quan-
tified indications of structural changes of the mesial temporal lobe.

Our study is subject to some limitations. A small sample size was
obtained, and a larger sample is required to further evaluate the com-
plementary role of ASL compared with PET. Furthermore, other types of
epilepsy (e.g., frontal and insular lobe epilepsy) should also be in-
vestigated to assess the effectiveness of ASL in detecting the SOZ.
Additionally, dynamic FDG-PET analysis may be needed for further
investigation. Finally, other regions of the mesial temporal lobe will be
assessed in our future investigations; the hippocampus was the only ROI
in this study for both ASL and PET. Our results can only prove that ASL
can help in the lateralization of MTLE.

5. Conclusion

In conclusion, ASL appears to be a reliable and complementary tool
for MTLE lateralization compared to the simultaneously acquired PET
with a PET/MR scanner. This non-invasive modality may offer an at-
tractive alternative when PET/CT or PET/MR is not available at a
medical center or their use is limited to specific situations.
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