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ABSTRACT

Background: Standardized Magnetic Resonance Imaging (MRI) cannot show the cause of intractable mesial
temporal lobe epilepsy (MTLE) in 20-30% cases. These normal MRI patients need advanced imaging to visualize
the epileptogenic zone to determine lateralization for surgery.

Aim: To investigate sensitivity of Magnetization Transfer Ratio (MTR) in detecting lateralization and correlate the
MTR with histopathological features of surgical resection on intractable MTLE.

Method: Twenty-three consecutive surgical candidates with intractable focal temporal epilepsy, as determined
with ictal scalp video-EEG and standarized MRI, were examined with MTR. The MTR was measured in
hippocampus. The data were then compared with a healthy control group. Histopathological results of surgical
specimens were stained with NeuN, GFAP, and Neuropeptide Y to assess neuronal loss, gliosis and axonal/
Mossy Fiber sprouting.

Results: Ten of 23 patients had normal MRI. MTR patients had lower average than control. Despite MTR had no
correlation with neuronal loss, gliosis and axonal fiber sprouting; its sensitivity and specificity reached
approximately 81.8% and 68.2% respectively; and concordance with EEG on 6 out of 10 patients.

Conclusion: MTR has fairly good sensitivity and EEG concordance, but low specificity so the result may be

indicative for diagnostic accuracy to determine MTLE lateralization with normal MRI.
Keywords: MTR, Intractable Mesial Temporal Lobe Epilepsy, Normal MRI

INTRODUCTION

Epilepsy is a chronic brain disorder characterized by
recurrent spontaneous seizures, predisposing  with
accompanying failure  of  neurobiology, cognitive,
psychological and social functioning®. Mesial Temporal
Lobe Epilepsy (MTLE) is one of the most common forms of
epilepsy in adulthood which causes an intractable epilepsy,
type of epilepsy suffered by nearly 20% of all epilepsy
patients?. This incident is also experienced by Indonesian
people, the number of whom suffering from epilepsy has
reached about 1.1 million out of 220 million people
(assuming the epilepsy rate of 0.5% out of the total
population), with 276 to 386 thousands are intractable
(refractory) epilepsy against anti epileptic drug (AED)3.

Intractable MTLE mostly caused by hippocampal
sclerosis, and surgery can commonly give satisfactory
result. This surely requires the accuracy of the diagnosis in
determining the location and lateralization of the
epileptogenic zone in order to provide better postoperative
outcomes. Determining lateralization of epileptogenic zone
can be made by neuroimaging that has an important role to
aid in diagnosis, therapeutic determination, surgical
planning even as a predictor of the efficacy of epilepsy
patients' therapy*.

This can be commonly done by using MRI, a
noninvasive examination that has the advantage of good

and sensitive anatomic resolution in recognizing small
structural lesions, especially high resolution MRI (= 1.5
Tesla). However, approximately 20-30% of intractable focal
epilepsy patients cannot be detected with standard MRI®.
The development and application of additional
guantitative techniques on MRI such as Diffusion Weighted
Imaging (DWI), Magnetization Transfer Imaging (MTI), T2
Relaxometry, Volumetric MRI, Magnetic Resonance
Spectroscopy (MRS) are expected to add to the specificity
of qualitative MRI standard in detecting hippocampal
sclerosis®. The quantitative MRI is particularly useful in
cases of bilateral atrophy, unclear unilateral atrophy and
symmetrical hippocampal pathology. Volumetric MRI and
T2 relaxometry may help detecting Mesial Temporal Lobe
Sclerosis (MTLS) to 80%, with 20% of normal detection’.
MTI is a method which can give tissue contrast based
on spin magnetization between free proton and its bond
with protein molecule. MTI studies in epilepsy showed
reduced MT ratios in TLE and other types of epilepsy even
in patients with normal standard MRI. Some study also
obtained a decrease in MT ratio in the extratemporal
region, which indicates the involvement of extratemporal
spread such as the frontal lobe connected with the
temporal lobes. These findings suggest that MTLE is a
disease that involves the spread of lesions in white and
gray matter, presumably caused by demyelination®'2,
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Salmenpera, et al® found a decrease in MT ratios in an
intractable focal epileptic patient whose standard MRI
showed no abnormality compared to healthy controls. MTI
accuracy data are not available in diagnosing hippocampal
sclerosis.

According to Tofts, et al.® the decrease in MT ratios is
thought to reflect gliosis and neuronal loss. The study by
Eriksson, et al.*® found a decrease in MT ratios although
there was no significant correlation between MT ratios with
histopathology. The limitations of these studies are very
small sample (5 subjects) so the results are not convincing,
so a deeper study of the MT relationship with
histopathology is required. Eriksson's research is not only
focused on hippocampal sclerosis. Unlikely, Li, et al.®
showed different results, MT ratios were not able to
determine lateralization of TLE, but this study was
conducted on a small sample and was not proven by
histopathological examination. The Lascola, et al** study
obtained a correlation between MT ratios with glial
reactivity assessed by immunohistochemistry with the
staining of glial fibrillary acidic protein (GFAP).

In the present study, we sought to investigate
sensitivity of MTR in detecting hippocampal sclerosis and
correlate the MTR with histopathological features of
surgical resection on intractable MTLE. We used NeuN,
GFAP, and Neuropeptide Y to asses neuronal loss, gliosis
and axonal/Mossy Fiber sprouting in MTLE patients with
normal MRI.

MATERIAL AND METHODS

Twenty-three MTLE patients and 10 healthy subjects were
enrolled in this research. The healthy subject as control
group fulfilled the criteria as follows: no any history of
neurological disorder and having normal MRI. All
participants provided written informed consents. This study
was approved by our local institutional ethics committee,
the Health and Medical Research Ethics Committee of
Faculty of Medicine Diponegoro University and Kariadi
Hospital Semarang Indonesia.

The intractable mesial temporal lobe epilepsy
diagnosed according on ILAE criteria. All MTLE subjects
met the following inclusion criteria: age = 7 years; able to
fulfill MRI examination requirements; and able to provide
hippocampal surgery specimen for histopathological
analysis. Drop out criteria when the surgery’s specimen
cannot be analyzed histopathologically.

Magnetic Resonance Imaging: MR imaging was
performed on 1,5T MR scanner (SignaHDxt 16 Ch, GE
Milwaukee USA) at Department of Radiology dr. Kariadi
General Hospital and St. Elisabeth Hospital, Semarang
Indonesia. The protocol included standardized MRI for
MTLE were T1, T2, FLAIR (Fluid Attenuation Inversion
Recovery) sequence which perpendicular with hippocampal
axis.

Magnetization Transfer Imaging (MTI)

Image Acquisition: T1l-weighted and MT images were
obtained using a pair of 3D gradient echo acquisitions,
without (No Sat) and with (Sat) MT saturation pulses,
respectively. Percentage difference (100 x [No Sat—
Sat]/No Sat) of MT images were calculated after
thresholding above the noise background. MTR maps: TR

=34 ms, TE = 11 ms, flip angle = 30°, FOV = 256 x 192
rectangular matrix, and axial slice thickness 3 mm. First
sequence did not use saturated magnetization transfer,
while second sequence used typical saturation for solid
component, with very short TR, Gaussian type, duration
7.68-ms, 500° (effective pulse angle) and 1.5-kHz off-
resonance.
MTR Map Construction: MTR maps were obtained by
processing the data using both an in-house developed
script running and under Matlab measurement (Mathworks,
Massachusetts, USA).

Region of interest (ROI= 20-30 mm2) were selected
on the axial section from a small oval region drawn in 4
locations (2 at head, 1 at body and at tail of each right and
left hippocampus) then calculating the average (Figure 1).
Adjacent cerebrospinal fluid-containing pixels were avoided
in ROIs to reduce the partial volume effects (Figure 1).
Determination of which side hippocampus was affected in
this study was chosen from MTR with smaller
measurement.
Histopathological staining: Haematoxyllin-Eosin (HE),
NeuN, GFAP and Neuropeptide Y (Biocare) staining was
performed to assess the neuronal loss (NeuN), gliosis
(GFAP) and axonal/Mossy Fiber sprouting (Neuropeptide
Y). The score of the abnormality was classified as mild
grade when there was < 70% of neuronal loss and there
was no intensely stained for gliosis or axonal sprouting.
While, severe grade was classified when the neuronal loss
reached > 70% and there was intensely stained for gliosis
or axonal sprouting.
Statistical analysis: The MTR values extracted from 4
ROIs were compared between patients and control using a
non parametric statistic. The sensitivity of MTR in detecting
hippocampal sclerosis was measured. The association
between MTR with neuronal loss, gliosis and axonal
sprouting was asses using Spearman’s correlation.

RESULT

Participant characteristics: Participant demographics,
clinical characteristics, and MTR values were given in
Table 1. The mean of MTLE group age was 24 years, the
youngest was 14 years and the oldest was 41 years. In the
healthy volunteer group, the mean of age was 31 years
(ranging from 26 to 36 years). The mean of age of the
healthy volunteer group was older compared to the MTLE
group, in which statistical analysis showed no significant
difference (p=0.19). In MTLE group, 12 subjects were
females (52.17%) and 11 were males (47.83%). As in
healthy volunteer group most subjects were females (70%),
while the number of male subjects was 30%. The average
duration of illness period was 12.9 years ranging from 2 to
32 years.

Table 1, 2 and 3 showed data for patient group and
the healthy control subject, along with the relevant medical
histories and MTR measurement.

EEG and standardized MRI T2: Table 2 and 3 present the
results of EEG and lateralization, MRI T2, types, and area
of surgery. The EEG examination fulfilled some criteria as
MTLE. The details of EEG lateralization were as follows: 8
subjects were right, 12 subjects were left, 2 subjects were
normal, and 1 subject was undetermined lateralization.
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Next, video monitoring and intracranial EEG were carried
out towards normal and undetermined EEG. As a result,
the final findings showed 10 right and 13 left EEG
lateralization.

The result of T2/FLAIR parameter on 23 MTLE
subjects revealed that 11 patients (47.83%) suffered from
hippocampal sclerosis (T2/FLAIR hyperintens), 10 patients
(43.48%) with subtle T2 (normal MR), 1 patient with
dysplasia, and 1 patient with heterotopia. MRI T2
examination showed 4 subjects with right hippocampal
sclerosis, 5 subjects with left hippocampal sclerosis, 10
subjects with normal MR, 1 subject with bilateral sclerosis,
and 2 subjects with lateralization to the right (dysplasia and
heterotopia). On 10 TLE cases with normal MRI,
lateralization of 9 patients was determined by EEG
monitoring and 1 case intracranial EEG. Furthermore, the
location of lesion was identified by PET examination.

MTR analysis: The MTR mean in the patients which was
lower than control group, had fairly good sensitivity (80%)
and concordance with EEG 6/10 in normal MRI MTLE
(Table 3 and 4). Furthermore, MTR had no significant
correlation with grading of neuronal loss, gliosis and axonal
sprouting.

Histopathological analysis: Histopathological
examination in this research, a complete structure of
hippocampal, was not found in all samples however an
enthorinal cortex structure, subiculum and CA1 were found.
On hippocampal’s surgery material, it was found that all
neuronal loss and gliosis were prominent on CA1l of all
subjects (probably hippocampal sclerosis). Based on the
histopathological analysis, it was found out that there were
11 subjects with hippocampal sclerosis and 12 with Focal
Cortical Dysplasia (FCD). In FCD group, 4 subjects showed
hippocampal with hyperintens lesion on T2 MRI. From ten
subjects with normal MRI, 4 subjects (40%) were
considered as hippocampal sclerosis while 6 subjects
(60%) showed histopathology results of FCD. The former
group had different levels of immunohistochemistry
examination: 1 subject with mild gliosis, 50% neuronal loss,

Table 1. Participants characteristic

and severe axonal sprouting; 1 subject with mild gliosis,
70% neuronal loss, and mild axonal sprouting; and 2
subjects with severe gliosis, 80% neuronal loss, aand
severe axonal sprouting.

The sensitivity of MTR to detect hippocampal
sclerosis: MTR in MLTE group showed lower result, and
significant difference compared with healthy volunteers
(Table 1 and 3). The sensitivity of MTR was evaluated
based on the result of cut off point (COP) with Area Under
Curve (AUC) 2 0.7 that was considered appropriate for an
analysis. The COP of MTR was 17.85 and AUC=0.74. The
sensitivity, specificity, positive predictive value, and
negative predictive value were 81.2%, 68.2%, 56.2% and
88.2% respectively (Table 4). There were no significantly
correlation between MTR with grading of neuronal loss (r=-
0.216; p=0.322), gliosis (r=-0.119; p=0.587), and axonal
sprouting(r= -0.185; p=0.398)

Figure 1 . ROI's placement in hippocampal location

Healthy control MTLE p

N 10 23

Mean age, years (min-max) 31 (26-36) 24 (14-41) 0.19

Gender, male/female 3/7 11/12

Disease duration, years (min-max) NA 12.9 (2-32)

Mean MTR 25.5% 16.66% 0.007

Table 2. Clinical characteristics of patients, EEG, MRI and histopathological findings
Patient/ Age at Duration Scalp Video EEG Standard MRI/T2 Surgery Histopathological Finding
Sex/ Age onset (Y) of illness EEG
) )
1/ F/ 25 8 17 Lt Lt Lt SAH Hippocampal sclerosis
2/M/30 18 12 Rt N Rt ATL Hippocampal sclerosis
3/ F/19 9 10 N Lt N Lt SAH Hippocampal sclerosis
4/ M/26 5 21 Lt Lt Lt SAH Hippocampal sclerosis
5/ FI28 22 6 Lt N Lt SAH Hippocampal sclerosis
6/ F/17 1 16 Lt Lt and Rt Lt ATL Hippocampal sclerosis
7/ MI17 12 5 N Rt Rt Rt ATL Hippocampal sclerosis
8/F/24 22 2 Lt Lt Lt SAH Hippocampal sclerosis
9/ F/20 6 14 Lt Lt Lt ATL Hippocampal sclerosis
10/ M/24 12 12 Rt Lt Lt Lt ATL Hippocampal sclerosis
11/ F/40 20 20 Lt N Lt SAH Hippocampal sclerosis
12/ M/14 9 5 Rt Rt Dysplasia RTATL Focal Cortical Dysplasia
13/ M/41 15 26 Rt Rt Heterotopia Rt ATL Focal Cortical Dysplasia
14/ F/34 9 25 Rt Rt Rt ATL Focal Cortical Dysplasia
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15/ M/18 16 2 Rt N Rt ATL Focal Cortical Dysplasia
16/ M/16 5 11 Lt Lt Lt SAH Focal Cortical Dysplasia
17/M/24 4 20 N Rt Rt Rt ALT Focal Cortical Dysplasia
18/ M/17 14 3 Rt N Rt ATL Focal Cortical Dysplasia
19/F/20 7 13 Rt Rt Rt ATL Focal Cortical Dysplasia
20/F/22 12 10 Lt N Lt SAH Focal Cortical Dysplasia
21/ M/37 5 32 Lt N Lt SAH Focal Cortical Dysplasia
22/F/20 15 5 Rt N Rt ATL Focal Cortical Dysplasia
23/F/19 10 9 Lt N Lt SAH Focal Cortical Dysplasia

Rt:Right; Lt: Left; ATL: Anterior Temporal Lobectomy; SAH:Selective Amigdalohippocampectomy; N: Normal

Table 3. EEG, MR and MTR of the Patient

Patient/ Sex/ Age (Y) Standard T2 MR EEG MTR (%) Lateralization MTR
1/ F/ 25 Lt Lt 21.3 Rt
2/M/30 N Lt 16.7 Lt
3/ F/19 N Rt 19.5 Rt
4/ M/26 Lt Lt 16.3 Lt
5/ F/28 N Lt 17.8 Lt
6/ F/17 Lt and Rt Lt 13.8 Rt
71 M/17 Rt RT 17.8 Rt
8/F/24 Lt Lt 12.4 Lt
9/ FI20 Lt Lt 10.4 Lt
10/ M/24 Lt Lt 15.7 Lt
11/ F/40 N Lt 16.7 Lt
12/ M/14 Rt Dysplasia Rt 19.3 Lt
13/ M/41 Rt Heterotopia Rt 18.4 Rt
14/ F/34 Rt Rt 17.2 Rt
15/ M/18 N Rt 17.9 Rt and Lt
16/ M/16 Lt Lt 15.3 Rt
17/M/24 Rt Rt 16.5 Rt
18/ M/17 N Rt 19.2 Lt
19/F/20 Rt Rt 13.4 Rt
20/F/22 N Lt 14.8 RT
21/ M/37 N Lt 17.9 Lt
22/F/I20 N Rt 16.0 Lt
23/F/19 N Lt 18.7 Lt
Mean 16.66
Table 4. Diagnostic value of MTR to detect hippocampal sclerosis

MRI Sensitivity Specificity PPV (%) NPV (%) Accuration

MTR 81.8 68.2 56.2 88.2 72.7

MTR matlab 72,7 63,6 50,0 82,3 66,7

DISCUSSION in a normal MRI ELT. This is thought to be caused by other

In this study, significant reduction of MTR in MTLE patients
was found compared with controls, and it was strengthened
with quite good sensitivity and lateralization suitability to
EEG with normal MRI in detecting hippocampal sclerosis.
In contrary, MTR values in this study did not correlate with
the degree of neuronal loss, gliosis and axonal sprouting.
This findings support a research conducted by Fjaer et al.'®
which obtained that MTR correlate with myelin loss in deep
white matter. This research also has the same result with
the study by Eriksson et al.® which found a decrease in MT
ratios although there was no significant correlation between
MT ratios with histopathology. MT measurements showed
sensitivity in detecting edema, loss of cell structure and
proteolysis as in multiple sclerosis, ischemia or neoplasm,
and glia reactivity.'* The MTR signal is dependent upon
with exchange magnetization between free and bound
protons in tissue and this depends upon the integrity of the
macromolecular environment.

The appropriateness between MTR with EEG in our
study showed higher result (7 out of 10 patients) compared
with Rugg-Gunn et al.1° that obtained a decrease in MTR
on ELT and a lateralized appropriateness with an EEG of
33% in patients with normal MRI. Salmenpera et al.®
obtained results that MT had a low ability to detect lesions

etiologies such as the presence of dysplasia, atrophy and
neuronal loss, in line with our study that in 10 MTLE
patients with normal MRI, 4 patients showed hippocampal
sclerosis and 6 patients showed focal cortical dysplasia.

Besides hippocampal sclerosis, intractable epilepsy
can be caused by extratemporal epilepsy, which covers
almost 30% of cases. MRI examination cannot asses this
lesion (Non Lesional Neocortical Epilepsy/NLNE). NLNE
caused by FCD is often undetermined by regular MRI
examination.

FCD is considered the most often cause of intractable
MTLE in children and the second and third in adults, while
the etiology of intractable MTLE in adults is hippocampal
sclerosis. FCDs occur isolated in adults or children, or can
be detected adjacent to hippocampal sclerosis, glio-
neuronal tumours, vascular malformations or perinatal
brain damage.'®'” Abnormal radial and/or tangential
cortical lamination in the temporal lobe cortex associated to
Hippocampal Sclerosis (HS) is now classified as focal
cortical dysplasia (FCD) type llla in the current ILAE FCD
classification. Five variants of FCD type llla have been
recognized: 1) HS with architectural abnormalities in the
temporal lobe; 2) HS with Temporal Lobe Sclerosis (TLS);
3) HS with TLS and heterotopic neurons in subcortical
white matter; 4) HS with TLS and small “lentiform”
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heterotopias in subcortical white matter; and 5) HS without
TLS but with small “lentiform” subcortical heterotopias.!®
Temporal lobe epilepsy due to dysplasia type llla is a
common epileptic disorder and a common cause for
refractory seizures. One of these types of histological
features is frequently found in specimens of patients with
temporal lobe epilepsy. MRI is able to show a clear
pathology especially in FCD type 2. However, type 1
pathology is often unclearly seen, and thus having a normal
MRI examination.1®

Limitations of this study were not assessing myelin
density, not using age stratification of the control group
according to the sample, and not measuring dissemination
in the white matter of other sites. Another limitation is the
non-intact hippocampal preparation, either due to surgical
techniques or tissue handling during histopathological
examination. The lack of any other correlations between
the MR and the histopathology measures could be due to
some factors. A true correlation may exist and not have
been detected, possibly because of the limited number of
subjects with normal MR (10 patients). It could be also the
registration between the MR region and the pathological
region was inadequate.

CONCLUSION

MTR had fairly good sensitivity and EEG concordance, but
low specificity so the result may be indicative for diagnostic
accuracy to determine MTLE lateralization with normal
MRI.
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