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Magnetization Transfer Ratio Is Unable to Lateralize
Epileptic Foci in Patients with Temporal Lobe Epilepsy

Li Min Li, Sridar Narayanan, Gilbert Bruce Pike, Frederick Andermann, François Dubeau, and Douglas L. Arnold

BACKGROUND AND PURPOSE: A preliminary report suggested that magnetization trans-
fer ratio (MTR) was useful to lateralize epileptic foci in patients with refractory temporal lobe
epilepsy (TLE). We attempted to confirm this finding in a larger group by investigating the
relationship between MTR of mesial temporal structures and seizure lateralization in patients
with refractory TLE.

METHODS: We compared the MTR of amygdalae and hippocampi of 10 patients with uni-
lateral TLE to values obtained from 10 healthy control participants.

RESULTS: Three of 10 patients with TLE had MTR values that were 2 SD below the normal
mean; the MTR abnormality was concordant with electroclinical lateralization in only one of
the three.

CONCLUSION: We conclude that MTR measurements of amygdalae and hippocampi are
not useful for lateralization of TLE.

MR imaging of the brain produces images that re-
flect the distribution of water among various chem-
ical environments. Hydrogen nuclei associated with
various semisolid (macromolecular) components
have extremely short T2 values (less than approx-
imately 100 ms) and are not directly detectable
with MR imaging because minimum echo times on
clinical scanners are typically two orders of mag-
nitude longer. However, interaction between semi-
solid and bulk water protons results in a continuous
exchange of magnetization, referred to as cross re-
laxation or magnetization transfer (MT) (1, 2). MT
imaging detects this exchange by selectively satu-
rating the semisolid magnetization pool and mea-
suring the resulting decrease in the bulk water sig-
nal due to transfer of this saturation in regions
undergoing exchange (3–7). A preliminary report
assessing the lateralization value of MT measure-
ments in patients with temporal lobe epilepsy
(TLE) has shown promising results (8). Tofts et al
(8) measured hippocampal MT ratios (MTR) in two
control participants and in three patients with TLE
with atrophic left hippocampus revealed by MR
imaging and left temporal abnormality revealed by
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EEG. Side-to-side comparison of MTR through the
hippocampi of the three patients with TLE showed
reduced MTR values at the side of the abnormali-
ties revealed by MR imaging and EEG. We further
investigated whether MT measurement could be
clinically useful in lateralizing seizure site in pa-
tients with refractory TLE.

Methods

Participants

We selected 10 consecutive patients (seven women and three
men; mean age, 38 years; age range, 26–54 years) with uni-
lateral, non-foreign tissue lesional TLE who were referred for
preoperative evaluation (Table). The side of seizure origin and
the syndromic classification were defined after a comprehen-
sive workup that included prolonged video monitoring for sei-
zure recording. Seven patients had aura suggestive of tempo-
rolimbic origin. Three others did not report aura (Table,
patients 5, 7, and 8). Two patients (Table, patients 5 and 9)
had febrile seizures, and one patient (Table, patient 6) had
meningitis. None had a family history of seizure disorder.
Three patients reported secondarily generalized tonicoclonic
seizures (Table, patients 4, 10, and 11). Eight of the 10 patients
had MR volumetric measurement abnormalities (four had uni-
lateral hippocampal atrophy, three had unilateral amygdaline
hippocampal atrophy, and one had asymmetry of the amyg-
dalae) lateralized to the side of EEG focus. Only two patients
(Table, patients 1 and 10) had normal volumes of amygdala
and hippocampus. Surface interictal EEG showed epileptic ac-
tivity predominantly over the anterior mesial temporal region
with some occasional independent spikes in the homologous
region in all patients. Surface ictal EEG showed unilateral an-
teromesial temporal lobe onset in all patients (six left-sided
and four right-sided onsets).

Control participants were composed of 10 research staff
(seven men and three women; mean age, 32 years; age range,
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Summary of clinical information, MTR, and volumetric data

Subjects

Clinical data

Side of
Seizures

Age/
Duration

of Epilepsy
(y) sex

MTR

Amygdalae

Left Right
(L-R)/
(L1R)

Hippocampi

Left Right
(L-R)/
(L1R)

MR Volumes

Asymmetry (L-R)/(L1R)

Amygdalae Hippocampi

TLE-1
TLE-2
TLE-3
TLE-4
TLE-5
TLE-6
TLE-7
TLE-8
TLE-9
TLE-10

Left
Left
Left
Left
Left
Left
Right
Right
Right
Right

45/3
38/37
38/38
40/38
54/41
26/17
41/26
39/35
34/16
28/7

F
M
F
F
F
M
M
F
F
F

22.42*
28.97
27.04
28.32
28.70
27.09
30.41
21.24*
26.29
23.99*

25.18
28.34
28.53
26.93
27.62
27.17
28.32
18.48*
28.04
24.82

20.06*
0.01

20.03
0.03
0.02
0.00
0.04
0.07

20.03
20.02

26.07
28.44
25.73
28.13
26.03
24.66
27.28
19.21*
27.23
22.30

25.43
27.34
25.46
26.88
26.53
26.61
26.76
21.21
27.57
21.65

0.01
0.02
0.01
0.02

20.01
20.04

0.01
20.05*
20.01

0.01

20.02
20.03
20.06
20.10*
20.19*

0.01
0.03*

20.01
20.03
20.02

20.03
20.21*
20.07*
20.27*
20.11*
20.09*
20.02

0.17*
0.10*
0.00

Mean (control)
SD (control)
Mean 6 2SD (control)
Mean 6 2SD (control)

27.74
1.22

25.31
30.18

26.81
1.97

22.87
30.75

0.02
0.03

20.05
0.08

26.04
1.95

22.15
29.94

25.73
2.73

20.28
31.19

0.01
0.02

20.04
0.05

20.03
0.02

20.06
0.01

20.02
0.02

20.06
0.02

* .2 SD below the mean of controls.

19–51 years). All were in good health, and none were receiv-
ing any medication at the time of imaging. There was no sig-
nificant difference in age between patients and participants (t
test, P 5 .18).

MT Acquisition and Data Analysis

MT images were obtained using a Philips Gyroscan ACS-II
(Best, The Netherlands) with a field strength of 1.5 T. Fifty
transverse sections (3-mm-thick) covering the whole brain
were acquired, angled along the temporal plane. T1-weighted
and MT images were obtained using a pair of 3D gradient-
echo acquisitions, without (No Sat) and with (Sat) MT satu-
ration pulses, respectively, using 35/10/1 (TR/TE/ excitations)
and a flip angle of 40 degrees. Semisolid spin saturation was
achieved using 1.2 ms on-resonance z2̄z binomial pulses (zB1z
5 19 mT) placed just before each section selective excitation.
Percentage difference (100 3 [No Sat—Sat]/No Sat) MT im-
ages were calculated after thresholding above the noise back-
ground (Fig 1).

Coronal images reformatted from the transverse 3-mm-thick
No Sat MT images were not of sufficient resolution for seg-
mentation of the mesial temporal structures. Thus, we outlined
amygdalae and hippocampi on 1-mm-thick contiguous T1-
weighted images (18/9/1; flip angle, 308; field of view, 256;
matrix, 256 3 256) using a previously described segmentation
protocol (Fig 1) (9, 10), registered the MT images with the
1-mm T1-weighted image volume (11), and computed the
mean MTR values for the outlined structures by use of locally
developed software. MTR values that were more than 2 SD
below the normal mean were considered abnormal.

Results
Clinical information and mean MTR are shown

in the Table. Volumetric measurements of amyg-
dalae and hippocampi showed abnormal values in
seven of 10 patients, and these were concordant
with the side of seizure origin. MTR in control par-
ticipants were very symmetrical and had a relative-
ly narrow distribution for amygdalae and hippo-
campi (Table). MTR were more than 2 SD below

the normal mean in three patients (Table, patients
1, 8, and 10) and were concordant with electroclin-
ical diagnosis in patient 1 only and discordant in
the remaining two patients. There was no differ-
ence between the three patients with abnormal
MTR and the seven patients with normal MTR re-
garding the duration of epilepsy and the age of sei-
zure onset (Mann-Whitney U test, P . .05) or the
presence of aura or secondarily generalized toni-
coclonic seizures, associated risk factors (febrile
seizure, meningitis), and presence of amygdaloid or
hippocampal atrophy (Fisher’s exact test, P . .05,
two-tailed).

Discussion
The results indicate that MTR measurements in

amygdalae and hippocampi are not useful in the
lateralization of temporal lobe epilepsy. We do not
think that the low sensitivity observed is due to the
MT acquisition and processing. Although our MT
protocol is different from that used by Tofts et al
(8), the methods are well established (3, 7) and pro-
duced very similar MTR measures with low coef-
ficients of variation in our control group for both
amygdala and hippocampus. Nevertheless, the var-
iation observed in our control group was larger
than that reported previously (8), which is not sur-
prising considering the very small sample size in
that report. Even if we had considered a 5% dif-
ference to be abnormal for hippocampus, we would
have detected only one more patient (Table, patient
6) with an abnormal MTR.

Our patients had electroclinical and MR evi-
dence of mesial temporal lobe epilepsy, and eight
had severe hippocampal atrophy. Mesial temporal
structures play an important role in seizure gener-
ation; however, the reason that MTR of amygdala
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FIG 1. Computation of MTR in amygdala and hippocampus.
A, Fifty transverse sections (3 mm) covering the whole brain and angled along the temporal plane by use of a pair of 3D gradient-

echo acquisitions, without (No Sat) and with (Sat) MT saturation pulses, respectively, were obtained using 35/10/1 and a flip angle of
40 degrees. Semisolid spin saturation was achieved using 1.2-ms on-resonance 12̄1 binomial pulses (zB1z 5 19 mT) placed just before
each section selective excitation.

B, Percentage difference (100 3 [No Sat—Sat]/No Sat) MT images were calculated after thresholding above the noise background.
C, Amygdala (white arrow) and hippocampus (black arrow) were outlined on volumetric T1-weighted 1-mm isotropic voxel acquisition.
D, Volumetric T1-weighted images, with outlined mesial temporal structures, and MT images were coregistered. The MTR of amyg-

dalae, hippocampi, and asymmetry index were computed.

and hippocampus was not decreased in our series
is not clear. It could be that although in hippocam-
pal sclerosis there is preferential selective neuronal
loss in the hippocampal subfields, mossy fiber
sprouting, and astrogliosis leading to volume de-
crease, the relative cell density in the outlined MR
imaging region of interest might not change enough
to cause a significant drop in the MTR. Of interest
is that two of the three patients with abnormal
MTR had normal volumes. Regarding the relation-
ship between MTR abnormality observed in three
patients and their seizure lateralization, only one
had concordant MTR and EEG lateralization,
whereas in the other two, the MTR lateralized to
the side opposite that of EEG.

Although MTR is very sensitive to white matter
pathologic abnormalities in multiple sclerosis, this
seemed not to be the case in epileptic lesions,
which might reflect different underlying patho-
physiologic mechanisms of neuronal versus axonal
damage. If this is the case, it is possible that mea-
surement of MTR in the white matter of patients
with epilepsy may be abnormal because of axonal
damage secondary to neuronal loss (Wallerian de-

generation) or the presence of microdysgenesis
seen in some patients with refractory TLE.
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