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Summary
Purpose—The aim of this study was to identify metabolically abnormal extrahippocampal brain
regions in patients with temporal lobe epilepsy with (TLE-MTS) and without (TLE-no) magnetic
resonance imaging (MRI) evidence for mesial-temporal sclerosis (MTS) and to assess their value for
focus lateralization by using multislice 1H magnetic resonance spectroscopic imaging (MRSI).

Methods—MRSI in combination with tissue segmentation was performed on 14 TLE-MTS and
seven TLE-no and 12 age-matched controls. In controls, N-acetylaspartate/(creatine + choline)
[NAA/(Cr+Cho)] of all voxels of a given lobe was expressed as a function of white matter content
to determine the 95% prediction interval for any additional voxel of a given tissue composition.
Voxels with NAA/(Cr+Cho) below the lower limit of the 95% prediction interval were defined as
“pathological” in patients and controls. Z-scores were used to identify regions with a higher
percentage of pathological voxels than those in controls.

Results—Reduced NAA/(Cr+Cho) was found in ipsilateral temporal and parietal lobes and
bilaterally in insula and frontal lobes. Temporal abnormalities identified the epileptogenic focus in
70% in TLE-MTS and 83% of TLE-no. Extratemporal abnormalities identified the epileptogenic
focus in 78% of TLE-MTS but in only 17% of TLE-no.

Conclusions—TLE is associated with extrahippocampal reductions of NAA/(Cr+Cho) in several
lobes consistent with those brain areas involved in seizure spread. Temporal and extratemporal NAA/
(Cr+Cho) reductions might be helpful for focus lateralization.
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In medial temporal lobe epilepsy (mTLE), seizures originate in the hippocampal formation.
About 60% of mTLE patients have magnetic resonance imaging (MRI) evidence of ipsilateral
mesial temporal lobe sclerosis (MTS; i.e., hippocampal atrophy and/or increased T2 signal),
20–30% have normal MRI (1), and the remainder has structural lesions (e.g., tumors or vascular
malformations). However, the epileptogenic activity is usually not restricted to the
hippocampus but spreads to other brain regions as well, particularly to the temporal lobes,
insula, and frontal lobes (2–5). Consequently, many previous studies have shown abnormalities
beyond the hippocampus including abnormalities of brain structure (6,7), cognitive function
(8), cerebral glucose metabolism, and benzodiazepine (BZD) receptor binding (9–13).

1H magnetic resonance spectroscopy (MRS) identifies the epileptogenic hippocampus by a
reduction of the neuronal marker N-acetylaspartate (NAA) in mTLE with evidence for MTS
(TLE-MTS) (14N18). In mTLE without MR evidence for MTS (TLE-no), reduced NAA may
predict surgical outcome, but the lateralization of the epileptogenic hippocampus is less
accurate than that in TLE-MTS (19–21). Although NAA reductions in brain regions beyond
the hippocampus could give additional information for the identification of the primary
epileptogenic region, especially in TLE-no, only a few MRS studies have investigated
extrahippocampal brain regions in mTLE (22–24). These previous studies selected voxels from
a limited number of regions, and none accounted for variations of metabolite concentrations
due to tissue composition or regional differences. Despite these methodologic shortcomings,
several extrahippocampal brain regions with reduced NAA were identified (e.g., opercular
region, temporal lobe, and frontal lobe). In this study we used multislice magnetic resonance
spectroscopic imaging (MRSI) and tissue segmentation with the following aims:

1. To identify extrahippocampal brain regions with reduced NAA/(Cr+Cho) in mTLE.
We expected brain areas known to be involved in seizure spread in mTLE [i.e., insula,
temporal lobes, and frontal lobes, especially the frontal limbic region (2–5), to be
predominantly affected].

2. To determine whether extratemporal abnormalities differ regarding spatial extent or
lobes involved in patients with and without MRI evidence for MTS.

3. To assess the value of temporal and extratemporal NAA/(Cr+Cho) reductions for the
lateralization of the epileptogenic focus.

PATIENTS AND METHODS
Study population

The committee of human research at the University of California, San Francisco (UCSF),
approved the study, and written informed consent was obtained from each subject according
to the Declaration of Helsinki. Twenty-one consecutive patients (10 women and 11 men) aged
between 17 and 54 years, mean age, 35.6 ± 11.0 years, with nonlesional, drug-resistant mTLE
were recruited from the Northern California Comprehensive Epilepsy Center, UCSF, where
they underwent a presurgical exploration before anterior temporal lobe resection. With video-
EEG/telemetry (VET), MRI, and positron emission tomography (PET), the primary
epileptogenic focus had been localized in the right mesial temporal lobe in nine patients and
in the left mesial temporal lobe in 12 patients. Fourteen patients had MRI evidence of MTS
concordant with the EEG lateralization of the seizure focus (TLE-MTS), and seven patients
had a normal MRI (TLE-no). Table 1 displays the clinical characteristics of the patients. TLE-
MTS and TLE-no were not different regarding age at onset, age at examination, or duration of
epilepsy. All patients had been seizure free for ≥24 h before MRSI. The control population
consisted of 12 healthy volunteers (six women and six men), aged between 16 and 48 years,
mean age, 30.8 ± 9.9 years.
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Structural MRI acquisition
All subjects were scanned on a 1.5-T VISION MR system (Siemens Inc., Iselin, NJ, U.S.A.).
The MRI protocol and the segmentation procedure used for this study are described in detail
elsewhere (25). On the segmented image, the interhemispheric fissure; the frontal, temporal,
parietal, and occipital lobes; insula; brainstem; and cerebellum were manually delineated by
using anatomic landmarks, thereby further categorizing cortical gray matter and white matter
into left and right frontal cortical gray and white matter, temporal cortical gray and white matter,
parietal cortical gray and white matter, occipital gray and white matter, and insular gray matter.

1H-MRSI acquisition and spectral processing
Multislice 1H-MRSI data (TR/TE = 1,800/135 ms, 45 min total acquisition) was acquired from
three 15-mm-thick slices aligned parallel to the AC-PC line (cf. Fig. 1) by using slice-selective
inversion recovery (TI = 170 ms) to null the lipid signal and chemical shift selected (CHESS)
water suppression. The k-space sampling was accomplished with 36 × 36 circularly bounded
phase-encoding steps across a 280 × 280-mm2 field of view, yielding a nominal voxel size of
~0.9 ml. The bottom slice (hippocampal slice) was placed covering the tail of the hippocampus;
the middle slice (ventricular slice), right below the inferior aspect of the corpus callosum; and
the top slice (supraventricular slice), slightly above. Placing the slices in this way allowed
coverage of a large part of the brain with just three slices and acquisition of a good B0
homogeneity over this region by using a global shim (map shim). However, because only the
tail of the hippocampus was covered, this structure can not appropriately be assessed by this
method. Therefore to obtain spectroscopic information from the hippocampus, we performed
an additional 2D MRSI measurement covering both hippocampi (data not reported here).

The 1H-MRSI data were zero-padded to 64 × 64 points in the spatial domain and 1,024 points
in the spectral domain. Before Fourier reconstruction, the time-domain data were filtered (4
Hz gaussian). Reduction of spurious resonances from extracranial lipids was accomplished by
selective k-space extrapolation (26). A fully automated spectral-fitting software package
developed in this laboratory (27,28) was used to fit the peak areas of NAA, creatine/
phosphocreatine (Cr) and choline compounds (Cho). Quality control was ensured by rejecting
voxels with NAA peaks that had a <4 or >9 Hz line width at half peak height and/or fits with
residual sum of squares that were outside the upper 95 percentile distribution of residuals from
all fits. Typically, ≤10% of all voxels of the ventricular and supraventricular slice were rejected
by these criteria. However, ~70% of all voxels in the frontal lobe region and 40% of all voxels
in temporal lobe region in the hippocampal slice were rejected. The spectral quality in these
regions was adversely affected by susceptibility artifacts. Figure 2 shows the typical
distribution of regions with good spectral quality in the three slices. The peak areas were
corrected for proton number and receiver gain and expressed relative to the intensity of median
ventricular CSF of each subject, as measured from the proton-density MRI. The NAA/(Cr
+Cho) ratio for each voxel was calculated to eliminate the effects of CSF inclusion and B0
inhomogeneities throughout the slice.

Identification of brain areas with metabolic abnormalities
The segmented MR images were aligned with the MRSI slices, by using slice position and
orientation information. The tissue composition for each MRSI voxel was then computed by
convolving each tissue map of the segmented MRIs with the discrete transform of the MRSI
spatial-response function and MRSI slice profile, including corrections for chemical shift
displacement (29). For every subject, all voxels containing ≥50% of the lobe of interest (e.g.,
right frontal lobe) were selected. For the insula, voxels with ≥30% insular cortex were selected.
Of the selected voxels, those containing >15% cerebellum were excluded to account for the
higher concentration of Cr and Cho (30) in the cerebellum compared with the cerebrum.
Additionally, all voxels from the frontal lobes in the bottom slice were excluded because only
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~30% of them satisfied the criteria for good spectral quality. This number was considered to
be too small to represent the orbitofrontal region appropriately. In the control group, the ratios
of all so-defined voxels of a lobe of interest were then analyzed as a function of white matter
percentage by using a linear regression analysis to calculate the mean NAA/(Cr+Cho) expected
for given white matter (WM)% in a voxel. This regression analysis was then used to calculate
the 95% prediction interval for an additional observation (cf. Fig. 3). Voxels in the lobe of
interest with NAA/(Cr+Cho) below the lower limit of the prediction interval were identified
in controls and patients and defined as “pathological voxels.” The thresholds were determined
for every slice separately to account for a rostrocaudal gradient of NAA/(Cr+Cho), resulting
in a lower NAA/(Cr+Cho) in the hippocampal slice and a higher NAA/(Cr+Cho) in the
supraventricular slice. This gradient also was present with correction for the different white/
gray matter composition between slices and was probably due to the lower slices containing a
higher percentage of voxels with cerebellar contribution (cf. Table 2). The localization of those
voxels defined as pathological was indicated on the corresponding MRI slice for anatomical
reference.

To correct for differences between subjects in the representation of a lobe due to slightly
different positioning of the slices and exclusion of voxels of bad spectral quality, the total
number of pathological voxels in a lobe or in the extratemporal region obtained from all three
slices was expressed as a percentage of all voxels in this lobe or region from all three slices
fulfilling the criteria for good spectral quality. Furthermore, to account for lobes insufficiently
represented in a slice because of bad spectral quality, only lobes in which ≥50% of all voxels
present in the slice were of good quality were included in the analysis.

Z-scores were generated to identify lobes with an abnormally high percentage of pathological
voxels in a slice of an individual subject. For this purpose, the number of pathological voxels
of a lobe in a slice was expressed as a percentage of all voxels with good spectral quality of
this lobe in this slice. After ln-transformation of the percentage values to account for a right-
skewed distribution, z-scores were calculated. The z-scores are defined as [(x−mean)/SD],
where x is the value in a patient for this lobe and slice, mean is the mean of all lobes in this
slice in controls, and SD is the standard deviation of all lobes in this slice in controls. A z-score
≥2 was considered to represent an abnormally high percentage of pathological voxels (i.e., a
“pathological lobar area”). In addition to this analysis by “lobes,” the frontal lobe was further
divided into three arbitrarily defined subregions by using the coordinates of the MRSI grid of
the ventricular and supraventricular slice and anatomic landmarks on the corresponding MRI:
A medial segment representing the limbic frontal region, an anterior segment representing the
prefrontal region, and a lateral segment containing the precentral gyrus (Fig. 4). Percentage of
pathological voxels and z-scores in these subregions were calculated as was done for the lobes.

Statistical analysis
To account for the right-skewed distribution of the data, nonparametric statistics were used,
and values are given in mean and interquartile range. Significant side differences of the
percentage of pathological voxels in the control group were excluded with the Kruskal–Wallis
test, thus allowing the use of the mean percentage of both sides for comparisons with the patient
group. One-tailed Wilcoxon tests were performed to test the a priori hypothesis that ipsi- and
contralateral temporal lobes, frontal lobes, limbic frontal regions, and insula are preferentially
affected (i.e., had a higher percentage of pathological voxels than did the corresponding region
in controls). Further differences between patients and controls, ipsi- and contralateral sides,
and brain lobes in patients were evaluated with Kruskal–Wallis tests, followed by post hoc
comparisons with two-tailed Wilcoxon tests. Differences of the occurrence of “pathological
lobar areas” in the lobes between TLE-MTS and TLE-no were tested with Fisher’s exact test.
For all exploratory analyses, correction for multiple comparisons was done with Holm’s test.
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RESULTS
Table 3A and B display the mean (interquartile range) percentage of pathological voxels in
patients and in controls. Compared with controls, patients had a higher percentage of
pathological voxels in both frontal lobes (ipsilateral: Z = −2.72, p = 0.0033; contralateral: Z =
−3.53, p =0.0002), in the insula (ipsilateral: Z =−3.13, p =0.0009; contralateral: Z = −3.10, p
= 0.001), and in the ipsilateral temporal lobe (Z = −2.63, p = 0.0043). Contrary to our
expectations, no increase of pathological voxels was found in the contralateral temporal lobe
of TLE compared with controls. In the frontal lobe, patients had a higher percentage of
pathological voxels than did the controls in both medial frontal subregions (ipsilateral: Z =
−2.61, p = 0.0045; contralateral: Z = −2.89, p = 0.0019). Furthermore, a higher percentage of
pathological voxels was seen in patients compared with controls in the ipsilateral parietal lobe
(Z = 2.80, p = 0.0051), both anterior frontal subregions (ipsilateral: Z = 3.09, p = 0.002;
contralateral: Z = 3.09, p = 0.002), and in the ipsilateral lateral frontal subregion (Z = 2.78, p
= 0.0054).

When data from individual subjects were inspected, only one of the 12 controls had
pathological lobar areas (left occipital lobe, right insula). In the patient group, the distribution
of pathological lobar areas varied considerably between individual subjects (see Table 1). The
number of pathological lobar areas ranged from none in four patients (patients 1, 5, 9, and 18)
and a maximum of 15 in patient 16. Figure 5 shows the distribution of pathological voxels in
a control and a patient with a right mesiotemporal focus.

Figure 6 shows the percentage of patients with at least one pathological lobar area in a lobe in
the patient group as a whole and in the TLE-MTS and TLE-no groups. TLE-MTS and TLE-
no did not differ as to the frequency of the lobes containing pathological lobar areas. A
comparison of the percentage of pathological voxels in individual lobes (e.g., ipsilateral
temporal lobes) showed also no differences between these two groups. However, in TLE-MTS,
the percentage of pathological voxels in all extratemporal regions together was higher
ipsilaterally than contralaterally (Z = −2.92, p = 0.004) (cf. Table 4). In TLE-no, no difference
was noted between ipsi- and contralateral extratemporal regions. The percentage of
extratemporal pathological voxels in the ipsilateral hemisphere of TLE-MTS was higher than
was that in the ipsilateral hemisphere of TLE-no (Z = −2.40, p = 0.02), whereas no difference
was found between the contralateral extratemporal regions of the two groups. The mean
asymmetry index [AI = ipsilateral − contralateral/(ipsilateral + contralateral)/2)] for the
extratemporal regions was 0.4 in TLE-MTS and −0.49 in TLE-no [i.e., AIs were significantly
(Z = −2.09, p = 0.04] different between TLE-MTS and TLE-no.

The last aim of the study was to test the value of temporal and extratemporal NAA/(Cr+Cho)
reductions for the identification of the hemisphere containing the epileptogenic focus (i.e., the
ipsilateral hemisphere). When lateralization was performed by defining the temporal lobe with
the higher percentage of pathological voxels as “ipsilateral,” 16 patients could be lateralized,
whereas five (four TLE-MTS, one TLE-no) had symmetrical findings. The lateralization done
in this way identified the ipsilateral temporal lobe correctly in 75% of the patients. When TLE-
MTS and TLE-no were studied separately, the higher percentage of pathological temporal
voxels identified the ipsilateral temporal lobe correctly in 70% and 83% respectively. When
the hemisphere with the higher percentage of all extratemporal pathological voxels together
was defined as ipsilateral, one patient (TLE-no) had symmetrical findings, and 20 patients
could be lateralized; 60% of those were correctly lateralized (i.e., in concordance with the EEG
findings). The higher percentage of all extratemporal pathological voxels together correctly
lateralized the hemisphere containing the epileptogenic focus in 79% of the TLE-MTS but only
in 17% of the TLE-no.
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DISCUSSION
The three major findings in this study include the following:

1. MTLE is associated with extrahippocampal NAA/(Cr+Cho) reductions. As predicted,
NAA/(Cr+Cho) reductions were found in the ipsilateral temporal lobe, ipsi- and
contralateral frontal lobes, frontal limbic regions, and insula. Contrary to our
expectations, no significant NAA/(Cr+Cho) reductions appeared in the contralateral
temporal lobe. Other brain regions with reduced NAA/(Cr+Cho) were the ipsilateral
parietal lobes and lateral frontal lobes, and ipsi- and contralateral prefrontal regions.

2. NAA/(Cr+Cho) reductions affected the same lobes in TLE-MTS and TLE-no.
However, in TLE-MTS, extratemporal NAA/(Cr+Cho) reductions were more
pronounced in the ipsilateral hemisphere than in contralateral hemisphere but affected
both hemispheres equally in TLE-no.

3. Temporal and extratemporal NAA/(Cr+Cho) reductions in mTLE lateralized the
epileptogenic focus correctly in 75% and 60%, respectively. However, when TLE-
MTS and TLE-no were analyzed separately, extratemporal NAA/(Cr+Cho)
reductions correctly identified the ipsilateral hemisphere in 78% of the TLE-MTS but
in only 17% of the TLE-no.

The first major finding of this study was the occurrence of NAA/(Cr+Cho) reductions beyond
the hippocampus and the temporal lobe. These reductions showed distinct characteristics. First,
they predominantly affected the temporal lobes, frontal lobes, especially frontal limbic and
prefrontal regions, insula, and parietal lobes. Second, NAA/(Cr+Cho) reductions were found
in ipsi- and contralateral lobes. Third, typically a clustering of pathological voxels was found
in circumscribed brain regions rather than a diffuse involvement of whole lobes.

Finally, affected regions showed considerable regional and spatial variability between subjects,
even within a group (i.e., TLE-MTS or TLE-no). The exact cause of extrahippocampal NAA
reductions in mTLE is unknown. Their spatial and regional characteristics, however, may allow
conclusions regarding their nature and thus their clinical significance. Because temporal and
extratemporal NAA/(Cr+Cho) reductions were focal and not diffuse, mechanisms producing
diffuse reductions [e.g., effects of the antiepileptic treatment (31) can be excluded. Focal NAA/
(Cr+Cho) reductions as found in this study could result from deafferentation or local
excitotoxic effects in brain regions involved in seizure spread. The loss of efferent neurons in
the epileptogenic hippocampus could lead to deafferentation and altered metabolic function in
synaptically connected extrahippocampal brain regions (32). Extrahippocampal NAA/(Cr
+Cho) reductions due to this mechanism would be expected to affect mainly the primary
projection areas of the epileptogenic hippocampus (i.e., at least in TLE-MTS to be quite
uniform and to be more pronounced ipsilaterally). Although the latter of these two criteria is
fulfilled, extrahippocampal NAA/(Cr+Cho) reductions showed regional and spatial variability
between subjects. Thus deafferentation probably contributes to extrahippocampal NAA/(Cr
+Cho) reductions but seems not to be solely responsible for them. However, a recent MRS
study demonstrated NAA/(Cr+Cho) reductions in brain regions displaying ictal and interictal
epileptiform activity (33), and several characteristics of the NAA/(Cr+Cho) reductions in our
study suggest that they may be caused by seizure spread. First, the brain regions most often
affected by NAA/(Cr+Cho) reductions (i.e., insula, frontal and temporal lobes) have been
demonstrated to be involved in seizure propagation in mTLE by EEG recordings with depth
electrodes (2–5). Second, seizures spread not only to ipsilateral extrahippocampal brain regions
but also frequently by various anatomic pathways into the contralateral hemisphere. Therefore
ipsi- and contralateral brain structures should be affected. Third, sequence and extent to which
ipsi- and contralateral brain regions are involved in seizure propagation can vary considerably
between patients. This kind of variation between subjects also is seen for extrahippocampal
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NAA/(Cr+Cho) reductions. Therefore we conclude that NAA/(Cr+Cho) reductions in
extrahippocampal brain regions result mainly from seizure spread into these regions. The fact
that the contralateral temporal lobe in patients did not show a reduced NAA/(Cr+Cho) does
not contradict this conclusion. The ability to detect bilateral temporal damage is on the one
hand determined by the actual frequency of bilateral temporal damage in this population, which
may be low, and on the other hand, by the sensitivity of the method for detecting contralateral
damage. A relatively high percentage of voxels in the temporal lobes was lost because of bad
spectral quality, so our method was certainly not optimal to detect contralateral temporal
damage. However, only patient 16 had evidence of bilateral hippocampal damage in the
hippocampal MRSI (data not presented here); therefore the low incidence of contralateral
temporal abnormalities might reflect characteristics of this patient population rather than the
ability of the method to detect temporal damage.

The second major finding was that extratemporal NAA/(Cr+Cho) reductions occurred in the
same lobes in TLE-MTS and TLE-no. No difference was noted in how much they affected the
individual lobes in the both groups. However, when NAA/(Cr+Cho) reductions in the all
extratemporal regions together were analyzed, they were more widespread in the ipsilateral
hemisphere of TLE-MTS than in the contralateral hemisphere of this group or in both
hemispheres of TLE-no. TLE-MTS and TLE-no are described to differ regarding age at onset
of epilepsy and duration of epilepsy (34). This was not true for the TLE-MTS and TLE-no in
this study, probably because of the small size of the TLE-no group. Therefore evidence for
MTS on the MRI was the only factor in which the two groups significantly differed and, as
explained in the previous paragraph, extratemporal metabolic disturbances due to loss of
hippocampal projections would be expected to be more pronounced ipsilaterally. Thus we
conclude that MTS is the reason for the more pronounced ipsilateral extratemporal NAA/(Cr
+Cho) reductions in TLE-MTS.

The third major finding was that temporal and extratemporal NAA/(Cr+Cho) reductions
lateralized the epileptogenic focus with comparable or even better accuracy than did
hippocampal abnormalities (i.e., temporal abnormalities correctly lateralized 70% of TLE-
MTS and 83% of TLE-no, whereas lateralization with extratemporal abnormalities was correct
in 79% of TLE-MTS and 17% of TLE-no). For comparison, 79% of TLE-MTS and 29% of
TLE-no were correctly lateralized by hippocampal MRSI (data not presented). Thus temporal
and extratemporal NAA/(Cr+Cho) reductions can correctly lateralize the epileptogenic focus
in a high percentage of TLE-MTS, and both may be helpful for the presurgical evaluation. In
TLE-no, temporal NAA/(Cr+Cho) reductions were even superior to hippocampal NAA/(Cr
+Cho) for focus lateralization. Evidence exists that the primary epileptogenic region in this
group involves larger areas of the temporal lobe than in TLE-MTS (36), which might explain
this finding. However, further studies in a larger TLE-no population are needed to determine
how reliably temporal and extratemporal NAA/(Cr+Cho) reductions can be used for focus
lateralization or eventually even focus identification in this group.

In this study we tried to account for a number of variables often neglected in hippocampal
spectroscopic measurements. First, several studies demonstrated that NAA, Cr, and Cho
concentrations differ in white and gray matter (29,38–40). Therefore significant concentration
differences between voxels can be seen solely because of variations in tissue composition. To
account for such variations, we adapted a method proposed by Hetherington et al. (35,37) for
hippocampal spectroscopic measurements for the analysis of our MRSI data sets. Second,
metabolite concentrations show variations between different anatomic structures (29,41).
Because this study, included in addition to the temporal lobes, several extratemporal regions,
we also accounted for regional differences. Finally, the exact localization and spatial extent of
spectroscopic extrahippocampal metabolic abnormalities in an individual patient are not
known and may vary considerably between individual subjects. Therefore a method without a
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priori assumptions about localization and spatial extent must be used to describe
extrahippocampal NAA/(Cr+Cho) reductions adequately. Despite correcting for all these
factors, this study also has limitations:

1. We did not account for the severity of the metabolic abnormalities (i.e., we identified
the percentage of voxels below a certain threshold value but did not determine how
much below the threshold value these voxels were). By doing so, we eventually lost
additional information for focus lateralization because hippocampal spectroscopic
abnormalities in TLE are often more pronounced ipsilaterally than contralaterally.

2. Because of the susceptibility artifacts typical for the region of the brain covered by
the hippocampal slice, we lost a high percentage of voxels from the basal temporal
lobes and the orbitofrontal lobes. Both regions are known to be prominently involved
in mTLE.

3. Seizure types and number of seizures over a lifetime might influence the occurrence
and localization of temporal and extratemporal NAA/(Cr+Cho) reductions.
Unfortunately, the information about these variables was often not accurate enough
to allow such an analysis.

In conclusion, mTLE is associated with extrahippocampal and extratemporal spectroscopic
metabolic abnormalities. Several of the characteristics suggest that NAA/(Cr+Cho) reductions
in these regions might be due to seizure propagation. Temporal abnormalities are useful for
focus lateralization in TLE-MTS and TLE-no. Extratemporal NAA/(Cr+Cho) reductions also
allow lateralization of the epileptogenic focus in TLE-MTS because they are more pronounced
in the ipsilateral hemisphere of this group. In TLE-no, extratemporal abnormalities are less
widespread and not as well lateralized to the ipsilateral hemisphere.
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FIG. 1.
A: Segmented images with lobar markings on the level of the three MRSI slices. B: T1-
weighted sagittal image showing the position of the three slices: bottom or hippocampal slice,
middle or ventricular slice, and top or supraventricular slice.
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FIG. 2.
Typical distribution of voxels fulfilling the quality criteria in the three slices as indicated by
crosses in patient 15. From each slice, typical spectra from the different regions (cf. also Fig.
1) are displayed: Bottom slice, from anterior to posterior: insula, temporal, occipital. Middle
slice, from anterior to posterior: frontal, temporal, insula, parietal occipital. Top slice, from
anterior to posterior: frontal, parietal, occipital.
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FIG. 3.
Linear regression plots of N-acetylaspartate/(creatine + choline) [NAA/(Cr+Cho)] as a function
of white matter percentage in the different brain regions covered by the middle slice. Dashed
line, the 95% confidence interval.
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FIG. 4.
Arbitrarily defined subregions in the frontal lobe. A, anterior subregion; M, medial subregion;
L, lateral subregion. In the magnetic resonance imaging scan corresponding to the ventricular
and supraventricular slice, the central sulcus (CS) on both sides was identified, and the distance
CS – hemispheric fissure divided in two by using the coordinate grid of the magnetic resonance
spectroscopic imaging, resulting in a lateral and medial subregion in each slice. The anterior
subregion was defined by dividing the length of the intrahemispheric fissure in two by using
the coordinate grid of the MRSI.
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FIG. 5.
Localization of pathological voxels (see Methods) in a control subject and patient 15 with right-
sided temporal lobe epilepsy/mesial temporal sclerosis indicated with a cross superimposed
on the corresponding magnetic resonance imaging slice. The number of pathological voxels
found in the right temporal lobe and in the right insula fulfill the criteria for “pathological lobar
area” (see Methods). The pathological voxels in the right temporal lobe cluster in the region
of the hippocampus, the parahippocampal and fusiform gyrus, a pattern frequently also found
in other patients. The number of pathological voxels in the right medial frontal subregion in
the ventricular slice does not meet the criteria for a “pathological lobar area.” However, the
localization of these voxels in the region of the cingulate gyrus is typical for pathological voxels
in the medial frontal subregion.
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FIG. 6.
Numbers in the drawings indicate the percentage of patients with at least one “pathological
lobar area” in the lobe of interest in the patient group as a whole and in temporal lobe epilepsy/
mesial temporal sclerosis (TLE-MTS; n = 14) and TLE-no (n = 7). No difference was noted
between ipsi- and contralateral lobes with Fisher’s exact test; the ipsilateral medial frontal area
tended to be more often affected in TLE-MTS than in TLE-no. in, insula; temp, temporal; par,
parietal; occ, occipital; front, lateral frontal subregion; mfront, medial frontal subregion; afront,
anterior frontal subregion.
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