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Proton MR Spectroscopy in Patients with Complex
Partial Seizures: Single-Voxel Spectroscopy versus
Chemical-Shift Imaging
Yuan-Yu Hsu, Chen Chang, Chen-Nen Chang, Nai-Shin Chu, Kun-Eng Lim, and Jee-Ching Hsu

BACKGROUND AND PURPOSE: Proton MR spectroscopy has recently been applied to the
evaluation of seizures, but few comparisons have been made between different clinical spectroscopic techniques. Our goal was to determine whether there is a significant difference between hippocampal NAA/(Cho1Cr) ratios obtained by single-voxel spectroscopy (SVS) and by
chemical-shift imaging (CSI).
METHODS: Twelve healthy adults and eight patients with complex partial seizures were
studied on a 1.5-T MR scanner using a proton SVS method. Another 12 healthy adults and 10
patients with complex partial seizures were recruited for a proton CSI study, which was performed on a different 1.5-T MR system. The NAA/(Cho1Cr) ratio was calculated from the
integral peak areas by curve fitting. The two-tailed t-test was used for statistical analysis.
RESULTS: The mean value 6 standard deviation of the hippocampal NAA/(Cho1Cr) ratio
in healthy control subjects was 0.63 6 0.07 by SVS, with 0.62 6 0.15 for the anterior hippocampus and 0.65 6 0.11 for the posterior hippocampus by CSI. There was no significant
difference between the control group data obtained by SVS and those by CSI, nor was there
a regional difference in the CSI NAA/(Cho1Cr) ratio in the hippocampus. Relative to the
control group, the patients with seizures had a significant decrease in the NAA/(Cho1Cr) ratio
in the abnormal hippocampus: 228% by SVS, and 224% in the anterior hippocampus and
218% in the posterior hippocampus by CSI. Proton SVS and CSI detected hippocampal abnormalities, unilateral or bilateral, in all patients of each group.
CONCLUSION: Under similar measurement conditions, proton SVS and CSI provide similar
NAA/(Cho1Cr) ratios among healthy control subjects, and they possess comparable ability for
detecting hippocampal abnormalities in patients with complex partial seizures.
MR spectroscopy can be used to detect the presence of cerebral metabolites and to measure their
amounts noninvasively (1). In vivo proton MR
spectroscopy is now being applied in many clinical
fields owing to its easy integration into clinical MR
systems and the high magnetization and natural
abundance of protons (1, 2). In addition to the
structural information provided by MR imaging,

MR spectroscopy can give spatially encoded biochemical information. There are many metabolites
readily identified by proton MR spectroscopy, including N-acetylaspartate (NAA), choline-containing compounds (Cho), creatine-phosphocreatine
(Cr), lactate, glutamine-glutamate, and myo-inositol
(2). The two different techniques for spatially defining MR spectroscopy are single-voxel spectroscopy (SVS) (3, 4) and chemical-shift imaging (CSI)
(5, 6). Generally speaking, SVS has the advantages
of more explicit spatial localization, more homogeneous shimming, better water suppression, and
shorter acquisition time; but only one spectrum can
be obtained from one data acquisition (3–7). On the
other hand, CSI has the advantage of obtaining
multiple spectra simultaneously during one measurement. This technique is useful for evaluating
an area or a lesion with multiple regions of interest.
However, the postprocessing of CSI data is more
complex (3–7).
Both proton SVS (8–11) and CSI (12–17) have
been used to evaluate metabolic abnormalities in
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FIG 1. Proton SVS study of the left hippocampus of a healthy adult.
A, This coronal T2-weighted image
(3000/85/1) is the central section for voxel
positioning, about 1 to 2 mm anterior to the
ipsilateral internal acoustic canal. The voxel is 20 3 20 3 20 mm3. Part of the hippocampal head and body are included for
measurement.
B, There are three major peaks in this
proton spectrum: NAA at 2.0 ppm, Cr at
3.0 ppm, and Cho at 3.2 ppm. The NAA
peak is usually, but not necessarily, higher
than the other two.

patients with complex partial seizures, especially
those with mesial temporal sclerosis. A decrease in
hippocampal NAA intensity has been demonstrated
in most patients and indicates the neuronal loss underlying mesial temporal sclerosis (8–18). Increased intensities of Cho or Cho1Cr have also
been reported and probably reflect the associated
astrocytosis in the affected hippocampus (8, 10, 15,
16). Although the ability of proton SVS and CSI
to detect metabolic abnormalities in seizure patients
is reportedly satisfactory, diverse quantitative or
semiquantitative results due to different measurement techniques, acquisition parameters, and data
presentation have been noted (8, 11–17). This
methodological inconsistency may hinder the widespread application of MR spectroscopy in clinical
practice and prevent comparison of data from different research centers (19).
Using similar parameters for spectral acquisition
and consistent positioning of the volume of interest
(VOI), we compared the semiquantitative data obtained by proton SVS with those obtained by proton CSI. Our purpose was to compare hippocampal
NAA/(Cho1Cr) ratios measured by these two different MR spectroscopic techniques to evaluate
their effectiveness in detecting hippocampal abnormalities in patients with complex partial seizures.
Methods
Eight patients (five men and three women, ages 15 to 36
years) with symptoms of complex partial seizures and 12
healthy volunteers (eight men and four women, ages 25 to 34
years) were recruited for the proton SVS study. Another 10
patients (six men and four women, ages 15 to 54 years) with
a diagnosis of complex partial seizures and 12 healthy adults
(six men and six women, ages 20 to 35 years) were included
in the proton CSI study. All patients underwent neurologic
examination, neuropsychological evaluation, and interictal
scalp electroencephalography (EEG), including sphenoidal
electrodes. Informed consent was obtained from all the subjects before the start of the study.

MR Imaging and Proton SVS Study
For this group, MR studies were performed on a 1.5-T
whole-body MR scanner (Signa, General Electric, Milwaukee,
WI) using the standard quadrature bird cage head coil. The
MR imaging study consisted of sagittal and transaxial T1weighted images (450–550/12–30/1–2 [TR/TE/excitations], 5mm section thickness, 2.5-mm intersection gap, 256 3 192
image matrix), transaxial T2-weighted images (3000–3500/90/
1–2, 5-mm section thickness, 2.5-mm intersection gap, 256 3
192 image matrix), and oblique coronal T2-weighted images
perpendicular to the long axis of the hippocampus (4000/102/
4, 3-mm interleaved scan, 256 3 256 image matrix). Atrophy
of the hippocampus by visual inspection or hyperintensity inside the hippocampus on T2-weighted images was taken as
criteria for the diagnosis of mesial temporal sclerosis. For the
volunteers, only transaxial T2-weighted images were obtained,
and any intracranial abnormality would exclude the subject
from the study.
The proton SVS study was performed in a separate MR
examination session without knowledge of the results of EEG
and MR imaging. A series of coronal T2-weighted images of
the hippocampus (3000/85/1, 3-mm section thickness, 1.5-mm
intersection gap, 256 3 192 image matrix) was obtained for
localization. A 20 3 20 3 20 mm3 VOI was placed over the
anterior portion of the hippocampus to encompass part of the
hippocampal head and body (Fig 1A). The position was meticulously adjusted and repeatedly checked in each coronal image to include as much of the hippocampus as possible so as
to decrease the degree of tissue contamination. Care was taken
to ensure the standard placement in all subjects, and positioning was performed by a single neuroradiologist for technique
consistency. In this study, water-suppressed SVS was applied
by the method of point-resolved spectroscopy (20). After automated transmitter and receiver adjustment, the signal over
the VOI was shimmed to within a linewidth of 3 to 5 Hz.
Optimal water suppression, 98% to 99%, was achieved by
preirradiation of the water resonance by applying three chemical-shift selected pulses (21) and spoiled gradients. A proton
spectrum was then acquired using parameters of 1600/135/256,
a spectral width of 2500 Hz, and data points of 2K. The whole
procedure was repeated on the contralateral hippocampus. The
acquisition time for each hippocampus was 7 minutes 52 seconds. The total time required in the magnet was 30 to 40
minutes.
The raw data were transferred to an off-line workstation
(Sparc 20, Sun Microsystems, Mountain View, CA), and au-
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FIG 2. Proton CSI study of the right hippocampus of a healthy adult.
A, This transverse T2-weighted MR image (6.32/3.00/2), approximately parallel to
the long axis of the hippocampus, illustrates the position of the VOI (about 40 3
20 mm2) inside the field of view (160 3 160
mm2), which has 16 3 16 phase encoding.
The section thickness is 15 mm, the inplane resolution is 10 3 10 mm2, and the
voxel size is 10 3 10 3 15 mm3. The lateral margin of the VOI is about 0 to 2 mm
lateral to the lateral border of the ipsilateral
temporal horn, and the anterior margin is
5 to 10 mm anterior to the peduncles.
B, The resultant spectral map has eight
voxels arranged in a two by four matrix.
The spectral profile is similar to that of a
single-voxel study. Owing to field inhomogeneity caused by anatomic complexity, in
many cases the spectral resolution is
worse in the more anterior voxels than in
the posterior ones.

tomated postprocessing was performed using a spectroscopic
analysis package (SA/GE, General Electric) according to the
following steps: 1.0-Hz exponential apodization, zero-filling to
8K, baseline correction, Fourier transformation, auto-phasing,
location of the creatine peak at 3.0 parts per million (ppm),
and acquisition of the peak integrals by curve fitting. The NAA
peak could be identified at 2.0 ppm, the Cr peak at 3.0 ppm,
and the Cho peak at 3.2 ppm. The integral value of each peak
was dimensionless and represented relative measurement of the
amount of each metabolite. The semiquantitative result of each
hippocampus was expressed as NAA/(Cho1Cr) ratio. The time
required for data postprocessing was less than 10 minutes.
MR Imaging and Proton CSI Study
For this group, MR studies were performed on another 1.5T clinical MR system (Magnetom Vision, Siemens, Erlangen,
Germany), using a standard circularly polarized head coil. The
MR imaging study was similar to that described for the SVS
study group.
Proton CSI of the hippocampus was acquired in a separate
examination session without knowledge of the results of EEG
and MR imaging. A series of orthogonal T2-weighted images
for localization were obtained by using the fast imaging with
steady-state precession sequence (6.32/3.00/2, 708 flip angle,
5- or 7-mm section thickness, 5- or 7-mm intersection gap, and
200 3 256 image matrix). The transaxial CSI plane was approximately parallel to the long axis of the hippocampus. The
VOI, about 20 3 40 3 15 mm3 in size, was positioned over
one hippocampus for each measurement (Fig 2A). The position
was carefully checked and meticulously adjusted in all three
orthogonal sections to ensure standard placement in all subjects. After automated shim and water suppression, consecutive
two-dimensional proton CSI was performed in each hippocampus using a spin-echo sequence. The acquisition parameters
included 1500/135/2, a field of view of 16 3 16 cm2, a phase
encoding of 16 3 16, and data points of 1024. The resultant
voxel size was 10 3 10 3 15 mm3. The acquisition time for
each hippocampus was 12 minutes 55 seconds. The total time
required in the magnet was 40 to 50 minutes.
Automated postprocessing of the spectral raw data was performed on the on-line workstation (Magnetom Vision, Siemens,
Erlangen, Germany). The postprocessing procedures included
apodization with a Hamming filter, Fourier transformation, phase
and baseline correction, and acquisition of peak areas by fitting
to a sum of gaussian curves. The spectra and integral values of

each peak were displayed on the base image with an overlaid
grid indicating the anatomic location from which the results
were derived. There were eight spectra in each hippocampus,
arranged in four rows and two columns. The average of the
NAA/(Cho1Cr) ratios from the anterior two rows represented
the semiquantitative result of the anterior hippocampus; that of
the posterior two rows, the posterior hippocampus. Spectra were
excluded from the analysis if curve fitting was in vain. The time
required for data postprocessing was 20 to 30 minutes.
Student’s t-test (two-tailed) was used for comparison of data
between groups. A P value of , .01 was considered statistically significant.

Results
Control Group
Twenty-four proton spectra were obtained from
the 12 healthy volunteers included in the SVS
study. The NAA peak at 2.0 ppm, Cr at 3.0 ppm,
and Cho at 3.2 ppm could be readily recognized
(Fig 1B). The distribution of hippocampal NAA/
(Cho1Cr) ratios for the healthy control subjects is
shown in Figure 3A. There was no statistically significant difference between the NAA/(Cho1Cr) ratios of the left and right sides of the hippocampus
( P 5 .280), so each ratio was considered as a separate control value. The mean value 6 standard
deviation (SD) of the control group’s hippocampal
NAA/(Cho1Cr) ratios derived from proton SVS
was 0.63 6 0.07.
A normal proton spectral map of the hippocampus obtained by CSI study is shown in Figure 2B.
There were eight voxels in one hippocampus, and
each voxel had one spectrum. The spectral profiles
were similar to those described for the SVS group.
The NAA/(Cho1Cr) ratio was calculated from the
integral values of fitted curves for each voxel.
There was a total of 192 voxels in the control
group, of which metabolic ratios were not calculated from 17 voxels owing to poor spectral qual-
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FIG 3. Distribution of hippocampal NAA/
(Cho1Cr) ratios in control subjects (white
bars) and in patients with complex partial seizures (black bars).
A, Proton SVS study.
B, Proton CSI study: anterior hippocampus.
C, Proton CSI study: posterior hippocampus.
A significant decrease in the NAA/
(Cho1Cr) ratio of the patient group is seen
in all three data sets ( P 5 .00003, P 5 .001,
and P 5 .002, respectively).

ity. Most of these voxels with poor spectral resolution were located in the anterior hippocampus,
especially the voxels of the first row. There was
no significant difference between the NAA/
(Cho1Cr) ratios of the medial and lateral columns
( P 5 .714). The NAA/(Cho1Cr) ratio derived
from each voxel was grouped and averaged for the
anterior and posterior hippocampus. The distribution of hippocampal NAA/(Cho1Cr) ratios for
the control group by CSI study is shown in Figure
3. There was no significant side-to-side difference,
either in the anterior ( P 5 .687) or posterior ( P
5 .198) hippocampus. The mean value 6 SD of
the anterior hippocampal NAA/(Cho1Cr) ratio
measured by CSI was 0.62 6 0.15, and that of the

posterior hippocampus, 0.65 6 0.11. Because the
number of hippocampi studied was small and the
SD was relatively large, the lowest value in each
control group, instead of the more rigorous 2 SDs
below the mean value, was taken as the lower limit of the normal range.
There was no significant difference between the
NAA/(Cho1Cr) ratios obtained by SVS and those
by CSI, in either the anterior or posterior hippocampus ( P 5 .629 and .473, respectively). Although the lowest NAA/(Cho1Cr) ratio (0.48) and
the mean value (0.65) of the posterior hippocampus
were greater than those of the anterior hippocampus (0.40 and 0.62, respectively), there was no statistical significance ( P 5 .346).
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TABLE 1: Findings in eight patients with complex partial seizures
included for proton single-voxel spectroscopic study

Age
Case (y)/Sex

Interictal
Surface EEG

MR Imaging

NAA/
(Cho 1
SingleCr)
Voxel
Spectro- Right
scopy
Left

1

27/M

Normal

Normal

Bil (L)

2

22/F

Normal

Bil atrophy

Bil (L)

3

23/F

Nonlateralized L atrophy

L

4

28/M

Normal

R hyperintensity

R

5

30/M

Normal

Normal

R

6

36/M

R temporal

R hyperintensity

Bil (L)

7

15/F

L temporal

L atrophy

L

8

26/M

L temporal

Normal

L

0.48
0.38
0.44
0.21
0.50
0.44
0.45
0.58
0.41
0.57
0.40
0.24
0.78
0.44
0.55
0.43

Note.—Temporal indicates temporal lobe; atrophy, hippocampal atrophy detected by visual inspection; hyperintensity, high signal intensity in the hippocampus on T2-weighted MR images; Bil (R or L),
bilateral abnormalities with right or left lateralization.

Patients in the SVS Study
Repeated interictal surface EEG, including sphenoidal electrode recording, revealed lateralized epileptogenic foci in three patients, nonlateralization
in one patient, and normal patterns in the other four
patients (Table 1).
According to MR imaging studies, there were
four patients with unilateral hippocampal abnormality, one patient with bilateral abnormalities, and
three patients with normal results (Table 1).
The distribution of patients’ NAA/(Cho1Cr) ratios is presented in Figure 3A. Compared with the
healthy subjects, the metabolic ratios of this patient
group were in a lower range. There was a significant difference in the hippocampal NAA/(Cho1Cr)
ratio between control subjects and patients with
complex partial seizures ( P 5 .00003). The reduction in NAA/(Cho1Cr) ratio was 228% for the
patient group, calculated as (patients’ mean value
2 controls’ mean value)/controls’ mean value.
If the lowest NAA/(Cho1Cr) ratio of the healthy
control subjects (0.50) was taken as the threshold
for defining metabolic abnormality, there were unilateral hippocampal abnormalities in five of the
eight patients and bilateral abnormalities in the other three (Table 1). An SVS study of a patient with
unilateral hippocampal abnormality is shown in
Figure 4. All three patients with normal MR imaging findings had abnormal proton SVS findings.
In this study, lateralization by proton SVS was defined by a unilateral abnormal NAA/(Cho1Cr) ratio or bilateral abnormalities with a side-to-side difference greater than 0.07 (the SD). Using these
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criteria, lateralization could be achieved in all eight
patients, including the three with bilateral hippocampal abnormalities.
Patients in the CSI Study
Repeated interictal surface EEG, including sphenoidal electrode recording, revealed lateralized epileptogenic foci in five patients, nonlateralization in
two patients, and normal patterns in the other three
patients (Table 2).
According to MR imaging studies, six patients
had unilateral hippocampal abnormalities and four
patients had normal results (Table 2).
In total, 160 voxels were obtained from 10 patients and 17 voxels were excluded from data analysis owing to poor spectral quality. As a result, at
least two metabolic ratios were averaged for the
anterior hippocampus, and at least three ratios were
averaged for the posterior hippocampus. The distribution of anterior and posterior hippocampal
NAA/(Cho1Cr) ratios is shown in Figure 3B and
C. As compared with the control group, the patients
had a significant reduction in NAA/(Cho1Cr) ratio
in the anterior and posterior hippocampus ( P 5
.001 and .002, respectively). Defined as (patients’
mean 2 controls’ mean)/controls’ mean, the difference was 224% in the anterior hippocampus
and 218% in the posterior hippocampus.
In the CSI study, a spectrum was abnormal if the
NAA/(Cho1Cr) ratio was smaller than the lowest
normal value: 0.40 for the anterior hippocampus
and 0.48 for the posterior hippocampus. Proton CSI
detected hippocampal abnormalities in all 10 of
these patients, including four with normal MR imaging findings (Table 2). Unilateral abnormalities
were noted in eight patients, one of which is shown
in Figure 5, and bilateral abnormalities in the other
two patients (cases 5 and 6). Lateralization could
be achieved in these two patients according to the
following criteria: abnormal NAA/(Cho1Cr) ratios
involving both the anterior and posterior portion of
the ipsilateral hippocampus and only one portion
of the contralateral hippocampus (case 6) or abnormal NAA/(Cho1Cr) ratios involving only one
portion of both hippocampi with their difference
being more than 0.15 (the SD of the control group’s
anterior hippocampus) (case 5). All six patients
with abnormal MR imaging findings had concordant proton CSI lateralization.
Discussion
In recent years, proton MR spectroscopy has
been applied with more frequency to the area of
seizure evaluation (8–18). Detectable changes in
cerebral metabolites, such as NAA, Cho, and Cr,
have been demonstrated in many research centers
(8–18); however, several factors make comparison
of spectral data from various centers difficult, such
as different acquisition parameters, measurement
techniques, voxel sizes and positioning, MR sys-
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FIG 4. 28-year-old man with complex partial seizures for 11 years.
A, The proton SVS study of the right hippocampus shows a low NAA peak, a high
Cho peak, and a small NAA/(Cho1Cr) ratio (0.45).
B, The study of the left hippocampus
has a normal spectral profile and a normal
NAA/(Cho1Cr) ratio (0.58).
The T2-weighted MR images, 3000/85/
1, also reveal abnormal hyperintensity in
the right hippocampus.

tems, and analytic methods (1, 19). The purpose of
our study was to evaluate the consistency of spectral results under different conditions.
The variation between results obtained with different MR spectroscopic techniques is important,
since it is the clinical applications that are being
considered. It would have been better to perform
SVS and CSI in the same hippocampus and during
the same session so that direct comparison between
the results could have been made. However, obtaining both SVS and CSI data from bilateral hippocampi during one session would have required

the patient to remain in the magnet for more than
1 hour, and such repeated MR spectroscopic studies
are not easily performed in patients with seizures.
So, in this study, SVS and CSI were conducted in
different groups of patients and control subjects,
and comparison was made between their mean values rather than between the ratios.
In SVS studies, the voxel is large and encompasses not only the hippocampus but also the adjacent temporal lobe and cerebrospinal fluid. All
these structures contribute to the signal intensity
and influence the spectral profile (2, 12, 22). Dif-
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TABLE 2: Findings in 10 patients with complex partial seizures included for proton chemical-shift imaging study
NAA/(Cho 1 Cr)
Interictal Surface EGG

MR Imaging

Chemical-Shift
Imaging

Case

Age (y)/Sex

1

38/M

L temporal

Normal

L

2

54/F

Normal

L atrophy

L

3

37/M

Nonlateralized

Normal

L

4

39/M

Nonlateralized

Normal

L

5

15/F

Normal

Normal

Bil (L)

6

18/F

R temporal

R atrophy

Bil (R)

7

40/M

Normal

R hyperintensity

R

8

20/F

L temporal

L atrophy

L

9

17/M

L temporal

L atrophy

L

10

15/M

R temporal

R atrophy

R

Right (Ant/Post)
Left (Ant/Post)
0.80/0.87
0.37/0.62
0.40/0.66
0.29/0.55
0.57/0.59
0.36/0.54
0.71/0.51
0.39/0.58
0.46/0.44
0.23/0.70
0.32/0.31
0.41/0.33
0.59/0.42
0.56/0.54
0.59/0.55
0.39/0.48
0.63/0.49
0.38/0.47
0.44/0.44
0.43/0.62

Note.—Temporal indicates temporal lobe; atrophy, hippocampal atrophy detected by visual inspection; hyperintensity, high signal intensity in the
hippocampus on T2-weighted MR images; Bil (R or L), bilateral abnormalities with right or left lateralization; (Ant/Post), anterior hippocampus/
posterior hippocampus.

FIG 5. 20-year-old woman with complex
partial seizures for 14 years.
A, Proton CSI study of the right hippocampus shows a normal NAA/(Cho1Cr)
ratio in both anterior and posterior portions
(0.59 and 0.55, respectively).
B, Conversely, the study of the left hippocampus shows a reduced NAA/
(Cho1Cr) ratio in both anterior and posterior portions (0.39 and 0.48, respectively).
The MR imaging study (not shown) revealed atrophy of the left hippocampus.

ferent positioning of the voxel will thus result in
different metabolic ratios. Extraneous tissue contamination seems to be of less severity in the CSI
method owing to the small voxel size, but voxel
bleeding resulting from point-spread function (23)
is of concern: the signal of a neighboring voxel will
contribute about 10% to the signal of adjacent voxels. The quality of shimming across the VOI is essential for good MR spectroscopy. In a CSI study,
the large VOI and the anatomic complexity near
the medial temporal lobe make it difficult to obtain

field homogeneity over the measured region. Despite these problems, using our technique, the metabolic ratios of healthy control subjects obtained by
SVS were consistent with those obtained by CSI,
showing that consistent delineation of the region to
be measured, similar acquisition parameters, and
automated postprocessing can give comparable
spectroscopic measurements on a clinical basis.
Under such circumstances, different MR systems
can give consistent semiquantitative data, whether
SVS or CSI is used.
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For the control groups, similar mean values
could be obtained by different MR spectroscopic
techniques, but the SDs of the CSI study (0.15 in
the anterior and 0.11 in the posterior hippocampus)
were much larger than those of the SVS study
(0.07). This was most likely due to the poorer
shimming across a larger VOI during CSI measurement compared with a smaller volume in the
SVS study. Furthermore, the anatomic complexity
around the anterior hippocampus makes the situation even worse, resulting in the poorest spectral
resolution, the largest SD, and the greatest ratio distribution among the three groups. It is important,
therefore, to further evaluate whether the measurements obtained with either the SVS or CSI technique for a given hippocampus during different sessions with the same magnet would give similar
NAA/(Cho1Cr) ratios. The precision of MR spectroscopic measurements would thus be evaluated
and the standard error of the observed NAA/
(Cho1Cr) ratio would be defined.
There is no standard threshold between normal
and abnormal hippocampal spectra that can be applied universally for seizure evaluation. The most
common metabolic ratios used in the investigation
of temporal lobe epilepsy are NAA/(Cho1Cr) (8,
11, 16, 24), NAA/Cho (13, 15), and NAA/Cr (14,
15, 17). In the present study, the NAA/(Cho1Cr)
ratio was chosen for spectral analysis because of
the association of low NAA, high Cho, and, probably, high Cr intensity, and the poor resolution between Cr and Cho peaks in hippocampal spectra
(8, 11, 12, 16). It is possible to use metabolic ratios
to detect unilateral or bilateral hippocampal abnormalities, to lateralize the epileptogenic focus, to
predict the surgical outcome, and to differentiate
neocortical from mesial temporal lobe epilepsy (24,
25). Although promising results have been reported, contradictory results were obtained in some
cases (5, 26). The situation should be clarified by
using similar acquisition protocols in a larger group
of subjects. There are reports of absolute quantification of cerebral metabolic concentrations using
proton MR spectroscopy (9, 16, 22, 24), but the
process of in vivo quantification of metabolic concentration is rather complicated (27) and, in most
clinical centers, its application for daily practice is
not available.
In our CSI study, the voxels were divided into
anterior and posterior groups for the evaluation of
regional differences in the hippocampus. Both the
lowest NAA/(Cho1Cr) ratio and the mean value of
the posterior hippocampus were larger than those
of the anterior hippocampus, but there was no statistical significance ( P 5 .346). This finding is different from that in the study of Vermathen et al
(28), who reported a strong anterior-posterior difference within the hippocampus using the CSI technique. Different measurement strategy, postprocessing procedure, and analytic method may, at
least in part, lead to contrary observations. In our
CSI study, approximately 10% of the voxels had to
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be discarded owing to poor quality, and many of
these were located within the anterior hippocampus, where lower NAA/(Cho1Cr) ratios are more
typical. Investigation of hippocampal spectra of
different regions should take these factors into
consideration.
Both proton SVS and CSI techniques showed a
significantly lower NAA/(Cho1Cr) ratio in our patients. In comparison with the control subjects, the
overall rate reduction was around 20% to 30%. Using the criteria defined previously, we could identify unilateral or bilateral abnormalities in all patients, including those with a normal MR imaging
study, indicating that metabolic abnormalities
might be detected earlier than the morphologic
changes in the disease process accounting for complex partial seizures. The metabolic ratio NAA/
(Cho1Cr) can be measured readily on a clinical
MR scanner with the proton SVS or CSI technique,
and can be used to differentiate a normal from an
abnormal hippocampus in patients with complex
partial seizures. Incorporated into the routine MR
examination, proton MR spectroscopy can add invaluable metabolic information to the results of an
MR imaging study. However, since only a few of
our patients had undergone surgery when this article was submitted, the accuracy of lateralization
by proton SVS and CSI cannot be determined from
these data. A large-scale study with pathologic confirmation and surgical outcome is mandatory for
defining the role of proton MR spectroscopy in the
management of patients with seizures.
For patients with a diagnosis of complex partial
seizures, the question is, which MR spectroscopic
technique should be applied to evaluate the hippocampus, SVS or CSI? Both can be performed on
most clinical MR systems and can efficiently detect
metabolic changes in the hippocampus, as shown
in this study and elsewhere in the literature. SVS
can be accomplished in less time, which allows the
subjects to feel more comfortable and makes body
motion less of a problem. Shimming across the
small VOI during SVS measurement always gives
a more homogeneous field and better spectral profile. The CSI technique, on the other hand, has
greater field inhomogeneity over a larger VOI and
a longer acquisition time, leading to poor spectral
resolution, difficult curve fitting, and a wider range
of data distribution, as shown in this study. Data
processing in CSI study is more complicated and
time-consuming than in the SVS study. However,
only one voxel can be studied during one SVS
measurement, while multiple spectra can be obtained simultaneously during one CSI measurement, making comparison of a voxel of interest
with others in and around the hippocampus possible. The CSI technique has the potential to better
delineate the region of metabolic abnormality,
which might be helpful in the planning of restricted
surgery. At present, whether one uses SVS or CSI
for seizure evaluation depends largely on the resources available and the expertise of the personnel
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involved. With rapid improvement of MR techniques and data processing, use of the CSI technique for seizure evaluation will undoubtedly increase, because it has the major advantages of
multivoxel acquisition and metabolic image
display.

Conclusion
Recently, more and more patients with complex
partial seizures have been treated surgically, with
good outcomes maintained during long-term follow-up periods (29). Tailored neuroimaging evaluation of the brain and accurate localization of the
epileptogenic focus are proving to be helpful and
important for a successful operation (30). Proton
SVS and CSI techniques can be used to measure
the cerebral metabolites on clinical MR systems,
and, in patients with complex seizures, to detect the
biochemical abnormalities before the appearance of
morphologic changes. Our study has established
that consistent hippocampal NAA/(Cho1Cr) ratios
in healthy adults can be obtained by using similar
measurement parameters, with either SVS or CSI.
A standardized protocol for acquiring hippocampal
proton spectra is desirable, as it will lead to more
widespread application of MR spectroscopy in the
field of complex partial seizures.
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