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Lateralizing Ability of Single-voxel Proton MR
Spectroscopy in Hippocampal Sclerosis: Comparison with

MR Imaging and Positron Emission Tomography

Sun-Won Park, Kee-Hyun Chang, Hong-Dae Kim, In Chan Song, Dong Soo Lee, Sang Kun Lee, Chun-Kee Chung,
In Kyu Yu, Moon Hee Han, and Yang Hee Park

BACKGROUND AND PURPOSE: Proton MR spectroscopy (MRS) is still in the early stages
in the evaluation of epilepsy, and comparisons with MR imaging and positron emission to-
mography (PET) in the same patients have rarely been documented. The purpose of this study
was to evaluate the lateralizing ability of single-voxel MRS in comparison with MR imaging
and PET in patients with hippocampal sclerosis.

METHODS: Thirty-three patients with intractable temporal lobe epilepsy whose MR imaging
diagnosis was unilateral hippocampal sclerosis and who underwent anterior temporal lobec-
tomy and had good postsurgical outcome over 1-year follow-up were included in the study.
MR spectra were obtained from the hippocampus bilaterally, using the point-resolved spec-
troscopy sequence. Metabolite ratios of NAA/Cho and NAA/Cr were calculated from the rel-
ative peak height measurements. An NAA/Cho ratio of 0.8 or less and an NAA/Cr ratio of 1.0
or less were regarded as abnormal. The MRS results were compared retrospectively with those
of MR imaging and PET as to the ability to lateralize the epileptogenic focus.

RESULTS: The sensitivity of MRS and PET (concordance with MR imaging) was 85% each
in the lateralization of the ipsilateral lesion side. Bilateral abnormalities were seen in 30% of
the patients. False-lateralization rates for MRS and PET were 3% and 6%, respectively. The
concordance rate of MRS and PET was 73%, when comparing the results of the ipsilateral
lesion side.

CONCLUSION: MRS may be used as an adjunct tool in the evaluation of hippocampal
sclerosis, like PET, although its sensitivity has to be improved and the clinical significance of
bilateral abnormality is still to be determined.

Hippocampal sclerosis is the most common sub-
strate in patients with medically intractable tem-
poral lobe epilepsy (1, 2). Although the patho-
physiology of hippocampal sclerosis is not
completely understood, it is histologically charac-
terized by neuronal loss and gliosis of the hippo-
campus (1). Most patients with hippocampal scle-
rosis have persistent seizures despite medical
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treatment and may benefit from surgery. In fact,
surgical resection of the hippocampus and anterior
temporal lobe can cure epilepsy in as many as 90%
of these patients (3–5). Therefore, accurate preop-
erative localization of the seizure focus is essential
to the success of seizure surgery (6). Sleep-depri-
vation electroencephalography (EEG) and video-
surface EEG monitoring are the primary laboratory
methods for localizing ictal activity, but the success
rate of EEG methods ranges from 60% to 90% (7).
Currently, MR imaging is considered the imaging
method of choice for localizing the epileptogenic
focus. Single-photon emission CT (SPECT), posi-
tron emission tomography (PET), proton MR spec-
troscopy (MRS), and invasive studies are comple-
mentary tools, particularly for patients with
inconclusive lateralization on video-EEG and MR
imaging (8–12).

SPECT and PET have been studied extensively
in the localization of epileptogenic foci, but MRS
is still in the early stage of clinical application in
patients with epilepsy. To our knowledge, studies
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comparing MRS with MR imaging and PET are
scarce (13), presumably because of the limited
availability of the techniques and the continuing
advances in technology.

The purpose of our study was to evaluate the
ability of single-voxel proton MRS to lateralize the
seizure focus in patients with hippocampal sclerosis
as compared with that of MR imaging and PET.

Methods

Subjects

Our study included 33 patients with temporal lobe epilepsy
(21 men and 12 women; age range, 17 to 46 years; mean age,
28 years) who had MR imaging findings of unilateral hippo-
campal sclerosis, underwent anterior temporal lobectomy, and
had a good postsurgical outcome (Engel class I or II) during
a follow-up period of least 12 months after surgery. From July
1997 through March 1999, a total of 79 patients underwent
surgery for medically intractable temporal lobe epilepsy in our
institution. The presurgical diagnoses included unilateral hip-
pocampal sclerosis on MR imaging (n 5 55), neoplasm (n 5
6), cavernous angioma (n 5 2), cortical dysplasia (n 5 2), and
others (n 5 14). Preoperatively, it was our intention that the
patients with hippocampal sclerosis were to have MR imaging,
MRS, and PET. In fact, although MR imaging was performed
in all the patients, owing to equipment or technical problems,
unavailable radioactive tracers, or the high cost of PET, only
40 patients had MRS and 39 patients had PET. Among the 39
patients who underwent MR imaging, MRS, and PET, 33 had
a good postsurgical outcome (Engel class I or II) and four had
a poor postsurgical outcome (Engel class III or IV). The re-
maining two patients were lost to follow-up. The postoperative
outcome at the latest follow-up was classified according to
Engel’s four categories (14) by an epileptologist. In this
scheme, class I (seizure-free) indicates an absence of seizure
activity since surgery, regardless of medication; class II indi-
cates rare seizures, meaning a few seizures in a year; class III
indicates worthwhile improvement, meaning at least a 75%
improvement in seizure frequency compared with preoperative
status; and class IV denotes no worthwhile improvement.

MR Imaging

Standard MR imaging was performed on a clinical 1.5-T
MR unit. The temporal lobes and hippocampi were evaluated
with 2D T2-weighted fast spin-echo sequences with 3-mm-
thick sections and with T1-weighted 3D magnetization-pre-
pared rapid acquisition (MP-RAGE) gradient-echo sequences
with 1.5-mm-thick sections in the oblique coronal plane per-
pendicular to the long axis of the hippocampus. Spatial reso-
lution was approximately 1.0 3 1.0 mm (matrix, 256 3 256;
field of view, 25 cm). The criteria for a diagnosis of hippo-
campal sclerosis on MR images included the presence of uni-
lateral atrophy and high T2 signal of the hippocampus.

Proton MRS

Single-voxel proton MRS was carried out on the same day
or within 1 week after MR imaging on the same 1.5-T unit as
MR imaging. The MR spectra were obtained from the volume
of interest (VOI) positioned in the medial temporal lobes, in-
cluding most of the head and body of the hippocampus and a
part of the amygdala, the parahippocampal gyrus, and CSF of
the temporal horn, bilaterally. The VOI size was approximately
2.25 cm3 (1.5 3 1.5 3 1.0 cm) in most patients. The VOI
placement in this study avoided potential magnetic suscepti-
bility artifacts from the skull base and sphenoidal sinus and
contamination from fat in the skull base. The spectra were

obtained using a point-resolved spin-echo spectroscopy
(PRESS) sequence with parameters of 1500–2000/144, 288
(TR/TE) and 128 scans in all subjects. Before spectroscopic
measurements were obtained, the field homogeneity was op-
timized over the selected VOI by observing the MR signal of
tissue water with the spatially selective PRESS sequence. Typ-
ical full widths at half maximum of 4 to 8 Hz were achieved
in most examinations. The water signal was suppressed by a
frequency-selective saturation pulse at the water resonance. A
sweep width of 1000 Hz was used with data size of 1024
points. Only the second half of the echo was acquired. Follow-
ing the zero-filling of 4096 points in all free-induction-decay
data, exponential line broadening (center, 0 msec; half-time,
150 msec) was done before Fourier transformation. A zero-
order phase correction was applied to all spectra.

The MR spectra were evaluated with a focus on the metab-
olite ratios of N-acetylaspartate (NAA) at 2 ppm, creatine–
phosphocreatine couple (Cr) at 3 ppm, and choline–containing
compounds (Cho) at 3.2 ppm. The metabolite ratios of NAA/
Cho and NAA/Cr were calculated from the relative peak height
measurement. The MRS results were interpreted as abnormal
when the NAA/Cho ratio was less than 0.8 or the NAA/Cr
ratio was less than 1.0, or both, in accordance with the results
of a previous study (15).

PET

PET was performed with an IV injection of 370 MBq
(10 mCi) of 18F-fluorodeoxyglucose (FDG) during the inter-
ictal period on an ECAT EXACT 47 scanner. Acquisition time
was approximately 20 minutes. Axial and coronal images were
reconstructed with a Shepp-Logan filter (cut off, 0.30 cycles
per pixel) as matrices of 128 3 128 3 47, with a size of 2.1
3 2.1 3 3.4 mm. The criterion for abnormality was the pres-
ence of an asymmetric decrease in FDG uptake (asymmetry of
15% or more).

Comparative Evaluation of MR Imaging, MRS, and PET

The original MRS results were compared with those of MR
imaging and PET without retrospective reinterpretation with
regard to the concordance rate for lateralization of the epilep-
togenic focus, the sensitivity of MRS with the use of MR im-
aging as the standard of reference, the false-negative rate, and
the rate of bilateral abnormalities. The results of PET were
also assessed with the focus on the concordance rate with MR
imaging for lateralization of the epileptic focus and on the
false-negative and false-positive rates.

Results
Preoperatively, MRS was concordant with MR

imaging on both sides in 18 (55%) of 33 patients.
When comparing the results on only the ipsilateral
side, regardless of the results on the contralateral
side, MRS was concordant with MR imaging in 28
(85%) of the patients (Fig 1). Among these 28 pa-
tients, both the NAA/Cho and NAA/Cr ratios were
abnormal in 13 patients, only the NAA/Cho ratio
was abnormal in seven, and only the NAA/Cr ratio
was abnormal in eight. The false-negative rate of
MRS on the ipsilateral side was 15% (five of 33
patients) (Fig 2). Among these five patients with
false-negative results, four had no abnormality in
either hippocampus and one had abnormal MRS
findings in the contralateral hippocampus, which
appeared normal on MR images (false-positive re-
sult) (Fig 2 and Table 1). When comparing the re-
sults for the contralateral (normal) side, MRS was
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FIG 1. Concordance among MR imaging, MRS, and PET in right hippocampal sclerosis. Oblique coronal T2-weighted MR image (top
row, middle) shows right hippocampal sclerosis (arrow), in concordance with PET scan (bottom row, middle), which shows decreased
metabolism in right temporal lobe (arrow). The MR spectrum from the right hippocampus (Rt) shows marked decrease in NAA/Cho ratio
(arrow). The MR spectrum from left hippocampus is normal (Lt).

concordant with MR imaging in 22 (67%) of the
33 patients. Abnormal MRS findings were noted on
the normal-appearing contralateral side on MR im-
ages in 11 (33%) of the 33 patients. Bilateral ab-
normalities at MRS were seen in 10 (30%) of the
33 patients, in whom MR images showed unilateral
hippocampal sclerosis (Fig 3). Of the 11 patients
with abnormal MRS findings on the contralateral
side (10 bilateral abnormal MRS findings and one
unilateral false-positive MRS finding), four had ab-
normalities in both the NAA/Cho and NAA/Cr ra-
tios, five had an abnormality in only the NAA/Cho
ratio, and two had an abnormality in only the NAA/
Cr ratio.

PET was concordant with MR imaging in 28
(85%) of the 33 patients (Figs 1 and 2). Among
the five patients with discordance between PET and
MR imaging, three (9%) had no abnormality on
PET studies on either side. In the other two patients
(6%), the PET results were opposite to the results
of MR imaging. With MR imaging as the standard
of reference, false-negative and false-positive rates
of PET were 15% (five of 33) and 6% (two of 33),
respectively.

MRS of both sides was concordant with PET in
14 (42%) of the 33 patients. When comparing MRS
with PET on only the ipsilateral lesion side, re-

gardless of the results on the contralateral side,
MRS was concordant with PET in 24 (73%) of the
33 patients. Among the nine patients with discor-
dance between MRS and PET (27%), MRS cor-
rectly lateralized the lesion side (concordant with
MR imaging) in four patients, whereas PET cor-
rectly lateralized the lesion side in the other four
patients. In the remaining patient, both MRS and
PET were discordant with MR imaging. When
comparing MRS with PET results on the contra-
lateral (normal) side as seen on MR images, MRS
was concordant with PET in 20 (61%) of the 33
patients. Of the 13 patients with discordance be-
tween MRS and PET findings, MRS was concor-
dant with MR imaging in two patients, whereas
PET was concordant with MR imaging in the other
11 patients.

Discussion
In the management of temporal lobe epilepsy,

exact lateralization/localization of seizure focus
with a noninvasive study is crucial, because sur-
gical resection of the epileptogenic lesion results in
good outcome (Engel class I or II) and a failure to
lateralize the focus with noninvasive examination
may lead to an invasive study or to additional sur-
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FIG 2. Discordant MRS with MR imaging and PET in left hippocampal sclerosis. Oblique coronal T2-weighted MR image (top row,
middle) shows left hippocampal atrophy (arrow), in concordance with PET scan (bottom row, middle), which shows decreased metab-
olism in left temporal lobe (arrow). However, the MR spectrum from the left hippocampus (Lt) appears within normal range (false-
negative finding), based on the abnormal criteria of an NAA/Cho ratio of 0.8 or less or an NAA/Cr ratio of 1.0 or less. The MR spectrum
from the left hippocampus (Lt) shows a decrease in NAA/Cho and NAA/Cr ratios (arrow) on right side (Rt) (false-positive finding).

Summary of MRS and PET results in lateralization of hippocampal sclerosis (n 5 33).

MR Spectroscopy PET

Abnormal (%) Abnormal (%)

Normal (%)*

Unilateral

Ipsilateral Contralateral Bilateral Normal (%)*

Unilateral

Ipsilateral Contralateral Bilateral

12
(n 5 4)

55
(n 5 18)

3
(n 5 1)

30
(n 5 10)

9
(n 5 3)

85
(n 5 28)

6
(n 5 2)

0
(n 5 0)

* Indicates no abnormality bilaterally.

gery for placement of intracranial electrodes, which
may have potential risks (16, 17). However, many
sources of temporal lobe epilepsy, including hip-
pocampal sclerosis and developmental anomalies,
may not be recognized, even by a variety of MR
imaging techniques, including MR volumetry and
measurement of T2 relaxation time, SPECT, and
PET (8–12, 18–26).

Recent preliminary reports on proton MRS have
noted that while MRS is promising it provides var-
iable results in the evaluation of mesial temporal
lobe epilepsy (27–33). Most MRS studies in pa-
tients with temporal lobe epilepsy have shown a
decrease in NAA, NAA/Cr, and/or NAA/Cho1Cr

(28–31). Some studies have shown a decrease in
only NAA without changes in Cr or Cho (32, 33),
whereas others have reported an increase in Cr and
Cho (27, 28). Common to all studies is the decrease
of NAA in the affected temporal lobe of patients
with epilepsy as compared with control subjects. In
our previous study (15), NAA/Cho and NAA/Cr
ratios measured in 20 healthy control subjects were
greater than 0.8 and 1.0, respectively, with a 95%
confidence level (2 SD). These results were based
on the determination of abnormal criteria of NAA/
Cho and NAA/Cr ratios in the present study. In
general, our results agree with those of others in
showing decreased NAA/Cho or NAA/Cr in the
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FIG 3. Bilateral abnormality on MRS in left hippocampal sclerosis. Oblique coronal T2-weighted MR image (top row, middle) shows
left hippocampal sclerosis with increased signal intensity (arrow), in concordance with PET scan (bottom row, middle), which shows
decreased metabolism (arrow) in left temporal lobe. The MR spectra (Rt and Lt) show bilateral abnormalities (arrows), decreased NAA/
Cho ratios bilaterally, and decreased NAA/Cr ratio on right side.

hippocampus of patients with hippocampal sclero-
sis (28–31). A reduction in NAA/Cho or NAA/Cr
may be interpreted as a decrease of NAA, reflecting
neuronal loss, an increase in Cho or Cr, presumably
reflecting gliosis (27, 34), or both.

In the present study, MRS revealed an abnor-
mality in the affected hippocampal region in only
28 (85%) of the 33 patients with hippocampal scle-
rosis. The reason for the false-negative rate of 15%
is uncertain, although it might be attributable in
large part to the partial volume effect. MR spectra
in the present study were obtained from the VOI,
including the hippocampal head and body and parts
of the normal parenchyma of the temporal lobe and
CSF of the temporal horn. In the cases of severe
hippocampal atrophy, a larger part of the normal
temporal lobe included in the VOI might have
caused the false-negative results. To minimize the
potential partial volume effect, we reduced the size
of the VOI to 1.5 3 1.5 3 1.0 cm.

The results from the contralateral hippocampus
in the present study differ somewhat from those
reported by other investigators (27, 35). One study
found that the contralateral hippocampus of pa-
tients with temporal lobe epilepsy showed MRS
features similar to those in control subjects (35).
However, Conelly et al (27) reported that levels of

NAA, Cho, and NAA/Cho1Cr ratio were signifi-
cantly lower in the contralateral hippocampus of
patients with temporal lobe epilepsy than in those
of healthy control subjects. These investigators also
found bilateral abnormalities in 10 (40%) of 25 pa-
tients studied with MRS. In our study, bilateral ab-
normalities were found in 10 (30%) of 33 patients.
It is believed that bilateral abnormalities indicate
the existence of real bilateral disease rather than a
false-positive result on the contralateral side, even
though the clinical significance of MRS abnormal-
ity on the contralateral side has yet to be deter-
mined. These results are consistent with the finding
of bilateral disease in up to 50% of patients with
temporal lobe epilepsy in one study (36).

Several FDG-PET studies in patients with tem-
poral lobe epilepsy have shown a 60% to 90%
prevalence of hypometabolism in the temporal lobe
(8, 9, 37–41). In the present study, PET showed
hypometabolism on the lesion side in 28 (85%) of
33 patients, which was concordant with MR im-
aging findings. Achten et al (13) reported compa-
rable findings in a comparative study of MRS and
PET for lateralization of refractory temporal lobe
epilepsy. In their study, MRS and PET lateralized
the seizure focus in 76% and 76% of the patients,
respectively, when EEG findings were regarded as
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the standard of reference. The reasons why both
PET and MRS showed higher rates of correct lat-
eralization in our study are uncertain. Several fac-
tors, including a different subject population, dif-
ferent imaging techniques, and a different standard
of reference, might account for this discrepancy.

In our study, PET results on the lesion side were
concordant with MRS findings in 24 (73%) of the
33 patients. In four (27%) of the nine patients in
whom PET and MRS showed discordant findings,
MRS correctly lateralized the lesion side, but PET
did not. The cause of this discordance between PET
and MRS is unknown. Achten et al (13) postulated
that glucose hypometabolism might represent a
more advanced state of neuronal change than does
low NAA. The false lateralization rates (false-pos-
itive result on the contralateral side and false-neg-
ative result on the ipsilateral side) for MRS and
PET were 3% (one in 33 patients) and 6% (two in
33 patients), respectively.

The discrepancies among the different imaging
techniques may be explained by the fact that they
measure different aspects of the epileptic process;
that is, MR imaging depicts only gross anatomic
alterations associated with epilepsy whereas PET
has the unique ability to image cerebral metabolism
and MRS measures the metabolites of cellular
chemical components associated with epilepsy. MR
imaging and PET have an advantage over MRS in
visualizing the whole brain; they not only depict
the lesion in the medial temporal lobe but can also
show abnormalities in other regions, such as an
asymmetric, small, ipsilateral mamillary body and
fornix on MR images in a patient with hippocampal
sclerosis (42), and an asymmetric hypometabolism
of the thalamus on PET scans in a patient with
mesial temporal lobe epilepsy (43). MRS, on the
other hand, is a multifocal technique that only sam-
ples selected areas.

Precise localization and removal of the epilep-
togenic focus is the ultimate treatment goal in pa-
tients with medically intractable epilepsy. Ideally,
the probability of cutting the primary seizure focus
out of the brain must approach 100% before an
irreversible lobectomy is performed. However, un-
til now, no single diagnostic test has proved suffi-
cient in localizing the site to be surgically resected.
At our institution, the presurgical evaluation pro-
tocol includes interictal EEG, MR imaging, ictal
video-EEG monitoring with scalp electrodes, inter-
ictal PET, ictal SPECT, if possible, neuropsycho-
logical testing, and Wada test. When the laterali-
zation or localization is inconclusive, with some
discrepancy among the multiple techniques, an in-
vasive study, usually subdural electrodes, is per-
formed. In the present study, when we exclude the
two patients who were lost to follow-up, the good
postsurgical outcome rate reached 89% (33 of 37
patients).

Our results indicate that MRS is similar to PET
in the ability to lateralize hippocampal sclerosis
and is superior to PET in its ability to detect bilat-

eral abnormalities. Because the results of MR im-
aging and postsurgical outcome were concordant
with MRS in some patients and were concordant
with PET in others, MRS may be useful as an ad-
junct for lateralization of seizure focus in the eval-
uation of hippocampal sclerosis. However, further
studies are required for patients in whom laterali-
zation of the seizure focus is inconclusive.

Conclusion
When using both MR imaging findings of uni-

lateral hippocampal sclerosis and good postsurgical
outcome as the standards of reference, we found
that MRS had a sensitivity of 85% in the detection
of ipsilateral abnormality. PET was also concordant
with MR imaging in 85% of cases. The concor-
dance rate of MRS and PET was 73% when com-
paring the results of the ipsilateral lesion side. The
rate of bilateral abnormality with MRS was 30%
(10 of 33 patients). The false-lateralization rates of
MRS and PET were 3% and 6%, respectively.

MRS may be useful as an adjunct in the evalu-
ation of hippocampal sclerosis, like PET, although
its sensitivity has to be improved and the clinical
significance of bilateral abnormalities remains to be
determined. Further investigation is needed to as-
certain the practical role of MRS in the evaluation
of patients with inconclusive lateralization of the
seizure focus before MRS is widely used in the
presurgical workup of patients in clinical practice.
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