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Summary: Purpose: Proton magnetic resonance spectroscopy
(1H MRS), which can demonstrate neuronal loss and gliosis,
may be used as a sensitive tool for lateralization of temporal lobe
epilepsy (TLE). Although the correlation between the memory
functions and 1H MRS has been investigated, its predictive value
after surgery has not been studied previously. This study evalu-
ated memory and 1H MRS values of medically intractable pa-
tients with mesial TLE and hippocampal sclerosis (MTLE-HS)
before and after selective amygdalohippocampectomy (SAH).

Methods: Twenty-two patients underwent memory tests and
1H MRS investigation before and 6 months after SAH and were
compared with nine control subjects.

Results: The 1H MRS scores were found to be significantly
low on the pathological side of the patients. Both right-sided 1H
MRS of right TLE and left-sided 1H MRS values of left TLE pa-
tients were correlated only with verbal memory scores. Statistical

analysis did not reveal any significance for nonverbal memory
scores for both TLE groups on either side, which showed no
significant correlation between material specificity and 1H MRS
findings. Conversely, regression analyses demonstrated that high
right- and low left-sided 1H MRS values obtained before surgery
may predict a decline in verbal learning scores after surgery.

Conclusions: 1H MRS can be considered as a useful tool to
determine the lateralization in patients with MTLE-HS before
the surgery. Although only a weak relation exists between the
MRS values and memory scores, presurgical MRS scores may
be predictive for a possible deterioration in verbal memory af-
ter surgery. However, further studies with higher numbers of
cases are needed for confirmation of the results. Key Words:
1H MRS—Memory—Temporal lobe epilepsy—Hippocampal
sclerosis—Surgery.

Hippocampal sclerosis (HS) is characterized by certain
pathologic features including selective neuronal loss, re-
organization, and reactive gliosis and composes the ma-
jority of the pathologic substrate in mesial temporal lobe
epilepsy (MTLE) (1). Many patients in this group have
medically intractable seizures and progressive memory
deficits and highly benefit from epilepsy surgery (2).

Single-voxel proton magnetic resonance spectroscopy
(1H MRS) is a sensitive noninvasive tool for presurgi-
cal evaluation of epilepsy patients in lateralization of
MTLE-HS. The technique can provide information about
metabolic changes based on signals from N-acetyl as-
partate (NAA) and creatine + phosphocreatine (Cr) and

Accepted February 6, 2004.
Address correspondence and reprint requests to Dr. C. Ozkara

at Department Neurology, Istanbul University, Cerrahpasa Medical
Faculty, Istanbul, Turkey. E-mail: cigdemoz@anet.net.tr, cigdemoz@
istanbul.edu.tr

choline (Cho)-containing compounds. NAA is exclusively
located in neurons, whereas Cho is primarily a membrane-
bound constituent of neuroglial cells (3). Altered concen-
trations of NAA and/or Cho and Cr can be detected by
abnormal signals of NAA, Cr, and Cho in the proton spec-
tra of the investigated brain region. It is generally assumed
that selective loss of pyramidal cells in hippocampus re-
sults in a decrease in NAA concentration, whereas reac-
tive gliosis of astrocytes leads to an increase in Cho and Cr
concentrations. Thus the NAA/Cho+Cr signal ratio can be
used as a sensitive indicator of neuronal loss/astrocytosis
(4).

The decrease in NAA is often interpreted as a sign of ir-
reversible neuronal loss; however, recent studies revealed
improvement toward normal ratios in patients after surgery
on the same side as surgery (5) and at the contralateral
but also abnormal side after surgery, implying that these
metabolites may be dynamic markers of both local and
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remote physiologic dysfunction (6,7). Demonstration of
neuronal dysfunction rather than neuronal loss with
1H MRS measurements evoked curiosity about the inter-
esting relationship between cognition and this functional
investigation method. This neuronal dysfunction may give
rise to variable cognitive disorders related to the region of
interest (i.e., mesial temporal lobe in this study). The pres-
ence of memory problems is a well-known phenomenon
in MTLE-HS, and the relations between the presurgi-
cal (NAA/Cr+Cho) ratios and neuropsychological tests
were previously investigated (4,8–10). However, changes
in memory functions in relation to 1H MRS results after
surgery have not been studied, although such information
will enable us not only to determine the place of MRS in
the prediction of memory status after surgery but also to
understand the relation between so-called normalization
of MRS and memory functions, if any. Therefore we per-
formed this study to determine whether any correlation
exists between 1H MRS abnormalities and memory func-
tions before and after surgery in patients with MTLE-HS.

METHODS

Subjects
Twenty-two consecutive patients, 10 men and 12

women, with a mean age of 27.4 ± 7.48 years (range, 15–
45 years) were investigated. They were all diagnosed with
medically intractable MTLE-HS and underwent surgery
for their epilepsy. Their mean age at seizure onset was
8.95 ± 6.2 years (range, 1–20 years), and clinical history
revealed the presence of febrile seizures in 18, an anoxic
event in one, and infection in one patient. The epileptic fo-
cus was identified by video-EEG monitoring of habitual
seizures with sphenoidal electrodes, including interictal
and ictal EEG analyses. All patients demonstrated inter-
ictal anterior temporal spike focus and ictal fast theta or
alpha rhythm localized to right or left sphenoidal and an-
terior temporal leads. Psychiatric and neuropsychological
investigations were other essential elements of our presur-
gical evaluation protocol. HS was detected by magnetic
resonance imaging (MRI) scan with atrophy on T1W and
signal increase on T2W images, as well as loss of inter-
nal structure of the hippocampal formation. Pathological
examination confirmed the diagnosis in all cases. Follow-
up 1H MRSI and neuropsychological examinations were
performed 6 months after surgery as well as awake and
sleep EEG recordings.

The surgical technique was selective amygdalohip-
pocampectomy (SAH). The approach was transylvian, as
described by Yasargil et al. (11). The hippocampus and
the parahippocampal gyrus were usually resected en bloc,
and the resection reached at least the middle cerebral pe-
duncle at the widest diameter. The amygdala was resected
totally, except the central medial part, in 11 left (L)- and 11
right (R)-sided resections. Seizure outcome was assessed

TABLE 1. Clinical and demographic data of the patient
groups and control subjects

LTLE RTLE C
(n = 11) (n = 11) (n = 9)

Male/female 4 M/7 F 6 M/5 F 5 M/4 F
Age (yr) 26.18 (6.83) 28.63 (8.22) 25.33 (4.44)
Education (yr) 10.16 7.12 9.86
Duration of seizures (yr) 18.16 14.75 —
Full-Scale IQ 94.3 (17.67) 95.5 (12.76) 98.0 (10.83)
Outcome after surgery Class I, 8 Class I, 9 —

Class II, 1 Class II, 2
Class III, 2

LTLE, left temporal lobe epilepsy; RTLE, right temporal lobe
epilepsy; C, control subjects.

Patient groups were compared with control group by using the
previously mentioned parameters by two-tailed t test, and no significant
difference was found.

according to Engel’s classification, and it was favorable,
with 77% seizure-free patients 6 months after surgery (12).

The control group consisted of nine healthy volunteers
who had both MRS and neuropsychometric evaluations
with the same protocol used for patients. Groups did not
differ in clinical characteristics (Table 1), and these pa-
rameters were not taken into account during the statistical
analysis.

Assessment of memory functions
Our standard neuropsychological examination consists

of hand preference, attention, executive functions, lan-
guage, visuospatial perception, and memory tests for pre-
and postsurgical evaluation. The results of verbal learning
and memory [evaluated with Rey Auditory verbal learn-
ing test (AVLT) adapted to Turkish (13)] and nonverbal
learning and memory [evaluated with Wechsler memory
scale (WMS) visual reproduction subtest (14)] tests were
analyzed.

Magnetic resonance spectroscopy
Examinations were performed with single-voxel 1H

MRS, and NAA/Cho+Cr ratios in temporal lobes were
calculated before and 6 months after the SAH operation.
Single-voxel proton spectroscopy studies were obtained
by using a 1.5-T clinical scanner with PROBE software
(GE, Milwaukee, WI, U.S.A.), which permitted automated
shimming, water suppression, and data processing. T2-
weighted axial images, which were obtained parallel along
the long axis of the hippocampus, were used to locate
the voxel in the mesiotemporal lobe, including the head,
body, and tail of the hippocampus proper, while exclud-
ing neighboring tissues as much as possible to minimize
voxel contamination. Average voxel size was ∼9 cc. The
width, length, and thickness of the voxels were 2, 3, and
1.5 cm, respectively (Figs. 1A and B). In all patients,
long-TE spectra were obtained by using point-resolved
spectroscopy (PRESS; TR, 1,500 ms; TE, 144 ms; 96
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FIG. 1. A: T2W axial image. B: T2W sagittal image showing the placement of voxel at the position of hippocampus.
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FIG. 2. 1H magnetic resonance spectra obtained from the hippocampal area from a normal control.

acquisitions). After immediate automatic processing of
the raw data, spectra were evaluated qualitatively. Then
NAA/Cr, Cho/Cr, and NAA/Cr+Cho ratios were calcu-
lated by square measurement under the peaks at 2, 3, and
3.2 ppm, respectively (Fig. 2).

Statistical analyses
To search for the relation between the MRS and the lat-

eralization of TLE; the presurgical NAA/Cho+Cr ratios
measured from the affected sides of patient groups were
compared with the similar side of normal controls, and the
ratios measured from the contralateral (nonaffected) side
were again compared with the similar sides of controls
(i.e., R side of LTLE with R side of control) by the Mann–
Whitney U test. The presurgical memory test scores were
compared with Kruskal–Wallis one-way analysis of vari-
ance (ANOVA) in patient groups and normal controls.

Wilcoxon matched-pairs test was performed to demon-
strate the change in cognitive performance within the
group, analyzing pre- and postsurgical memory scores of
R and LTLE patients.

Pearson correlation analysis was used to evaluate the
correlation between MRS values and material-specific
memory functions. In the patient group, NAA/Cho+Cr

ratios obtained from both sides before surgery and from
the nonaffected side after surgery were compared with
verbal and nonverbal pre- and postsurgical scores by the
Pearson correlation method. This analysis was applied for
both patient groups and also for control group separately.

Parameters used for memory assessment in this study
were total learning, delayed recall, and recognition for
verbal memory and immediate recall and delayed recall
for nonverbal memory.

Individual changes in memory performance
The test–retest data of 11 patients with TLE with HS

waiting for the surgery was used to indicate the signif-
icance of individual postoperative changes. The mean
retest interval was 23 months (SD, 8.25); mean age,
21.64 years (SD, 5.64 years). The 90% confidence in-
terval for the before and after difference scores were cal-
culated according to the previous proposals in the liter-
ature (15,16), based on retest reliabilities of the group
waiting for the surgery and correcting for the retest ef-
fects. In the patient group who had surgery, the individ-
ual memory changes were classified as being worse, im-
proved, or unchanged (if they were within this confidence
interval).
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Multiple-regression analysis was performed to see
whether 1H MRS values measured before surgery can pre-
dict the possible change in memory scores obtained after
surgery. Postoperative memory scores were taken as de-
pendent; preoperative 1H MRS values measured from both
L and R hippocampal regions, age, gender, seizure out-
come, side of surgery, and preoperative memory scores
were taken as independent variables. The patient group
was not split into two groups as L and R; all values were
calculated altogether instead.

RESULTS

Analyses of 1H MRS values
NAA/Cho+Cr values before and after surgery are

shown in Table 2. When 1H MRS scores of the same side of
control subjects were compared with those of the operated-
on side of patients by using the Mann–Whitney U test, the
scores were significantly lower in the patient group for
both R and LTLE (z = –3.0516, p = 0.0023; and z =
–1.9790, p = 0.0478, respectively). But when the ratios
of the contralateral (nonaffected) sides of patient groups
were compared with the same sides of controls (i.e., R
side of LTLE with right side of control) by the same sta-
tistical analyses, no statistically significant difference was
detected for L side of RTLE and L side of control (z =
–0.419, p = 0.6752) and for R side of LTLE and R side of
control (z = –1.1066, p = 0.2685).

Analyses of memory tests
Verbal and nonverbal memory test scores of control and

patient groups before and 6 months after surgery are shown
in Table 3. The comparison of presurgical (verbal and non-
verbal) memory scores of patients with normal controls by
Kruskal–Wallis one-way ANOVA revealed a statistically
significant difference in only the total learning subtest of
the AVLT (χ2 = 14.07, p = 0.0009). Multiple compari-
son analyses by Dunn test showed lower test scores in both

TABLE 2. MRS values of control group and patients before
and 6 months after surgery

NAA/Cho+Cr

Before surgery After surgery

Groups Left Right Left Right

LTLE 0.62 (0.21)a 0.72 (0.13) Not measured 0.73 (0.10)
RTLE 0.73 (0.11) 0.54 (0.08)b 0.68 (0.10) Not measured
C 0.73 (0.09) 0.68 (0.07)

MRS, magnetic resonance spectroscopy; L, left; R, right; TLE,
temporal lobe epilepsy; C, control subjects; NAA, N-acetylacetate;
Cho, choline; Cr, creatinine.

Values expressed as mean (SD) and show significant difference
compared with NAA/Cho+Cr values of same side of controls with
Mann–Whitney U test.

ap = 0.0478; z = –1.9790.
bp = 0.0023; z = –3.0516, 5.

left and right TLE patients compared with normal controls
(p < 0.01).

To search for the changes in memory performance
within the groups, pre- and postsurgical test scores were
analyzed with the Wilcoxon matched-pairs test, and a sig-
nificant worsening was detected only in AVLT total learn-
ing scores of left TLE patients after surgery (z = –2.1915,
p = 0.0284).

Individual memory changes after surgery are demon-
strated in Table 4. Both verbal and nonverbal memory
were impaired in all patients, whereas only 10% of RTLE
patients showed some improvement in both verbal and
nonverbal memory, and the unchanged group again con-
sisted of 10–20% of both the R and LTLE group verbal
memory.

Relation between 1H MRS and memory scores
The correlations between the memory scores and val-

ues of control subjects and patients before and after SAH
were analyzed. Neither right nor left NAA/Cho+Cr ratios
showed any correlation with verbal or nonverbal memory
parameters in the control group.

Right TLE group
Presurgical right-side NAA/Cho+Cr scores were found

to be significantly correlated with presurgical AVLT de-
layed recall (r = 0.74, p = 0.015) and AVLT recognition
(r = –0.72, p = 0.018) and postsurgical AVLT total
learning scores (r = 0.81, p = 0.008). Neither pre- nor
postsurgical contralateral (left) side NAA/Cho+Cr scores
revealed any significant correlation with pre- and postsur-
gical memory parameters.

Left TLE group
Presurgical left-side NAA/Cho+Cr scores were found

to be significantly correlated with AVLT delayed recall
(r=0.65, p=0.041) and AVLT recognition (r=–0.74, p=
0.015) and postsurgical AVLT recognition (r = –0.67, p =
0.034) values. Neither pre- nor postsurgical contralateral
(right) side NAA/Cho+Cr scores revealed any significant
correlation with pre- and postsurgical memory parameters.

The relation between presurgical MRS values and mem-
ory test scores is demonstrated in Table 5, and between
the presurgical MRS values and postsurgical memory test
scores in Table 6. No significant finding was related to
presurgical MRS ratios and memory performance.

Prediction of the change in memory scores by using
the preoperative 1H MRS values after surgery

The significant findings of regression analyses are
demonstrated in Table 7. For nonverbal memory param-
eters (i.e., immediate and delayed recall), no relation
was found in both sided 1H MRS values measured be-
fore surgery in terms of prediction. However, for ver-
bal memory total learning scores both preoperative right
and left 1HMRS values were demonstrated to be predic-
tive for a change in within 5% confidence interval. When
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TABLE 3. Memory test scores of control group and patients before and 6 months after surgery

LTLE RTLE

Memory tests Presurgical Postsurgical Presurgical Postsurgical Control

AVLT Total Learning 99.70 (25.23)a 83.80 (19.03)b 103.90 (22.18)a 104.22 (23.54) 132.33 (7.91)
Delayed Recall 9.10 (3.38) 8.20 (3.05) 10.70 (3.37) 10.90 (3.35) 12.78 (1.64)
Recognition 5.30 (3.06) 5.20 (2.15) 3.20 (1.99) 3.80 (2.74) 2.86 (1.21)

WMS Immediate Recall 11.00 (3.80) 10.20 (3.39) 9.90 (3.48) 10.30 (3.43) 11.78 (4.09)
Delayed Recall 9.60 (4.03) 7.90 (3.38) 8.50 (3.63) 8.60 (3.78) 11.44 (4.28)

L, left; R, right; TLE, temporal lobe epilepsy; C, control subjects; AVLT, Auditory verbal learning test; WMS, Wechsler memory scale.
aValues showing a significant difference compared with controls by Kruskal–Wallis one-way analysis of variance (p < 0.01).
bValues showing significant worsening after surgery compared with the presurgical same test scores by Wilcoxon matched pairs (z = –2.1915; p =

0.0284).

recognition was taken into consideration it was found to
be related to the left preoperative MRS values. In another
words, preoperative right 1HMRS values if they were high
and preoperative left 1HMRS values, if they were low,
were found to be predictive for a decrease in verbal learn-
ing scores; whereas preoperative left 1H MRS values, if
they were low, were found to be predictive for a decrease
in verbal recognition scores after surgery.

Conversely, left-sided SAH also was found to be pre-
dictive of a decrease in total learning scores obtained after
surgery. The analyses also indicated that the preoperative
total learning and recognition scores of verbal memory
and delayed recall scores of nonverbal memory may be
predictive of the postoperative scores of the same tests.

DISCUSSION

In this study, the memory test and 1H MRS scores ob-
tained before and after the surgery were evaluated in pa-
tients with MTLE-HS. Significant differences were de-
tected only in verbal memory total learning scores between
patients (both R and LTLE) and normal controls after sta-
tistical analysis, although the results demonstrated marked
differences in other parameters (Table 3). Verbal memory
scores of the LTLE group were found to be lower than the
verbal memory scores of control and RTLE groups. Sim-
ilarly, nonverbal memory scores of the RLT group were
lower than the nonverbal memory scores of control and

TABLE 4. Individual changes in memory after left and right TLE

Loss Unchanged Gain

Left TLE Right TLE Left TLE Right TLE Left TLE Right TLE

AVLT
Learning 90 78 10 11 – 11
Delayed recall 80 80 20 20 – –
Recognition 90 90 10 10 – –

WMS
Immediate recall 90 90 10 – – 10
Delayed recall 100 100 – – – –

The data show the percentage of patients in the left and right selective amygdalohippocampectomy (SAH) groups showing a loss, no change, or a
gain in their postoperative performance compared with their preoperative performance.

TLE, temporal lobe epilepsy; AVLT, Auditory verbal learning test; WMS, Wechsler memory scale.

LTLE groups. Verbal and nonverbal memory scores of
RTLE patients did not differ after surgery; however, a de-
crease at verbal memory scores was detected in LTLE
patients. This profile is consistent with the studies report-
ing disorders in material-specific memory in patients with
MTLE before and after surgery (17–24).

When NAA/Cho+Cr values are taken into account, the
comparison of values demonstrated lower scores both in R
and LTLE patients when compared with the same side of
the control group (Table 2). This finding is also in parallel
with the literature, and it can be used as an evidence for
MRS being a reliable noninvasive technique to determine
the pathological side in MTLE-HS (3,25–27).

The results of our presurgical analysis demonstrated
that both right-sided NAA/Cho+Cr values of RTLE and
left-sided NAA/Cho+Cr values of LTLE patients were
correlated only with verbal memory scores. The analysis
of presurgical NAA/Cho+Cr values (right side for RTLE
and left side for LTLE) and postsurgical memory scores
revealed a significant relation with only some verbal mem-
ory scores, as indicated in Table 6.

In this study, statistical analysis did not demonstrate any
significance for nonverbal memory scores for both TLE
groups on either side (Tables 5 and 6), which showed
lack of marked correlation between material specificity
and 1H MRS findings. Although a correlation between
the material-specific memory and 1H MRS values was
claimed to be demonstrated in the previous studies, as
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TABLE 5. The relation between the presurgical memory test scores and presurgical magnetic resonance spectroscopy values

MRS values (NAA/Cho+Cr)

RTLE group LTLE group

Memory tests Right Left Right Left

AVLT Total Learning NS NS NS NS
Delayed Recall p = 0.015 NS NS p = 0.041

r = 0.74 r = 0.65
Recognition p = 0.018 NS NS p = 0.015

r = –0.72 r = –0.74
WMS Immediate Recall NS NS NS NS

Delayed Recall NS NS NS NS

Pearson correlation analyses were performed.
LTLE, left temporal lobe epilepsy; RTLE, right temporal lobe epilepsy; NS, not significant; NAA, N-acetylacetate; Cho, choline; Cr, creatinine;

AVLT, Auditory verbal learning test; WMS, Wechsler memory scale.

discussed later, differences between the memory tests per-
formed and interpretation of the results might account for
this contradiction.

Kikuchi et al. (10) performed a wide variety of
tests and showed a correlation between right-sided
NAA/Cho+Cr values and nonverbal memory and left-
sided NAA/Cho+Cr values and verbal memory before
surgery. Although other nonverbal memory tests were
correlated, the visuo-reproduction subtest of WMS did
not reveal any relation with the right-sided 1H MRS; au-
thors claimed that this test was not sensitive enough for
nonverbal memory. However, Namer et al. (9) failed to
demonstrate any correlation when nonverbal and verbal
test scores and 1H MRS values were taken separately,
whereas they showed a significant correlation between
verbal tests and left-sided and nonverbal tests and right-
sided 1H MRS values if T2 relaxation time measurements
were added and analyzed altogether (9).

In another study in which episodic verbal memory and
visual reproduction subtests were used for WMS, only
left-sided 1H-MRS values were found to be correlated with
the WMS episodic verbal memory subtest. No correlation
was detected between right MRS scores and the WMS
visual reproduction subtest (8). All of these studies con-
firm a correlation between material-specific memory and

TABLE 6. Relation between the postsurgical memory test scores and presurgical magnetic resonance spectroscopy values

MRS values (NAA/Cho+Cr)

RTLE group LTLE group

Memory tests Right Left Right Left

AVLT Total Learning p = 0.008 NS NS NS
r = 0.81

Delayed Recall NS NS NS NS
Recognition NS NS NS p = 0.034

r = −0.67
WMS Immediate Recall NS NS

Delayed Recall NS NS NS NS

Pearson correlation analyses were performed.
L, left; R, right; TLE, temporal lobe epilepsy; C, control subjects; NAA, N-acetylacetate; Cho, choline; Cr, creatinine; AVLT, Auditory verbal

learning test; WMS, Wechsler memory scale.

1H MRS values related to left-sided MRS values and ver-
bal memory, similar to our findings. However, the correla-
tion between nonverbal memory and right-sided 1H MRS
values is not clear enough. This situation was explained
by the use of some test materials (i.e., WMS visual re-
production subtest for both verbal and nonverbal coding).
Therefore some authors advised increasing the number
of nonverbal memory tests (8,10). To overcome the same
problem, Namer et al. (9) added another parameter (i.e.,
T2 relaxation time measurements).

The involvement of the other regions in nonverbal mem-
ory like parahippocampal gyrus, which was not included
in the 1H MRS measurements, may be another explana-
tion for the situation (8). We find this hypothesis more
plausible.

Memory is a dynamic function and operates within a
network system with participation of several anatomic
brain structures, including the hippocampus (19,28). This
operational system requires the involvement of both hemi-
spheres where laterality or material specificity are known
features. Therefore MTL resection will certainly have
complex consequences on the memory network that can-
not be easily predicted and explained. For that rea-
son, one should not expect to find a clear relation be-
tween MRS measurements, results of a test reflecting the
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TABLE 7. Predictors of postoperative memory changes

Dependent Analysis of
variable variance Predictors t

AVLT
Total Learning F = 8.74 Preop L MRS 2.092a

R2 = 0.813 Preop R MRS −2.469a

Sign. 0.0008 Side of operation − 4.271b

Preop level 5.845b

Recognition F = 26.02 Preop L MRS 2.306a

R2 = 0.923 Preop level 11.462b

Sign. 0.0000
WMS
Delayed recall F = 14.98 Preop level 6.554b

R2 = 0.897
Sign. 0.02

Pearson correlation analyses were performed.
L, left; R, right; TLE, temporal lobe epilepsy; C, control subjects;

NAA, N-acetylacetate; Cho, choline; Cr, creatinine; AVLT, Auditory
verbal learning test; WMS, Wechsler memory scale.

ap ≤ 0.05.
bp < 0.01.

cellular metabolism and gliosis in a limited brain region,
and memory tests, which evaluate the overall performance
of the memory network.

However, although 1H MRS scores do not demonstrate
a direct and close relation to material-specific memory
in general, according to our study preoperative, 1H MRS
values can be used for prediction of verbal memory, at
least partially, after surgery. The results showed that if
NAA/Cho+Cr values obtained before surgery were high at
the right and low at the left hippocampus, this may predict
a deterioration in verbal learning scores after surgery.

Accordingly, the group that is expected to get worse,
in terms of verbal memory after surgery, will be those
with high-right and low-left MRS values obtained before
surgery. Likewise, low-left MRS values may also be pre-
dictive of impairment in recognition after surgery. Incisa
della Rocchetta et al. (29) demonstrated an impairment
in verbal memory after right-sided temporal lobectomy
in patients in whom bilateral abnormality was detected
by MRS and T2 relaxometry studies but not MRI alone
before surgery. However, we showed left-sided presur-
gical MRS abnormality to be an independent predictor
for verbal memory after the resection, regardless of the
side, by using a different measurement (MRS) in this
study. Other studies performed with different techniques
revealed somewhat conflicting results indicating a decline
in verbal memory after left-sided surgery if an already re-
served capacity at the left hippocampus was demonstrated
by normal positron emission tomography (PET) and MR
volumetry studies (30,31). Although these results seem to
be contradictory to ours, one must take into account that
a different modality of investigation (MRS) was used to
search for the hippocampal function in our study. Con-

versely, evaluation of whole memory network through a
restricted window (i.e., hippocampus) by any tools will
not be adequate to generate a precise determination.

In conclusion; 1H MRS may be taken as a useful ad-
junctive tool to determine lateralization in patients with
MTLE before the surgery. Furthermore, although no di-
rect relation seems to exist between the MRS values and
material-specific memory scores, presurgical MRS also
can be used as a clinical parameter for the prediction of
possible deterioration in verbal memory after surgery.

Obviously, the replication of similar studies in larger
patient populations will provide more information about
the situation; however, the concept of a network for the
memory functions and the limitations of MRS as a tech-
nique must be taken into consideration while interpreting
the results.
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