
Introduction

MRI has a profound impact on the diagnosis, follow-up
and prognostic assessment of patients with multiple
sclerosis (MS). It also appears to be the most powerful
tool for predicting the occurrence of MS in isolated

syndromes, especially optic neuritis (ON). Before MRI,
this risk was reported to vary from 13 % to 88% [1],
with a median time of occurrence ranging from 2 to
5 years [2].

Patients with a single attack of ON and abnormal
white matter on MRI have an increased risk of devel-
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Abstract We investigated neuro-
chemical abnormalities in the nor-
mal-appearing white matter
(NAWM) on MRI of patients with
optic neuritis (ON) and compared
them to those of patients with mul-
tiple sclerosis (MS). Patients with
ON (42) were classified into three
groups according to abnormalities
on brain MRI. Patients with MS (55)
were devided in two groups: relap-
sing remitting MS (RRMS) and sec-
ondary progressive MS (SPMS). All
patients underwent MRI of the
brain and localised proton magnetic
resonance spectroscopy (MRS) of
NAWM. The results were compared
to those of 15 controls. Patients with
MS had significant abnormalities
compared with controls and with
patients with ON. Patients with
RRMS and those with ON had
comparable MRS parameters, while
patients with SPMS had significant
spectroscopic abnormalities in com-
parison with controls, but also with
patients with RRMS. These changes
consisted of a decrease in N -acetyl-
aspartate, a neuronal marker, which
may reflect axonal dysfunction and/
or loss. MRS abnormalities were

detected in 14 patients with ON
(27 %). The main abnormalities
consisted of a decrease in N -acetyl-
aspartate, an increase in choline-
containing compounds at long echo
times, and the presence of free lipid
peaks at short echo times. MRS of
the NAWM on MRI may prove
useful for detecting neurochemical
brain abnormalities in ON not visi-
ble on MRI.
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oping MS. In the Optic Neuritis Treatment Trial, MRI
was the single most important predictor of the develop-
ment of clinically definite MS (CDMS). The risk of de-
veloping CDMS was estimated at 27% after 5 years,
ranging from 16 % in patients with normal brain MRI to
51% in patients with at least three periventricular white
matter lesions measuring 3 mm or more [3]. Magnetic
resonance spectroscopy (MRS) has emerged as a new
method for investigating brain disease, giving insights
into the neurochemistry of the lesions [4±8]. In white
matter diseases, it permits assessment of the biochem-
ical characteristics of a localised volume of the brain,
showing abnormalities in the normal-appearing white
matter (NAWM) on MRI [9±11]. In MS, it gives in-
formation on the biochemistry of the lesions and their
temporal evolution [12, 13]. Localised MRS has proven
routine use and is a reproducible method.

We used localised MRS to study NAWM in patients
with ON and compared the data with those found in a
group of patients with CDMS and in a control group.
Our aim was to investigate whether localised MRS is
useful for detecting damage not visible on conventional
MRI, by sampling the centrum semiovale, and to un-
derline the possible role of MRS in the assessment and
monitoring of parameters of MS.

Methods

The 15 controls were normal healthy volunteers or patients un-
dergoing MRI for headaches who were otherwise neurologically
intact and had normal conventional MRI. Patients with ON (42)
had a single isolated recent (2 days to 2 weeks) acute episode of
ON with no other past neurological history. Clinical features and
visual evoked responses were consistent with the diagnosis, and no
other metabolic, toxic or vascular disorder could be found. They
were divided into three groups according to the presence or ab-
sence of lesions on T2-weighted images using the criteria of Lee

et al [14]: group 1: no lesions on MRI (14 patients), group 2: non-
specific lesions (11 patients); group 3: lesions suggestive of MS
(17 patients). The 55 patients with CDMS [15] were divided into
two groups according to the course of the disease: relapsing-re-
mitting (RRMS) (40 patients) or secondary progressive (SPMS)
(15 patients). All patients with CDMS had areas of high signal
suggestive of the disease on T2-weighted images.

MRS was carried out immediately a conventional MRI study
performed as part of diagnosis and/or for assessment of the activity
of the disease. We used a 1.5 T system with a standard quadrature
head coil. For all patients, at least the following sequences covering
the whole brain and optic nerves were undertaken: T1 weighted
spin-echo (TR 440 TE 11 ms, matrix 512 � 256; thickness 5 mm;
gap 1.5 mm; 2 excitations) in the sagittal plane; a fast spin-echo
sequence (4500 17 ms; 512 � 256; 4 mm; 0.4 mm; 2) in the neuro-
optical plane; a fast spin-echo sequence in the coronal plane (5000
102 ms; 512 � 256; 5 mm; 0.5 mm; 2); a fast FLAIR (fluid atte-
nuated inversion recovery) sequence in an axial plane parallel to
the neuro-optical plane (11 000 144 ms, inversion time 2600 ms;
256 � 256; 4 mm; 0.4 mm; 1); and a T2-weighted inversion-re-
covery sequence in the coronal plane for the optic nerves (4000-17-
140; 512 � 256; 5 mm interleaved; 4).

Spectra were acquired with the PROBE-SV module. A stimu-
lated-echo acquisition mode (STEAM) sequence was used (TE
136 and 18, TR 1500 ms, mixing time = 13.7 min.) [16]. The total
time for MRS acquisition was 15 min. For the NAWM investiga-
tion, the parallelopiped volume of interest was graphically pre-
scribed on a T2-weighted axial image, in such a way that neither
abnormal appearing white matter nor grey matter was included.
The volume of interest varied from 5 to 8 ml and was placed in the
centrum semiovale. The raw data were transferred to a work-
station with modified SAGE data analysis software. Four main
peaks appeared as singlets: myoinositol (Myo) 3.56 ppm, choline
(Cho) 3.22 ppm, creatine (Cr) 3.03 ppm, N -acetylaspartate (NAA)
2.02 ppm. At short echo times, we looked for broad peaks centred
at 0.89 and 1.3 ppm containing mobile moieties of cytosolic pro-
teins and short-chain fatty acids (CH3 or CH2 compounds) and a
lactate doublet at 1.3 ppm with two peaks 7 Hz apart (J-coupling).

Comparisons of peak area ratios of Myo/Cr, Cho/Cr, NAA/Cr
and NAA/Cho were performed with a variance analysis using
Scheffe's method. A p level of 0.05 was considered as significant.
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Fig.1 Abnormalities of signal located
in the intraorbital portion of the left optic
nerve in a patient with optic neuritis,
in a coronal plane. Hyperintensity on T2
weighted inversion recovery sequence (a);
contrast enhancement on T1 weighted
sequence with fat suppression (b)
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Results

The mean ages at which MRS was performed were:
controls, 33 years (25±50 years); group 1, 30.8 years
(20±38 years); group 2, 41.7 years (21±59 years);
group 3, 33.52 years (22±47 years); RRMS, 34.9 years
(19±46 years); SPMS, 38.4 years (26±49 years). The
mean duration of the disease was 3.8 years in RRMS
(0.4±26 years) and 10.5 years in SPMS (2±24 years).

On MRI, all patients with acute ON showed ab-
normalities of the intraorbital, intracanalicolar, and/or
cisternal segment of the optic nerve (Fig.1 a). Contrast-
enhanced T1-weighted images in 12 patients showed
enhancement of the optic nerve in 8 (Fig. 1 b).

On MRS, both echo times resulted in well-localised,
water-suppressed spectra exhibiting several clearly de-
fined peaks. Averaged control spectra at both echo
times are shown in Figs. 2a and 2 b. Signal-to-noise ra-
tios were comparable for all groups at both echo times.

We first compared MRS in all patients with ON, all
patients with MS and controls. At TE 136 ms, there
was a significant decrease in NAA/Cr (P =0.007) in
patients with MS compared with controls and patients
with ON (Fig.3 a). The ratio NAA/Cho was also lower
in patients with MS than in controls (P = 0.0039), but
not than in patients with ON (P = 0.08) (Fig.3 b). In
patients with MS the mean NAA/Cr ratio was sig-
nificantly lower in patients with SPMS than in controls
(P = 0.007), in the group of ON with a normal brain on
MRI (P = 0.03) and in the RRMS group (P = 0.04)
(Fig. 3 c). NAA/Cho ratio was significantly lower in
SPMS than in controls, any group of patients with ON,
or RRMS (P < 0.0001) (Fig.3 d). The Cho/Cr ratio was
higher in SPMS than in controls or RRMS, but the
difference was not significant. No significant difference
in any metabolite was found between the three groups
of patients with ON, whatever the appearance of their
white matter on MRI.

740

c

a b

d

Fig.2a±d Average control
spectra at a TE 136 b TE
18 ms. Selection of the volume
of interest in the normal-ap-
pearing centrum semiovale on
MRI in a patient with optic
neuritis and high-signal foci on
T2-weighted images suggestive
of multiple sclerosis, c clini-
cally definite multiple sclerosis
and d its corresponding spec-
trum at TE 18 ms, showing in-
crease in resonances at 0.9 and
1.3 ppm



At TE 18 ms, no significant difference could be de-
tected between the groups. Myo/Cr was increased in
SPMS, but this was not significant. Abnormal peaks
were observed in the free-lipid resonances (0.89 and/or
1.3 ppm) in three patients with ON (Fig.2 d), two with
RRMS and two with SPMS. These peaks were not de-
tected in control patients. No doublet suggesting lac-
tates could be detected.

Even if no significant difference was found between
patients with ON and controls, spectroscopic changes
were observed in 14 patients with ON (27 %). Thus six
patients (43 %) of group 1, three (27 %) of group 2 and
five (29 %) of group 3 had an abnormal value of one or
other of the three principal ratios compared to the va-
lues found in controls with 2 standard deviations (NAA/
Cr <1.7; Cho/Cr > 1.3; NAA/Cho < 1.5). Of these
14 patients, 7 (50 %) developed definite MS 2 years
after their first visual attack (three belonging to group 2
and four belonging to group 3); 7 (25 %) patients with
no spectroscopic abnormalities, belonging to group 3,
developed MS within the same period.

Discussion

We used localized proton MRS because of its routine
feasibility in the context of a conventional MRI ex-
amination. Spectroscopic features were comparable in
the three groups of patients with ON, and no major sig-
nificant difference was found between them and con-
trols. Patients with RRMS had a profile intermediate
between those of controls and patients with SPMS. Sig-
nificant changes were observed in patients with SPMS
compared not only with controls but also with RRMS.
Patients with ON and particularly those with MS-like
lesions on MRI (group 3) had spectroscopic parameters
comparable to those with RRMS.

NAA reflects neuronal function and/or density [17±
22]. The significant decrease in NAA/Cr in the NAWM
of patients with SPMS is consistent with axonal loss
secondary to demyelination and/or axonal dysfunction.
A significant difference in NAA/Cr was found between
RRMS and SPMS, which may reflect the relative pre-
servation of axons in the former, and damage to them in
the secondary progressive form.

Increase in choline compounds has been described in
inflammatory and/or demyelinating processes [3] and
has been interpreted as an increase in cell membrane
turnover. The Cho/Cr ratio was increased in patients
with SPMS, but this was not significant. The significant
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Fig.3a±d Graphs showing the
mean a,c NAA/Cr b,d NAA/
Cho ratios in the different
groups with their 95% con-
fidence level at TE 136 ms. C
controls; MS multiple sclerosis;
ON optic neuritis; ON1 optic
neuritis and normal brain on
MRI, ON2 optic neuritis and
lesions not suggestive of MS on
MRI; ON3 optic neuritis and
lesions suggestive of MS on
MRI; RRMS relapsing remit-
ting multiple sclerosis; SPMS
secondary progressive multiple
sclerosis. a NAA/Cr is de-
creased in MS in comparison to
controls and ON. b NAA/Cho
is decresed in MS in compar-
ison to controls. c NAA/Cr is
decreased is SPMS in compar-
ison to controls, ON1, and
RRMS. d NAA/Cho is de-
creased in SPMS in comparison
to controls, all ON groups and
RRMS



decrease in NAA/Cho in patients with SPMS compared
with all other groups may indicate the presence of de-
myelination and/or inflammation associated with ax-
onal loss and/or dysfunction in the NAWM of these pa-
tients. Spectroscopic abnormalities were found in in-
dividual patients with RRMS and ON. Within 2 years,
33% of patients with ON developed CDMS, 50% of
these, with initial spectroscopic abnormalities of the
NAWM, and 25% of those with normal MRS para-
meters. In group 3, 12/17 patients (70 %) developed
CDMS within 2 years, five of whom had abnormal MRS
in the NAWM. This confirms once again the role of
MRI lesions as the best predictive factor of developing
CDMS in isolated syndromes. No significant change in
myoinositol, an indicator of gliosis [24], was found in
NAWM.

At short echo times, isolated abnormal resonances at
0.89 and/or 1.3 ppm were detected in three patients with
ON, two with RRMS and two with SPMS. These peaks
reflect the presence of free lipids, consistent with lipid
breakdown in demyelination [13, 25]. In two other pa-
tients with RRMS and one with SPMS these free lipid
resonances were associated with a significant increase in
choline-containing compounds, which may indicate as-
sociated inflammation. Thus, we demonstrated, in the
NAWM of patients with ON and MS, changes consistent

with inflammatory and/or demyelinating processes. The
combination of long and short echoes may allow se-
paration of predominant inflammation (10 patients with
increased Cho/Cr without resonances for free lipids),
predominant demyelination (seven with free lipids), and
the association of inflammation and demyelination
(three with increased Cho/Cr and free lipid resonances).
Abnormal lipid resonances have recently been reported
in the NAWM on MRS imaging [26]. Thus, MRS ex-
aminations might have implications for the improve-
ment of the predictive value of magnetic resonance
techniques, and for therapeutic approaches to patients
with ON and MS.

Even if the spectroscopic changes observed in the
NAWM of patients with ON and MS are not specific,
and some at least may be observed in almost all neuro-
degenerative diseases, proton MRS may provide insight
in vivo into changes in cellular metabolites that corre-
late with histopathological findings in cerebral lesions
[25]; this has been demonstrated by other techniques
[27, 28].
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