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Benign versus Secondary-Progressive Multiple
Sclerosis: The Potential Role of Proton MR
Spectroscopy in Defining the Nature of
Disability

A. Falini, G. Calabrese, M. Filippi, D. Origgi, S. Lipari, B. Colombo, G. Comi, and G. Scotti

PURPOSE: We determined the clinical utility of proton MR spectroscopy in defining the
extent of disability in benign versus secondary-progressive multiple sclerosis (MS).

METHODS: Thirty patients with clinically definite MS, including 16 patients with benign MS
and 14 with secondary-progressive MS, and a group of 13 healthy volunteers were studied with
combined stimulated-echo acquisition mode proton MR spectroscopy and MR imaging (all
patients received contrast material).

RESULTS: Acute enhancing lesions of benign and secondary-progressive MS were charac-
terized by a reduction in N-acetylaspartate (NAA)/choline and NAA/creatine and an increase in
inositol compounds/creatine as compared with normal white matter. Such variations were also
detected in chronic unenhancing lesions in patients with secondary-progressive MS, although
they were not found in chronic unenhancing lesions in patients with benign MS. Chronic lesions
of the two forms of the disease have significative differences in NAA and inositol signals.

CONCLUSION: Proton MR spectroscopy is able to show metabolic changes occurring in the
white matter of patients with MS. Such changes differ according to the phase (acute versus

chronic) and the clinical form (benign versus secondary-progressive) of the disease.

Multiple sclerosis (MS) is a demyelinating autoim-
mune disorder characterized by an inflammatory pro-
cess involving myelin. The clinical course of the dis-
ease can be highly variable depending on the number
and severity of relapses and the degree of progression
(1, 2). It is not uncommon to find clinically silent MS
lesions at autopsy in some patients, whereas in others
death occurs a few weeks after onset (3-5). Several
patterns of the disease have been delineated. The
most common classification includes benign (20%),
relapsing-remitting  (25%), secondary-progressive
(40%), and primary-progressive (15%) forms (6).
Magnetic resonance (MR) imaging is able to depict
MS lesions in the spinal cord and brain with high
sensitivity, but the amount of white matter involve-
ment seen on T2-weighted MR images is poorly re-
lated to clinical disability (7). Recent studies have
shown that patients with benign MS have only slightly
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smaller T2 lesion loads than do patients with second-
ary-progressive MS (8), but these lesions display
much less contrast enhancement than lesions associ-
ated with early relapsing-remitting disease (9). The
lack of clinical/conventional MR imaging correlation
can be better understood by considering that T2
hyperintensity is present not only in regions of demy-
elination or axonal loss but also in edematous,
potentially reversible lesions. Even a recent brain
water-diffusion study failed to show differences in the
apparent diffusion coefficients between benign and
secondary-progressive MS (10).

Many studies have evaluated the possibility of in-
vestigating the metabolic characteristics of MS lesions
by using MR spectroscopy. The spectral patterns of
acute, subacute, and chronic lesions have been de-
scribed, as have several proposed markers of the de-
myelinating process (11-23). In this study, we used
proton MR spectroscopy and MR imaging to identify
metabolic changes in the lesions that might be related
to MS evolution. We tested the utility of proton MR
spectroscopy in differentiating lesions present in be-
nign and in secondary-progressive MS.

Materials and Methods

Thirty patients with clinically definite MS (24) were studied:
16 had benign MS (mean age, 42 years) and 14 had secondary-
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Main metabolite ratios = SD in control subjects and in lesions in patients with benign and secondary-progressive MS

Control Subjects (n = 13)

Patients with Benign MS

Patients with Secondary-Progressive MS

Acute Lesions

White Matter

Chronic Lesions Acute Lesions Chronic Lesions

(n=3) (n = 13) (n=>5) (n = 13)
Inositol/Cr 0.45 = 0.16 0.60 = 0.22 0.47 = 0.09 0.66 = 0.15 0.68 = 0.15
Cho/Cr 0.84 = 0.12 0.86 = 0.22 0.81 = 0.10 0.94 = 0.06 0.83 = 0.13
NAA/Cr 212 %029 134 +023 1.70 £ 0.29 1.54 +035 1.43 £ 0.19
NAA/Cho 248 = 0.52 1.68 + 0.63 2.19 = 0.64 1.66 =+ 0.4 176 = 0.32

Note.—Bold type indicates differences between chronic lesions of benign and secondary-progressive MS. No corrections were made for T1 and T2

relaxation.

progressive MS (mean age, 45 years). Patients with benign MS
scored 3.0 or less on the Expanded Disability Status Scale
(EDSS) after a disease duration of more than 15 years (25).
Patients with secondary-progressive MS had an initial relaps-
ing-remitting course followed by progressive disability with or
without superimposed relapses of at least 6 months; their mean
EDSS score at the time of the study was 4.9 = 1.4. None of the
patients was receiving treatment or had had relapses in the 6
months preceding the study. A group of 13 healthy volunteers
(mean age, 41 years) served as control subjects. All patients
first underwent a conventional MR imaging study with contrast
material to distinguish enhancing and chronic unenhancing
lesions. We studied 13 unenhancing and three enhancing le-
sions in the benign MS group and 13 chronic unenhancing and
five enhancing lesions in the secondary-progressive MS group.
Images were used to identify suitable MS lesions for spectros-
copy. The MR spectroscopic study was performed 24 hours
after the MR imaging examination to avoid artifacts from
susceptibility associated with the contrast material. Informed
consent was obtained from all subjects prior to examination.

MR imaging and MR spectroscopy were performed on a
1.5-T unit equipped with a quadrature head coil. Patients were
imaged with conventional proton density— and T2-weighted
spin-echo sequences (2500/15,90/1 [repetition time/echo time/
excitations]) followed by a T1-weighted spin-echo (605/15/2)
sequence after administration of contrast material (0.1 mmol/
kg). Transverse 5-mm contiguous sections through the brain
were obtained with a 256 X 256 matrix and a 230-cm field
of view.

Single-voxel localized proton MR spectroscopy was per-
formed using a stimulated-echo acquisition mode sequence
with parameters of 1500/20. Water suppression was achieved
with the chemical shift-selective (CHESS) technique (26) using
three consecutive CHESS pulses centered on the water reso-
nance. An 8-mL voxel was centered on the MS lesions of
interest, which were chosen, as far as possible, to fill the
spectral voxel and to avoid excessive contamination from sur-
rounding tissue. The relative lesion size contained in the voxel
was determined by considering the T2 hyperintense area on
each of the 5-mm-thick images that included the voxel of
interest (VOI). Small lesions, filling less than 25% of the VOI,
were studied in both groups, as they are common in MS and are
potentially qualitatively different from large lesions (23). A
second VOI was measured in the normal-appearing white mat-
ter when present, and a third VOI was placed on the frontal
interhemispheric cortex. Field homogeneity was optimized with
global and local shimming. The acquired free-induction decay
was multiplied with a gaussian function (center, 0 milliseconds;
half-width, 256 milliseconds), Fourier-transformed with the
fast Fourier transform algorithm, and phase-corrected in the
zero and first orders. Peak area ratios were calculated from
the integration of the single peaks obtained by manually posi-
tioning the cursor at the feet of each peak, using the standard
software. For this relative peak quantification, creatine (Cr) at
3.0 ppm was taken as reference for choline-containing com-
pounds (Cho) at 3.2 ppm and inositol compounds at 3.54, and

Cr and Cho as references for N-acetylaspartate (NAA) at 2.0
ppm. Spectral peak areas were analyzed independently by four
spectroscopists who were blinded to the patients and to the
nature of the lesions. Reliability among the four operators was
tested, and the Cronbach « was greater than .91 for all the
ratios considered. Mean values of the four measurements were
considered for statistical analysis. Differences between patient
groups and lesions were evaluated with a Student’s ¢ test for
nonpaired data.

Results

Considering all the patients together, regardless of
the clinical form of their MS, lesions showed lower
levels of NAA/Cr and NAA/Cho relative to normal
white matter in the control subjects. When the two
subgroups of patients were considered separately and
compared with control subjects, the reduction of
NAA was more pronounced in patients with second-
ary-progressive MS for both acute (NAA/Cr: ¢ test =
3.58, P = .002; NAA/Cho: t test = 3.08, P = .007) and
chronic (NAA/Cr: ¢ test = 7.00, P = .0000004; NAA/
Cho: ¢ test = 4.20, P = .0003) lesions than for acute
(NAA/Cr: t test = 4.32, P = .0008; NAA/Cho: t test =
2.31, P = .03) and chronic (NAA/Cr: ¢ test = 3.61,
P = .001; NAA/Cho: t test = 1.25, P = .22) lesions in
patients with benign MS (Table ).

Patients with secondary-progressive disease also
had increased levels of inositol in both acute (¢ test =
—2.4, P = .03) and chronic (¢ test = —3.5, P = .002)
lesions.

No significant differences were found among the
acute lesions that exhibited a similar spectral pattern
in both groups (Table and Fig 1).

A significant reduction of NAA (NAA/Cr: t test =
2.76, P = .01; NAA/Cho: ¢ test = 2.13, P = .04) and
an increase of inositol/Cr (¢ test = —4.15, P = .0004)
were detected in the chronic lesions of patients with
secondary-progressive disease as compared with the
chronic lesions of patients with benign MS (see Table
and Fig 2). The differences observed in chronic le-
sions were independent of the size of the lesions, as
the percentage of small lesions (filling less than 25%
of the VOI) was similar in the two groups (35.2% for
the benign MS group and 21% for the secondary-
progressive MS group).

Lipids at 0.9 and 1.3 ppm were detected in 37.5% of
acute and in 23% of chronic lesions (Fig 1). Such
percentages varied between the benign MS and the
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secondary-progressive MS groups, with higher values
in the latter (40% of acute and 28% of chronic le-
sions) compared with the former (30% and 14%,
respectively). Marker peaks at 2.1 to 2.6 ppm (20, 22)
were not significantly different between patients and
healthy volunteers.

No significant abnormalities in metabolite levels
were observed in the normal-appearing white matter,
although there was a trend toward an increase of
Cho/Cr in benign MS (0.93 = 0.15, n = 11; ¢ test =
—0.76, P = .45) and in secondary-progressive MS
(0.96 = 0.18, n = 4; ¢ test = —0.86, P = .40) as well
as increased inositol/Cr for secondary-progressive MS
(0.61 = 0.37, n = 4; ¢ test = —1.18, P = .25). An
opposite trend with a reduction of NAA levels was
evident in benign MS (NAA/Cr: 1.86 = 0.44, n = 11;
ttest = 1.67, P = .11; NAA/Cho: 2.03 = 0.50,n = 11;
t test = 2.09, P = .04) and in secondary-progressive
MS (NAA/Cr: 2.06 = 0.20, n = 4; ¢ test = 0.41, P =
.69; NAA/Cho: 2.21 = 032, n = 4; t test = 0.98, P =
.34). Finally, the spectra measured in the VOI placed
in the frontal cortex of each group of patients were
similar to those obtained in healthy subjects.
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Fic 1. Proton MR spectra (1500/20)
of acute lesions in patients with benign
(A) and secondary-progressive (B) MS.
The spectra are similar, showing a
huge peak of inositol at 3.54 ppm and
a reduction of the NAA peak at 2 ppm.
In both cases, lipids at 1.3 ppm are
present.

Discussion

Once conventional MR imaging was accepted as a
fundamental tool in the diagnosis of MS, its clinical
use expanded progressively, becoming exponential af-
ter the encouraging results obtained with interferon
beta-1b therapy (27-29). Guidelines for the use of
MR imaging in monitoring therapy have been settled
and published in order to control the application of
such techniques (30). After the initial enthusiasm, a
general concern has arisen, based on several reports
of a relatively poor relationship between MR imaging
findings and the clinical parameters of MS (31). The
discrepancy between MR imaging abnormalities and
the clinical reality of MS patients stems from the
relative lack of specificity of signal alterations on
T2-weighted MR images (mainly water content vari-
ations). The inability of conventional MR to differ-
entiate among edema, demyelination, axonal loss,
and gliosis may be overcome by MR spectroscopy. A
number of studies have already demonstrated that
MR spectroscopy can be useful in evaluating MS
lesions of different ages and at different times (11—
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Fic 2. Proton MR spectra (1500/20)
of chronic lesions in patients with be-
nign (A) and secondary-progressive
(B) MS. While heights of peaks are
quite normal in the patient with benign
MS, both the NAA peak reduction at 2
ppm and the inositol peak increase at
3.54 ppm are pronounced in the pa-
tient with secondary-progressive MS.
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23). In this study, we used single-voxel proton MR
spectroscopy to evaluate the metabolic pattern of
lesions in patients with clinically definite benign or
secondary-progressive MS.

The decision to choose a short echo-time sequence
(20 milliseconds) was made so as to enhance the
sensitivity of the technique toward those spectral
components that we thought might be different in the
two clinical forms. Among these, lipids and marker
peaks were probably involved in myelin breakdown,
and amino acids and inositol were possibly related to
cell death.

When all patients were considered together and
compared with healthy age-matched control subjects,
the NAA/Cho and NAA/Cr ratios in the lesions were
clearly reduced, consistent with results obtained in
previous studies (11, 13-15, 17-21, 23). The observa-
tion that the magnitude of the reduction varies with
the type of lesion and clinical form of the disease is
more interesting. Our comparison of NAA/Cho and
NAA/Cr ratios in patients with benign MS with those
in control subjects showed that the reduction in NAA
was more evident in acute lesions, with recovery in
chronic lesions. On the other hand, in the secondary-

progressive MS group, the reduction in NAA was
stable in acute and chronic lesions. These different
metabolic patterns became clearer when the two
groups were compared directly. In acute lesions, the
metabolite ratios were not significantly different (Fig
1). In chronic lesions, the reduction of NAA/Cr and
NAA/Cho predominated in the secondary-progres-
sive MS group (Fig 2B).

In attempting to interpret the meaning of NAA
reduction, it is useful to consider its biological signif-
icance and the variation of NAA concentration mea-
sured in previous studies. NAA is generally accepted
as a neuronal marker, in agreement with the neuronal
assignment of this metabolite shown in cell cultures
and biopsy examinations (32) and further confirmed
with the use of specific antibodies (33) and in clinical
studies (34). A reduction of NAA levels in MS lesions
was initially correlated with secondary axonal loss in
chronic lesions, representing irreversible damage to
the central nervous system (11). In a serial study, the
same authors observed the absence of recovery of
NAA at follow-up examinations (18). Van Hecke et al
(17) suggested that an NAA decrease could reflect
the gliosis that accompanies the process of demyeli-
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nation subsequent to the initial focal inflammatory
reaction with lymphocytic infiltration. Matthews et al
(14) introduced the concept of axonal injury in addi-
tion to irreversible axonal degeneration, and under-
lined the fact that signal at 2.01 ppm includes contri-
butions from N-acetylated groups other than those of
NAA. The same concept of axonal sufferance was
cited by Miller et al (15), who suggested that the slight
NAA reduction observed in acute lesions could re-
flect a less severe axonal loss or axonal shrinkage
caused by demyelination, inflammatory edema, or,
perhaps, axonal dysfunction. The progressive change
in the interpretation of NAA signal parallels results
indicating that the reduction of this metabolite is
reversible. Davie et al (21) described the reversibility
of NAA/Cr reduction, postulating that edema and
impaired function of mitochondria in the acute phase
are responsible for the NAA decrease and the pres-
ence of oligodendrocyte type 2 astrocyte progenitor
cells containing NAA, which promote remyelination
for reversibility. An analogous recovery of NAA sig-
nal was described by De Stefano et al (35), who found
a high correlation with a decrease in the volume of
brain lesions in all patients during the follow-up pe-
riod, and a strong correlation between a decrease in
EDSS score and recovery of NAA resonance intensi-
ties. The results of these recent studies are in agree-
ment with our observations. When we looked at acute
lesions we did not find significant differences between
benign MS and secondary-progressive MS. This sug-
gests that in the acute phase, the NAA signal reduc-
tion is relatively nonspecific, resembling T2 hyperin-
tensity on conventional MR images. Edema with
inflammatory elements, demyelination, neuronal dys-
function, and axonal destruction can all cause NAA
depletion. Measurements made in chronic lesions in
patients with benign MS show evidence of recovery of
NAA/Cho and NAA/Cr (Fig 2A); these lesions show
no significant reduction in NAA/Cr and NAA/Cho
ratios relative to those of healthy volunteers. This
recovery of NAA may be attributed to an absence of
inflammatory processes and/or to remyelination. In
patients with secondary-progressive MS, NAA levels
are still depressed in chronic lesions, suggesting the
irreversible loss of integrity of axons, possibly associ-
ated with gliosis.

The differences in NAA levels noted between the
two forms of MS are supported by the coherent vari-
ations of inositol at 3.54 ppm. Inositol was elevated in
lesions of both benign and secondary-progressive
forms of MS during the acute phase (Fig 1), whereas
chronic lesions were characterized by high inositol
levels only in the secondary-progressive group (Fig
2B). The pattern of inositol level observed in benign
MS with higher values in acute lesions than in chronic
lesions is in agreement with the study by De Stefano
et al (35), who observed increased inositol in acute
lesions that returned to normal levels at follow-up,
correlating with reduced volume of the plaques. On
the other hand, in patients with secondary-progres-
sive MS, inositol increase was stable in both acute and
chronic stages.
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Although the real meaning of inositol variations in
MS remains unclear (36, 37), recent studies have
underlined the importance of these factors in main-
taining neuroglial cell homeostasis (38-42). More-
over, multinuclear spectroscopy performed in rats in-
dicates that neuroglial cells have a higher inositol
content as compared with neurons (43). It is possible
that in acute lesions, glial cell damage and/or edema
might account for inositol increase, owing to the re-
spective release or intracellular accumulation of such
factors. On the other side, gliosis could be consistent
with the constant high inositol value in chronic lesions
of the secondary-progressive group. In this view, the
combined metabolic variations of inositol and NAA
are the best discriminators between benign MS and
secondary-progressive MS lesions. The return of both
metabolites to normal values in the chronic lesions of
patients with benign MS suggests cell damage that is
still susceptible to partial recovery, whereas the per-
sistent NAA reduction and inositol increase in pa-
tients with secondary-progressive MS might suggest a
definitive neuronal loss, which correlates well with
severe disability.

The differences observed in chronic plaques in the
two groups of patients were independent of the size of
the lesions measured. The frequency of lesions that
filled less than 25% of the VOI was similar in both
populations. Moreover, Van Hecke et al (17) and
more recently Roser et al (23) and De Stefano et al
(35) demonstrated that metabolic variations mea-
sured in MS lesions are not confined to the area
shown by MR imaging but involve surrounding tissue.
However, involvement of the normal-appearing white
matter in our study is only partially confirmed. In fact,
comparing the metabolic ratios measured in normal-
appearing white matter with those in healthy volun-
teers, we noted a trend toward an increase of Cho/Cr
and inositol/Cr (only in secondary-progressive MS)
and a decrease of NAA/Cho that did not reach sta-
tistical significance.

As far as specific markers of the demyelinating
process are concerned, our results are not conclusive.
We detected the presence of peaks at 1.3 and 0.9
ppm, assigned, respectively, to the methylene and
methyl groups of lipids (44) in only 37.5% of acute
enhancing lesions (30% in benign MS and 40% in
secondary-progressive MS) (Fig 1) and in 23% of
chronic unenhancing lesions (28% in benign MS and
14% in secondary-progressive MS). However, in the
remaining acute lesions, and in particular in the re-
maining 60% of secondary-progressive MS lesions,
where demyelination might more likely be present, no
lipid peaks were seen.

Similarly, observation of the spectral area, which
comprised 2.1 to 2.6 ppm, where demyelination
marker peaks were reported (20, 22), was unsatisfac-
tory. The lack of absolute quantitation of metabolites
and the presence of a high standard deviation (mainly
due to the difficulties related to precise peak assign-
ment in this area) decreased the reliability of the
apparently normal values obtained.

Finally, the absence of variation in the spectra mea-
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sured in the frontal gray matter of patients with MS
suggests a greater involvement of neural connection
than the primitive neuronal loss responsible for men-
tal deterioration frequently observed in more com-
promised patients (45-48).

Conclusions

Proton MR spectroscopy is able to show metabolic
changes in the white matter of patients with MS. Such
changes differ according to the phase (acute versus
chronic) and the clinical form (benign versus second-
ary-progressive) of the disease. A comparison of
chronic lesions in benign MS with those in secondary-
progressive MS reveals significant differences in
NAA/Cr, NAA/Cho, and inositol/Cr ratios, suggest-
ing a potential clinical role for MR spectroscopy in
contributing to the identification of the pathologic
substrate of the lesions of differently disabling forms
of MS.
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