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ABSTRACT

The purpose of this study was to analyze the lesion
brightness (image contrast) in multiple MRI se-
qguences in patients with relapsing-remitting MS
(RRMS), secondary progressive MS (SPMS), primary
progressive MS (PPMS), and clinically isolated syn-
drome (CIS); and to correlate the lesion contrast with
lesion volumes and neurological disability. MRI ex-
amination at 1.5 T was performed on 80 patients with
RRMS, SPMS, PPMS, or CIS. The protocol included
T;- and T,-weighted spin echo (SE), fluid attenuated
inversion recovery (FLAIR), T;-weighted SE with
magnetization transfer preparation, and diffusion
weighted imaging (DWI). Contrast was measured
between MS lesions and normal appearing white
matter. Lesion volume was calculated in T;-weighted-
and FLAIR-images. All patients were examined neu-
rologically including evaluation of expanded disabil-
ity status scale (EDSS) score. Lesion contrast corre-

lated with total brain lesion volume (p = 0.000 - 0.040).

In patients with low EDSS, three sequences were able
to differentiate between CIS and RRMS. SPMS and
PPMS were separated by DWI. Lesion contrast cor-
related with EDSS score on T;-weighted imaging,
with or without magnetization transfer preparation.
Patient age correlated with lesion contrasts. Contrast
measurements seem limited in radiological and clini-
cal diagnosis of MS in reference to disease course, its
activity and progression. The differentiation between
MS subgroups might improve at 3 T and could help
in leading to earlier treatment of the disease.

Keywords: Magnetic Resonance Imaging; Multiple
Sclerosis; Imaging Sequences

"Corresponding author.

OPEN ACCESS

1. INTRODUCTION

Multiple sclerosis (MS) is an autoimmune disease of the
central nervous system and it is characterized by com-
plex pathophysiological processes including inflamma-
tion, demyelination, axonal loss, and remyelination [1].
MS lesions are commonly seen in the cerebral hemi-
spheres, brain stem, and cervical part of spinal cords mye-
lin. The initial onset of symptoms usually occurs be-
tween 20 - 40 years of age.

The disease develops gradually, and symptoms often
present with seemingly unrelated timing and distribution.
MS can be divided into different stages. In clinically
isolated syndrome (CIS), the patient does not fulfill the
international criteria for MS, i.e., the revised McDonald
criteria [1-3], but 30% - 70% of these patients develop
MS later on [4]. In relapsing-remitting MS (RRMS),
there are phases of rapid disease progression, but the
inflammation is reversible and is followed by periods of
neurological improvement without development of new
symptoms. RRMS usually progresses into secondary
progressive MS (SPMS), characterized by gradual in-
crease of neurological disability without clinical relapses.
In some patients, the disease course continually pro-
gresses from the beginning, and is referred to as primary
progressive MS (PPMS). These patients have a worse
prognosis than in RRMS. The neurological disability of
MS is evaluated by expanded disability status scale
(EDSS).

Radiologically, MS is imaged using a variety of mag-
netic resonance imaging (MRI) sequences. More lesions
can be detected at 3 Tesla (T) than at 1.5 T [5,6]. How-
ever, 1.5 T is more commonly available than 3 T. Con-
sequently, imaging is usually performed on 1.5-T scan-
ners. The MRI protocol for MS patients usually includes
T,- and T,-weighted spin echo (SE), the former of which
can be performed three-dimensionally [7], fluid attenu-
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ated inversion recovery (FLAIR), and occasionally, T;-
weighted imaging with magnetization transfer (MT) pre-
paration. Since the last decade the protocol is increas-
ingly accompanied by diffusion weighted imaging (DWI)
[8,9].

Several studies have investigated various MRI charac-
teristics of MS patients. These studies have revealed tis-
sue alterations, such as changes in both normal appearing
brain tissue and lesions, in magnetization transfer ratio
(MTR) [10,11]. In addition, abnormal brain iron deposits
in the putamen and thalamus have been measured as T,
decrease [12-16] or phase development [17,18]. Studies
of the most conventional imaging sequences, i.e., T;- and
T,-weighted SE, have mainly focused on number of le-
sions and lesion volume, along with brain atrophy [19-
23]. Also the use of a composite score of MRI measures
has been proposed [24]. Although semi-automatic soft-
ware has been developed to assess volume information
[25-27], volumetric measurements are time-consuming
and, therefore, a poor fit for clinical environment.

Easily accessible parameters, such as a rapid meas-
urement of signal intensity, S, and calculation of lesion
contrast, c=(S, -S,)/(S, +S,), where S, and Sy are the
signal intensities of structures a and b, respectively, are
better suited for clinical purposes, as long as they pro-
vide pertinent information about the disease. Interest in
this type of measurement was first seen in the late 1990s
[28-30]. Contrast was measured on film and the results
were supported with biopsy or post-mortem studies.
MTR and the degree of hypointensity in T,-weighted
images were shown to correlate with axonal density.
However, no recent reports with digital MR images are
available.

The purpose of this study is to compare multiple stan-
dardized MR imaging sequences and investigate the rela-
tionship between lesion contrast attributes, volumes, and
clinical characteristics of the patients.

2. PATIENTS AND METHODS

This study included 98 patients with three different sub-
types of MS and CIS. All patients underwent thorough

neurological examination, including evaluation of EDSS
score. The neurological evaluation was performed by the
same experienced neurologist (M. Ra.), and the diagnosis
was based on the revised McDonald criteria [3]. The
patients did not have active lesions at the time of imag-
ing. Each of the four subgroups (CIS, RRMS, SPMS,
PPMS) had a minimum of 20 patients and thus, for this
paper we included 20 patients of each subgroup. Within
subgroups where more patients were available, the most
recent patients were selected. These 80 patients (male:
female = 23:57, age range 18 - 73 years, mean age 45
years) underwent MRI examination. Main patient char-
acteristics are presented in Table 1. Age is listed at the
time of imaging. The study was approved by the Hospital
Ethics Committee, and all patients gave written informed
consent.

2.1. MRI Protocol

Imaging was performed with a 1.5 T MRI unit (Siemens
Avanto, Erlangen, Germany). Imaging parameters are
presented in Table 2. Due to limitations in specific ab-
sorption rate (SAR), slight modifications had to be made
in a few patients concerning repetition time (TR) and
echo time (TE). T;-weighted MP-RAGE was acquired
once without, and once with the intravenous contrast
agent gadoterate meglumine (Gd-DODA; Dotarem” 10
ml). In T,-weighted SE, time savings were accomplished
using fast recovery mode which uses spoiler gradients at
the end of the relatively short TR period. For scientific
studies on MS patients, the MTR is often calculated; this
measurement, however, requires acquisition of two im-
age sets, one with and one without the off-frequency
preparatory pulse. Due to time limitations in clinical en-
vironments, in this study we wanted to see if T,-weighted
imaging with MT preparation alone, omitting the se-
quence without off-frequency pulse, correlates with clini-
cal data.

2.2. ROI Localization

In each patient, two MS lesions were selected for signal

Table 1. Patient characteristics. Median (and range) values given.

Males:Females EDSS score Age, years Symptomatic duration, years
All 23:57 4(1-98) 45 (18 - 73) 10 (0 - 47)
CIS 3:17 - 35(20-52) 1(0-8)
RRMS 5:15 1(1-6) 39 (18-49) 5(0-23)
SPMS 7:13 42-7 51 (35-61) 19 (5-32)
PPMS 8:12 55(1-8) 59 (38-73) 16 (1 -47)

CIS = clinically isolated syndrome; RRMS = relapsing-remitting multiple sclerosis; SPMS = secondary progressive MS; PPMS = primary progressive MS;
EDSS = expanded disability status scale.
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Table 2. Typical imaging parameters.

321

DWI FR T>-TSE FLAIR T,-SE (MT) MP-RAGE
Imaging sequence EPI/SE TSE IR SE GRE/IR
Slice thickness (mm) 5.0 3.0 5.0 5 0.9
Slice gap (mm) 1.5 0 0 1.5 0
In-plane resolution (mm?) 1.20 x 1.20 0.90 x 0.90 0.45 % 0.45 0.45 x 0.45 0.45 x0.45
Repetition time (ms) 3400 750 8500 725 1160
Echo time (ms) 89 115 100 7.8 4.24
Inversion time 2500 600
Echo train length 1 23 17 1 1
Number of averages 4 1 1 2 1
Flip angle 90° 170° 150° 90° 15°

DWI = diffusion-weighted imaging; FR = fast recovery; EPI = echo planar imaging; (T) SE = (turbo) spin echo; FLAIR = fluid attenuated inversion recovery;
IR = inversion recovery; MT = magnetization transfer; MP-RAGE = magnetization prepared rapid acquisition gradient echo; GRE = gradient echo.

analysis: one in the cerebral hemisphere and one in the
infratentorial compartment of the brain. The largest le-
sions, shown most clearly in each imaging sequence,
were selected. All images were analyzed by the same
person (M.Ro.) under the supervision of an experienced
neuroradiologist (P.D.).

For each lesion, the signal intensity was measured in
three regions of interest (ROI) within the same slice: 1)
within the lesion, 2) in adjacent normal appearing white
matter (NAWM) next to the lesion, and 3) in the lesion-
corresponding contralateral NAWM region (Figure 1).
Whenever possible, lesions with a corresponding lesion-
free region in the contralateral hemisphere were selected;
if this was not possible, slight divergence from the cor-
responding contralateral region was permitted to identify
an area of normal-appearing tissue. In all contralateral
NAWM ROIs (3), there were no MS lesions within 15
mm of the ROIL. Although patients with CIS did not ful-
fill the revised McDonald criteria for MS disease of nine
detectable lesions, all CIS patients included in this study
did have at least one or two detectable lesions in the
cerebral hemispheres and infratentorial compartment of
brain.

2.3. Analysis Methods

Due to the non-quantitative nature of the MRI sequences,
direct comparisons of the signal intensities among indi-
viduals were not conducted. This type of comparison
likely would have led to an error due to variations in not
only from examination to examination and patient to
patient, but also in the same examination from slice to
slice. Instead, we analyzed contrast,

c=(S,-8,)/(S,+8,).

Copyright © 2013 SciRes.

Figure 1. Region of interest (ROI) setting is presented for le-
sions (1), adjacent normal-appearing white matter (2), and con-
tralateral white matter (3) in two slices of a T|-weighted image of
a 54-year-old male with secondary progressive multiple sclerosis.

where S, and S, are the signal intensities of regions a and
b, respectively, within the same slice. Although contrast
is conventionally measured between two adjacent tissues,
we also made comparisons to the contralateral hemi-
sphere.

Total lesion volume was measured in T,-weighted
FLAIR and T,-weighted SE images, and brain atrophy in
T,-weighted SE images, using an enhanced version of the
calibrated semi-automatic segmentation software Anato-
matic™ 2.23 [18,24,31,32].

Normality of distributions was analyzed according to
Kolmogorov-Smirnov test. Comparisons between MS
subgroups were analyzed with ANOVA tests. Correla-
tions between contrast and each brain atrophy, age, and
disease duration were calculated using Pearson’s correla-
tion. Due to skewed distributions, shown by the Kolmo-
gorov-Smirnov test, correlations between contrast and
both lesion volume and EDSS scores were calculated

OPEN ACCESS
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using Spearman’s rho correlation. Comparisons between
MRI sequences were performed with student’s paired
t-test or, in case of non-Gaussian contrast distribution
within the patient group, with Wilcoxon signed ranks test.
All statistical calculations were computed with SPSS 17
(SPSS Inc., Chicago, Illinois, USA). P-values of less
than 0.05 were considered statistically significant for n =
80 and p-values less than 0.01 for n = 20.

3. RESULTS

3.1. MRI Contrast and Lesion Volume

Lesion contrast was slightly correlated with both T,-
weighted and FLAIR lesion volume (Table 3). Brain
atrophy was not correlated with MRI-given lesion con-
trast.

3.2. MRI Contrast and Clinical Characteristics

MS lesion contrast to NAWM is presented in Figure 2.
SPMS patients had larger lesion contrast than RRMS
patients in T;-weighted MP-RAGE in the cerebral hemi-
sphere (p = 0.040). In the infratentorial compartment of
the brain the difference was significant in FLAIR (p =
0.017) between CIS and SPMS. We also grouped pa-
tients by their EDSS scores with 0 - 1.5,2 -4, and 5 - 8.
Differentiation between RRMS and SPMS was found in
patients with EDSS score between 2 and 4 (DWI: p =
0.029, T;-weighted MP-RAGE: p = 0.042).

In the cerebral hemisphere, MRI contrast correlated
with EDSS scores (p < 0.01) in the total patient popula-
tion in all three sequences using T,-weighted imaging: in
MT-prepared T;-weighted imaging (r = —0.288), and T,-
weighted MP-RAGE without (r = —0.315) and with (r =

Table 3. Correlation between lesion contrast and total lesion volume. Spearman’s rho and (p-value).

DWI T, W (MT) FLAIR W TW+C
T, volume 0.324 (0.003) —0.477 (0.000) 0.273 (0.014) 0.292 (0.009) —0.327 (0.003) —0.365 (0.001)
FLAIR volume 0.256 (0.022) —0.474 (0.000) 0.230 (0.040) 0.252 (0.024) —0.309 (0.005) —0.337 (0.002)
DWI = diffusion-weighted imaging; MT = magnetization transfer; T W = T;2)-weighted image; FLAIR = fluid-attenuated inversion recovery; C = contrast
agent.
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Figure 2. Plaque contrast to adjacent normal appearing white matter is presented in the cerebral hemisphere
and infratentorial compartment of the brain. The stars indicate statistical difference between RRMS and
SPMS () or between CIS and SPMS (7). CIS = clinically isolated syndrome; RRMS = relapsing-remitting
multiple sclerosis; SPMS = secondary progressive MS; PPMS = primary progressive MS; DWI = diffusion-
weighted imaging; MT = magnetization transfer; T,,W = T,;-weighted imaging; FLAIR = fluid-attenuated

inversion recovery; C = contrast agent.
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—0.342) contrast agent. In the subgroups of MS, there
were no correlations. In the infratentorial compartment
of the brain, the EDSS score correlation with lesion con-
trast was modest with tendencies to correlate (p < 0.05)
in T,-weighted SE (r = 0.472) and T,-weighted MP-
RAGE (r = —0.450) in the RRMS subgroup. Generally,
the tendency was towards larger lesion contrast with
higher EDSS score.

3.3. MRI Contrast and Patient Age

Patient age correlated with the MRI contrast between MS
lesion and both adjacent and contralateral NAWM. Older
patients had higher lesion contrast in the cerebral hemi-
spheres in CIS (p < 0.05, in DWI: r = 0.495, T,-weighted
SE: r = 0.560, T,-weighted MP-RAGE: r = —0.453) and
SPMS patients (p < 0.05, in DWI r = 0.462); and in the
infratentorial compartment in CIS patients (p < 0.05, in
T,-weighted MP-RAGE r = —0.527). However, in the
infratentorial compartment of brain reverse correlation
was seen in PPMS patients (T;-weighted MT, MP-RAGE
and T,-weighted SE p < 0.01). Similar correlation was
measured in the lesion contrast contralateral NAWM.

4. DISCUSSION

The immune-mediated MS disease is primarily charac-
terized by inflammation and demyelination, followed by
neurodegeneration, including axonal degeneration and
neuronal loss [33]. Besides visible lesions, also NAWM
represents abnormal findings in MS. This may have an
effect on the ratio between lesion and NAWM. These
changes can be imaged with multiple MRI sequences. In
this study, we imaged 80 patients diagnosed with CIS
and three different subtypes of the neuroinflammatory
disease MS. Lesion contrast were associated with various
clinical data. This is an on-going study that will have
four years of follow-up.

Different MRI sequences, such as T;- and T,-weighted
SE, MT-prepared imaging, and DWI, can be used for the
diagnosis of MS. T, is prolonged due to demyelination,
inflammation, gliosis, edema, and axonal and neuronal
loss and is, therefore, sensitive but not specific [34]. Its
capacity to detect MS lesions is good [35] although even
more lesions can be detected using T,-weighted images.
There is large variation within the appearance of remye-
linating lesions in T;-weighted images where hypointen-
sity is stronger in demyelinated than in remyelinated
lesions [28]. T, contrast does not correlate with demye-
lination [27]; however, both T, contrast [28-30] and
MTR [30] of lesions have been shown to correlate with
axonal density in post-mortem tissues. Magnetization
transfer depends on interactions of water with myelin
and, as a result, the image reflects myelin content. T,-
weighted images, though sensitive to detecting MS le-

Copyright © 2013 SciRes.

sions, are also non-specific in lesion characterization,
except in the early stages [28,36]. With its short compo-
nent (<30 ms), T, reflects the myelin density of MS le-
sions [37,38]. DWI is sensitive in detecting lesions
where myelin destruction has led to increased apparent
diffusion coefficient (ADC) and decreased fractional
anisotropy (FA). However, this method lacks specificity
because it reflects each demyelination, gliosis, inflam-
mation, axonal contraction, and axonal loss [39]. There-
fore, MS lesions on MRI are non-specific, and further-
more, not biopsy-proven. This is a known but acceptable
drawback of the McDonald criteria [1-3].

Three earlier studies [28-30] have thoroughly investi-
gated the lesion contrast of several lesions in each patient.
Therefore it might be argued whether selecting only two
lesions, though the best distinguishable, in each patient is
sufficient for a reliable analysis. However, due to the fact
that no active lesions were present, we hypothesized that
these were sufficient for describing the state of the dis-
case. These lesions were large representative lesions,
selected by the same reader over a short time period to be
consistent. Furthermore, in several patients it would have
been difficult to find more suitable lesions because they
either had so few lesions that were seen in all sequences,
or, they had so many lesions that finding a healthy com-
parison in the contralateral hemisphere was difficult.
Therefore, for consistency exactly two representative
lesions were selected in all patients. Furthermore, the
lesion contrast was correlated with the total lesion vol-
ume. Therefore the hypothesis that the lesion contrast
may represent the disease burden of the whole brain is
justified and this hypothesis was tested in this work.
Evaluation of active plaques could have increased the
value of this study. However, the recruited patients did
not have active phases at the time of the study.

In an earlier study with DWI, MS lesions have been
suggested to be more intense in SPMS than RRMS [40].
However, another study on ADC has not been able to
differentiate between RRMS, SPMS, and PPMS [41].
The patients in both earlier studies had somewhat [40] or
considerably [41] higher EDSS scores than our patient
cohort. This may well explain the inability of ADC to
differentiate between subgroups in another study with
high EDSS scores [41].

No correlation has previously been found between
EDSS score and MTR in SPMS [11] or RRMS [42]; al-
though in RRMS this is controversial [10]. Our results
confirm previously described data, as we only found sig-
nificant correlations in the total patient population con-
sisting of four disease subgroups but not within any sin-
gle subgroup in the case of MT-prepared T,-weighted
images. Mean lesion T, has been shown to correlate with
EDSS score in T; hypointense lesions, but not in T, le-
sions, in a cohort of RRMS and SPMS patients [43]. In
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our study, we found a similar correlation between EDSS

score and decreased T, signal intensity, i.e., prolonged T;.

Similar results of T, contrast (independent of contrast
agent use) confirm the exclusion of contrast-enhancing
lesions in our study. In contrast to both MT-prepared and
non-prepared T,-weighted images, we found a negative
correlation between EDSS score and FLAIR lesion con-
trast in RRMS patients. This suggests that in RRMS,
myelin destruction may not increase with worsening
EDSS score, perhaps due to myelin recovery between
attacks. However, FLAIR is not specific to myelin con-
tent, as are DWI and T;-weighted SE with MT prepara-
tion, and this preliminary result should not lead to major
conclusions.

Few studies have correlated MRI parameters with pa-
tient age in MS. Recently, though, negative correlation
between lesion MTR and disease duration has been
found in RRMS [42]. Also, T, lesion volume has been
associated with age at onset and disease duration [44]. In
our study of CIS patients, increased lesion contrast
tended to correlate with patient age in several sequences,
especially in the cerebral hemispheres. Plaques showed
more intensity in older patients at onset. This is probably
because the demyelination process occurs faster com-
pared to younger patients [45]. In PPMS, the negative
correlation between the signal intensity changes and age
may be explained by the very different disease process
compared to RRMS. This could mean either less in-
flammatory activity or more NAWM lesions in older
patients.

In conclusion, contrast measurements seem to be lim-
ited in a daily radiological and clinical diagnosis in MS
disease in reference to gaining information about disease
course and activity, disease severity, and therapeutic re-
sponses. However, at higher fields MRI analyses used in
this study might prove helpful when differentiating MS
subgroups thus enabling earlier treatment of MS disease.
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