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Abstract
Objective—Magnetisation transfer imag-
ing (MTI) provides information about
brain damage with increased pathological
specificity over conventional MRI and
detects subtle abnormalities in the normal
appearing brain tissue, which go undetec-
ted with conventional scanning. Brain
MRI and MTI findings were compared in
patients with multiple sclerosis (MS) and
systemic immune mediated diseases
(SIDs) aVecting the CNS to investigate
their roles in understanding the nature of
brain damage in these diseases.
Methods—Brain dual echo, T1 weighted
and MTI scans were obtained in patients
aVected by systemic lupus erithematosus
(SLE) with (NSLE, n=9) and without
clinical CNS involvement (n=15), Behçet’s
disease (BD) (n=5), Wegener’s granulo-
matosis (WG) (n=9), and antiphospholi-
pid antibody syndrome (APLAS) (n=6).
Ten patients with clinically definite MS
and 15 healthy controls also underwent the
same scanning protocol. Brain MRI and
MT ratio (MTR) images of the same
subject were coregistered and postproc-
essed to obtain MTR histograms of the
whole brain and of the NABT.
Results—Brain hyperintense lesions were
found in all patients with MS and with
NSLE and in 5/15 patients with SLE, 5/9
with WG, 1/5 with BD, and 3/6 with
APLAS. The lesion burden in the brain
was significantly higher in patients with
MS compared with all the other disease
groups. All MTR histogram parameters
were significantly diVerent among patient
subgroups. Patients with MS had signifi-
cantly lower average MTR than all except
patients with NSLE and significantly
lower peak height and location than
patients with SLE. patients with NSLE
had significantly lower average MTR than
patients with SLE.
Conclusions—Microscopic brain tissue
damage is relevant in patients with MS,
but, apart from patients with NSLE, it
seems to be absent in systemic immune
mediated diseases, even in the presence of
macroscopic MRI lesions or clinical evi-
dence of CNS involvement.
(J Neurol Neurosurg Psychiatry 2000;68:170–177)
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Systemic immune mediated diseases (SIDs)
can often aVect theCNS.1 2 Although usually
there are evident features leading to a correct
diagnosis, in some cases of SIDs CNS
disturbances are seen in isolation and their
course can be relapsing and remitting, thus
requiring multiple sclerosis (MS) to be consid-
ered as the main diVerential diagnosis.

Previous studies reported that conventional
T2 weighted brain MRI is sensitive for detect-
ing CNS lesions in patients with various
categories of SIDs.2–8 A wide range of MRI
abnormalities has been described in these
patients,2 3 including large arterial infarctions,
dural sinus thrombosis, brain atrophy, and dif-
fuse meningeal thickening. However, multiple
white matter lesions mimicking those due to
MS can often be the only MRI abnormalities
visible in patients with SIDs.3 9 10 Miller et al3

found that about 70% of these patients have
multiple T2 weighted abnormalities on brain
MRI. In patients with systemic lupus ery-
thematosus (SLE) and clinical evidence of
CNS involvement, the frequency of brain MRI
abnormalities can be even higher,11 although
the correlations between extent of brain lesions
and severity of cognitive disturbances is only
modest.12 About 30% of patients with Behçet’s
disease (BD) and CNS involvement may
present with a typical pattern of MRI lesions
located in the brainstem.4 13 Only 10% of
patients with Wegener’s granulomatosis (WG)
show some degree of brain MRI
abnormalities,6 although the prevalence of
clinical CNS involvement is higher.2 Involve-
ment of the CNS is often reported in patients
with primary antiphospholipid antibody syn-
drome (APLAS)14; focal infarcts are the
commonest MRI abnormalities described in
this disease, although brain atrophy and diVuse
white matter hyperintense lesions can also be
found in a high percentage of cases.8 15 16

Moreover, recent reports found that up to 20%
of patients with MS with brain MRI findings
highly suggestive for this disease16 17 can be
consistently positive for antiphospholipid anti-
bodies, thus suggesting a concomitant diagno-
sis of MS and APLAS.

Conventional T2 weighted MRI is highly
sensitive for detecting brain abnormalities in
MS and other SIDs; however, its diagnostic
accuracy is hampered by the limited pathologi-
cal specificity of the abnormalities detected.18

Magnetic resonance spectroscopy (MRS) and
magnetisation transfer imaging (MTI) allow
the obtaining of information about tissue dam-
age with increased pathological specificity18 19
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over T2 weighted sequences. Controversial
results have been achieved by MRS studies of
patients with SLE and CNS involvement.20–22

Some studies22 suggested that MRS might pro-
vide reliable markers of the burden and evolu-
tion of this disease, whereas other authors20

failed to show significant correlations between
MRS derived measures and presence or sever-
ity of neuropsychiatric symptoms. Good corre-
lations between MTI parameters and patho-
logical or clinical findings have been found in
patients with MS.23 In detail, measures ob-
tained from the MT ratio (MTR) whole brain
histogram analysis,24 which provides a global
estimation of the macroscopic and micro-
scopic24 disease burden, were found to be
highly correlated with patients’ clinical
disability23 and neuropsychological impair-
ment.25 26 Using MTI, it has also been shown
that, in patients with MS, subtle tissue damage
can be detected in the normal appearing white
matter.27 The pathology of normal appearing
white matter might be a relevant contributor to
the neurological impairment in patients with
more disabling MS clinical phenotypes.23 A
study comparing MTI findings from patients
with MS and SLE showed that MTR values of
visible T2 lesions and normal appearing white
matter in the brain were significantly lower for
patients with MS than for patients with SLE.28

In the same study, MTR values from the
normal appearing white matter of patients with
SLE were similar to those of healthy controls.

In this study, we evaluated and compared
conventional MRI and MTI findings in the
brain of patients with MS and SID. Aims of the
study were: (a) to investigate brain MTR
changes within and outside T2 visible lesions
from patients with SIDs, with the ultimate goal
of improving our understanding of the extent
of brain damage in these diseases, and (b) to
evaluate the relative contributions of MRI and
MTI to a diVerential diagnosis between MS
and SID based on neuroimaging techniques.

Materials and methods
PATIENTS

All patients were recruited over an 8 month
period at the Departments of Medicine and
Neurology, Ospedale San RaVaele, and the
Department of Neurology, Spedali Civili of
Brescia. Two physicians visited the patients
within 2 days of the MRI scanning procedure
(see later) and collected their medical history.
Patients had to have a definite diagnosis of
SLE, BD, WG, or primary APLAS, based on
previously published guidelines.29–32 Exclusion
criteria were history of drug or alcohol misuse,
head injury, or cerebral diseases not related to
SIDs, and concomitant medications (other
than corticosteroids or immunosuppressive
drugs) that could cause an organic mental syn-
drome. Patients must not have had clinical
manifestations of neurological disease for at
least 3 months before study entry and at the
time of the study. Based on the same
classification criteria used in previous studies,33

patients with SLE with a positive medical
history for any CNS involvement were consid-
ered as a separate subgroup for data analysis

(neurological SLE-NSLE). A positive medical
history for migraine in isolation was not
considered suYcient to classify patients with
SIDs as having neurological involvement.

Two control groups were also studied. The
first consisted of 15 age matched healthy
controls (nine women and six men; mean age
36.0 years, range 26–56 years). The second
consisted of 10 patients with clinically definite
MS34 (four women and six men; mean age 40.5
years, range 29–53 years), who were selected
from the cohort followed up in our centre to
match the patients with SIDs for age and disease
duration. To be included patients with MS had
to have been free from relapses and steroid or
immunomodulating/immunosuppressive treat-
ments for at least 3 months before study entry
and at the time of the study. Six were classified as
having relapsing-remitting and four as having
secondary progressive MS35 and the median dis-
ease duration was 7.0 years (range 4–15 years);
their median expanded disability status scale
(EDSS)36 score was 4.0 (range 0.0–6.0).

The study design was approved by the ethics
committees of the participating centres. Writ-
ten informed consent was obtained from all the
patients and controls before study initiation.

IMAGE ACQUISITION

Using a 1.5 Tesla scanner (Vision, Siemens,
Erlangen, Germany), we obtained, from all
patients and controls, dual echo turbo spin
echo (TSE) (TR=3300, TE=16/98, echo train
length (ETL)=5, number of acquisitions=1)
and postcontrast (gadolinium-DTPA (Gd), 0.1
mmol/kg, postinjection imaging delay=5 min)
T1 weighted (TR=768, TE=14, number of
acquisitions=2) scans of the brain. Before con-
trast administration, we also performed brain
MTI by obtaining 2D gradient echo (GE)
images (TR=640, TE=12, á=20°) with and
without a saturation pulse. This was an oV
resonance radiofrequency pulse centred 1.5
kHz below the water frequency, with a gaussian
envelope of duration of 7.68 ms and á=500°.
Twenty four (20 for MTI) axial, 5 mm thick
contiguous interleaved slices were obtained for
brain imaging, with 250 mm square field of
view and 256×256 image matrix, thus resulting
in an roughly 1×1 mm in plane resolution. The
set of slices for MTI was positioned to obtain
the same central 20 slices as for the other scans.
Patients and controls were positioned in the
scanner using published guidelines for MS
studies.37

CONVENTIONAL MRI ANALYSIS

Two experienced observers, without knowing
to whom the scans belonged, consensually
reviewed the MRI hard copies to identify any
brain abnormality. Previously published guide-
lines were followed for the identification of
MS-like hyperintense lesions on proton density
(PD) weighted images and hypointense and
Gd enhancing lesions on postcontrast T1
weighted scans.38

On PD weighted TSE images, brain paren-
chymal lesions were marked on the MRI hard
copies and total lesion volumes were then
measured by a single observer, who was
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unaware of the patients’ clinical characteristics.
A local thresholding technique was used for
lesion segmentation on computer displayed
images, keeping the marked hard copies as a
reference. Lesions were delineated as regions of
interest (ROIs) and total lesion volume was
simply calculated by multiplying the total ROI
area for the slice thickness. Further details
about this image analysis method are exten-
sively reported elsewhere.39

MTI POSTPROCESSING AND ANALYSIS

From the two sets of images without (Mo) and
with (Ms) the saturation pulse, MTR images
were derived pixel by pixel, according to the
following equation:

MTR=(Mo−Ms)/Mo x 100
in which Mo is the mean signal intensity for

a given pixel without the saturation pulse and
Ms is the mean signal intensity for the same
pixel when the saturation pulse is applied. Pixel
signal intensities in the resulting MTR images
represent the MTR values.

MTR histograms were derived from the
whole brain and from the normal appearing
brain tissue—that is, the tissue not involved by
macroscopic lesions visible on the dual echo
scans. Firstly, we removed the skull and other
extracranial tissues from the PD weighted and
the GE images without and with the MT pulse,
with the same local thresholding technique
used for lesion segmentation.39 Secondly, the
scalp stripped GE images were coregistered
and MTR maps obtained. Then, the MTR
maps were coregistered with the corresponding
scalp stripped PD weighted images. Coregis-
tration of images was performed using a
surface matching technique which fits the con-
tours corresponding to the CSF-dura interface
of the two MR images. This technique
estimates the spatial transformation needed to
remap images from diVerent MRI studies into
the same spatial reference system, thus ena-
bling a pixel by pixel correspondence between
diVerent MRI studies and ensuring the correct
positioning of the ROI across multiple
images.40 41 The optimal transformation is
inferred from the minimisation of the distance
between the discrete surfaces. Validation stud-
ies have shown that the accuracy of realign-
ment was of the order of the image pixel size.41

To reduce any further image noise, we
excluded from the analysis all the pixels with
intensities lower than 10%. This enables most
of the pixels belonging to CSF and other
hypointense normal anatomical structures (for
example, blood vessels) to be excluded. To cre-
ate MTR histograms of the normal appearing
brain tissue, when applicable, the macroscopic
lesions segmented on PD weighted images
were superimposed automatically onto the
coregistered MTR maps, and the areas corre-
sponding to the segmented lesions were nulled
out. Although lesions were not present in all
the subjects studied, for comparability of the
results between the diVerent groups, this
procedure was performed for all the scans
obtained. For both whole brain and normal
appearing brain tissue histograms, the follow-
ing variables were measured: the peak height

(the proportion of pixels at the most common
MTR value), the peak position (the common-
est MTR value), the average brain MTR, and
the MTR25, MTR50, and MTR75, which indi-
cate the MTR at which the integral of the his-
togram is 25%, 50%, and 75% of the total area
under the curve, respectively.

On MTR maps, after coregistration with the
corresponding scalp stripped PD weighted
images (see earlier), we measured the areas and
the MTR values for the ROI corresponding to
hyperintense PD weighted lesions. Average
MTR of the PD weighted hyperintense lesions
in the whole brain was calculated for each
patient according to the following formula:

where N is the number of lesions in that
patient, Ai is the area of lesion i, and MTRi is
the value of MTR in lesion i.

STATISTICAL ANALYSIS

DiVerences in MRI and MTI derived metrics
between controls and patients were assessed
with a one way analysis of variance (ANOVA).
Significance was tested using the F test and
p<0.05 was considered to be statistically
significant. For post hoc analysis, the two tailed
Student’s t test for non-paired data was used
with the Bonferroni correction for multiple
comparisons.

A multivariable analysis was also performed
to evaluate the variables that allowed a more
accurate distinction between (a) patients with
MS and patients with SID and (b) patients with
MS and patients with NSLE. A logistic model
was used (backward selection, removal crite-
rion p=0.10, likelihood ratio test), with PD
weighted total lesion volumes, average brain
and lesion MTR, histogram peak height, and
location entered as independent variables.

Results
Forty four patients with SIDs (33 women and
11 men; mean age 40.0 years, range 20–66
years) entered the study. Fifteen patients were
aVected by SLE, nine by NSLE, five by BD,
nine by WG, and six by APLAS. At the time of
the study, none of these patients had an overt
infection or a significant renal failure; 26
patients (11 SLE, eight NSLE, one BD, two
WG, three APLAS) were being treated with
steroids and eight (two SLE, three BD, three
WG) with steroids plus immunosuppressive
drugs. Twenty one patients had a positive
medical history for CNS involvement; these
included nine patients with NSLE and 12
patients with other SIDs (NSIDs) (four WG,
two BD, six APLAS). Clinical manifestations
of CNS involvement were brain stroke in four
patients with NSLE and three patients with
WG, transient ischaemic attacks or amaurosis
in six patients with APLAS, seizures in five
patients with NSLE and one patient with WG,
organic brain syndrome in one patient with
NSLE and one with WG, and meningoen-
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cephalitis in two patients with BD. The main
demographic and clinical characteristics of the
patient groups are summarised in table 1.

CONVENTIONAL MRI

No abnormalities were found on the brain MRI
from healthy controls.

On brain dual echo scans, all patients with
MS showed a typical pattern of multiple,
diVuse white matter lesions, mainly located in
the periventricular regions. Dual echo MRI
abnormalities were found in 23/44 (52%)
patients with SIDs (5/15 SLE, 9/9 NSLE, 5/9
WG, 1/5 BD, 3/6 APLAS). All patients with
WG with a positive history for CNS clinical
involvement had abnormal MRI. Dual echo
MRI abnormalities in patients with SIDs can
be summarised as follows:

Seven patients (one SLE, four NSLE, two
WG) had multiple, discrete hyperintense white
matter lesions located both in the periventricu-
lar regions and at the cortical/subcortical junc-
tion, with a complete sparing of the infratento-
rial sites. These abnormalities were
undistinguishable from those that can be seen
in patients with MS (fig 1). Two patients with
NSLE showed the same MS-like pattern, but
they had additional features strongly suggest-
ing a vascular aetiology (for example, a larger
ischaemic lesion located in the frontal lobe).
Eleven patients (two SLE, two NSLE, three
WG, one BD, three APLA) had multiple, small
hyperintense white matter lesions located at the
cortical/subcortical junction; in one of them
(aVected by WG) a cerebellar hyperintense
lesion was also visible, whereas in another
patient with WG a possible aneurysmatic
enlargement of the right posterior cerebral
artery was detected. One patient with NSLE
had the same pattern of small hyperintense
lesions at the cortical/subcortical junction, plus
a larger ischaemic lesion located in the left
internal capsule/lenticular nucleus.

Two patients with SLE showed less relevant
abnormalities—that is, few, small hyperintense
lesions in the subcortical frontal lobe white
matter and an isolated, small hyperintense
lesion in the white matter of the left centrum
semiovale, respectively.

Mean PD weighted total lesion volumes
were 24.7 ml for patients with MS (range 3.5–
58.4 ml), 0.2 ml for patients with SLE (range
0.0–1.5 ml), 6.0 ml for patients with NSLE
(range 0.6–18.4 ml), 1.5 ml for those with WG
(range 0.0–11.8 ml), and 0.1 ml for those with
APLAS (range 0.0–0.4 ml). PD weighted total
lesion volume was 0.4 ml for the only patient
with BD with hyperintense lesions in the brain.
PD weighted total lesion volume was signifi-
cantly higher for MS than for any other patient

subgroup (p<0.0001). Mean PD weighted
total lesion volume was 1.1 ml (range 0.0–11.8
ml) for patients with NSID. It was significantly
lower than that of patients with MS (p=0.004).

Multiple T1 weighted hypointense lesions
were visible in all patients with MS. One
patient with SLE, five with NSLE, one with
BD, one with WG, and two with APLAS had at
least one hypointense T1 weighted lesion;
however, only four patients with NSLE and
one patient with WG had two or more hypoin-
tense lesions. Gd enhancing lesions were found
in 4/10 patients with MS; the median number
of enhancing lesions per patient was 2.0 (range:
0–7). No enhancing lesions were visible in the
scans of patients with SID.

MTI

Average lesion MTR (table 2) was significantly
diVerent among patient subgroups (ANOVA;
p<0.0001). At post hoc analysis, patients with
MS had significantly lower lesion MTR than
patients with SLE or WG.Patients with NSLE
had significantly lower lesion MTR than
patients with SLE. Average lesion MTR was
40.6% (range: 39.1–42.4%) for patients with
NSID. Average lesion MTR values were also
significantly diVerent between patients with
NSLE or NSID and patients with MS
(ANOVA; p=0.003). At post hoc analysis,
patients with MS had significantly lower lesion
MTR than those with NSID.

All the MTR histogram derived indices
(table 2) were significantly diVerent among
patient subgroups (ANOVA; p values ranging
from 0.005 to <0.0001). Fig 2 shows the MTR
histograms of healthy controls, and patients
with MS, SLE, or NSLE. At post hoc analysis,
patients with MS had significantly lower
average MTR, MTR50, and MTR75 than
healthy controls, patients with SLE, WG, or
BD and significantly lower peak height and
location than healthy controls and patients
with APLAS (peak height) or SLE (peak loca-
tion) patients. MTR25 of patients with MS was
significantly lower than that of healthy controls
and patients with SLE, WG, BD, or APLAS.
Patients with NSLE had significantly lower
average MTR and MTR50 than patients with
SLE. MTR25 was significantly lower in patients
with NSLE than in healthy controls and
patients with SLE, WD, or BD. For the
subgroup of 12 patients with NSID, mean
values of MTR histogram derived parameters
were the following: brain MTR=41.5% (range:
40.6–42.7), MTR25=32.4% (range: 32–34),
MTR50=35.1% (range: 34–37), MTR75=37.3%
(range: 36–39), peak height=115.6 (range:
90.3–133.0) and peak location=36.2 (range:
35–38). When comparing MTR histogram
derived measures from patients with NSLE,
NSID or MS, all the parameters but the histo-
gram peak height were significantly diVerent
among the three subgroups (ANOVA; p values
ranging from 0.009 to 0.0006). At post hoc
analysis, patients with MS had significantly
lower average MTR, MTR25, MTR50, MTR75

and histogram peak height than patients with
NSID or NSLE and significantly lower MTR25

Table 1 Demographic and clinical characteristics of 44 patients with diVerent types of SID

SLE NSLE WG BD APLAS

No of patients 15 9 9 5 6
Male/female 1/14 2/7 3/6 4/1 1/5
Mean age (SD) 36.2 (9.6) 49.9 ( 9.3) 39.3 (9.1) 39.8 (14.1) 40.5 (11.5)
Median disease duration

(range) 8.3 (1–18) 9.2 (5–15) 6.0 (1–18) 7.2 (3–16) 9.2 (1–30)
Clinical CNS involvement 0 (0%) 9 (100%) 4 (44%) 2 (40%) 6 (100%)

For abbreviations, see text.
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than patients with NSID. The same results
were obtained when conducting the above
analyses with metrics derived from the normal
appearing brain tissue-MTR histograms (data
not shown).

MULTIVARIABLE ANALYSIS

Both PD weighted total lesion volumes and
average lesion MTR fitted a model significantly
separating (p=0.05 and 0.09, respectively)
patients with MS from those with SID. Odds

Figure 1 Axial PD weighted TSE (A, D, G), T2 weighted TSE (B, E, H), and postcontrast T1 weighted CSE (C, F, I) images of the brain obtained
from patients with NSLE (A-C), WG (D-F), and RRMS (G-I) at the level just above the roof of the lateral ventricles. On PD/T2 weighted images
several hyperintense lesions are visible in the discrete and subcortical white matter. The pattern of the abnormalities is similar for the three patients.
However, fewer lesions can be seen on the images from the patient with WG (D, E)) than on those from the patients with MS or NSLE. On the T1
weighted images from the patients with MSLE (C) and MS (I) several areas of hypointense signal are also visible, suggesting the presence of a more severe
white matter disruption. On T1 weighted images from the WG patient (F), no hypointense lesions are visible.

174 Rovaris, Viti, Ciboddo, et al
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ratio values were 1.13 for PD weighted total
lesion volumes and 0.68 for average lesion
MTR, indicating a significantly higher risk of
having MS with increasing total lesion volumes
and decreasing lesion MTR values. This model
was used to classify patients with abnormal
brain MRI as MS or SID by applying a cut oV
value of 50% ( a patient was classified as SID or
MS if the probability of having MS was less or
more than 50%, respectively); 6/10 patients
with MS (60%) and 21/23 patients with SID
(91%) were correctly classified. Two patients
with NSLE were misclassified as having SID
and one of the misclassified patients with MS
had a probability of having MS of 49%—that
is, just below the cut oV. No MRI or MTI
derived variables significantly separated pa-
tients with MS as a group from patients with
NSLE.

Discussion
Previous studies using conventional MRI tech-
niques described several patterns of brain
abnormalities in patients with SIDs, with or
without clinical findings suggestive of CNS
involvement.2–8 However, T2 weighted MRI
abnormalities lack pathological specificity and,
as a consequence, conventional MRI may not
always be enough for a diVerential diagnosis
between other immune mediated diseases and

MS. In this study, we aimed at providing new
insights about the diVerent characteristics of
CNS damage in SIDs and at identifying MRI
measures potentially helpful for a diVerential
diagnosis between other SIDs and MS.

We identified three diVerent patterns of T2
weighted abnormalities, two with multiple
MS-like or ischaemic lesions and one with iso-
lated lesions. The first pattern closely resem-
bles that of patients with MS and it was seen in
about 30% of abnormal scans from patients
with SIDs. These results suggest that, even
after a careful morphological and regional
analysis, in a relevant proportion of patients
with conventional MRI abnormalities it is not
possible to make a definitive diVerential
diagnosis between MS and other SIDs based
only on conventional MRI findings. This is
mainly true for patients with NSLE, as 50% of
them showed multiple white matter lesions
resembling those suggestive of MS. The results
of the quantitative assessment of total lesion
volumes from PD weighted images demon-
strated that a higher lesion burden is more
typical for patients with MS and, to a lesser
extent, it is also useful to distinguish patients
with NSLE from the other categories of SIDs.
Clearly, this is not relevant for diagnosis in
individual patients, but it suggests that, simi-
larly to MS,18 the assessment of total lesion
volumes might be used as a reliable paraclinical
marker of disease evolution in patients with
NSLE.

White matter areas of hypointensity on
unenhanced T1 weighted scans from patients
with MS correspond to lesions with more
severe demyelination and axonal loss.42 The
proportion of hypointense lesions is signifi-
cantly lower in cerebrovascular diseases than in
MS,43 where it is about 20%-30%.44 Our find-
ings confirm that only a minority of patients
with SIDs show hypointense T1 weighted
lesions corresponding with T2 weighted abnor-
malities. Again, the frequency of T1 weighted
abnormalities is higher in NSLE (about 50% of
patients) than in any other SIDs. This suggests
that T1 weighted scans may be useful for diag-
nostic purposes, in the sense that the presence
of no or few hypointense lesions should
increase the confidence in making a diagnosis
of SIDs apart from NSLE.

Enhancing MS lesions on postcontrast T1
weighted scans are characterised by blood-
brain barrier disruption and associated
inflammation.45 In this study, the frequency of
patients with MS with one or more enhancing
lesions is that expected on the basis of large
scale natural history studies.18 No enhancing

Table 2 Brain MTI findings in 15 healthy controls, 10 patients with MS, and 44 patients with diVerent types of SID

Lesion MTR (%) Brain MTR (%) MTR25 MTR50 MTR75 Peak height Peak location

Controls — 41.5 (40.7–42.7) 32.5 (32–34) 35.1 (34–37) 37.1 (36–39) 126.2 (115.7–138.4) 36.0 (35–38)
MS 35.0 (31.1–37.1) 40.3 (39.0–41.3) 30.8 (29–32) 33.8 (33–35) 36.0 (35–37) 106.2 (81.1–123.9) 34.8 (34–36)
SLE 42.0 (40.5–42.7) 41.6 (41.0–42.3) 32.5 (32–33) 35.3 (35–36) 37.6 (36–39) 114.8 (92.2–134.2) 36.3 (35–37)
NSLE 37.8 (33.6–42.9) 40.7 (39.5–42.6) 31.1 (30–33) 34.2 (33–36) 36.6 (35–39) 112.7 (92.9–125.7) 35.2 (33–37)
WG 41.8 (40.2–42.4) 41.6 (40.8–42.4) 32.4 (32–33) 35.1 (34–36) 37.4 (36–39) 114.7 (101.9–126.6) 36.2 (35–38)
BD 40.2* 41.6 (39.9–42.7) 32.6 (31–34) 35.4 (33–37) 37.6 (35–39) 109.8 (90.3–120.5) 36.4 (33–38)
APLAS 39.4 (39.1–39.7) 41.1 (40.6–41.5) 32.2 (32–33) 34.7 (34–35) 36.7 (36–37) 124.1 (106.4–133.0) 35.7 (35–36)

MTR histogram measures are those derived from the analysis of MTR histograms from the whole brain (see Results). Data are reported as mean values (range). See
text for abbreviations and statistical analysis.
* Average lesion MTR was calculated for the only patient with hyperintense lesions on brain PD weighted images.

Figure 2 MTR histograms of whole brain tissue from
healthy controls and patients with MS, SLE, or NSLE.
The histogram shape is very similar for patients with MS or
NSLE, whereas the MTR histogram of patients with SLE
has a peak height and position which get closer to those of
the histogram of healthy controls, For statistical analysis
and results of group comparisons, see text.
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lesions were visible in any patient with SIDs.
This can be due to the diVerent disease courses
of MS and other SIDs: in the first condition,
subclinical activity is almost continuous and
the frequency of enhancement on MRI can be
up to 10 times higher than that of clinical
relapses.46 In SIDs, the development of new
lesions seems to be more strictly correlated
with acute events suggestive of CNS dysfunc-
tion and more rarely they occur in the absence
of clinical activity.10 Another explanation for
this finding lies in the relevant number of
patients with SIDs who were undergoing
steroid and/or immunosuppressive treatment
at the time of the study.

Average lesion MTR was lower in MS and in
NSLE than in any other SIDs. These results
support the hypothesis that only a persistent
and severe damage of brain parenchyma leads
to clinical CNS dysfunction in patients with
SLE, thus resembling what happens in patients
with MS. The average lesion MTR reductions
we found in patients with MS or NSLE cannot
be attributed to potentially reversible changes
in acute enhancing lesions,47 as none of them
were detected in patients with NSLE and only
very few of the MS lesions were enhancing at
the time of the study.

Whole brain and normal appearing brain tis-
sue MTR histogram derived measures were
not significantly diVerent between healthy con-
trols and patients with SLE, BD, WG, or
APLAS, whereas the metrics from both the
MTR histograms were the lowest in patients
with MS or with NSLE. Although these histo-
gram changes are due to the larger amounts of
macroscopic lesions in the last two conditions,
they also indicate that the microscopic damage
of the normal appearing brain tissue is relevant
in patients with MS or NSLE and negligible in
other SIDs, despite the presence of brain T2
lesions or clinical findings suggestive of CNS
involvement. Some studies48 49 have already
reported that patients with NSLE with non-
focal psychiatric symptoms more often show a
pattern of diVuse brain MRI abnormalities and
have higher titres of antineurofilament antibod-
ies than those with focal CNS disturbances.
Although these findings have not been con-
firmed by recent studies,11 they suggest that, in
NSLE, brain damage might also be immune
mediated by antibodies against widespread
brain tissue components, thus possibly result-
ing in a diVuse, microscopic pathology.

Previous studies50 in patients with MS
reported that MTR histogram derived meas-
ures are significantly correlated with both the
macroscopic T2 lesion burden and the degree
of brain atrophy. Because in both patients with
MS51 and patients with SLE,12 the degree of
brain atrophy correlates well with the presence
and severity of neurological impairment, MTI
might be able to provide an accurate and global
estimation of disease burden in either disease
categories. Although MTI studies already sug-
gested that microscopic damage in the normal
appearing white matter is an important con-
tributor to the neurological disability in
patients with MS,23 the value of MTR histo-
gram derived measures for NSLE assessment

still needs to be evaluated with longitudinal
studies in larger patient samples.

Both PD weighted total lesion volumes and
average lesion MTR fitted a multivariable
model significantly separating MS from the
group of SIDs. Using this model, more than
90% of the patients with SIDs were classified
correctly. Admittedly, our sample of patients
with MS included four cases of secondary pro-
gressive disease and, clinically, this condition is
more easily distinguishable from SIDs than
relapsing-remitting MS. However, MRI indices
do not provide any clear cut distinction
between relapsing-remitting and secondary
progressive MS18 and, as a consequence, we do
not think that the diagnostic model proposed
here is likely to change when considering only
patients with relapsing-remitting MS. The
combination of conventional MRI and MTI
changes might, therefore, be used to increase
the diagnostic confidence, when systemic
features of SIDs are absent or not enough for a
firm diagnostic conclusion. As already pointed
out, conventional MRI and MTI findings from
NSLE strongly resemble those from MS.
Thus, the diVerential diagnosis between these
two conditions has to rely upon a combination
of clinical, neuroradiological, and neuroimmu-
nological markers. However, conventional and
non-conventional MRI might be more useful
to assess the dynamics of the two diseases, as
MRI and MTI findings in NSLE might follow
a diVerent evolution than in MS.

Admittedly, our results might have been
biased by the relatively low numbers of patients
studied for each type of disease and should be
confirmed by large scale, longitudinal studies
on individual disease groups. However, the fol-
lowing conclusions can already be drawn: (a)
the extent and severity of macroscopic and
microscopic brain pathology is significantly
higher in MS and NSLE than in any other SID,
and (b) MTI is promising for increasing the
degree of confidence when making a diVeren-
tial diagnosis between MS and other SIDs.

We thank Mr Clodoaldo Pereira for helping us in collecting MR
scans and Dr Maria Pia Sormani for her support in the statisti-
cal analysis.

1 Calabrese LH, Duna GF, Lie T. Vasculitis in the central
nervous system. Arthritis Rheum 1997;40:1189–201.

2 Fieschi C, Rasura M, Anzini A, et al. Central nervous system
vasculitis. J Neurol Sci 1998;153:159–71.

3 Miller DH, Ormerod IEC, Gibson A, et al. MR brain scan-
ning in patients with vasculitis: diVerentiation from
multiple sclerosis. Neuroradiology 1987;29:226–31.

4 Coban O, Bahar S, Akman-Demir G, et al. A controlled
study of reliability and validity of MRI findings in
neuro-Behçet disease. Neuroradiology 1996;38:312–16.

5 Liem MD, Gzesh DJ, Flanders AE. MRI and angiographic
diagnosis of lupus cerebral vasculitis. Neuroradiology 1996;
38:134–6.

6 Provenzale JM, Allen NB. Wegener granulomatosis: CT and
MR findings. AJNR Am J Neuroradiol 1996;17:785–92.

7 Gumà A, Aguileira C, Acebes J, et al. Meningeal
involvement in Behçet disease: MRI. Neuroradiology
1998;40:512–15.

8 Hachulla E, Michon Pasturel U, Leys D, et al. Cerebral
magnetic resonance imaging in patients with or without
antiphospholipid antibodies. Lupus 1998;7:124–31.

9 Nadeau SE. Diagnostic approach to central and peripheral
nervous system vasculitis. Neurol Clin 1997;15:759–77.

10 Triulzi F, Scotti G. DiVerential diagnosis of multiple
sclerosis: contribution of magnetic resonance techniques. J
Neurol Neurosurg Psychiatry 1998;64(suppl 1):S6–14.

11 Sailer M, Burchert W, Ehrenheim C, et al. Positron emission
tomography and magnetic resonance imaging for cerebral
involvement in patients with systemic lupus erythematosus.
J Neurol 1997;244:186–93.

176 Rovaris, Viti, Ciboddo, et al

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp.68.2.170 on 1 F

ebruary 2000. D
ow

nloaded from
 

http://jnnp.bmj.com/


12 Kozora E, West SG, Kotzin BL, et al. Magnetic resonance
imaging abnormalities and cognitive deficits in systemic
lupus erythematosus patients without overt central nervous
system disease. Arthritis Rheum 1998;41:41–7.

13 Gerber S, Biondi A, Dormont D, et al. Long-term MR
follow-up of cerebral lesions in neuro-Behçet disease. Neu-
roradiology 1996;38:761–8.

14 Khamashta MA, Hughes GR. Antiphospholipid antibodies
and antiphospholipid syndrome. Curr Opin Rheumatol
1995;7:389–94.

15 Weingarten K, Filippi C, Barbut D, et al. The neuroimaging
features of the cardiolipin antibody syndrome. Clin Imaging
1997;21:6–12.

16 Ijdo JW, Conti-Kelly AM, Greco P, et al. Anti-phospholipid
antibodies in patients with multiple sclerosis and MS-like
illnesses: MS or APS? Lupus 1999;8:109–15.

17 Karussis D, Leker RR, Ashkenazi A, et al. A subgroup of
multiple sclerosis patients with anticardiolipin antibodies
and unusual clinical manifestations: do they represent a
new nosological entity? Ann Neurol 1998;44:629–34.

18 Miller DH, Grossman RI, Reingold SC, et al. The role of
magnetic resonance techniques in understanding and man-
aging multiple sclerosis. Brain 1998;12:3–24.

19 McGowan JC, Filippi M, Campi A, et al. Magnetisation
transfer imaging: theory and application to multiple sclero-
sis. J Neurol Neurosurg Psychiatry 1998;64(suppl 1):S66–9.

20 Davie CA, Fenstein A, Kartsounis LD, et al. Proton
magnetic resonance spectroscopy of systemic lupus ery-
thematosus involving the central nervous system. J Neurol
1995;242:522–8.

21 Chinn RJS, Wilkinson ID, Hall-Craggs MA, et al. Magnetic
resonance imaging of the brain and cerebral proton
spectroscopy in patients with systemic lupus erythemato-
sus. Arthritis Rheum 1997;40:36–46.

22 Sibbit WL, Haseler LJ, GriVey RR, et al. Neurometabolism
of active neuropsychiatric lupus determined with proton
MR Spectroscopy. AJNR Am J Neuroradiol 1997;18:1271–
7.

23 Filippi M, Iannucci G, Tortorella C, et al. Comparison of
MS clinical phenotypes using conventional and magnetiza-
tion transfer MRI. Neurology 1999;52:588–94.

24 van Buchem MA, McGowan JC, Kolson DL, et al. Quanti-
tative volumetric magnetization transfer analysis in multi-
ple sclerosis: estimation of macroscopic and microscopic
disease burden. Magn Reson Med 1996;36:632–6.

25 Rovaris M, Filippi M, Falautano M, et al. Relation between
MR abnormalities and patterns of cognitive impairment in
multiple sclerosis. Neurology 1998;50:1601–8.

26 van Buchem MA, Grossman RI, Armstrong C, et al. Corre-
lation of volumetric magnetization transfer imaging with
clinical data in MS. Neurology 1998;50:1609–17.

27 Filippi M, Campi A, Dousset V, et al. A magnetization
transfer imaging study of normal-appearing white matter in
multiple sclerosis. Neurology 1995;45:478–82.

28 Campi A, Filippi M, Gerevini S, et al. Multiple white matter
lesions of the brain. Magnetization transfer ratios in
systemic lupus erythematosus and multiple sclerosis. Int J
Neuroradiol 1996;2:134–40.

29 Tan EM, Cohen AS, Fries JF, et al. The 1982 revised crite-
ria for classification of systemic lupus erythematosus.
Arthritis Rheum 1982;25:1271–7.

30 Shapiro SS. The lupus anticoagulant/antiphospholipid syn-
drome. Ann Rev Med 1996;47:533–53.

31 International Study Group for Behçet’s disease. Criteria for
diagnosis of Behçet’s disease. Lancet 1990;335:1078–80.

32 Leavitt RY, Fauci AS, Bloch DA, et al. The American
College of Rheumatology 1990 criteria for the classification
of Wegener’s granulomatosis. Arthritis Rheum 1990;33:
1101–7.

33 How A, Dent PB, Liao SK, et al. Antineuronal antibodies in
neuropsychiatric systemic lupus erythematosus. Arthritis
Rheum 1985;28:789–95.

34 Poser CM, Paty DW, Scheinberg L, et al. New diagnostic
criteria for multiple sclerosis: guidelines for research proto-
cols. Ann Neurol 1983;13:227–31.

35 Lublin FD, Reingold SC. Defining the clinical course of
multiple sclerosis: results of an international survey. Neurol-
ogy 1996;46:907–11.

36 Kurtzke JF. Rating neurological impairment in multiple
sclerosis: an expanded disability status scale (EDSS). Neu-
rology 1983;33:1444–52.

37 Miller DH, Barkhof F, Berry I, et al. Magnetic resonance
imaging in monitoring the treatment of multiple sclerosis:
concerted action guidelines. J Neurol Neurosurg Psychiatry
1991;54:683–8.

38 Barkhof F, Filippi M, van Waesberghe JH, et al. Improving
interobserver variation in reporting gadolinium-enhanced
MRI lesions in multiple sclerosis. Neurology 1997;49:1682–
8.

39 Rovaris M, Filippi M, Calori G, et al. Intra-observer repro-
ducibility in measuring new MR putative markers of demy-
elination and axonal loss in multiple sclerosis: a compari-
son with conventional T2-weighted images. J Neurol 1997;
244:266–70.

40 Robb RA, Hanson DP, Karwoski RA, et al. Analyze: a com-
prehensive operator-interactive software package for multi-
dimensional image display and analysis. Comp Med Imag
Graph 1989;13:433–54.

41 Jiang H, Robb R, Holton KS. A new approach to 3-D regis-
tration of multimodality medical images by surface match-
ing. Proceedings of the International Society for Optical
Engineering—SPIE 1992;1808:196–213.

42 van Walderveen MAA, Kamphorst W, Scheltens P, et al.
Histopathologic correlate of hypointense lesions on T1-
weighted spin-echo MRI in multiple sclerosis. Neurology
1998;50:1282–8.

43 Uhlenbrock D, Sehlen S. The value of T1-weighted images
in the diVerentiation between MS, white matter lesions and
subcortical arteriosclerotic encephalopathy (SAE). Neuro-
radiology 1989;31:203–12.

44 Truyen L, van Waesberghe JHTM, van Walderveen MAA, et
al. Accumulation of hypointense lesions (“black holes”) on
T1 spin-echo MRI correlates with disease progression in
multiple sclerosis. Neurology 1997;47:1469–76.

45 Kermode AG, Thompson AJ, Tofts PS, et al. Breakdown of
the blood-brain barrier precedes symptoms and other MRI
signs of new lesions in multiple sclerosis. Pathogenetic and
clinical implications. Brain 1990;113:1477–89.

46 Miller DH, Barkhof F, Nauta JJP. Gadolinium enhancement
increased the sensitivity of MRI in detecting disease activ-
ity in MS. Brain 1993;116:1077–94.

47 van Waesberghe JHTM, van Walderveen MAA, Castelijns
JA, et al. Patterns of lesion development in multiple
sclerosis: longitudinal observations with T1-weighted spin-
echo and magnetization MR. AJNR Am J Neuroradiol
1998;19:675–83.

48 Bell CL, Partington C, Robbins M, et al. Magnetic
resonance imaging of central nervous system lesions in
patients with lupus erythematosus. Correlation with
clinical remission and antineurofilament and anticardioli-
pin antibody titers. Arthritis Rheum 1991;34:432–41.

49 West SG, Emlen W, Wener MH, et al. Neuropsychiatric
lupus erythematosus: a 10-year prospective study on the
value of diagnostic tests. Am J Med 1995;99:153–63.

50 Phillips MD, Grossman RI, Miki Y, et al. Comparison of T2
lesion volume and magnetization transfer ratio histogram
analysis and of atrophy and measures of lesion burden in
patients with multiple sclerosis. AJNR Am J Neuroradiol
1998;19:1055–60.

51 LosseV NA, Wang L, Lai HM, et al. Progressive cerebral
atrophy in multiple sclerosis. A serial MRI study. Brain
1996;119:2009–19.

Brain MRI and MTI study of systemic immune mediated diseases 177

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp.68.2.170 on 1 F

ebruary 2000. D
ow

nloaded from
 

http://jnnp.bmj.com/

