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Case Report

A Longitudinal MR Study of the Presymptomatic Phase
in a Patient with Clinically Definite Multiple Sclerosis

Giovanna Mastronardo, Maria A. Rocca, Giuseppe Iannucci, Clodoaldo Pereira, and Massimo Filippi

Summary: We describe the dynamics and the nature of the
presymptomatic phase of multiple sclerosis (MS) in a pa-
tient for whom MR abnormalities suggestive of MS were
found before the development of clinical symptoms. The
patient was monitored with serial monthly MR imaging of
the brain and spinal cord for 5 months. Disease activity
during the presymptomatic phase showed imaging char-
acteristics comparable to that of early relapsing-remitting
MS in terms of enhancing lesions, duration of enhance-
ment, and new lesions depicted by T2-weighted imaging.
Measurements derived from magnetization transfer imag-
ing suggested that the amount and degree of tissue destruc-
tion within and outside the lesions revealed by T2-weighted
imaging were mild. This, together with the fact that only
one of the 43 new lesions that developed during the pre-
symptomatic phase was located in a neurologically eloquent
area, may be the reason why, for a relatively long period,
the patient had no clinical manifestations of MS despite the
marked MR findings of disease activity.

Postmortem studies (1–5) have presented evi-
dence that pathologic abnormalities compatible
with a diagnosis of MS may occur within the CNS
in the absence of neurologic symptoms. In addition,
approximately 50% of the patients at presentation
with clinically isolated syndromes suggestive of
MS have multiple abnormalities shown on MR im-
ages of the brain (6–8), suggesting that the ‘‘true’’
onset of the disease may precede the appearance of
the clinical symptoms.

In this study, we describe the dynamics and the
nature of the presymptomatic phase of MS in a pa-
tient for whom MR abnormalities suggestive of MS
were found before the development of clinical
symptoms. The patient was monitored with serial
monthly MR imaging of the brain and spinal cord.
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Case Report
A 27-year-old woman presented for medical attention for

mild head trauma after a car accident. The patient was seen a
few hours after the trauma, and the results of general and neu-
rologic examinations were negative. She had never suffered
from any neurologic symptoms. The results of routine blood
and urine examinations and ECG were also normal. After 1
week, for insurance reasons, dual-echo and contrast-enhanced
T1-weighted conventional spin-echo MR imaging of the brain
was performed. Multiple, discrete abnormalities, located main-
ly in supratentorial, periventricular white matter, were seen on
the dual-echo images; three of them enhanced after the injec-
tion of 0.1 mmol/kg of contrast medium (Fig 1). No lesions
were detected infratentorially. The patient was asked again
about any possible previous neurologic symptoms, but she was
not able to recall any abnormalities. She also denied any peri-
natal symptoms, previous head trauma, or headaches, and the
remainder of her history was likewise negative. The results of
blood and urine tests, performed to detect any other possible
general disease with the potential for involving the CNS (9),
were negative. The results of the Kveim test and the chest
radiographs were negative. The patient underwent the Rao bat-
tery (10) for cognitive functioning assessment, and evoked re-
sponses (visual, brain stem auditory, somatosensory, and mo-
tor of upper and lower limbs). The results of all of these tests
were negative. The patient refused a lumbar puncture.

After obtaining an informed consent and approval from the
local Ethics Committee, the patient was asked to enter a
monthly serial MR study for 5 months. The study started ap-
proximately 1 month after the first visit. At each of the six
sessions, the following images of the brain were obtained: 1)
3300/16–98 (TR/TE range) dual-echo rapid-acquisition relax-
ation-enhanced with an echo train length of 5; 2) 9500/119/
2200 (TR/TE/TI) fast-fluid-attenuated inversion recovery with
an echo train length of 7; 3) 600/12 2D gradient-echo (a 5
208), with and without saturation pulse (the saturation pulse
was an off-resonance RF pulse centered 1.5 kHz below the
water frequency, with a gaussian envelope of 7.68-millisecond
duration and a 5 5008); 4) 768/14 T1-weighted; and 5) ad-
ditional T1-weighted imaging after the injection of 0.1 mmol/
kg of contrast medium. For all of the images, 24 contiguous
interleaved axial sections were acquired with a 5-mm section
thickness, 192 3 256 matrix, and 188 3 250 mm field of view,
giving an in-plane spatial resolution of approximately 1 3 1
mm. Magnetization transfer (MT) images were obtained using
the same acquisition parameters, except for the number of sec-
tions, which was 20. The set of sections for the MT images
was positioned to obtain the same central 20 sections as those
obtained for the dual-echo and T1-weighted images. Image re-
positioning was performed according to published guidelines
(11). From the two gradient-echo images, with and without the
saturation pulse, MT ratio (MTR) maps were derived pixel by
pixel according to the equation, MTR 5 (M0—MS)/M0 3
100%, where M0 is the signal intensity for a given pixel with-
out the saturation pulse and MS is the signal intensity for the
same pixel when the saturation pulse is applied. At each of the
six sessions, the following images of the spinal cord were ob-
tained: 1) 3500/20/120 dual-echo rapid-acquisition relaxation-
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FIG 1. Axial brain MR images of a patient
with CDMS, obtained before the onset of
clinical symptoms. On the proton density–
weighted image (A), many periventricular
and discrete white matter lesions are visi-
ble. Two of them enhance on the contrast-
enhanced T1-weighted image (B).

TABLE 1: Numbers of enhancing and new lesions detected on dual-echo and post-contrast T1-weighted MR scans during the presympto-
matic phase of a patient with CDMS

Month 1 Month 2 Month 3 Month 4 Month 5

Enhancing lesions—total
Enhancing lesions—new
New T2 lesions
New lesions located in eloquent areas

19
11
11
1

23
8
8
0

18
14
14
0

6
6
6
0

14
7
7
0

enhanced with an echo train length of 5; 2) 640/12 T1-weight-
ed; and 3) another T1-weighted after the injection of 0.1 mmol/
kg of contrast material. The spinal cord was imaged using a
multicoil receiver array (12). For all of the images, 12 contig-
uous interleaved sagittal sections were acquired with a 3-mm
section thickness, 250 3 500 matrix, and 260 3 512-mm field
of view.

Lesion identification was performed by two experienced ob-
servers, and was agreed on by consensus. Lesions were clas-
sified according to their location (infratentorial, periventricular,
discrete, and juxtacortical) and size (small, intermediate, and
large), as described elsewhere (13). Lesion volume measure-
ments on T1- and T2-weighted images were performed using
a semiautomated segmentation technique based on local thres-
holding (14). Average lesion MTR was calculated as previ-
ously described (15). For new lesions appearing during the
follow-up period, a ratio between their MTR values and those
of four areas of normal-appearing white matter (NAWM) pres-
ent on the same sections was obtained. To measure MTR in
the NAWM, square regions of interest (ROI) of an area of 8.6
mm2 were used. This was compared with the results obtained,
using the same technique, from 13 relapsing-remitting patients
who underwent follow-up for 3 months with the same imaging
procedure. For each MTR examination, 8.6 mm2 ROI also
were placed in 11 different brain areas with NAWM, according
to a previously published technique (16). The MTR of NAWM
from the patient were compared with the MTR of white matter
from 10 healthy control volunteers, obtained using the same
approach. For each time point, brain MT histograms were ob-
tained after the image postprocessing method described in de-
tail by van Buchem et al (17) and Rovaris et al (15). An av-
erage brain MT histogram for the patient then was created and
compared with that obtained from the healthy control volun-
teers. The following measures were compared: the relative
peak height (ie, number of pixels at the most common MTR
values), the peak position (ie, the most common MTR), and
mean brain MTR. All histographically derived measures are
representative of the tissue studied as a whole, thus including

both MS lesions and normal-appearing white and gray matter
(15, 17).

A total of 29 lesions were seen on the entry dual-echo im-
ages: one small lesion was infratentorial, 12 were periventricu-
lar (two small, five intermediate, and five large), six were dis-
crete (four small and two intermediate), and 10 were
juxtacortical (five small and five intermediate). No additional
lesions were seen on the fast fluid-attenuated inversion recov-
ery (FLAIR) image. Ten of the lesions enhanced. Hyperintense
lesion load on T2-weighted images was 17.5 mL, and hypoin-
tense lesion load on contrast-enhanced T1-weighted images
was 0.7 mL (T1:T2 ratio 5 0.04). In Table 1, the numbers of
enhancing lesions (total and new) and the numbers of new
lesions seen on dual-echo images are reported. Only one of
the 43 new lesions was located in an eloquent neurologic area
(ie, the right median cerebellar peduncle; the longest axis of
this lesion was shorter than 5 mm). FLAIR imaging did not
reveal additional lesions compared with dual-echo rapid-ac-
quisition relaxation-enhanced images. Of the 36 new enhanc-
ing lesions that could be followed from the beginning to the
end of enhancement, 27 lesions enhanced on a single image
(ie, enhancement duration was between 4 and 8 weeks) and
nine on two consecutive images (ie, enhancement duration was
longer than 8 weeks but shorter than 12). At the end of the
follow-up period, hyperintense lesion load on T2-weighted im-
ages was 21.5 mL and hypointense lesion load on contrast-
enhanced T1-weighted images was 1.1 mL (T1:T2 ratio 5
0.05).

The average lesion MTR of the overall lesion population
from the patient was 37.2% (Standard deviation [SD] 5 2.7%).
The mean percentage MTR reduction in new lesions compared
with NAWM from the patient was 38.9% (SD 5 14.7%). The
MTR values from the NAWM areas of the patient were always
within the mean MTR values 6 2 SD obtained from the same
areas studied in the healthy control volunteers.

In Table 2, the mean brain MTR, histogram peak height, and
peak location obtained using the six MT histograms from each
time point of the follow-up period are reported. For reference,
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TABLE 2: Mean MT histogram-derived metrics from a patient
with CDMS before the onset of clinical symptoms and from 10
healthy controls

Controls
Mean (SD)

Patient
Mean

Average brain MTR (%)
Peak height (%)
Peak location (%)

39.6 (8.1)
71.7 (3.7)
36.2 (1.0)

38.5
62.8
34.5

FIG 2. MT histograms of a patient with CDMS, obtained before
the onset of clinical symptoms (gray line), and MT histograms of
10 healthy control volunteers (black line).

FIG 3. Coronal MR images of the spinal cord of a patient with CDMS, obtained before the onset of clinical symptoms. On the proton
density–weighted image (A), a small lesion is visible in the posterior part of the cord at C2–C3. This lesion enhances on the contrast-
enhanced T1-weighted image (B).
FIG 4. Coronal T1-weighted MR image of the brain of a patient, obtained at the time of an acute optic neuritis when a diagnosis of
CDMS was made. Enhancement is visible (arrow) in the intraorbital portion of the left optic nerve.

the mean and SD for these metrics obtained from the healthy
control volunteers also are reported. Only the mean peak height
of the patient’s histogram was 2 SD below the mean peak
height obtained from control volunteers (Fig 2).

On the first spinal cord MR image, two lesions were seen
on the dual-echo image, one located at C2–C3 and one at C7.
These lesions were seen throughout the entire follow-up peri-
od; the lesion at C3 enhanced at 3 months (Fig 3). Another

two lesions appeared at 3 months on dual-echo images; they
were located at C4 and C6. Both of these lesions enhanced on
the two consecutive images. On the last image, another en-
hancing lesion was seen at C1–C2. Thus, a total of four active
lesions were seen in the cord; all were shorter than one spinal
cord segment, did not occupy the entire cord, and did not cause
cord swelling.

During this period, the results of the neurologic examina-
tions performed before each imaging session by the same ob-
server were always normal. The patient did not receive any
drug during the study period, and did not report any neurologic
symptoms. Blood and urine tests were repeated at the end of
the follow-up period, and the results were normal. On this
occasion, after a careful explanation of the MR results, the
patient agreed to undergo a lumbar puncture and oligoclonal
bands were found in her CSF.

Two months after the last MR image was obtained, the pa-
tient had an episode of hypesthesia in her left arm and leg.
This lasted 1 week, and resolved spontaneously. The neuro-
logic examination showed slight hyperreflexia in the left side.
One month later, the patient developed an acute optic neuritis
in her left eye. Visual acuity declined to finger counting only.
The results of the fundoscopic examination were normal. The
pupillary reflexes of the left eye were slowed, and a Marcus-
Gunn phenomenon was observed. Visual field analysis showed
a left central scotoma. Visual evoked response was signifi-
cantly delayed with stimulation of the left eye. According to
Poser’s criteria (18), a diagnosis of clinically definite multiple
sclerosis (CDMS) was made at that time. The patient was treat-
ed with an administration of methylprednisolone (1 g intra-
venously, daily for 5 days), and she experienced a complete
recovery of her visual acuity in approximately 10 days.

During this exacerbation and before starting the steroid treat-
ment, MR images were obtained with the same acquisition
procedures used for the presymptomatic phase. Optic nerve
MR images also were obtained ([short-tau inversion recovery:
3500/60/110; 157 3 251 field of view; 286 3 512 matrix];
[after the injection of 0.1 mmol/kg of contrast medium, T1-
weighted with fat-suppression: 656/12; 157 3 251 field of
view; 128 3 256 matrix]). For both sequences, coronal sec-
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tions with a thickness of 3 mm and an intersection gap of 0.3
mm were acquired. In the brain, 31 new lesions (17 juxta-
cortical, nine discrete, three periventricular, and two infraten-
torial; six large, 17 intermediate, and eight small) were re-
vealed by T2-weighted imaging. Twenty-seven of these lesions
were enhanced on contrast-enhanced T1-weighted images. The
hyperintense lesion load on T2-weighted images was 34.4 mL,
and the hypointense lesion load on contrast-enhanced T1-
weighted images was 0.8 mL (T1:T2 ratio 5 0.02). The av-
erage lesion MTR was 35.0% (SD 5 2.6%). The histogram
average MTR of the brain was 36.7%. A small enhancing le-
sion also was detected in the intraorbital tract of the left optic
nerve (Fig 4). No new lesions were found in the spinal cord.
Nonetheless, the lesion previously detected at C4 was re-
enhancing.

Discussion
Previous pathologic studies (1–5) showed that

CNS abnormalities compatible with MS may ap-
pear in the absence of any previous, related symp-
toms. Similarly, MR studies (6–8) conducted of pa-
tients at presentation with clinically isolated
syndromes suggestive of MS indicated that MR ab-
normalities may precede the clinical manifestation
of the disease in approximately half of the patients.
Our study describes the dynamics of the presymp-
tomatic phase of MS in a patient who came to our
attention for brain MR abnormalities suggestive of
MS who then developed CDMS.

Although a definitive diagnosis could not be
made for this patient before the appearance of clin-
ical symptoms, MS was the most likely cause of
the abnormalities seen on the MR images for four
reasons. First, other possible causes were excluded
carefully. Second, the appearance, size, and loca-
tion of the lesions detected using MR imaging were
those typically included in all the proposed MR
diagnostic criteria for MS (19–21). Third, we dem-
onstrated, using serial MR imaging, a dissemina-
tion of the lesions both in time and space, which
are the accepted hallmarks for a clinical diagnosis
of MS (18). Fourth, the spinal cord abnormalities
detected in this patient were similar to those de-
scribed in cases of established MS (22–24).

In this patient, disease activity before the devel-
opment of clinical symptoms of MS was similar to
that found in the early phases of relapsing-remitting
MS (25, 26). Many new lesions formed during the
follow-up period, and consistently enhanced at the
time of their appearance. Duration of enhancement
was also similar to that found in early relapsing-
remitting MS (25–27). As a consequence of this
activity, there was an increase of the disease bur-
den, similar to that found in patients with MS, and
a relatively low baseline lesion volume (28). In ad-
dition, as already described with early relapsing-
remitting MS (24), disease activity was more pro-
nounced in the brain than in the spinal cord.

Despite this, no clinical manifestations of the
disease were seen for at least several months. Three
factors may explain this discrepancy. First, during
the presymptomatic phase, the vast majority of pre-
existing and new lesions in the brain were located

in noneloquent neurologic areas. For lesions in the
spinal cord, it is known that both at presentation
with clinically isolated syndromes (29) and in early
relapsing-remitting MS (24), spinal cord lesions
may not result in neurologic deficits. Second, the
absence of any MTR reduction in the NAWM of
the brain suggested that the pathologic process was
confined to visible T2-weighted images. On the
contrary, diffuse, microscopic damage of the
NAWM is a frequent finding in cases of established
MS (30–33) and it has been shown to be relevant
to the development of disability (31, 33). Finally,
there is evidence that the intrinsic pathologic dam-
age of the lesions seen in this patient was mild.
Hypointense lesions on T1-weighted images and le-
sions with low MTR are those in which more se-
vere tissue damage has occurred (34–37). Our pa-
tient’s lesions were characterized by a higher
average MTR, and the percentage decrease of MTR
in newly formed lesions compared with NAWM
was significantly higher than were those found in
patients with relapsing-remitting MS (16). This
suggests that the amount of tissue damage within
the lesions of this patient was mild, thus increasing
the likelihood for a better recovery. This agrees
with the demonstration that the T1:T2 lesion vol-
ume ratio, at the beginning and at the end of the
follow-up period, was much lower than that found
in established MS (4–5% versus 10–30%) (38–40).
Additionally, the demonstration that the patient’s
MT histogram had reduced peak height but normal
average brain MTR and peak location, compared
with those of the control volunteers, suggests the
mildness of the changes in the diseased tissue and
in the NAWM (17).

These observations are confirmed by the MR
changes found at the time the patient developed
CDMS. At this time, the patient developed new le-
sions in neurologically eloquent areas, and one of
them was clearly responsible for the visual deficit.
In addition, a generalized worsening of the overall
disease burden was observed. Many active lesions
were seen, and, as a consequence, T2-weighted le-
sion volume increased markedly. Marked decreases
of the average lesion and brain MTR values also
were found. This agrees with changes revealed by
MR spectroscopy that occur in the brain tissue of
patients with MS during the course of clinical re-
lapses (41, 42). The significance of such changes
is unclear, but the changes might be the result of
diffuse increases of cytokines and other inflam-
matory mediators (43).

In conclusion, this study reports the character-
istics of brain and spinal cord MR findings for a
patient during the presymptomatic phase of CDMS.
It suggests that the dynamics of this condition are
similar to those of early relapsing-remitting MS,
but the amount and severity of the destructive
pathologic abnormalities is milder.
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