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Background: In patients with clinically isolated syndromes (CIS) suggestive of multiple sclerosis (MS),
the extent of brain magnetic resonance imaging (MRI) lesion load influences the probability and time
to development of clinically definite MS. Cerebral atrophy is recognised in established MS, but its time
of onset and whether, in early disease, it is related to MRI lesion load or clinical outcome is less cer-
tain.
Objectives: This study investigated ventricular enlargement over one year in CIS patients and explored
its relation with lesion load and clinical outcome.
Methods: A semi-automated thresholding technique for measuring ventricular volume (MIDAS) was
applied to MRI scans in a cohort of 55 patients with CIS, recruited consecutively and imaged within
three months of the onset of symptoms and again after one year.
Results: Clinical MS had developed after one year in 16 of 40 patients with an abnormal baseline T2
scan and 2 of 15 with a normal scan. Significant ventricular enlargement was seen in 27 of 55 patients
who fulfilled the new McDonald MRI criteria for MS using all available MRI at clinical follow up
(median increase 0.3 cm3, p=0.005) Significant increase in ventricular volume was also seen in the 18
of 55 patients who developed clinical MS over the follow up period (median increase 0.5 cm3,
p=0.006). There were significant but modest correlations between baseline lesion measures and sub-
sequent ventricular enlargement.
Conclusions: (1) Lesions and atrophy are both associated with early relapse leading to a diagnosis of
clinical MS; (2) while lesions contribute to the development of atrophy, atrophy may also develop by
other mechanisms. This suggests that MR measures have a complementary role in monitoring the course
of MS, even from the earliest clinical stage.

Previous radiological and pathological studies have estab-

lished that whole brain1–3 and spinal cord atrophy4 5 occur

in multiple sclerosis (MS) in excess of that expected with

age. In one study, progressive cerebral atrophy over one year

has been detected using registered, volumetric magnetic reso-

nance imaging (MRI) to measure both brain and ventricular

volumes,6 with a rate of cerebral atrophy in MS shown to be

twice that seen in normal controls and the rate of ventricular

enlargement five times that of controls. There was also a good

correspondence between global brain atrophy and ventricular

enlargement.6

While the mechanisms of atrophy in MS are not well

understood, it probably indicates loss of functionally impor-

tant structures: myelin and axons that are the majority bulk

of brain white matter, although variable effects on tissue vol-

umes may also arise from glial cell proliferation or loss, glio-

sis, inflammation, and oedema.7 A correlation between

reduced cerebral white matter N-acetyl aspartate (NAA) (a

neuronal marker) and cerebral atrophy suggest that axonal

loss may make a contribution.8 However, the relation between

atrophy and decreased NAA is non-linear,9 and factors other

than axonal loss are also likely to effect these MR measures.

In general, disability in MS has been more strongly correlated

with measures of atrophy than lesion load.10 11 However, only

modest correlations between atrophy and lesion load have

been observed.12 13 This could indicate that atrophy develops

by mechanisms, some of which are independent of lesions, or

that there is a temporal dissociation between lesion accumu-

lation that occurs early in the disease process and atrophy,

which occurs late.

To investigate the onset of atrophy and its relation to lesions

and clinical events, we studied patients presenting with clini-

cally isolated syndromes (CIS) suggestive of MS. The study of

this cohort permits an investigation into the earliest clinical

stages of MS, as long term follow up indicates that the major-

ity of CIS patients with MRI brain lesions will go on to develop

clinically definite MS.14–17 In this report, atrophy was evaluated

using a measure of ventricular enlargement. This study

follows a previous preliminary pilot study of a small, selected

group of 17 from within the present larger cohort of 55

patients.18 The purposes of the study were:

1 To confirm the preliminary study showing that measurable

ventricular enlargement develops over one year in some

patients with patients with CIS.

2 To clarify whether ventricular enlargement is associated

with the early development of MS, using conventional clinical

criteria and the new McDonald criteria.

3 To determine the relation between ventricular enlargement

and MR measurements of lesion load at this early stage of dis-

ease.
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METHODS
Patients
We recruited adult patients, aged between 17 and 50 years,

who presented to our clinics at Moorfields Eye Hospital or the

National Hospital for Neurology and Neurosurgery with CIS

suggestive of MS. Appropriate investigations including full

blood count, erythrocyte sedimentation rate (ESR), autoanti-

body screen, syphilis serology, vitamin B12, and brain MRI

were used to exclude other diagnoses. Fifty five patients were

recruited consecutively from January 1996 until June 1999

(16 patients, recruited before a hardware upgrade to the scan-

ner in January 1996 were excluded from this study because

serial evaluations before and after upgrade revealed instability

of volume measures. Ongoing quality assurance protocols

have confirmed the stability of measurements since January

1996). A CIS was defined as a single event of acute onset in the

central nervous system suggestive of demyelination, for

example, unilateral optic neuritis, brain stem and partial spi-

nal cord syndromes. Patients with a history of previous neuro-

logical symptoms suggestive of demyelination were excluded.

Other diagnoses were excluded by appropriate investigations.

Overall, 38 patients had optic neuritis, 11 a brain stem

syndrome, five a spinal cord syndrome (spinal MRI excluded

an alternative structural cause in these cases), and one patient

had a hemianopia attributable to an MRI lesion in the optic

tract.

The age range at baseline was 17 to 50 years with a median

age of 31 years. The upper age limit of 50 years was applied to

reduce the likelihood of including patients with white matter

lesions attributable to small vessel disease and because onset

of MS above this age is less common. Local ethics committees

approved the study and informed consent was obtained from

each patient before entry.

Patients were imaged on three occasions: (a) at baseline,

which in all instances was within three months of the onset of

symptoms, (b) approximately three months later, and (c)

approximately one year later. Clinical examination and

EDSS19 were performed at each visit. The diagnosis of clinical

MS (clinically definite or probable) was based on the Poser

criteria,20 using clinical criteria alone (MRI or CSF findings

were not incorporated). Clinically definite MS was diagnosed

when a second relapse occurred more than one month after

the CIS, which involved a separate part of the CNS and was

accompanied by new findings on examination. Clinically

probable MS was diagnosed when there was a history indicat-

ing a new relapse involving a separate location but there were

no new signs on examination. The new McDonald MRI crite-

ria, which additionally permit a diagnosis of MS in CIS

patients based on MRI evidence of dissemination of lesions in

time and space, were also applied.21

Image acquisition
Brain MRI was performed using a 1.5 Tesla GE scanner. At

baseline, three months and one year each, a proton density/T2

weighted fast spin echo (FSE) sequence (repetition time (TR)

3200 ms, effective echo time (TE) 15/95 ms) and a T1 weighted

spin echo sequence (TR 600 ms TE 14 ms) were acquired in

each patient, with 3 mm contiguous, axial slices. The matrix

used was 256×256 with a field of view of 24 cm. Each patient

was given an intravenous bolus of 0.1 mmol/kg gadolinium

DTPA five to seven minutes before the start of image acquisi-

tion.

Ventricle volume measurement
The ventricles were measured on baseline and one year follow

up T1 weighted scans using the MIDAS interactive image

analysis package22 by a single observer blinded both to patient

details and scan acquisition order (the three month scan was

not analysed using MIDAS22 as it was considered unlikely that

change would be detectable over this short period). The initial

step was segmentation of the whole brain using a semi-

automated interactive morphological technique with the

image intensity threshold for the boundary between the CSF

and brain set at 60% mean signal intensity. The inferior cut off

was taken at the lowest point of the cerebellum. Ventricular

volume consisted of the lateral ventricles and temporal horns

but excluded the third and fourth ventricles. This was

measured using a semi-automated seed placing technique,

involving voxels with an image intensity of less than 60% of

the mean (fig 1).22 MIDAS also provides a measure of change

in whole brain volume, but on the two dimensional images

available for this study, this measure required considerable

time and manual editing. The analysis was therefore confined

to ventricular volumes only.

Reproducibility of the ventricular measurement
technique
Ten ventricular volumes were measured and re-measured after

seven days by a single observer blinded to both patient details

and scan acquisition order. The mean coefficient of variation

was 0.89% before starting image analysis.

Lesion identification and lesion load measurement
The MRI scans were reviewed by an experienced neuroradiolo-

gist (KAM), who was blinded to the patients’ clinical status at

Figure 1 Ventricular segmentation: seeds are inserted into the
lateral ventricules and temporal horns. The third and fourth
ventricules are excluded. High signal choroid is excluded. This 29
year old man presented with left optic neuritis in 1998. Two months
later he developed numbness on the right side of his face. He had
approximately three relapses between his baseline and one year
scans.

Figure 2 Scatter plot of ventricular volumes at baseline and one
year in the 37 patients with CIS at one year.
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follow up. T2 weighted lesions were identified on the PD

weighted images with confirmatory support from the long TE

image, on both the baseline and one year follow up scans. T1

hypointense and gadolinium enhancing lesions were identi-

fied on the T1 weighted scans. T1 hypointense lesions were

identified at baseline and one year follow up. Enhancing

lesions were identified on all three scans (baseline, three

months, and one year). The volumes of T2 and T1 hypointense

lesions at baseline and one year were subsequently calculated

from electronic data on a Sun Workstation using a semi-

automated local thresholding technique to contour the

lesions.23

Statistical analysis
Comparison was made between the baseline and one year

ventricular volumes using the Wilcoxin signed rank test

(tables 2 and 4). The Mann-Whitney U test was used to com-

pare baseline lesion load measures in patients who developed

MS and those who had no further symptoms (table 3). Corre-

lations between lesions measures and ventricular volume

change were performed using Spearman’s non-parametric

correlations.

The Bonferroni correction was applied by dividing the

number of analyses into 0.05. The p value for significance was

then calculated at 0.003 (table 5).

RESULTS
Baseline MRI findings
The median time delay between the onset of symptoms and

baseline scan was six weeks, with a range of 1 to 12 weeks. At

baseline, 40 of 55 (73%) patients had one or more lesions

detected on T2 weighted MRI, of whom 21 also exhibited one

or more hypointense lesions on T1 weighted images and 15

displayed one or more gadolinium enhancing lesions. Ven-

tricular volumes varied considerably between subjects (range

1.2–39.2 cm3; see table 2, fig 2 and 3). There was no significant

difference in baseline ventricular volumes in patients depend-

ing on sex (p=0.8), with or without T2 lesions (p=0.3), T1

lesions (p=0.9) and gadolinium enhancing lesions (p=0.2)

(Mann-Whitney U test for all comparisons). There was no

Figure 3 Scatter plot of ventricular volumes at baseline and one
year in the 18 patients with MS at one year.

Table 1 Patient details

Clinical status Early MS Asymptomatic

Sex, M/F 6/12 18/19
Age in years median (range) 30.5 (17–49) 31 (18–50)
Weeks from onset to baseline scan median (range) 6.5 (1–12) 5 (2–11)
Months from baseline to year one scan median (range) 12 (11–15) 12 (12–16)
EDSS at baseline median (range) 1.5 (0–8) 2 (0–4)
EDSS at one year median (range) 2 (0–8) 1 (0–3)

Clinical status McDonald MS McDonald MS negative

Sex, M/F 10/17 14/14
Age in years median (range) 31 (17–47) 31 (18–50)
Weeks from onset to baseline scan median (range) 5 (1–12) 6 (2–11)
Months from baseline to year one scan median (range) 12 (11–16) 12 (12–14)
EDSS at baseline median (range) 1 (0–8) 2 (0–4)
EDSS at one year median (range) 1 (0–8) 1 (0–3.5)

Table 2 Comparison of ventricular volumes in patients who developed clinical MS and McDonald MS versus those
who did not develop clinical and McDonald MS

Early MS n=18 Asymptomatic n=37 Total n=55

Baseline ventricular volume cm3 median (range) *5.4 (1.2–39.2) †6.0 (1.5–23.1) 5.9 (1.2–39.2)
1 year follow up ventricular volume cm3 median (range) *7.7 (1.3–40.6) †6.2 (1.7–24.1) 6.3 (1.3–40.6)
‡Ventricular volume change cm3 median (range) +0.5 (−0.6–7.2) +0.06 (−0.9–1.4) +0.1 (−0.9–7.2)

Comparing baseline versus one year ventricular volumes *p=0.006,†p=0.402.
Comparing ventricular volume change in MS (n=18) and those with no further symptoms (n=37) ‡p=0.007.

McDonald MS n=27 McDonald MS negative n=28

Baseline ventricular volume cm3 median (range) *6.0 (1.2–39.2) †5.3 (1.7–23.1)
1 year follow up ventricular volume cm3 median (range) *8.1 (1.4–40.6) †5.2 (1.7–24.1)
‡Ventricular volume change cm3 median (range) +0.3 (−0.7–7.2) +0.05 (−0.9–1.4)

Comparing baseline versus one year ventricular volumes *p=0.005, †p=0.632. Comparing ventricular volume change in patients with McDonald MRI MS
(n=27) and those without (n=28) ‡p=0.03.
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correlation between baseline ventricular volume and subse-

quent atrophy (r=0.17 and p=0.23).

Follow up findings (tables 1–5)
Clinical outcome
The median time between the baseline and one year follow up

was 12 months (range 11–16 months). Thirty seven patients

remained asymptomatic, while 18 patients developed clini-

cally definite (n=14) or probable (n=4) MS during the one

year follow up period. Sixteen of the 18 patients who

developed clinical MS had abnormalities on the T2 scan at

baseline.

Relation between lesions and clinical outcome
The baseline number of T2, T1 hypointense and gadolinium

enhancing lesions was significantly higher in those who went

on to develop clinical MS compared with those who did not

(table 3). The baseline volumes of T2 and T1 hypointense

lesions were also significantly higher in those who developed

MS (table 3).

Relation between ventricular enlargement and clinical
outcome
There was a significant increase in ventricular volume over one

year in the 18 patients who developed MS during the one year

follow up period (p=0.006, table 2). A significant increase in

ventricular volume was also seen in the 16 patients with T2

lesions at baseline who developed clinical MS at one year

(median increase 0.9 cm3, p=0.002). There was no significant

correlation between ventricular enlargement and baseline

EDSS, month 12 EDSS or change in EDSS over the year, using

the Bonferroni correction (table 5).

Relation between ventricular enlargement and the
McDonald criteria for MS
The baseline, three month, and one year scans were retrospec-

tively analysed to see how many patients fulfilled the new

McDonald criteria for the diagnosis of MS.21 Patients with CIS

with MRI evidence of dissemination in space and time were

diagnosed as having McDonald MRI MS. Twenty seven of the

55 patients were McDonald criteria positive at one year (table

1).

Relation between ventricular enlargement and lesion load
measures
Subgroup comparisons (table 4)
Significant ventricular enlargement was seen in the group of

40 patients with T2 lesions at baseline (p=0.001) but not in

the 15 patients with normal scans at baseline (p=0.46, table

4). The 15 patients with gadolinium enhancing lesions at

baseline had significant ventricular enlargement at one year

(p=0.004, table 4).

The 14 patients who had gadolinium enhancing lesions at

three months also showed significant ventricular enlargement

at one year (baseline median 5.7 cm3 (2.6–25.9), one year

median 6.7 cm3 (2.9–26.5), p=0.006). The seven patients who

had enhancing lesions at both baseline and three months

exhibited a substantial increase in ventricular volume

(baseline median 7.9 cm3 (3.2–25.9), one year median 12.9 cm3

(3.7–26.5), p=0.02).

Figure 4 Error bar plot of ventricular enlargement in patients with
CIS and MS.

Table 3 Comparison of baseline lesion measures in patients who developed MS and those who remained
asymptomatic

Early MS (n=18) Asymptomatic (n=37) p Value

Number of T2 lesions at baseline median (range) 20 (0–70) 2 (0–76) 0.001
Volume of T2 lesions lesions at baseline cm3 median (range) 1.7 (0–13.9) 0.3 (0–5.2) 0.001
Number of Gd-DTPA lesions at baseline median (range) 1.5 (0–21) 0 (0–13) <0.001
Number of T1 hypointense lesions at baseline median (range) 1 (0–18) 0 (0–2) 0.001
Volume of T1 hypointense lesions at baseline cm3 median (range) 0.09 (0–4.5) 0 (0–0.6) 0.001

Table 4 Ventricular volumes in patients with normal and abnormal T2 weighted MRI (that is, >1 T2 lesion) at baseline.
Ventricular volumes in patients with abnormal baseline T2 weighted MRI: comparison of those with and without
gadolinium (Gd) enhancing and T1 hypointense lesions

Normal and abnormal
baseline MRI (n=55) Abnormal baseline MRI (n=40)

Normal MRI
(n=15)

Abnormal MRI
(n=40)

Gd lesions
(n=15)

No Gd lesions
(n=25)

T1
hypointense
lesions (n=21)

No T1
hypointense
lesions (n=19)

Baseline ventricular volume cm3 median (range) 4.3 (2.6–23.1) 6.4 (1.2–39.2) 7.9 (3.1–25.9) 5.9 (1.2–39.2) 6 (1.2–25.9) 6.9 (1.7–39.2)
One year ventricular volume cm3 median (range) 4.4 (2.4–24.1) 6.8 (1.4–40.6) 10.3

(3.2–26.5)
6.5 (1.4–40.6) 6.7 (1.4–26.5) 7 (1.7–40.6)

Ventricular volume change cm3 median (range) −0.2
(−0.9–1.0)

0.2 (−0.7–7.2) +0.7
(−0.6–7.2)

+0.1
(−0.7–1.6)

+0.5
(−0.6–7.2)

+0.03 (−0.7–1.9)

Comparing baseline and one year ventricular
volumes

p=0.46 P=0.001 p=0.004 p=0.069 p=0.001 p=0.376
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Ventricular volumes in the 21 patients with T1 hypointense

lesions at baseline showed significant enlargement over the

following year (p=0.001), but there was no significant change

in the 19 patients who had T2 lesions but no T1 hypointense

lesions (table 4).

Correlations (table 5)
Four correlations were significant using the corrections at

<0.003 namely the baseline T1 hypointense lesion number

and volume and one year T1 hypointense and T2 lesions

volumes.

DISCUSSION
This study has confirmed previous reports in showing that the

presence and number of MRI lesions at presentation with a

CIS influences the risk of future clinical relapses leading to an

early diagnosis of clinically definite or probable MS. Addition-

ally, it revealed ventricular enlargement over one year in the

subgroup of patients who developed clinical MS within that

period. It also demonstrated ventricular enlargement in the

larger cohort of patients with T2 MRI lesions at presentation,

the presence of which is associated with a high probability for

developing clinically definite MS after prolonged follow

up.14–17 Finally, the study demonstrated significant, but only

modest, correlations between T2 and T1 hypointense lesion

load measures and subsequent ventricular enlargement.

A question arising is whether the ventricular enlargement

might reflect a reduction in brain water content (pseudo atro-

phy) rather than true tissue loss. There was no significant dif-

ference in the gadolinium enhancing lesion number between

the baseline and one year follow up scans (data not shown), so

that a spontaneous decrease in the number of inflammatory

oedematous lesions did not account for the ventricular

enlargement seen. Anti-inflammatory treatments such as

corticosteroids or beta interferon can reduce the number of

inflammatory oedematous lesions, but in this study only three

patients received corticosteroids (one received beta interferon)

during the follow up phase.

There have been few studies investigating atrophy in CIS

patients. We have previously reported a preliminary study of a

small, selected group from within the present larger cohort,

consisting of nine patients with T2 lesions at baseline who

developed MS during one year of follow up and eight patients

with a normal baseline scan who had no further clinical

events. In that study we reported significant ventricular

enlargement in the subgroup with T2 lesions.18 Secondly, we

recently have investigated the cervical cord in 43 CIS patients
and demonstrated mild but significant atrophy of the upper
cervical cord in those patients who had T2 abnormalities on
brain imaging.24

This investigation of a large cohort of consecutively
recruited CIS cases confirms our preliminary observation in
the smaller cohort that early development of ventricular
enlargement is associated with further clinical relapses
leading to a diagnosis of MS. The development of ventricular
atrophy in association with early clinical relapses suggests a
potential for this MR measure to provide prognostic data,
which needs to be confirmed with long term follow up. There
is some evidence from the literature, albeit inconsistent, that
relapse rate in the first one to two years after a CIS is related
to long term disability.25 The relation between early atrophy
and long term disability should be investigated by prolonged
follow up.

A possible mechanism for the observed ventricular enlarge-
ment would be loss of myelin and axons within lesions in
itself, and Wallerian degeneration secondary to axonal
transection within the lesions. Consistent with this mech-
anism are the correlations, albeit weak, between the baseline
and month 3 number of enhancing lesions and ventricular
enlargement. Enhancement is associated with pathological
evidence of active inflammation26 27 and inflammation is asso-
ciated with axonal damage and transection.28 29 The small
group of patients with enhancing lesions at both baseline and
month 3 exhibited more substantial ventricular enlargement.
The more aggressive inflammatory disease may have contrib-
uted to this.

A modest correlation of ventricular enlargement was also
found with baseline T2 and T1 hypointense loads but was
somewhat stronger for T1 load. T1 hypointense lesions are
associated pathologically with more severe axonal loss,30 and
thus might be expected to result in a greater degree of
secondary Wallerian degeneration and atrophy. It was notable
that in the subgroup comparison of those with and without T1
hypointense lesions at baseline, significant ventricular en-
largement was seen only in those with such lesions. T1
hypointense lesions in this study were detected on post-
contrast scans—they are thus likely to indicate irreversible
changes associated with axonal loss rather than the reversible
hypointensity sometimes seen in acute enhancing lesions. The
lack of correlation between change in T1 hypointense load
over the year and ventricular enlargement may reflect the fact
that the magnitude of the former was very small.

As none of the correlations between lesion measures and
ventricular enlargement were strong, additional factors may

Table 5 Correlation of change in ventricular volume over one year with other MRI
lesion measures and with EDSS

Correlation r Value p Value

Baseline T2 lesion number 0.339 0.011
Baseline T2 lesion volume 0.381 0.004
Change in T2 lesion volume over one year 0.202 0.138
Sum of baseline and new T2 lesion numbers at one year 0.386 0.006
Number of new T2 lesions at month 12 compared with baseline 0.254 0.061
1 year T2 lesion volume 0.447 0.001*
Baseline Gd lesion number 0.354 0.008
Month 3 Gd lesion number 0.367 0.007
Baseline and month 3 Gd lesion number 0.38 0.006
Month 12 Gd lesion number 0.206 0.132
Baseline, month 3 and month 12 Gd lesion number 0.385 0.005
Baseline T1 hypointense lesion number 0.495 <0.001*
Baseline T1 hypointese lesion volume 0.467 <0.001*
Change in T1 hypointense lesion volume over one year 0.05 0.735
One year T1 hypointense lesion volume 0.421 0.001*
Baseline EDSS 0.132 0.335
EDSS at month 12 0.317 0.019
EDSS change over one year 0.116 0.398

*Significant correlations using Bonferroni correction p<0.003.
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contribute to atrophy. One possibility is a more diffuse process

involving normal appearing tissues. To date, quantitative MR

investigations of normal appearing brain tissues have pro-

vided conflicting evidence for abnormality in small CIS

cohorts.32–34 An MR spectroscopy report demonstrated no

significant reduction of NAA in the normal appearing white

matter.31 Further quantitative MR investigations of the normal

appearing brain tissue are needed in larger CIS cohorts.

The technique used in this study does not resolve the site of

atrophy. While the MIDAS method used in this study provides

a reliable measure of change in whole brain volume on 3D

images, we found it less reliable with the present 2D dataset.

It is not therefore certain whether atrophy occurs close to

lesions, in normal appearing white matter, or in grey matter,

although the fact that the ventricles are close to white matter

suggests that there may be atrophy in this region. There are

alternative strategies for measuring segmented grey and

white matter volumes.35 Approaches such as voxel based mor-

phometry may depict the regions in which atrophy is

occurring. Application of such methods in future studies in

CIS patients will be of interest.

The study of atrophy may help to understand the clinical

effects of disease modifying treatments for MS. In established

disease, beta interferons markedly reduce the rate of new MRI

lesions (by 50%–70%; IFNB study 1993,36 Jacobs 1996,37

PRISMS 199838), but they have a smaller effect in preventing

relapses, disability and atrophy.39 40 Future reports of the effect

of treatment on atrophy in CIS patients are awaited, but this

work highlights the potential for a mechanism of clinical

deterioration that is independent of lesions.

While these results suggest that atrophy is occurring at the

earliest clinical stage of MS, a direct comparison with other

studies at a later stage is not possible, because the

methodology involved has differed. There are a number of

sensitive and reproducible methods for detecting brain

atrophy but they may produce quite a different absolute

measure of change.7 Further study of cohorts with later

disease using the same MR acquisition and analysis method

for measuring ventricular enlargement is now being under-

taken.

Further follow up of the CIS cohort is now needed to deter-

mine the longer term evolution of atrophy, and its relation to

lesion evolution, quantitative MR changes in the normal

appearing tissues, and clinical outcome.

In conclusion, this study reveals two MR features in

patients with CIS who go onto develop early clinical

MS—lesions and atrophy. While lesions contribute to atrophy,

the correlation is modest, suggesting that the latter also

develops by other mechanisms. Both lesions and atrophy are

therefore complementary methods for monitoring the course

of MS, even from its earliest stages.
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NEUROLOGICAL STAMP................................................................................
Hideyo Noguchi (1876–1928)

The Japanese born microbiologist Hideyo Noguchi’s brilliant career
had humble origins. He was born in the village of Sanjogata. His
father, the village postman, and his mother toiling in the rice fields

barely made a living. A childhood accident with a pot of simmering
rice burnt his left arm and hand and caused deformity and scarring.
When a school inspector named Kobayashi visited the village school,
he noticed Noguchi was gifted and arranged for him to attend his high
school in a neighbouring town. He also sent him to a Doctor Watanabe
in a nearby town, who divided the scars of his mutilated left hand.
This gave Noguchi’s stiff fingers some limited movement. Watanabe
took on the boy as an assistant and dispenser of medicines and gave
him the chance to learn medicine through apprenticeship, as was cus-
tomary at the time. In Watanabe’s house he learnt English and
German and, using Watanabe’s microscope, Noguchi observed a new
organism from a patient with relapsing fever that looked like a cork-
screw. That corkscrew germ haunted him for years.

Eventually, Noguchi entered medical school in Tokyo and obtained
his diploma 1897. Later he entered the Institute for Infectious
Diseases in Tokyo, whose director Kitasato had studied under Robert
Koch in Berlin, and had discovered the organisms of tetanus and
plague. At the institute, Noguchi met Professor Simon Flexner visiting
from Philadelphia and on the strength of the little English he knew,
Noguchi’s had the responsibility of showing him round.

In 1899 Noguchi came to Philadelphia, and started work at the
University of Pennsylvania, studying venoms. Noguchi was awarded a
Carnegie Fellowship and in 1904 studied in Copenhagen under a
leading European authority, Thorwold Madsen. It was in Denmark
that Noguchi produced an anti-toxin to snakebite. When Flexner was
appointed director of the newly formed Rockefeller Institute for
Medical Research in New York, he asked Noguchi to join his staff. Here
he successfully cultured the spirochete Treponema Pallidum, the cause
of syphilis and also proposed a modification of the Wassermann reac-
tion. Noguchi found the spirochete in parts of the human nervous
system and the human brain, in diseases previously not thought to be
connected with syphilis. He was able to show that T Pallidum invaded
the nervous system as the disease progresses.

Noguchi later investigated other diseases. He was interested in
poliomyelitis, rabies, and trachoma and invented the term leptospira, or
delicate spiral organism. This spirochete had been identified by two
Japanese bacteriologists and had been shown to cause of infective
jaundice in the rice fields of Japan. He studied Oroya fever in South
and Central America and showed it was caused by a bacterium, Baron-

ella bacilliformis. Between 1919 and 1922, Noguchi became certain
that yellow fever was caused by a bacterium, but by 1927 this had been
disproved. Noguchi went to West Africa to prove to himself that yellow
fever was a viral disease. Within six months he had confirmed this, but
just before his departure for New York he contracted yellow fever and
died shortly afterwards in what is now Ghana. He was philatelically
honoured by Ghana in 1997 on the 120th anniversary of his birth and
earlier by Japan in 1949 (Stanley Gibbons no. 557, Scott no. 480).
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