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Is inflammation important in early PPMS? a longitudinal MRI
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Background: Magnetic resonance imaging (MRI) studies in primary progressive multiple sclerosis (PPMS)
have shown a reduced frequency of enhancement with the contrast agent gadolinium-DTPA (Gd-DTPA), in
comparison with relapsing-remitting multiple sclerosis (RRMS), and it has been suggested that there may
be a less important role for inflammation in its pathogenesis. However, the earliest clinical stages of PPMS
have not been studied and thus it has not been possible to exclude the existence of an early inflammatory
phase.
Objective: To study the presence, characteristics, and implications of inflammation in early PPMS.
Methods: 45 patients with a mean disease duration of 3.3 years had triple dose Gd enhanced MRI,
expanded disability status scale (EDSS), and multiple sclerosis functional composite (MSFC) assessments at
baseline. Repeat MRI was done at 1 and 2 months in 24 patients, and at 6 months in 38.
Results: Enhancing brain lesions were present in 42% of patients at baseline but enhancing cord lesions
were uncommon (7%); 85% of enhancing lesions enhanced for one month or less. Patients with enhancing
lesions had greater disability (EDSS, p = 0.027; MSFC, p = 0.026) and more MRI abnormalities (greater
T2 load, p = 0.008; greater T1 hypointensity load, p = 0.001; and reduced partial brain volume,
p = 0.012) than those without enhancement. Enhancement at 6 months was seen in 32% of patients and
was restricted to a subset of patients who enhanced at baseline.
Conclusions: Enhancement is present in some cases of early PPMS and is associated with greater disease
impact in terms of both clinical and MRI measures.

M
ultiple sclerosis follows a progressive rather than a
relapsing course from onset in approximately 15% of
cases. This is termed primary progressive multiple

sclerosis (PPMS).1 Patients with PPMS differ from those with
relapsing-remitting multiple sclerosis (RRMS) in being older
and having a more equal sex incidence.2 On magnetic
resonance imaging (MRI), they have fewer, smaller lesions
and a lower rate of new lesion formation. In addition,
enhancement with gadolinium-DTPA (Gd-DTPA) on T1
weighted magnetic resonance imaging (MRI), an indicator
of blood–brain barrier breakdown which is associated with
CNS inflammation,3–5 is relatively rare in PPMS.6–8 With triple
dose Gd-DTPA it may be possible to detect more enhancing
lesions but the overall frequency of enhancement is still less
than in other subtypes of multiple sclerosis.9 10 In RRMS,
enhancing lesions have a significant association with clinical
relapse.11 In PPMS, the clinical significance of enhancement
is less clear. MRI evidence suggesting a lesser role for
inflammation in PPMS is supported by pathological studies.12

This may explain the negative results of treatment trials in
PPMS with agents known to suppress inflammation such as
interferon beta and glatiramer acetate.13 14

In RRMS, there is evidence that the predominant
pathological process operating early in the condition differs
from those that occur later; in early phases, inflammation is
predominant; in later phases, degeneration.15 If a similar
pattern were to exist in PPMS this would have important
implications for treatment strategies. Our aim in this study
was to assess the presence, characteristics, and consequences
of inflammation in the early stages of PPMS. We examined a
cohort of patients seen within five years of symptom onset
and sought to answer the following questions:

N Is there more enhancement in early PPMS than in
established disease?

N How do enhancing lesions evolve?

N Do PPMS patients with enhancement differ from those
without?

N Do the clinical and MRI associations of enhancement
provide any insight into the pathological role of inflam-
mation in PPMS?

METHODS
A new cohort of patients with PPMS with a disease duration
of five years or less was recruited from referrals to the
National Hospital and from a direct appeal to neurologists in
the surrounding hospitals. Patients were asked to take part in
a three year MRI and clinical study involving scans at
baseline, one month, and two months, and then at six
monthly intervals. Confirmation that patients were within
five years of first symptom onset was determined from
clinical records and by interview. In all cases patients had a
clinical diagnosis of PPMS and had oligoclonal bands in their
cerebrospinal fluid which were not seen in serum. According
to recent diagnostic criteria for PPMS16 at baseline, 43
patients (95%) had definite PPMS and two had probable
PPMS.
Clinical examination consisted of a neurological examina-

tion with calculation of the expanded disability status score
(EDSS). The nine hole peg test, timed 25 foot walk, and
paced auditory serial addition test (PASAT) were also
measured and used to calculate the multiple sclerosis
functional composite (MSFC).17

Abbreviations: EDSS, expanded disability status scale; MSFC, multiple
sclerosis functional composite; PASAT, paced auditory serial addition
test; PPMS, primary progressive multiple sclerosis; RRMS, relapsing-
remitting multiple sclerosis
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Imaging of brain and spinal cord was carried out at
baseline and at one and two months and again at a follow up
visit at six months. Cerebral lesion loads were quantified,
together with partial brain and ventricular volume. The same
scanner (Signa 1.5T system, General Electric, Milwaukee,
Wisconsin, USA) was used throughout the study. Each
patient underwent T1 imaging of the brain and cord before
and immediately after administration of triple dose Gd-DTPA
at a dose of 0.3 mmol/kg. T2 weighted spin echo imaging of
the brain (T2: time of repetition (TR) 3000 ms, time of echo
(TE) 15/90 ms; T1: TR 600 ms, TE 20 ms) was also carried out
after Gd-DTPA administration. All sequences were acquired
as contiguous 5 mm thick axial slices. All enhancing lesions
were identified by a single experienced rater (DHM) and on
follow up the scans were classified as new (first appearance)
or persistent (seen on previous scan). Image analysis was
carried out at a SUN workstation using a local thresholding
technique with manual editing. T2 and T1 hypointensity
volumes were calculated with reference to marked hard
copies.
The measure of partial brain volume, reflecting atrophy,

was calculated using methods described previously.18 19 Brain
volume was measured by extracting the brain images from
the skull using a computer algorithm and by measuring the
volume occupied by four 5 mm slices, the most caudal being
at the level of the velum interpositum cerebri. Ventricular
volumes were obtained by analysing the T1 weighted images
using an interactive image analysis package (MIDAS).20

Whole brain regions were obtained using a semiautomated
iterative morphological technique originally developed for
three dimensional volumetric scans. Mean signal intensity
over these brain regions was calculated. Ventricular regions
were outlined using a thresholding technique with the
ventricular–brain boundary being set at 60% of the whole
brain signal intensity. The ventricular region consisted of the
lateral ventricles including the temporal horn but excluding
the third and fourth ventricles. High signal structures within
the ventricles—for example, blood vessels—were excluded.
Ventricular volumes were automatically calculated from the
outlined regions by multiplying total area outlined by slice
thickness.

Statistics
Non-parametric tests of statistical significance were used
throughout. Cross sectional comparisons between groups
were carried out using the Mann–Whitney U test, and
changes in MRI and clinical measures over time were
assessed using the Wilcoxon signed rank test. Correlations
were assessed using Spearman’s rank correlation coefficient.

RESULTS
Forty five patients were enrolled into the study and 24 of
these agreed to attend for three initial scans done at monthly
intervals. Follow up data on 38 patients were available at six
months (mean (SD), 6.1 (1.2) months). For seven patients no
follow up data were available. This was because of death
from a non-multiple sclerosis related cause (one case), dislike
of MRI (one case), intercurrent non-multiple sclerosis related
surgical illness (one case), personal reasons (three cases),
and non-residency in United Kingdom (one case).

Baseline, clinical
The 45 patients studied at baseline comprised 26 men and 19
women with an age range of 22 to 65 years. Mean (SD) age
was 45.2 (10.9) years and disease duration was 3.3 (0.9)
years. Thirty seven of the 45 cases presented with a cord
syndrome (82%). The median EDSS was 4.5 (range 1.5 to 7.0)
and the mean (SD) MSFC was 20.8 (1.5). EDSS and MSFC
were highly correlated (r=0.7, p,0.001). Younger patients
had shorter disease duration (r=0.5, p=0.001). Patients
with cord and non-cord presentations did not differ
significantly in age, disease duration, or EDSS but there
was a trend to greater disability in patients with cord
presentations as measured by the MSFC (p=0.05).

Baseline MRI
Of the 45 patients studied at baseline (month 0), 19 (42%)
had at least one enhancing lesion (fig 1A). In patients with
enhancement, the mean (SD) number of enhancing lesions
seen was 2.4 (2.1) and the average enhancing lesion volume
was 0.3 (0.2) ml. Three patients had enhancing cord lesions
(7%) at baseline (fig 1B), all of whom had enhancing cerebral
lesions. The number of enhancing lesions correlated inversely
with age (r=20.4, p=0.006) and directly with T2 load
(r=0.6, p,0.001). When divided by the presence or absence
of enhancement (table 1), patients with enhancement had
greater disability (EDSS, p=0.0027; MSFC, p=0.026),
higher T2 and T1 hypointensity loads (p=0.008 and
p=0.001, respectively), and a trend to greater atrophy as
assessed by partial brain volume (p=0.012). Gd-DTPA
enhancement was seen in 35% of patients with cord
symptoms at initial presentation and in 75% of those
without. This difference was not significant.

Monthly MRI
Twenty four patients (16 male, eight female) attended for
monthly serial examinations at baseline. Within this group,
13 patients had enhancement on the baseline scan and eight
(62%) enhanced at every time point (fig 2). Of the 11 patients
not showing enhancement at baseline, none showed sub-
sequent enhancement.
The duration of enhancement of individual lesions over the

first three months is shown graphically in fig 2. Of the 25
enhancing lesions that were seen at baseline, five were still
enhancing at month 1 and only one was still enhancing at
month 2. Thirteen new lesions were seen at month 1 and of
these two were still enhancing at month 2. Thus 11 of the 13
new enhancing lesions (85%) enhanced between months 1
and 2.
Serial examination at months 1 and 2 confirmed the low

frequency of spinal cord enhancement seen at month 0. From
a total of 72 monthly cord observations, only four instances
of cord enhancement were observed (6%). Of two patients
with enhancing spinal cord lesions at baseline, one showed
further spinal cord enhancement at month 1 and month 2,
while the other enhanced at baseline only. In each case
cerebral enhancing lesions were also present.

Six month follow up
The 38 patients (23 male and 15 female) on whom six month
data were available did not differ from the baseline cohort. At
six months, the scans of 12 patients showed enhancement

Month 2

Month 1

Baseline

Figure 1 Graphical representation of the pattern of cerebral and spinal cord enhancement by patient at the baseline, month 1, and month 2 time
points. Patients with enhancement at that time point are shown in dark grey.
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(32%) and all of these had enhanced at baseline. No patient
without initial enhancement showed enhancement at six
months. Thus enhancement status did not change in 34 of 38
cases (89%), and the presence of enhancement at baseline
was strongly associated with enhancement at six months
(r=0.8, p,0.001). The one patient with an enhancing cord
lesion at six months (3%) also had an enhancing brain lesion
at six months and an enhancing cord and brain lesion at
baseline. None of the enhancing lesions seen on the initial
monthly scans was still enhancing at six months; 64%
became T2 lesions and 39% became T1 lesions. Fifty five per
cent of the lesions that became T2 lesions (and 35% of all
enhancing lesions) also became T1 lesions.
Over six months, the only MRI measure that showed a

significant increase was mean T2 load (14.4 ml to 15.9 ml,
p=0.028). The presence of enhancement at baseline was not
associated with greater or lesser change in any MRI or clinical
measure over six months.

DISCUSSION
In this study we aimed to address four questions relating to
inflammation in early PPMS. The first and most fundamental
question is whether there is an early enhancing phase in
PPMS, as there is in RRMS. This study produced no evidence
of enhancement as a universal feature in early PPMS. Even
when triple dose gadolinium and serial examination was
used inflammation was still absent in the majority of cases.
However, 42% of patients had some enhancement, and while
this was much less than the 75% who enhanced in a clinically
early RRMS cohort examined under identical circum-
stances,21 it is more than is seen in established PPMS. For
example, using entry data from a recent clinical trial in PPMS
(where the median time since first symptoms was 10.9 years)
14.1% of patients had enhancing lesions.7 However, a
complicating factor is that this clinical trial, together with
the majority of studies of enhancement in PPMS, used single
rather than triple dose Gd-DTPA. It is still not clear whether
the use of triple dose Gd-DTPA leads to detection of a larger
number of enhancing lesions in PPMS, as the two small
studies that have examined this question drew different
conclusions.9 10

In the spinal cord, little enhancement is seen (6% of
patients, compared with 33% of patients in a clinically early
RRMS cohort).21 Therefore, although a cord presentation is
common in PPMS, it does not appear to be associated with
inflammation, even though the assessment was made some
years after the initial presentation.
The cerebral inflammation seen in early PPMS does not

seem to have any distinguishing features. Enhancing lesion
number, volume, location, and duration are all similar to
those reported in RRMS and SPMS.22 23 The only previous
comparable study in PPMS, using triple dose gadolinium,
involved 10 patients with a mean disease duration of 6.5
years and showed very similar results.9 The evolution of
enhancing lesions into T2 areas of hyperintensity or T1 areas
of hypointensity is also similar to that seen in other clinical
subgroups.24 This suggests that the underlying disease
mechanism, at least with respect to focal blood–brain barrier
breakdown, may be common to all types of multiple sclerosis.
One of the striking findings in this study was the relative

consistency of enhancement among patients. Cord enhance-
ment was not seen in the absence of enhancing lesions in the
brain. In addition, in the subset of 13 patients who enhanced
at month 0, eight had further enhancement over the next two
months (69%), which in the majority was the result of new
enhancing lesions.. Finally, all 12 patients who enhanced at
six months also had baseline enhancement. This consistency
of inflammation among a subset of patients may have
implications for treatment, which will be discussed below.

Table 1 Comparison of clinical and magnetic resonance imaging features of patients
with and without enhancing lesions

Variable Enhancing (19) Non-enhancing (26) p Value

Age (years) 42.0 (11.4) 47.5 (10.1) 0.084
Sex (n) M 11; F 8 M 16; F 10
Disease duration (years) 3.2 (0.8) 3.4 (0.9) 0.355
Presentation (n) Cord 13; non-cord 6 Cord 24; non-cord 2
EDSS 6.0 (3.5 to 7.0) 4.3 (1.5 to 7.0) 0.027*
MSFC 21.3 (1.8) 20.4 (1.1) 0.026*
T2 load (ml) 21.7 (24.6) 9.5 (19.5) 0.008**
T1 load (ml) 7.1 (9.8) 3.2 (9.6) 0.001**
Ventricular volume (ml) 22.4 (19.7) 20.6 (18.0) 0.696
Partial brain volume (ml) 247.5 (23.5) 267.0 (20.3) 0.012*
Whole brain volume (ml) 1106.1 (135.6) 1197.4 (137.8) 0.050*

Values are mean (SD) or mean (range) unless stated otherwise.
**p(0.005; *p(0.05.
EDSS, expanded disability status scale; F, female; M, male; MSFC, multiple sclerosis functional composite.

Baseline Month 1 Month 2

Figure 2 Graphical representation of enhancing lesions at baseline,
month 1, and month 2. Enhancing lesions present at month 0 are shown
in dark grey, new enhancing lesions appearing at month 1 and 2 are
shown in light grey and white, respectively.
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Patients with enhancing and non-enhancing scans did not
differ in presenting history but did on other clinical and MRI
measures. Patients with enhancing lesions had greater
disability, higher lesion loads, and evidence of greater brain
atrophy. Future follow up of this cohort will determine
whether enhancement is truly an adverse feature in PPMS.
The presence or absence of enhancement may also reflect

important differences in immunopathogenesis within PPMS.
In our study all patients had oligoclonal bands in their
cerebrospinal fluid, but in a recent clinical trial 21% of
patients did not have oligoclonal bands at entry. In this trial
there were strong trends to increased enhancement in
patients with oligoclonal bands and an association with
higher lesion loads (p=0.1, p,0.001, respectively).7 The
presence of oligoclonal bands in all patients in the present
study may therefore have increased the likelihood of finding
enhancement.
Finally, do the clinical and MRI findings of this study

provide any insights into the pathological role of inflamma-
tion in PPMS? Inflammation, where present, seems to be
associated with adverse features, though it does not
necessarily follow that this relation is causal. To date,
inflammation suppressing treatments such as interferon beta
and glatiramer acetate appear to have little impact on disease
progression when used in patients with PPMS. Might a
greater clinical effect be seen in patients with evidence of
inflammation? This question may be answered by the
recently terminated large international trial of glatiramer
acetate in PPMS, where single dose gadolinium was given to
all subjects.7 Equally, the question remains as to the nature of
the non-inflammatory mechanism of disability that is
operating in the majority of patients who do not show
enhancement.
At this point it is relevant to consider a potential limitation

of this study—namely, that although patients may be in the
early clinical stage of their condition, they may not
necessarily be in the early stages of the disease process. The
considerable degree of MRI abnormality seen on some of the
initial scans, even when the clinical history was short,
suggests that this may be the case. This point has been well
illustrated in a recent case report of a patient with PPMS who
had abnormalities on brain MRI 10 years before the onset of
clinical symptoms.25 Thus the presence of an inflammatory
process in a preclinical phase (which persists into the clinical
phase in a proportion of patients) cannot be excluded.
Ongoing follow up of this cohort will provide further data

which will help determine whether inflammation is a
transient phase in early PPMS (that is, whether cessation
of enhancement will be seen in some patients over time as
they become clinically established). We will also explore the
pathological associations and consequences of enhancement
in greater detail using a wider range of newer and
pathologically more specific MRI techniques.
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