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Abstract
Objective: The objective of the study was to determine whether early infratentorial and/or spinal cord
lesions are long-term cumulative predictors of disability progression in multiple sclerosis (MS).
Methods: We selected 153 MS patients from the longitudinal Amsterdam MS cohort. Lesion analysis
was performed at baseline and year 2. Disability progression after 6 and 11 years was measured using the
Expanded Disability Status Scale (EDSS) and EDSS-plus (including 25-foot walk and 9-hole peg test).
Patients with spinal cord or infratentorial lesions were compared for the risk of 6- and 11-year disability
progression to patients without spinal cord or infratentorial lesions, respectively. Subsequently, patients
with lesions on both locations were compared to patients with only spinal cord or only infratentorial
lesions.
Results: Baseline spinal cord lesions show a higher risk of 6-year EDSS progression (odds ratio (OR):
3.6, p = 0.007) and EDSS-plus progression (OR: 2.5, p = 0.028) and 11-year EDSS progression (OR:
2.8, p = 0.047). Patients with both infratentorial and spinal cord lesions did not have a higher risk of
6-year disability progression than patients with only infratentorial or only spinal cord lesions.
Conclusion: The presence of early spinal cord lesions seems to be a dominant risk factor of disability
progression. Simultaneous presence of early infratentorial and spinal cord lesions did not undisputedly
predict disability progression.
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Introduction
Multiple sclerosis (MS) is the most frequent inflammatory, demyelinating disease of the central nervous
system (CNS) in young adults, leading to long-term
disability.1 In addition to the clinical presentation and
neurological assessment, magnetic resonance imaging (MRI) of the brain and spinal cord plays a pivotal
role both in the diagnosis and monitoring of disease
activity.2–4 Recommended MRI outcome measures
for daily clinical practice include active (new or
enlarging) T2-hyperintense and T1-gadoliniumenhancing lesions.3–7 Although the correlation
between T2 lesion burden and clinical outcome measures is moderate at best, expressed in the term “clinico-radiological paradox,”8–10 it has been conclusively
demonstrated that T2 lesions are related to the risk of
conversion to clinically definite multiple sclerosis
(CDMS)11,12 and increased disability.12,13
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Previous research demonstrated that not only the
presence of lesions but also lesion location is relevant
for the prediction of future disability.14–17 In particular, lesions in the spinal cord and posterior cranial
fossa are located in clinical eloquent areas with less
compensatory possibilities, resulting in an increased
risk of developing disability or conversion to
CDMS.16–22 Infratentorial lesions are important predictors for long-term disability,20,22 especially brainstem lesions.22 In addition, there is considerable
evidence that spinal cord lesions demonstrate an
increased risk of developing disability or conversion
to CDMS.18,19,21 Moreover, there are indications that
patients with a combination of both spinal cord and
infratentorial lesions have a higher chance of disability or conversion to CDMS.16,17 However, so far the
cumulative value of early spinal cord and infratentorial lesions on disability progression measured by the
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Figure 1. Study design.
BL: baseline, EDSS: Expanded Disability Status Scale; FU: follow-up; MRI: magnetic resonance imaging; SC: spinal cord; 9-HPT:
9-hole peg test; 25-FWT: 25-foot walk test.
Figure 1 shows the study design. Patients were subdivided into four groups based on baseline MRI and subsequently separately analyzed
based on new developed lesions after 2 years. The risk of EDSS progression and EDSS-plus progression after 6 and 11 years of followup was analyzed using logistic regression.

Expanded Disability Status Scale (EDSS) and EDSSplus has not been determined.
We hypothesize that the presence of both infratentorial and spinal cord lesions early on in the disease
course might be a stronger predictor for future disability than the sole presence of lesions in one of these
locations. Furthermore, we hypothesize that the combination of new infratentorial and spinal cord lesions
early in the disease is a better predictor than new
lesions on these locations alone. Hence, the aim of
this study was to determine whether early infratentorial and spinal cord lesions are cumulative predictors
for disability progression after both 6 and 11 years
measured by the EDSS and EDSS-plus. This could
contribute to a better risk profile for patients with a
higher risk of disability progression.
Methods
Patient selection
This observational cohort study prospectively
included patients from the Amsterdam MS Cohort.
The study design is illustrated in Figure 1.
A total of 319 MS patients were recruited from
December 2000 until September 2007. Inclusion criteria were as follows: age between 18 and 60 years at
onset of first symptoms (n = 315), relapsing onset (n
= 289), baseline visit within 12 months from onset (n
2

= 208), brain and spinal cord imaging (including
post-contrast series) available at baseline or within 3
months (n = 188), clinical and radiological follow-up
(FU) after 2 years (n = 173), and clinical FU around
6 years after baseline (n = 153).
The institutional ethics review board of the Amsterdam
UMC—location VU University Medical Center
approved this study and all subjects gave written
informed consent prior to participation.

Clinical assessments
At baseline and FU visits, clinical assessments
included the EDSS,23 timed 25-foot walk test (25FWT), and 9-hole peg test (9-HPT). Telephone
EDSS was used in case of a missing FU visit (4.5%
of total EDSS scores used). Prescribed disease-modifying therapy (DMT) and relapses were noted for all
patients.
Neuroimaging
The neuroimaging and image analysis protocol of the
Amsterdam MS cohort has been described previously.21 Brain and spinal cord MRI were performed
preferable on the visit date or within 3 months prior or
after the baseline clinical assessments. Brain and spinal cord MRI were performed on a 1.0- or 1.5-Tesla
whole-body MR system (Siemens Magnetom Impact
Expert, Siemens Vision, and Siemens Sonata; Siemens
journals.sagepub.com/home/msj
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AG, Erlangen, Germany). Brain MRI protocol
included axial two-dimensional (2D) dual-echo, spinecho (proton-density and late echo T2-weighted)
images (repetition time (TR): 2200–3000 ms; echotime (TE): 20–30 and 80–100 ms) and axial
T1-weighted spin-echo images after single-dose gadolinium administration (TR: 500–600ms; TE: 20 ms).
The spatial resolution of the 2D sequences consisted
of slice thicknesses of 3–5 mm, with a 10% gap and
in-plane resolution of 1 × 1 mm2. Spinal cord imaging covered the total length of the spinal cord and
included proton-density and T2-weighted, dual-echo,
spin-echo sequences (TR: 2500–3000 ms; TE: 20–30
and 80–100ms), a 0.3-mm gap between slices and
resolution of 1 × 1 mm2. T2-hyperintense and
T1-contrast-enhancing lesions were identified by an
experienced rater (>10 years of experience) blinded
to the clinical and paraclinical data of the patient.
Baseline lesion counts included the total number of
T2-hyperintense and T1-contrast-enhancing lesions at
that moment. New lesions were counted on the 2-year
MRI (n = 135). T2 lesions were categorized as
supratentorial (juxtacortical, periventricular, deep
white matter, corpus callosum, basal ganglia, internal
capsule), infratentorial (brainstem and cerebellum),
or spinal cord.
Clinical endpoints
Disability progression at 6- and 11-year FU was
determined using the EDSS23 and EDSS-plus.24 EDSS
progression was defined as used in clinical trials with
an increase in EDSS of 1.5, 1, or 0.5 in case of a reference EDSS of 0, 1–5.5, or ⩾6.0, respectively.25 The
EDSS-plus is a more extensive assessment for disability progression, defined as progression on EDSS as
described above or a 20% increase at FU on the
25-FWT or 9-HPT.24
Statistical analysis
Normality of variables was checked by visual inspection of histograms. Statistics were performed using
parametric and non-parametric tests. Risk of disability progression was determined using logistic regression models.
We first explored the risk of disability progression
for patients with spinal cord lesions versus patients
without spinal cord lesions and also for patients with
infratentorial lesions versus patients without
infratentorial lesions at baseline. Second, we determined the number of patients with cervical spinal
cord and thoracic spinal cord lesions and determined
journals.sagepub.com/home/msj

their risk of disability progression. For the infratentorial lesions, we distinguished brainstem and cerebellar lesions to determine their individual risk of
disability progression.
Subsequently, we subdivided patients into four categories according to the presence of spinal cord and/or
infratentorial lesions on baseline MRI (regardless of
the presence of supratentorial lesions), respectively:
(1) both infratentorial and spinal cord lesions, (2) only
spinal cord lesions, (3) only infratentorial lesions, and
(4) no spinal cord nor infratentorial lesions (see Figure
2). We additionally analyzed the risk of 6- and 11-year
disability progression comparing groups based on the
development of new infratentorial and/or spinal cord
lesions after 2 years.
Logistic regression models were used to identify
whether the presence of both infratentorial and spinal
cord lesions at baseline results in a higher risk of
EDSS progression or EDSS-plus progression after 6
and 11 years of FU, than the presence of infratentorial
or spinal cord lesions in isolation.
Disease duration, age at baseline, baseline supratentorial T2-hyperintense and T1-contrast-enhancing
lesion counts, sex, EDSS at baseline and DMT use
during FU were analyzed to identify potential confounders. DMT use during FU and supratentorial
T2-hyperintense lesions were confounders and all
models were corrected for DMT use during FU and
supratentorial T2-hyperintense lesion count at
baseline or after 2 years, accordingly. Level of significance was set at p < 0.05. SPSS 22.0 was used
for statistical analyses (IBM, SPSS, Chicago, IL,
USA).
Results
Patients were followed for 6 years (153 patients) and
11 years (95 patients) and were classified according to
the presence of infratentorial and spinal cord lesions
at baseline and separately on the development of new
lesions in the first 2 years.
Demographics for lesion distribution at baseline
Of the 153 patients with a 6-year FU, 110 patients
(71.9%) had spinal cord lesions (59 with both cervical
and thoracic lesions, 32 only cervical, and 19 only
thoracic spinal cord lesions). Baseline infratentorial
lesions were seen in 77 patients (50.3%), of which 21
patients presented with both brainstem and cerebellar
lesions, 30 patients had brainstem lesions only, and 26
patients had cerebellar lesions only.
3
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Figure 2. Presence of infratentorial and spinal cord lesions at baseline (n = 153), only shown for patients with 6 years of FU.
Figure 2 visualizes the subdivision of patients in four groups based on the presence of infratentorial and/or spinal cord lesions at
baseline.

In total, 95 patients had an 11-year FU, of which 67
(70.5%) had spinal cord lesions (35 patients had both
cervical and thoracic lesions, 20 patients only cervical, and 12 patients only thoracic spinal cord lesions).
Baseline infratentorial lesions were present in 51
(53.7%) patients (12 patients had both brainstem and
cerebellar lesions, 20 patients only brainstem, and 19
patients only cerebellar lesions).
Subsequently, patients were subdivided into four
groups based on the presence of infratentorial and/or
spinal cord lesions at baseline. Of the 153 patients
with a 6-year FU, 61 patients (39.9%) had both spinal
cord and infratentorial lesions, 49 (32.0%) only spinal
cord lesions, 16 (10.5%) only infratentorial lesions,
and 27 (17.6%) no spinal cord nor infratentorial
lesions. Figure 2 shows the distribution of patients
according to lesion location at baseline. Baseline and
FU characteristics are summarized in Table 1.

Regression models using lesion distribution at
baseline
First we analyzed the risk of disability progression
comparing patients with spinal cord lesions to patients
without spinal cord lesions (regardless of infratentorial lesions) and patients with infratentorial lesions to
patients without infratentorial lesions (regardless of
spinal cord lesions). Subsequently, we analyzed the
risk of disability for patients with both infratentorial
and cerebellar lesions compared to patients with only
infratentorial or only spinal cord lesions. All models

4

are adjusted for DMT use during the FU period and
T2-supratentorial lesions.
Patients with baseline spinal cord lesions (regardless
of infratentorial lesions) had a higher risk to show
EDSS progression (OR: 3.6; confidence interval (CI):
1.42–9.03, p = 0.007) and EDSS-plus progression
(OR: 2.5; CI: 1.10–5.47, p = 0.028) after 6 years and
EDSS progression after 11 years (OR: 2.8; CI: 1.02–
7.51, p = 0.047) (Table 2), compared to patients without baseline spinal cord lesions. Patients with cervical
spinal cord lesions did not have a higher risk of disability progression than patients without cervical spinal cord lesions, and patients with thoracic spinal cord
lesions did not have a higher risk of disability progression than patients without thoracic spinal cord
lesions.
Patients with baseline infratentorial lesions (regardless of spinal cord lesions) showed a trend towards a
lower risk of EDSS progression after 11 years (Table
2) than patients without baseline infratentorial lesions.
Patients with brainstem lesions did not show a higher
risk of disability progression compared to patients
without brainstem lesions. In addition, patients with
cerebellar lesions did not show a higher risk of disability progression compared to patients without
lesions in the cerebellum.
Patients with both spinal cord and infratentorial
lesions did not differ with respect to the risk of EDSS
or EDSS-plus progression after 6 or 11 years compared to patients with only spinal cord lesions, but
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Table 1. Demographic, clinical, and MRI data of patients with 6- and 11-year follow-up.
6-year FU
Baseline
Number of patientsa
Sex (% female)a
Age at onsetb
Disease duration at BLc (months)
EDSS BLc
TWT BLb
HPT BLb
Onset symptoms (incl. mf)
Optic neuritis
Brainstem/posterior fossa
Spinal cord
Brain
Number of patients with mf symptoms
MRI measures
SC T2 lesionsc
SC-enhancing lesionsc
Infratentorial T2 lesionsc
Infratentorial T1c lesionsc
Supratentorial T2 lesionsc
Supratentorial T1c lesionsc
FU measurements
FU Y6 (years)b
DMT until Y6 (%)a
EDSS Y6c
EDSS ⩾3.0 Y6 (%)a
EDSS progression Y6 (%)a
TWT Y6b
HPT Y6b
EDSS-plus progression Y6 (%)a
11-year FU
Baseline
Number of patientsa
Sex (% female)a
Age at onsetb
Disease duration at BLc (months)
EDSS BLc
TWT BLb
HPT BLb
Onset symptoms (incl. mf)
Optic neuritis
Brainstem/posterior fossa
Spinal cord
Brain
Number of patients with mf symptoms

Total

Both IT and SC Only SC
lesions
lesions

Only IT lesions

No IT nor SC
lesions

153
104 (68.0)
34.8 (8.8)
6.0 (4.0–8.0)
2.0 (1.5–3.0)
4.1 (1.2)
18.0 (2.7)

61 (39.9)
42 (68.9)
33.9 (9.6)
6.0 (3.0–8.5)
2.0 (1.8–3.0)
4.1 (1.0)
18.3 (2.9)

16 (10.5)
7 (43.8)
35.6 (7.0)
5.0 (4.0–10.0)
1.5 (1.5–2.9)
3.9 (1.6)
17.9 (1.9)

27 (17.6)
19 (70.4)
35.6 (8.3)
6.0 (4.0–8.0)
2.5 (2.0–3.0)
3.9 (0.9)
17.7 (2.5)

49 (32.0)
36 (73.5)
35.0 (8.7)
6.0 (4.0–8.5)
2.0 (1.0–2.5)
4.2 (1.3)
17.8 (2.7)

35
48
81
9
20

15
22
31
4
11

10
6
34
2
3

1 (0–4)
0 (0–0)
0 (0–1)
0 (0–0)
13 (6–27)
0 (0–1)

3 (1–7)
0 (0–1)
2 (1–3)
0 (0–0)
21 (11–42)
1 (0–2)

2 (1–7)
0 (0–1)

5.8 (1.0)
83 (54.2)
2.0 (1.5–3.5)
59 (38.6)
55 (35.9)
4.3 (1.6)
20.0 (12.5)
78 (55.7)

6.0 (1.0)
40 (65.6)
2.5 (1.5–4.0)
27 (44.3)
24 (39.3)
4.8 (2.1)
19.9 (3.9)
32 (58.2)

Total

95
64 (67.4)
35.0 (9.0)
6 (4–8)
2.0 (1.5–3.0)
4.1 (1.1)
17.9 (2.5)
22
29
50
8
14

1
11
4
2
2

9
9
12
1
4

9 (6–17)
0 (0–1)

1 (1–2)
0 (0–0)
9 (6–21)
0 (0–1)

9 (3–15)
0 (0–1)

5.9 (0.9)
28 (57.1)
2.0 (2.0–3.0)
17 (34.7)
24 (49.0)
4.0 (0.6)
21.9 (21.6)
31 (68.9)

5.4 (0.6)
5 (31.3)
1.8 (1.0–2.9)
4 (25.0)
2 (12.5)
3.5 (0.8)
18.1 (2.2)
6 (40.0)

5.7 (0.9)
10 (37.0)
2.0 (1.5–3.5)
11 (40.7)
5 (18.5)
4.3 (1.5)
17.9 (2.2)
9 (36.0)

Both IT and SC Only SC
lesions
lesions

Only IT lesions

No IT nor SC
lesions

39 (41.1)
23 (59.0)
35.8 (10.2)
6.0 (4.0–9.0)
2.0 (1.5–3.0)
4.1 (1.0)
18.3 (2.8)

12 (12.6)
6 (50.0)
36.5 (7.5)
4.0 (4.0–6.0)
1.8 (1.5–2.9)
4.1 (1.7)
18.3 (1.9)

16 (16.8)
14 (87.5)
32.9 (7.0)
6.0 (4.0–7.0)
2.5 (1.1–3.0)
4.0 (1.0)
18.0 (3.0)

8
12
22
3
6

28 (29.5)
21 (75.0)
34.4 (9.0)
6.0 (5.0–9.0)
1.5 (1.0–2.5)
4.1 (1.0)
17.2 (1.6)
8
6
16
1
3

1
7
3
3
2

p value

0.17d
0.81e
0.91f
0.064f
0.79e
0.68e

<0.001f
0.003f
0.093e
0.019d
0.25f
0.49d
0.010d
0.018e
0.58e
0.033d
p value

0.086d
0.67e
0.48f
0.15f
0.99e
0.33e

5
4
9
1
3
(Continued)
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Table 1. (Continued)
11-year FU
MRI measures
SC T2 lesionsc
SC-enhancing lesionsc
Infratentorial T2 lesionsc
Infratentorial T1c lesionsc
Supratentorial T2 lesionsc
Supratentorial T1c lesionsc
FU measurements
FU Y11 (years)b
DMT until Y11 (%)a
EDSS Y11c
EDSS ⩾3.0 Y11 (%)a
EDSS progression Y11 (%)a
TWT Y11b
HPT Y11b
EDSS-plus progression Y11 (%)a

Total

Both IT and SC Only SC
lesions
lesions

Only IT lesions

1 (0–4)
0 (0–0)
1 (0–1)
0 (0–0)
13 (7–30)
0 (0–2)

3 (1–6)
0 (0–0)
2 (1–3)
0 (0–0)
24 (11–42)
1 (0–2)

11 (7–19)
0 (0–1)

1 (1–1)
0 (0–0)
9 (6–21)
0 (0–1)

11.4 (1.8)
63 (66.3)
3.0 (2.0–4.0)
55 (57.9)
51 (53.7)
5.5 (5.6)
20.2 (4.0)
63 (69.2)

11.5 (1.9)
29 (74.4)
3.5 (2.5–4.0)
25 (64.1)
23 (59.0)
6.9 (8.9)
21.5 (5.3)
27 (73.0)

11.0 (1.8)
21 (75.0)
3.0 (2.1–3.0)
18 (64.3)
18 (64.3)
4.5 (1.0)
19.1 (2.2)
19 (70.4)

11.3 (1.6)
6 (50.0)
1.8 (1.1–2.9)
3 (25.0)
1 (8.3)
4.1 (0.9)
19.2 (2.2)
5 (45.5)

No IT nor SC
lesions

p value

8 (3–14)
0 (0–1)

<0.001f
0.039f

11.8 (1.5)
7 (43.8)
3.0 (1.6–4.0)
9 (56.3)
9 (56.3)
4.8 (1.4)
19.8 (3.3)
12 (75.0)

2 (1–4)
0 (0–1)

0.49e
0.067d
0.012f
0.092d
0.009d
0.26e
0.058e
0.33d

FU: follow-up; IT: infratentorial; SC: spinal cord; EDSS: Expanded Disability Status Scale; BL: baseline; TWT: 25-foot walk test; HPT: 9-hole peg test;
mf: multifocal; MRI: magnetic resonance imaging; T2 lesions: T2-hyperintense lesions; T1c: T1-gadolinium-enhancing lesions; DMT: disease-modifying
treatment; Y: year.
aNumber and percentage.
bMean (standard deviation).
cMedian (interquartile range).
dPearson’s chi square.
eIndependent-samples t test
fMann–Whitney U test.
Table 1 shows the demographic, clinical and imaging of all patients (left column) and separate for the four groups based on the presence of infratentorial and/
or spinal cord lesions at the baseline MRI. Information is shown for patients with a 6-year FU (all patients, upper part) and patients with also an 11-year FU
(lower part). The MRI measures are presented as the median of lesion number and the interquartile range. For example, patients with 6-year FU and only
spinal cord lesions (without infratentorial lesions) had a median of nine supratentorial T2 lesions with a interquartile range of 6–17. The p values in the right
column represent the differences between the four groups calculated using the indicated statistical tests. Level of significance was set at p 0.05 (bold).

Table 2. Risk of 6- and 11-year disability progression.
Spinal cord lesions

Baseline lesions

New lesions after 2 years

OR

95% CI

EDSS progression—Y6
EDSS-plus progression—Y6
EDSS progression—Y11
EDSS-plus progression—Y11

3.6
2.5
2.8
1.3

1.42–9.03
1.10–5.47
1.02–7.51
0.46–3.77

Infratentorial lesions

Baseline lesions

EDSS progression—Y6
EDSS-plus progression—Y6
EDSS progression—Y11
EDSS-plus progression—Y11

p value

OR

95% CI

p value

0.007
0.028
0.047
0.605

1.09
1.18
1.07
1.17

0.50–2.40
0.53–2.60
0.42–2.76
0.40–3.41

0.82
0.69
0.89
0.77

New lesions after 2 years

OR

95% CI

0.7
0.7
0.4
0.7

0.32–1.35
0.34–1.54
0.18–1.07
0.26–1.72

p value

OR

95% CI

p value

0.256
0.345
0.069
0.400

1.84
1.44
1.61
1.58

0.81–4.22
0.62–3.35
0.58–4.45
0.48–5.21

0.15
0.39
0.67
0.46

CI: confidence interval; EDSS: Expanded Disability Status Scale; FU: follow-up; OR: odds ratio; Y: year.
Table 2 shows the risk (in odds ratios) to encounter the different outcome measures for patients with baseline spinal cord lesions compared to patients without
spinal cord lesions (upper panel), and baseline infratentorial compared to no infratentorial lesions (lower panel).
All regression analyses were corrected for T2 supratentorial lesions at baseline and the use of disease-modifying treatment (DMT) until follow-up. Level of
significance was set at p 0.05 (bold).
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Table 3. Risk of 6- and 11-year disability progression for combination of infratentorial and spinal cord lesions.
Both IT + SC versus only SC lesions

Baseline lesions
OR

EDSS progression—Y6
EDSS-plus progression—Y6
EDSS progression—Y11
EDSS-plus progression—Y11
Both IT + SC versus only IT lesions

EDSS progression—Y6
EDSS-plus progression—Y6
EDSS progression—Y11
EDSS-plus progression—Y11

0.60
0.52
0.72
1.02

New lesions after 2 years

95% CI

p value

OR

95% CI

p value

0.26–1.35
0.21–1.28
0.25–2.11
0.32–3.29

0.22
0.16
0.55
0.97

1.0
1.1
0.3
0.2

0.28–3.38
0.12–3.94
0.06–1.85
0.03–1.65

0.96
0.87
0.21
0.15

Baseline lesions

New lesions after 2 years

OR

95% CI

p value

OR

95% CI

p value

4.3
2.1
17.6
2.8

0.82–22.19
0.56–7.71
1.76–176.03
0.60–13.04

0.084
0.27
0.015
0.19

0.6
0.9
0.17
0.07

0.15–2.25
0.22–3.48
0.03–1.04
0.005–1.083

0.43
0.85
0.055
0.057

CI: confidence interval; IT: infratentorial; OR: odds ratio; SC: spinal cord; FU: follow-up; Y: year; EDSS: Expanded Disability
Status Scale.
Table 3 shows the risk of disability progression (EDSS or EDSS-plus) comparing patients with a combination of infratentorial and
spinal cord lesions to patients with only spinal cord lesions (upper panel) and to patients with only infratentorial lesions (lower
panel). The left panel is based on the presence of lesions on the baseline MRI, the right panel is based on new lesions developed in
the first 2 years after baseline. Level of significance was set at p 0.05 (bold).

showed a higher risk of 11-year EDSS progression
than patients with only infratentorial lesions(OR:
17.6; CI: 1.8–176.0, p = 0.015) (Table 3).
In case the reference group was the group without
infratentorial nor spinal cord lesions, only the group
with solely spinal cord lesions had a significant higher
risk of disability after 6 (OR: 3.9; CI: 1.27–12.15, p =
0.018) and 11 years (OR: 3.6; CI: 1.26–10.15, p =
0.017). The group with only infratentorial lesions
showed a lower risk of EDSS progression after 11 years
(OR: 0.07; CI: 0.01–0.65, p = 0.020) (see Supplementary
Table 1, middle panel with baseline data).

New disease activity in the first 2 years after
baseline
The year 2 MRI scan and 6-year FU were completed
by 135 patients, 45 patients (33.3%) had new spinal
cord lesions and 37 patients (27.4%) had new infratentorial lesions, 18 (11.6%) of these patients had a combination of new infratentorial and new spinal cord
lesions, 27 (17.4%) only new spinal cord lesions, and
20 (12.9%) only new infratentorial lesions. Most
patients with new infratentorial or new spinal cord
lesions already had infratentorial and/or spinal cord
lesions at baseline. Of the 45 patients with new spinal
cord lesions, 23 patients had both infratentorial and
spinal cord lesions at baseline, 17 patients had only
spinal cord lesions at baseline, 1 patient only had

journals.sagepub.com/home/msj

baseline infratentorial lesions, and 4 patients had no
infratentorial nor spinal cord lesions at baseline and.
Of the 37 patients with new infratentorial lesions, 21
patients had a combination of baseline infratentorial
and spinal cord lesions, 3 patients had only infratentorial lesions at baseline, 10 patients had baseline spinal
cord lesions only, and 3 patients did not have baseline
infratentorial or spinal cord lesions.
Patients with both new infratentorial and new spinal
cord lesions did not differ regarding the risk of disability progression compared to patients with only spinal cord lesions (Table 3) but showed a trend toward a
lower risk of disability progression after 11 years
compared to patients with only new infratentorial
lesions. Also, having patients without new infratentorial nor new spinal cord lesions as a reference, only
patients with solely new infratentorial lesions had a
(trend towards a) higher risk of disability progression
(Supplementary Table 1).

Discussion
Infratentorial and spinal cord lesions are important to
diagnose MS7 and play an essential role in predicting disability outcome.16–22 In this longitudinal cohort study, we
determined whether the presence of infratentorial and
spinal cord lesions are a cumulative predictor for disability progression (measured by EDSS and EDSS-plus)
after 6 and 11 years, which has not been explored before.
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Although we hypothesized that infratentorial and spinal cord lesions would be cumulative predictors for
disability progression, surprisingly, the combination
of lesions in both locations did not unquestionably
reveal to be a better predictor of disability progression
than spinal cord lesions or infratentorial lesions alone.
However, the presence of early spinal cord lesions
was an important risk of disability progression. In
contrast, the presence of early infratentorial lesions
did not predict disability progression, but for patients
with new infratentorial lesions after 2 years, a trend
was seen for higher risk of disability progression
compared to patients with a combination of new
infratentorial and new spinal cord lesions or patients
without new infratentorial and spinal cord lesions.
The risk of disability progression for spinal cord and
infratentorial lesions was analyzed individually and in
combination. Patients with baseline spinal cord
lesions, regardless of the presence of infratentorial
lesions, had a higher risk of disability progression
than patients without spinal cord lesions, which is
also the case for patients with only spinal cord lesions
(without infratentorial lesions) compared to patients
without infratentorial nor spinal cord lesions. In general, studies determining the predictive value of spinal cord lesions on disability show that patients with
spinal cord lesions have a higher risk of disability progression than patients without spinal cord lesi
ons.16–19,21,26 In clinically isolated syndrome (CIS)
patients, from the same cohort as this study, patients
with spinal cord lesions converted significantly earlier to CDMS than patients without spinal cord
lesions,21 and patients with optic neuritis with both
infratentorial and spinal cord lesions also showed a
higher risk of disability progression. Considering cervical or thoracic spinal cord lesions separately, this
did not result in a difference in risk of disability compared to patients without cervical or thoracic spinal
cord lesions, respectively. Besides the relevance for
diagnosis,3 these results also underscore the importance of (full-length) spinal cord imaging for the
development of future disability.
Nonetheless, new spinal cord lesions developing in
the first 2 years were not a predictor for disability progression, most likely because many patients with spinal cord lesions at baseline did not develop new spinal
cord lesions during the first 2 years. However, these
patients were part of the reference group and were
shown to have a higher risk of disability progression
already from baseline on. New spinal cord lesions
provide unclear prognostic relevance of obtaining a
new spinal cord MRI in absence of symptoms. This is
in line with recent expert panel guidelines stating that
8

current scientific data do not justify FU spinal cord
MRI on regular basis for prognostic and monitoring
purposes.3,4
Surprisingly, baseline infratentorial lesions were not a
clear predictor for disability progression and the presence of infratentorial lesions even indicated a lower
risk of 11-year EDSS progression. In contrast to the
unexpected findings regarding baseline infratentorial
lesions, new infratentorial lesions after 2 years
showed a trend for an increased risk of disability progression on both EDSS and EDSS-plus after 11 years
compared to patients without new lesions
(Supplementary Table) or a combination of new
infratentorial and spinal cord lesions (Table 3).
Considering previous studies, one would expect that
baseline infratentorial lesions would be found as predictors for disability 20,22,27 or disability progression.17
However, the low number of patients with only
infratentorial lesions possibly explains the contrary
findings in our study. Perhaps, new infratentorial
lesions could overrule compensatory mechanisms
that were initially strong enough to mask clinical
symptoms. Another plausible explanation could be
that spinal cord lesions are the dominant factor in
determining the risk of disability. Due to the salience
of the spinal cord tracts, one might imagine that
lesions herein will more easily affect important pathways without compensatory possibilities of neighboring areas than infratentorial lesions; imaginably,
spinal cord lesions early in the disease might reflect a
more direct risk of disability, while infratentorial
lesions after 2 years raise this risk of disability
progression.
Lesion location within the infratentorial area (brainstem or cerebellum) did not show differences in the
risk of disability progression in our study but has been
shown to be of distinctive predictive relevance of disability outcome in a previous study, with brainstem
lesions resulting in a higher risk of disability progression than lesions in the cerebellum.22 A possible
explanation for the different results in our study compared to previous studies could have been patient
selection, for example, patients with optic neuritis as
initial presenting symptom17 who are thought to have
a more favorable disease course.28 Differences in outcome could also be attributed to lower field strengths
at the time, in combination with a low number of
patients.20
The combination of infratentorial and spinal cord
lesions at baseline did not seem to be a better predictor than spinal cord lesions alone, possibly
because spinal cord lesions in itself were already
journals.sagepub.com/home/msj
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good predictors of disability progression. The combination of infratentorial and spinal cord lesions
showed a higher risk of 11-year disability progression compared to only infratentorial lesions, but the
value of these results is debatable. This result could
be an effect of the low risk of disability progression
seen in the individual analysis for infratentorial
lesions combined with the strong predictive value of
the spinal cord lesions separately. Moreover, the
low number of patients showing disability progression after 11 years in the group with only infratentorial lesions make these results debatable as well.
Besides, a combination of new infratentorial and
spinal cord lesions even resulted in a lower risk of
long-term disability progression than patients with
only infratentorial lesions. This suggests that the
development of new lesions in this area, even more
than lesions at baseline, is important in respect to
future disability, while spinal cord lesions at baseline were more important predictors than new developing spinal cord lesions.
Although the combination of infratentorial and spinal
cord lesions was not compared to these locations individually before, two other studies evaluated infratentorial as well as spinal cord lesions in isolation, but
not their cumulative value.16,17 Despite the differences
in terms of study design and patient selection, in these
studies, new infratentorial or spinal cord lesions
resulted in a higher risk of medium-term disability.16,17 Moreover, the presence of baseline spinal cord
lesions only predicted medium-term disability progression in the optic neuritis cohort.17
Despite a long FU and a well-documented cohort,
some limitations should be mentioned. The unexpected trend toward a lower risk of 11-year disability
for patients with infratentorial lesions could be due
to loosing FU of patients with higher disability,
although the patients who were lost during FU did
not differ on baseline characters. Subsequently, subdivision of patients into four smaller groups might
have resulted in a loss of power to find statistical
differences; moreover, the patients without spinal
cord lesions nor infratentorial lesions have a high
baseline EDSS and high percentage showed disability progression. Larger cohort studies with long(er)
FU are necessary to further explore the role of early
infratentorial and spinal cord lesions on disability
progression, especially long-term disability progression. Also, connectivity and atrophy of cerebellum,
brainstem,29,30 and spinal cord19,31 might have been
interesting to examine in relation to disability progression, but unfortunately this was not possible
using data from this cohort.
journals.sagepub.com/home/msj

Conclusion
The presence of spinal cord lesions close to symptom
onset appears to be a dominant predictor of disability
progression, and new developing infratentorial lesions
showed a trend to higher risk of long-term disability
progression. The presence of simultaneous infratentorial and spinal cord lesions does not seem to result in
an undisputedly worse outcome on disability progression compared to patients with only infratentorial
lesions or only spinal cord lesions.
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