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Demyelinating events in early multiple

sclerosis have inherent severity

and recovery
0

ABSTRACT

Background: It is unclear whether the severity of and recovery from the initial demyelinating event
(IDE) are recapitulated in subsequent multiple sclerosis (MS) relapses. We sought to identify the
factors associated with relapse severity and recovery and to evaluate whether events have inher-
ent severity or recovery.

Methods: Patients seen at the UCSF MS Clinic within 1 year of disease onset were identified from
a prospective database. Ordinal logistic regression was used to analyze predictors of three-level
categorizations of event severity and recovery.

Results: We identified 330 patients with MS or clinically isolated syndrome; 152 had a second
event and 63 had a third event. Nonwhite and younger patients were at an increased risk of more
severe demyelinating events. A severe prior event predicted a substantial increase in the odds of
being above any given severity cutoff for a severe subsequent event (for second event severity,
odds ratio [OR] = 5.62, 95% confidence interval [Cl] [2.39, 13.26], p < 0.0001; for third event
severity, OR = 6.74, 95% Cl [1.67, 27.18], p = 0.007). Similarly, poor recovery of the IDE
predicted poor second event recovery (OR = 5.28, 95% CI [1.95, 14.25], p = 0.001), while fair
or poor second event recovery predicted about a 5- or 13-fold increase in the odds of poor third
event recovery. A more severe event also predicted a substantial increase in the odds of poor
recovery.

Conclusions: Patients with severe presentation and poor recovery at disease onset continue on a
similar trajectory with subsequent demyelinating events. Whether genetic or other biologic fac-
tors are responsible for this pattern remains to be determined. Neurology® 2009;72:602-608

GLOSSARY

BS/CE = brainstem/cerebellum; Cl = confidence interval; CIS = clinically isolated syndrome; DMT = disease-modifying
therapy; EDSS = Expanded Disability Status Scale; FS = Functional Systems; IDE = initial demyelinating event; MS =
multiple sclerosis; NJ/A = not applicable; OR = odds ratio; RRMS = relapsing-remitting multiple sclerosis; VA = visual acuity.

The significant variability in the severity of and recovery from demyelinating events in
relapsing-remitting multiple sclerosis (RRMS) reflects patients’ heterogeneity."? The clinical
determinants of event severity and recovery are poorly understood, and accumulation of resid-
ual disability due to incomplete relapse recovery remains largely unpredictable. Initial demyelinat-
ing event (IDE) severity and recovery may be important predictors for both short-and long-term
disability (i.e., long-term prognosis may be determined very early in the disease process).!*”

A few authors reported that IDE severity is the most significant predictor of IDE recovery,
but polyregional or polysymptomatic onset, onset location, and age may also be impor-
tant.”'®!" Predictors of event severity in early MS, other predictors of IDE recovery, and
predictors of subsequent event recovery have not been studied. Furthermore, it is unknown if a
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given patient has an inherent tendency to de-
velop clinical demyelinating events of similar
severity and recovery.

In this prospective cohort study, we sought
to identify clinical factors associated with the
severity and recovery of early clinical events in
MS. In addition, we evaluated whether an
event’s severity and recovery are associated with
the severity and recovery of subsequent events.

METHODS This project was approved by the UCSF Com-
mittee on Human Research. Clinical and demographic informa-
tion for all patients seen at the UCSF MS Center is entered into
a Microsoft SQL server database (retrospectively at the first visit
and prospectively for subsequent visits).'*!> Routine follow-up
visits typically occur every 6 months; unscheduled visits occur if
a patient has an exacerbation. We queried the database for all
patients with clinically isolated syndrome (CIS) and RRMS seen
within the first year of disease onset between January 2000 and
June 2007." We included only patients seen early after disease
onset since accumulated disability and frequent symptom fluctu-
ations may preclude accurate relapse characterization later in the
disease course.

Patients were divided into two groups to analyze the effects
of race/ethnicity: white, non-Hispanic (hereafter referred to as
white) and nonwhite (all others). Demyelinating events were
new or recurring neurologic symptoms referable to the CNS last-
ing for at least 48 hours after a remission of 30 days or more since
the previous event. Pseudoexacerbations were excluded. Based
on clinical history and examination, each patient’s relapses were
coded as occurring in the spinal cord, brainstem/cerebellum, op-
tic nerve, or cerebrum. An event was considered polyregional if it
involved at least two of these locations. A patient was considered
as being on disease-modifying therapy (DMT) if he or she had at
least 90 days of continuous treatment, since it is thought that
there is a lag between initiation of therapy and the onset of ther-
apeutic effectiveness.!*!®

The severity of and recovery from the IDE was determined
by trained individuals (S.D., E.M.) based on definitions derived
from previous publications.'*!1¢17 Mild IDE severity was de-
fined as Functional Systems (FS) scores of 0 to 1 in one to three
ESs or visual acuity (VA) better than or equal to 20/40, Ex-
panded Disability Status Scale (EDSS) score range of 0 to 1.5
inclusive; moderate severity was defined as a score of 2 in one or
two ESs or four or more scores of 1 or VA of 20/50 to 20/190,
EDSS score of 2.0 to 2.5 inclusive; relapses exceeding prior crite-
ria were considered severe. Recovery was scored using the lowest
EDSS and FS scores reported between 2 and 12 months after the
attack. IDE recovery was considered complete (no residual com-
plaint, normal follow-up examination, all FS scores = 0,
follow-up EDSS score = 0), fair (residual subjective complaint
that does not impair activity, or at least one FS score of 1 at most
or VA better or equal to 20/40, follow-up EDSS score = 1.0 to
1.5), or poor (at least one FS score of 2 or more or VA of 20/50
or worse, follow-up EDSS score 2.0 or greater).

For second and third events, severity was scored the same
way as for the IDE if the pre-event EDSS was 0; if the pre-event
EDSS was >0, the severity was defined as mild (EDSS increase
by 0.5 point, or 1 point change in up to three FS scores), moder-

ate (EDSS increase by 1 or 2 points, or 2 points change in up to

two ES, or 1 point change in four or more FS), or severe (exceed-
ing prior criteria).

Recovery from the second or third event was defined as com-
plete if no residual signs or symptoms remained above those
present before the attack, fair if EDSS increased by up to 1 point or
if there was an increase of 1 point on one or two FS (residual subjec-
tive complaint or new residual finding compared to baseline that
does not impair activity), or poor if exceeding prior criteria.

Potential predictors of severity and recovery of all events in-
cluded sex, race/ethnicity, age at onset, event location, and ab-
normal (at least one T2-weighted hyperintensity) vs normal
baseline brain MRI. There were not enough cerebral second or
third events to provide useful analyses. Monoregional vs polyre-
gional event status was evaluated for an association with event
recovery. The severity of the preceding event was used to predict
that event’s recovery as well as the subsequent event’s severity.
Preceding event recovery was used to predict subsequent event
recovery. DMT use was added as a predictor of severity and
recovery of second and third events. Multivariate models were
generated to evaluate potential confounding. Because event se-
verity is to some extent collinear by definition with monore-
gional vs polyregional status, the multivariate models for

recovery included only severity as a predictor.

Statistics. Statistical analyses were performed by Barbara
Grimes, PhD, and Peter Bacchetti, PhD, University of Califor-
nia, San Francisco. Appropriate summary statistics were used to
describe categorical and continuous variables. Since severity and
recovery were measured on an ordered, three-level scale, ordinal
logistic regression was used. This method assumes a common
odds ratio (OR) for each predictor’s association with both severe
vs mild or moderate severity and severe or moderate vs mild
severity; similar assumptions were made for recovery (the pro-
portional odds assumption). When there was evidence against
this assumption, we dichotomized the outcome and performed
logistic regression. For the severity analyses, the dichotomized
outcome was severe/moderate vs mild events. Violations oc-
curred for univariate predictors of IDE (brainstem/cerebellar or
optic nerve involvement), second event (spinal cord symptoms),
and third event (nonwhite race/ethnicity, brainstem/cerebellar
or optic nerve symptoms) severity as well as for the IDE and
third event multivariate models. For the recovery analyses, the
dichotomized outcome was poor/fair vs complete recovery. It
was required for univariate analyses for IDE (gender, IDE sever-
ity, brainstem/cerebellar, or spinal cord symptoms) and second
event (disease-modifying therapy) recovery as well as for the

multivariate model of IDE recovery.

RESULTS Patient and event characteristics. We
identified 330 patients (224 women) seen at the
UCSF MS Center within a year of the first MS
symptoms; mean follow-up was 759 * 575 days
(median 633 days, range 23-2,692 days). The mean
age at IDE onset was 34 = 12 years. A total of 267
(81%) patients were white; the remaining patients
were African American (21), Asian (15), Hispanic or
Latino (14), Native American (1), or unknown (12).
At onset, 301 (93%) of the 323 patients who had
available imaging had an abnormal brain MRI.

A total of 153 (46%) patients received high dose
IV steroids for the IDE, and DMT was initiated in
54% of patients (n = 178) during the entire
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Table 1

Locations, severity, and recovery of first, second, and third

demyelinating events

Event characteristic
Location, n (%)*

Spinal cord

Brainstem/cerebellum

Optic nerve
Cerebrum
Severity, n (%)
Mild
Moderate
Severe
Recovery, n (%)*
Complete
Fair

Poor

604

First event Second event Third event
(h=330) (h=152) (h=63)
175(53) 98 (65) 45(71)
110(33) 50(33) 21(33)
86 (26) 25(16) 10(16)
10(3) 0 0
134 (41) 73(48) 36 (57)
139(42) 58(38) 21(33)
57(17) 21(14) 6(10)
150 (46) 84 (55) 26 (41)
118(37) 52(34) 24 (38)
54(17) 11(7) 6(10)

*Total does not add up to 100% since some patients had multiple sites affected.
*Could not be calculated for a few individuals.

follow-up period (Avonex 29%, Rebif 10%, Copax-
one 8%, Betaseron 6%, other 1%). Only 36 patients
(24%) who had a second event initiated DMT before
it occurred; 35 patients (56%) who had a third event
initiated DMT beforehand. A second clinical event
was experienced by 46% (n = 152); 19% (n = 63)
experienced a third. The severity, recovery, and loca-

tions of events are presented in table 1. Events were

polyregional in 48 (15%) of first, 20 (13%) of sec-
ond, and 13 (21%) of third relapses.

Factors associated with event severity. Univariate anal-
yses. Nonwhite and younger patients had a higher
odds of experiencing more severe first, second, and
third events (table 2). The associations of race and age
with third event severity had wide confidence intervals,
reflecting the smaller number of subjects. Treatment
with DMT prior to the second or third event was not
meaningfully associated with severity (table 2).

A more severe preceding event was associated
with a substantial increase in the odds of a more se-
vere second or third event, with a more than three-
fold increase in the odds if the first event was
moderate compared to mild and a greater than five-
to sixfold increase in the odds if the preceding event
was severe compared to mild (table 2). Poor recovery
of the prior event predicted substantially increased
odds of a more severe subsequent event (table 2).

Multivariate analyses. In the multivariate analysis
evaluating predictors of IDE severity, which in-
cluded age, location, and race, there were not sub-
stantial changes from the univariate analyses except
that optic neuritis was more likely to be associated
with IDE severity, whereas spinal cord onset did not
seem to meaningfully predict severity (table 3).

The multivariate model for second event severity
included age, race, location, IDE severity and recov-
ery, and DMT. The results were not meaningfully dif-

Table 2 Predictors (univariate) of increased first, second, and third event severity

First event Second event Third event
Predictor OR 95% ClI P OR 95% CI P OR 95% CI P
Nonwhite 1.79 1.07,3.00 0.027 285 1.37,5.93 0.005 1.75 0.57,5.37 0.33
race/ethnicity
Age (10-year 132 1.10,1.56 0.003 154 1.15,204 0.004 1.25 0.78,1.96 0.36
decrease)
Spinal cord 0.46 0.30,0.69 0.0002 046 0.24,0.89 0.021 0.68 0.24,1.98 0.48
BS/CE 448 2.60,7.71 <0.0001 2.01 1.05,3.83 0.034 142 0.51,3.92 0.50
Optic nerve 0.99 0.60,1.64 0.98 122 0.54,274 0.63 0.80 0.23,2.77 0.72
Cerebrum* 7.67 217,27.13 0.002 N/A N/A N/A N/A N/A N/A
Prior event severity N/A N/A N/A 3.04 1.48,6.21 0.002 3.87 1.18,12.68 0.026
(moderate vs mild)
Prior event severity  N/A N/A N/A 562 2391326 <0.0001 6.74 1.67,27.18 0.007
(severe vs mild)
Prior event N/A N/A N/A 065 0.33,1.28 0.22 1.31 0.44,3.92 0.63
recovery (fair vs
complete)
Prior event N/A N/A N/A 229 0.91,581 0.080 1538 2.19,108.20 0.006
recovery (poor vs
complete)
DMT before event N/A N/A N/A 091 0.44,1.85 0.79 0.62 0.23,1.64 0.33

*There were not enough second or third events in the cerebrum to generate an odds ratio.
OR = odds ratio; Cl = confidence interval; BS/CE = brainstem/cerebellum; N/A = not applicable; DMT = disease-modifying

therapy.
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Table 3

Multivariate predictors of increased first, second, and third event severity

First event Second event Third event
Predictor OR 95% Cl P OR 95% CI P OR 95% ClI P
Nonwhite 1.59 0.85,2.99 0.15 2.05 0.92,4.59 0.081 118 0.23,6.00 0.84
race/ethnicity
Age (10-year 1.27 1.02,1.56 0.034 114 0.83,1.56 0.43 1.30 0.63,2.70 0.47
decrease)
Spinal cord 1.67 0.71,391 0.24 140 0.50,3.95 0.52 0.82 0.11,6.08 0.85
BS/CE 7.13 2.96,17.18 <0.0001 246 0.97,6.22 0.057 117 0.19,7.16 0.87
Optic nerve 2.05 0.89, 4.68 0.090 141 0.43,4.66 0.57 1.56 0.14,1780 0.72
Cerebrum* 1299 1.33,126.76 0.027 N/A N/A N/A N/A N/A N/A
Prior event severity N/A N/A N/A 275 1.24,6.11 0.013 324 0.72,1467 0.13
(moderate vs mild)
Prior event severity N/A N/A N/A 474 1.79,1256 0.002 2.89 0.42,19.92 0.28
(severe vs mild)
Prior event N/A N/A N/A 0.56 0.26,1.19 0.13 0.94 0.24,3.63 0.93
recovery (fair vs
complete)
Prior event N/A N/A N/A 135 0.49,3.75 0.56 N/A N/A N/A
recovery (poor vs
complete)
DMT before event N/A N/A N/A 097 043,218 0.93 0.69 0.19,2.49 0.57

“There were not enough second or third events in the cerebrum to generate an odds ratio.
OR = odds ratio; Cl = confidence interval; BS/CE = brainstem/cerebellum; N/A = not applicable; DMT = disease-modifying

therapy.

ferent than in the univariate analyses for nonwhite race,
optic nerve or brainstem/cerebellar involvement, IDE
severity, fair vs complete IDE recovery, and DMT
(table 3), but there was an attenuation of the association
of age and of poor vs complete IDE recovery with sec-
ond event severity. Spinal cord involvement of the sec-
ond event did not appear to be meaningfully associated
with the event’s severity (table 3).

The multivariate model for third event severity
included age, race, location, second event severity
and recovery, and DMT. The measures of associa-
tion for race, age, location, and DMT were similar to
those in the univariate analyses. There was still a large
OR for a more severe third event if the prior event
was moderate (OR = 3.24, 95% confidence interval
[CI] [0.72, 14.67], p = 0.13) or severe (OR = 2.89,
95% CI [0.42, 19.92], p = 0.28) vs mild. The OR
associated with fair vs complete second event recov-
ery was not meaningfully different than in the uni-
variate analysis but due to small numbers, an
estimate could not be obtained for poor vs complete
second event recovery.

Factors associated with event recovery. Univariate analyses.
The most important predictors of relapse recovery
were the concurrent event severity and the degree of
recovery from the prior event (table 4). A moderate
vs mild event was associated with a two- to threefold
increase in the odds of poorer recovery of the first,
second, and third events, while a severe vs mild event
was associated with a 4- to 17-fold increase in the

odds of worse recovery, although the Cls surrounding the
ORs for the second and third events are wide due to
the lower number of patients who had them (table 1).

Multivariate analyses. In the multivariate model for
IDE recovery, which included age, race, event loca-
tion, and IDE severity, IDE severity remained a
strong predictor of worse recovery (OR for moderate
vs mild severity = 2.38, 95% CI [1.38, 4.07], p =
0.002; OR for severe vs mild IDE = 5.08, 95% CI
[2.42, 10.69], p < 0.0001) (table 5). Increased age
was weakly associated with a worse recovery; non-
white race remained an apparently unimportant pre-
dictor. IDE onset in the spinal cord, but not other
locations, was associated with poorer recovery (OR =
2.85,95% CI [1.30, 6.28], p = 0.009).

The multivariate model for second event recovery
included age, race/ethnicity, location, DMT, IDE re-
covery, and second event severity (table 5). The se-
verity of the second relapse was an even stronger
predictor of poor recovery than in the univariate
analyses (OR for moderate vs mild event = 5.44,
95% CI [2.35, 12.59], p < 0.0001; OR for severe vs
mild event = 9.21, 95% CI [2.99, 28.40], p =
0.0001). The ORs associated with age, IDE recovery,
location, DMT, and race/ethnicity did not substantially
differ from those obtained in the univariate models.

The multivariate model for third event recovery
included age, race/ethnicity, location, DMT, second
event recovery, and third event severity. Only the
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Table 4

Predictor

Nonwhite
race/ethnicity

Age (10-year
increase)

Polyregional vs
monoregional event

Spinal cord
BS/CE
Optic nerve
Cerebrum*

Event severity
(moderate vs mild)

Event severity
(severe vs mild)

Prior event
recovery (fair vs
complete)

Prior event
recovery (poor vs
complete)

DMT before event

*There were not enough second or third events in the cerebrum to generate an odds ratio.
OR = odds ratio; Cl = confidence interval; BS/CE = brainstem/cerebellum; N/A = not applicable; DMT = disease-modifying

therapy.

latter two predictors appeared to be meaningful, but
the Cls surrounding the ORs were large (table 5).
Age, location, and nonwhite race did not appear to

Predictors (univariate) of poorer first, second, and third event recovery

First event Second event Third event

OR 95% Cl p OR 95% ClI p OR 95% Cl p
117 0.69,1.98 0.56 153 0.72,3.28 0.27 2.35 0.75,7.40 0.144
111 093,134 0.25 112 0.83,1.50 0.46 1.15 0.73,1.82 0.55
209 117,375 0.013 0.85 0.33,2.18 0.73 0.55 0.13,2.28 0.41
150 097,234 0.069 1.34 0.68,2.63 0.39 0.58 0.20,1.71 0.32
097 061,154 0.88 0.61 0.30,1.23 0.17 111 0.38,3.25 0.85
0.97 061,155 0.90 126 054,291 0.59 1.09 0.28,4.25 0.90
279 0.87,8.99 0.086 N/A N/A N/A N/A N/A N/A
208 1.27,3.38 0.003 351 168,7.36 0.0009 292 0.93,9.17 0.067
4.07 2.05,8.09 <0.0001 7.61 2.78,20.82 <0.0001 1756 237,130.18 0.005
N/A N/A N/A 0.94 0.46,1.93 0.87 4.92 1.53,15.82 0.008
N/A N/A N/A 528 195,14.25 0.001 1293 1.51,11065 0.019
N/A N/A N/A 115 0.53,2.50 0.73 1.53 0.55,4.24 0.41

substantially impact recovery. There was a trend for
DMT to be associated with a worse recovery (OR =
2.54, 95% CI [0.65, 9.88], p = 0.18).

Table 5

Predictor

Nonwhite
race/ethnicity

Age (10-year
increase)

Spinal cord
BS/CE
Optic nerve
Cerebrum®

Event severity
(moderate vs mild)

Event severity
(severe vs mild)

Prior event
recovery (fair vs
complete)

Prior event
recovery (poor vs
complete)

DMT before event

*There were not enough second or third events in the cerebrum to generate an odds ratio.
OR = odds ratio; Cl = confidence interval; BS/CE = brainstem/cerebellum; N/A = not applicable; DMT = disease-modifying

therapy.

Multivariate predictors of poorer first, second, and third event recovery

First event Second event Third event

OR 95% ClI p OR 95% ClI p OR 95% ClI p
1.03 0.55,191 0.93 1.08 0.44,2.68 0.87 1.09 0.20,5.91 0.92
1.18 0.95,1.46 0.13 1.40 0.99,1.97 0.058 131 0.66,2.63 0.44
285 1.30,6.28 0.009 118 0.37,3.73 0.78 0.75 0.10,5.68 0.78
151 0.68,3.32 0.31 049 017,138 0.18 1.70 0.22,13.33 0.61
150 0.70,3.19 0.30 126 0.35,4.58 0.72 0.49 0.04,5.83 0.57
211 0.45,10.01 0.35 N/A N/A N/A N/A N/A N/A
2.38 1.38,4.07 0.002 544 235,1259 <0.0001 3.23 0.78,13.40 0.11
508 242,1069 <0.0001 921 2992840 0.0001 60.58 3.73,984.97 0.004
N/A N/A N/A 1.20 0.54,2.69 0.66 7.60 1.85,31.22 0.005
N/A N/A N/A 494 1.70,14.35 0.003 6.74 0.59,76.47 0.12
N/A N/A N/A 1.08 0.44,2.68 0.87 2.54 0.65,9.88 0.18
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DISCUSSION Our finding that individuals with
MS inherently experience relatively similar severity
of and recovery from relapses over time early in the
disease course substantiates the concept that at the
individual level, patients with MS may have prede-
termined disease features. This notion is supported
by our previous reports that a given patient with
RRMS is likely to have consecutive relapses in the
same location within the nervous system and that
there may be pathologic homogeneity within, but
not between, individuals with MS.'>'¢18 \Whether
stereotyped severity, recovery, and location of exacer-
bations is explained by genetic polymorphisms or
other underlying biologic processes remains to be
determined.

Since poor recovery from early events predicts a
worse long-term MS prognosis, interventions that
modify this tendency toward more severe relapses
with poor recovery are needed.!?>”? Incomplete re-
covery may result from a more severe initial injury,
such as axonal damage," or from limited repair pro-
cesses. Studying relapse severity and recovery as sec-
ondary outcome measures in trials of neuroprotective
agents may give insight into the responsible mecha-
nisms. Whether current DMTs modify relapse sever-
ity or recovery is uncertain. DMT reduced the
annual rate of moderate and severe exacerbations in
one study.?® Here, DMT did not seem to attenuate
relapse severity or recovery, although many patients
did not receive treatment prior to the second or third
attack. Also, this was not a randomized study, so pa-
tients who received DMT may have been different
from those who did not.

In previous studies, African Americans had more
rapid disease progression or were more likely to be
disabled than were Caucasians, suggesting that the
long-term course of MS may be more aggressive in
the former group, although predictors of such out-
comes have not been fully characterized.?'* Here,
we demonstrate that nonwhite race/ethnicity was as-
sociated with a higher odds of more severe demyeli-
nating events. We report elsewhere that nonwhites
have a twofold increase of the risk of an early sec-
ond demyelinating event.” It is less clear if non-
white race is predictive of poor recovery from
Extended
follow-up of the cohort will help further define the

events since the Cls are so wide.

long-term outcomes of this heterogeneous group
of nonwhite patients.

This study confirms previous reports that poor
recovery of a first MS event is associated with severe
presentation and polyregional onset.”'*!! We expand
these findings by showing that the severity of the
second and third events also predicts their recovery.
Younger patients appeared more likely to have a

more severe IDE, and there was a trend for younger
patients to experience better recovery of the first and
second events. These results should be confirmed in a
larger cohort. If the differential effect of age exists,
perhaps younger patients have attacks associated with
more edema such that symptoms are worse at their
peak but also resolve more completely as the edema
subsides. Younger patients may also have more plas-
ticity and therefore better repair. The effect of loca-
tion, as evidenced in the multivariate models, was
complex and requires further study in a larger cohort.
Onset in the spinal cord did not appear to meaning-
fully influence relapse severity but was predictive of
poor recovery of the IDE. Conversely, onset in the
other three locations was associated with increased
severity of the IDE (with a trend for the same when
the second event involved the brainstem/cerebellum)
but did not seem to meaningfully predict recovery.
These data suggest that inflammation and repair pro-
cesses are different in some CNS locations.

There are some limitations to our study. Those
who were determining severity and recovery of at-
tacks were not blinded to the assignations for previ-
ous attacks. While this could raise questions of
whether misclassification bias was introduced, the
fact that rigid definitions based on objective exami-
nation findings were used makes it unlikely. We used
2 to 12 months as the postexacerbation time interval
in which we measured recovery, which may generate
concern that some patients whose recovery was doc-
umented early in this period may have experienced
continued recovery later in the interval that was not
captured in this analysis. However, one study dem-
onstrated that the proportion of individuals who had
incomplete recovery after a relapse did not change
when recovery was measured 30 to 59, 60 to 89, or
90 or more days after the exacerbation.?® These data
suggest that there is little meaningful change in re-
covery over time when it is measured beyond 30 days
postrelapse. Our definitions of severity imply that
milder events are less likely to be followed by poor
recovery. While the EDSS scales are nonlinear, po-
tentially limiting the scoring of severity and recovery,
this cannot explain the within-patient tendency to
experience similar severity or recovery for their first
three MS exacerbations. The sample sizes for the sec-
ond and particularly the third event are small, result-
ing in widened Cls for predictors of these events’
severity and recovery. However, for the main predic-
tors of interest, the point estimates were generally in
the same direction as for the IDE model, and most of
the wider Cls were similar to or encompassed those
of the IDE models, indicating biologic consistency
that bolsters the credibility of the findings. Finally,
long-term outcomes and CNS imaging with quanti-
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tative measures of injury and repair are not available
for this cohort but could add to our understanding of
the pathophysiologic processes at play.

Patients with a more severe presentation and poor
recovery at MS onset have an inherent tendency to
continue on a similar trajectory for subsequent
events. It is unclear if earlier or more aggressive treat-
ment in patients with such poor short-term progno-
sis limits the long-term accrual of disability. We are
currently investigating if specific genetic polymor-
phisms are associated with severity of and recovery
from demyelinating events.
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