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Abbreviations

ADEM acute disseminated encephalomyelitis

BICAMS Brief International Cognitive Assessment for
MS

BNBC  Brief Neuropsychological Battery for Children

BVMTR Brief Visual Memory Test-Revised

CI cognitive impairment

HCs healthy controls

HRQoL Health-Related Quality of Life

MUSIC Multiple Sclerosis Inventory of Cognition

MUSICADO Multiple Sclerosis Inventory of Cognition

for Adolescents

MS multiple sclerosis

PedsQL™ 4.0 Pediatric Quality of Life Inventory™
version 4.0

POMS  pediatric-onset multiple sclerosis

ROF Rey-Osterrieth Figure

RWT  Regensburger Wortfliissigkeitstest

SDMT  Symbol Digit Modalities Test

TMT Trail Making Test

VLMT  Verbaler Lern-und Merkfahigkeitstest
1. Introduction

Neurocognitive dysfunction, fatigue and loss of HRQoL have
become a new focus in the care of patients with pediatric-
onset multiple sclerosis (POMS) as they occur in a substan-
tial amount of patients with POMS at an early stage of the
disease.’ ® As they have an impact on academic performance,
social interactions and development,>*> they should be
evaluated in clinical routine. One possibility is to perform a
comprehensive neuropsychological evaluation and specific
questionnaires, which would require substantial time re-
sources with additional burden on patients and caregivers. A
more targeted approach would be to use a brief screening tool
covering the most affected domains in patients with POMS.
There is, however, currently no gold standard for cognitive
screening of patients with POMS. Several instruments, such
as the Symbol Digit Modalities Test (SDMT),° the Brief
Neuropsychological Battery for Children (BNBC),” the Brief

International Cognitive Assessment for MS (BICAMS)® and the
SDMT in combination with the Brief Visual Memory Test-
Revised (BVMTR)”' have been recommended as screening
tools. However, the use of these screening tools in patients
with POMS are limited by missing validation,® ° missing of
cut-scores,® ° not covering important cognitive domains,
such as executive functioning and language® ° and by a rela-
tive long administration time.” Furthermore, interpretation of
the results of these published studies is limited by small and
heterogeneous sample sizes.®®”°

On the basis of the aforementioned considerations, the aim
of our study was to design a brief and easy to use screening
instrument “MUSICADO” for patients with POMS in order to
assess cognitive dysfunction, fatigue and loss of HRQoL on the
basis of established test paradigms and to provide cut-scores
for dysfunctions in these areas. For this purpose, patients
with POMS and HCs underwent a neuropsychological test bat-
tery, that included MUSIC,"" a screening instrument developed
for adults and eight standardized and validated neuropsycho-
logical tests for children. Additionally, fatigue and HRQOL were
evaluated with a well-known pediatric questionnaire.

2. Methods
2.1. Subjects

In this cross-sectional study, patients with POMS were
enrolled by 20 German and 2 Austrian Neuropediatric De-
partments of University Hospitals and HCs by 6 German cen-
ters. Inclusion criteria for the patients were diagnosis of MS
according to the McDonald criteria 2010 and age between 12
and 18 years. HCs were included if they were between 12 and
18 years old. Patients were excluded if they had any other
demyelinating disease than MS such acute disseminated
encephalomyelitis (ADEM). Patients and HCs were also
excluded if they didn't speak or understood the German lan-
guage, if they had a temperature > 37.5 °C, a history of any
other neurological or psychiatric disease or neurological or
psychiatric symptoms or illness that would preclude them
from testing or if they had been subjected to a neuropsycho-
logical testing up to one year before the study.

Recruitment for HCs was stratified for age (12—18 years) and
education (secondary school and grammar school). In each age



level, 15 HCs were recruited who attended secondary school
and 15 HCs who attended grammar school (n = 210, 7 groups).

Ethical approval was obtained on all sites and written
consent was obtained from all subjects and parents.

2.2. Measures

Cognition was evaluated with the MUSIC'"*? and an elaborate
cognitive test battery of eight standardized and validated tests
in German language. The cognitive part of the MUSIC consists
of 5 subtests assessing verbal short- and long-term memory
[immediate recall of word list A (MUSIC word list A), imme-
diate recall of word list B (MUSIC word list B), delayed recall of
word list A (MUSIC World list A delayed)], fluency of language,
attention, working memory, and cognitive flexibility (alter-
nating semantic verbal fluency task; MUSIC verbal fluency),
naming and speed of processing [Stroop-Test with naming
(MUSIC Stroop Test) and susceptibility to interference (MUSIC
Stroop—Interference Test)]. Scores of each test are presented
as raw data.

Verbal short- and long-term memory were assessed with
the Verbaler Lern-und Merkfahigkeitstest (VLMT),"* verbal
short-term span and working memory with the Digit Span
Forward and Backward and non-verbal short-term span and
working memory with the Corsi Block Tapping Test both from
the revised version of the German version of the Wechsler
Memory Scale.” Executive functioning and phonemic and
semantic verbal fluency were evaluated with the subtests “s-
words” and “animals” of the Regensburger Wort-
fliissigkeitstest (RWT).'® Cognitive speed and attention were
evaluated with the Trail Making Test A (TMT-A) and set-
shifting as an executive function with the Trail Making Test
B (TMT-B)." For better handling, we decided to use the adult
version of the TMT-A and TMT-B for all participants and
generated new reference values according to the scores of
HCs. Divided attention and motor speed was evaluated with
the SDMT"® and visuo-constructive abilities and non-verbal
long-term memory with the Rey-Osterrieth Figure (ROF and
ROF delayed), respectively.’”

For the VLMT,'* RWT,® the SDMT,® ROFY and ROF
delayed” reference scores for children were available. For
the Digit Span, Block Tapping test, TMT-A and TMT-B,
reference values were obtained from the scores of HCs. For
this purpose, raw data were calculated for each age group,
analyzed for an age effect and grouped according to the re-
sults. On this basis, reference values for the Digit Span and
Block Tapping Test were obtained for individuals 12-14
years old and for 15—18 years old, while for the TMT-A and
TMT-B they were defined for individuals aged 12—14 years,
15—17 years, and 18 years.

Following previous work, the cut-off score for test failure
was determined for a performance of —1.5 SD or below,"” a T-
score of 40 or below (VLMT),** and the 15th percentile or below
age-related reference percentiles (RWT).'® Cognitive impair-
ment was defined as failing in at least 3 tests on the elaborate
test battery, as suggested in previous studies."*”

Quality of life was measured with the German version of
the Pediatric Quality of Life Inventory™ version 4.0
[PedsQL™ 4.0] Generic Core Scale child and adolescent self-
report form (8—12 years, 13-18 years).">?° Al

questionnaires were evaluated according to the PedsQL-
scoring guidelines and have been reported previously.?*
The questions ask how much of a problem each item has
been during the past four weeks on a 5-point-likert-scale.
The scores were linearly transformed to a 0—100 scale,
higher scores indicating a better HRQoL.

Fatigue was evaluated with the German version of the
PedsQL™ Multidimensional Fatigue Scale using the child and
adolescent self-report form (8—12 years, 13—18 years).”” The
format, instructions and scoring algorithm are identical to the
PedsQL™ 4.0 Generic Core Scale with higher scores indicating
lower fatigue symptoms.

Dimensions to screen fatigue and HRQoL were extracted
from the PedsQL™ Multidimensional Fatigue Scale and from
the PedsQL™ Generic Core Scale, respectively.

The cut-off scores for the screening version of the PedsQL™
Multidimensional Fatigue Scale and for the PedsQL™ 4.0
Generic Core Scale were done by face validity. In a first step
the dimensions with the highest effect size of each scale were
extracted from the original tests. In a second step, cut-scores
were calculated among all participants according to the clas-
sifications of mild and severe fatigue and mild and severe loss
of HRQoL.?

The testing was administered on a single day by a neuro-
psychologist and was conducted in the same order for all
subjects. The total administration time for the full assessment
was approximately 2 h.

2.3. Statistics

Data are indicated as means and SD or median with range.
Comparisons of subject's characteristics and cognitive func-
tions were analyzed by Student's t-test or Mann-Whitney-U
test depending on data distribution tested with the
Kolmogorov—Smirnov test. Effects of school type on cognition
were also tested with the student's t-test within the two
groups. Comparisons of relative frequencies were done with
Chi-square analysis.

Construction of the cognitive part of the MUSICADO was
performed according to published statistical steps that are
required for the development of such a screening instrument
with an age and education correction (Kalbe 2013). Relation-
ships between cognitive test data including tests for construct
validity and between cognitive performance, age and educa-
tion were analyzed with Pearson correlations.

Effect sizes for the dimensions of the fatigue and the
HRQoL scales were calculated as published previously.*

Data analysis was conducted using the IBM SPSS version
25.0 (IBM Corp.,Armonk, NY, USA, 2013).

3. Results
3.1. Sample characteristics

Between June 2012 und January 2015 a total of 106 patients with
POMS and 210 HCs were enrolled. Characteristics of the sample
are summarized in Table 1. All patients presented with a
relapsing-remitting disease course. Neuropsychological test
performance in patients with POMS was significantly lower



Table 1 — Characteristics of the study sample.

Characteristics MS, n = 106 HCs, n = 210 p
Mean age (SD) 15.71 (1.63) 15.00 (2.0) 0.003*
Female gender, n (%) 76 (71.7) 95 (45.2) 0.000***
Type of school
Secondary school 55 (51.9%) 97 (46.2) 0.343™*
Grammar school 51 (46.2%) 113 (53.8%)
Self-reported fatigue
Mean general fatigue scale score (SD) 63.15 (25.73) 77.64 (17.83) 0.000*
Mean sleep/rest fatigue scale score (SD) 55.46 (21.69) 63.15 (19.16) 0.000*
Mean cognitive fatigue scale score (SD) 65.99 (26.36) 74.52 (20.76) 0.000*
Self-reported HRQoL
Mean physical health scale score (SD) 74.62 (22.1) 86.67 (13.64) 0.000*
Mean emotional functioning scale score (SD) 63.35 (24.89) 71.9 (21.21) 0.000*
Mean social functioning scale score (SD) 88.73 (17.01) 91.96 (12.66) 0.000*
Mean school functioning scale score (SD) 58.15 (24.74) 71.88 (19.14) 0.000"
Mean age at onset in years (SD) 14.1 (2.4)
Range (4—18)
Mean MS-duration (SD) 18.6 (23.7)
Range, months (0-152)
Mean number of relapses since onset (SD) 1.9 (2.0)
Range (0-10)
Mean EDSS score (SD) 0.65 (1.09)
Range (0-7.5)
Disease modifying drug, n (%) 77 (72.6%)

MS: multiple sclerosis; HCs: healthy controls; SD: standard deviation; Fatigue scores were derived from the PedsQL™ Multidimensional Fatigue
Scale (HCs:n = 209). HRQoL scores were derived from the PedsQL™ Generic Core Scale (HCs: n = 209). *Mann—Whitney U-test; **t-test; ***x>-test.

than in HCs for the phonemic verbal fluency tasks (MUSIC significantly better in the MUSIC Stroop Test than HCs (Table 2).
verbal fluency, RWT “s-words”), for the TMT-A and the Digit Patients with POMS experienced significant more fatigue and
Span Forward (Table 2). Interestingly, patients performed loss of HRQoL across all self-reported scales (Table 1).

Table 2 — Neuropsychological testing.

MS, n = 106, mean (SD) HCs, n = 210, mean (SD) p
MUSIC word list A 14.2 (2.6) 13.9 (2.6) n.s
MUSIC word list B 5.5 (1.4) 5.3 (1.4) ns.
MUSIC verbal fluency 13.7 (3.1) 14.5 (1.9) n.s.
MUSIC stroop (s) 22.1 (4.4) 23.3 (3.8) n.s.
MUSIC stroop-interference (s) 27.9 (7.4) 29.4 (6.9) n.s.
MUSIC word list A delayed 5.4 (2.1) 5.4(2.1) n.s.
VLMT-total sum of word list A (T-score) 54.65 (12.23) 54.35 (13.92) n.s
VLMT-list A delayed recall (T-score) 55.02 (11.43) 55.77 (12.72) n.s.
Digit span forward (z-score) —0.57 (1.02) 0.00 (1.05) 0.000*
Digit span backward (z-score) —0.03 (1.02) —0.00 (1.0) n.s.
Digit span total (z-score) —0.35 (1.04) 0.00 (0.99) 0.004*
Block tapping test forward (z-score) 0.06 (1.07) —0.001 (0.99) n.s.
Block tapping test backward (z-score) -0.17 (1.12) 0.00 (1.03) n.s
Block tapping test total (z-score) —0.045 (1.10) —0.00 (1.0) n.s.
ROF-copy (z-score) —0.69 (1.74) —0.32 (1.24) n.s
ROF-delayed copy (z-score) —0.32 (1.24) —0.57 (1.03) n.s.
TMT-A (z-score) —0.5 (1.52) 0.000 (0.99) 0.000*
TMT-B (z-score) —0.23 (1.36) 0.0001 (0.99) n.s.
SDMT (z-score) 0.34 (1.38) 0.52 (1.34) n.s.
RWT “s-words” at 2 min (percentile rank) 40.4 (28.64) 53.04 (28.99) 0.000**
RWT “animals” at 2 min (percentile rank) 28.65 (24.29) 34.43 (22.53) n.s.

Results of the single tests of the elaborate neuropsychological battery. MS: multiple sclerosis; MUSIC: Multiple Sclerosis Inventory of Cognition;
VLMT-total word list A: Verbaler Lern-und Merkfahigkeitstest subtest “Total sum of word list A”; VLMT word list A delayed: Verbaler Lern-und
Merkfahigkeitstest subtest “Delayed recall of word list A after 30 min”; ROF-Copy: copy of the Rey-Osterrieth figure; ROF-delayed copy: recall of
the Rey-Osterrieth figure after 30 min. TMT-A: Trail Making Test-A; TMT-B: Trail Making Test-B; SDMT: Symbol Digit Modalities Test; RWT “S-
words”: Regensburger Wortflissigkeitstest naming of words with the letter “S”; RWT “animals”: Regensburger Wortfliissigkeitstest naming of
animals. The alpha level was corrected using the Bonferroni method to a = 0.003. *t-test, “Mann—Whitney-U test.




3.2. Validity of cognitive test scores

To validate test performance in redundant test paradigms
convergent construct validity between the MUSIC subtests
and the elaborate test battery was analyzed in the patient
group. The results of the MUSIC word list A task and MUSIC
word list B task correlated significantly with the T-score of the
“total sum of the word list” task of the VLMT (list A: r = 0.509,
p < 0.001; list B: r = 0.350, p < 0.001) and with T-score of the
,delayed recall of word list A task of the VLMT (list A: r = 0.451,
p < 0.001; list B: r = 0.256, p < 0.001). The results of the MUSIC
verbal fluency task correlated significantly with the percentile
rank of the RWT “s-words” (r = 0.320, p < 0.001) and of the RWT
“animals” (r = 0.351, p < 0.001). The results of the MUSIC
Stroop Test correlated significantly with the z-score of the
TMT-A (r = —0.310, p < 0.001) and the z-score of the TMT-B
(r = -0.311, p < 0.001). The results of the MUSIC
Stroop—Interference Test correlated significantly with the z-
score of the Digit Span Backward task (r = — 0.449, p < 0.001).

3.3. Constructing the MUSICADO

After dichotomizing test data of all cognitive tests (normal
versus impaired), the three tests in which performance was
also significantly lower in patients than HC were the most
frequently impaired: RWT “s-words™ (24.5%), followed by the
TMT-A (17.9%) and the Digit Span Forward (15.1%). Therefore,
these three tests were selected for the cognitive part of the
brief screening tool “MUSICADO”. Following previous de-
velopments of screening tests, we defined a scoring procedure
in which raw scores were converted into transformed scores
with comparable “weights” in terms of maximum scores for
all three subtests.'” It was defined that mean scores of the HCs
should be given the maximum score, while 2 SD below the
mean score of the HCs should be given 0 point. Therefore, the
mean reference score, —0.5 SD, —1 SD, —1.5 SD and —2 SD were
assigned 4, 3, 2, 1, and 0 points, respectively, resulting in a
total cognitive test score of 0—12 points. Dependency of test
scores from age, education or sex was analyzed in HCs.'' An
age correction was necessary for the verbal fluency task with
the letter “S” and the TMT-A, as both tests correlated with age
(RWT “s-words™ r = 0.271, p < 0.001; TMT-A: r = —0.306,

Table 3 — MUSICADO transforming procedure for the
individual cognitive tests.

Verbal fluency, s-words (12—15 years)

Raw scores <9 10-11  12-14 15-17 >18

Transformed scores 0 1 2 3 4
Verbal fluency, s-words (16—18 years)

Raw scores <10 11-13 14—-16 17-19 >20

Transformed scores 0 1 2 3 4
TMT-A (12—15 years)

Raw scores >47 42—46 38—41 33-37 <32

Transformed scores 0 1 2 3 4
TMT-A (16—18 years)

Raw scores >37 33-36 30—-32 27-29 <26

Transformed scores 0 1 2 3 4
Digit span forward (12—18 years)

Raw scores <4 5 6 7 >8

Transformed scores 0 1 2 3 4

p <0.001). Two age groups were defined on the basis of the HC
data for the scoring scheme (12—15 years, 16—18 years), which
was performed following the scheme described above
(Table 3). An education effect was shown for all three tests
(RWT “s-words™ p < 0.001; Digit span: p = 0.009; TMT-A:
p = 0.021), thus that it was decided to define an education
correction for the final total score. As the descriptive differ-
ence for individuals with lower (secondary school) versus
higher education (grammar school) was around 1 point, it was
decided to operationalize the education correction by adding 1
point for individuals with lower education (secondary school).
The analysis of the resulting total score showed that correc-
tion for age (TMT-A: r = —0.38, p = 0.58; Digit Span Forward:
r = 0.088, p = 0.205; RWT “s-words™: r = 0.036, p = 0.608) and
correction for education was finally successful (patients:
p = 0.138; HCs: p = 0.066), as significant correlations were not
found any more.

The cut-off score for impairment for the total test score
was defined to be set at 1.5 SD below the mean score of HCs,**
which was a score of <8. The resulting final transformed total
score was significantly lower in patients with POMS (M: 9.01,
SD: 2.80) in comparison to the score of HCs (M: 10.55, SD: 1.87;
p = 0.000). 35.8% of patients with POMS were identified to be
cognitively impaired compared to 11% of HCs (Table 4). In
comparison 28.5% of patients with POMS were deemed
cognitively impaired compared to 15.2% of HCs (p = 0.007)
based on all 8 standardized tests. The resulting specificity of
the MUSICADO was 88.6%. It was not possible to analyze
sensitivity in the strict sense, as the neuropsychological bat-
tery included the tests, which are now part of the MUSICADO
and no (non-circular) external standardized criterion was
available. The evaluation reliability of the MUSICADO was
analyzed in 30 patients and was r = 0.998 (p < 0.001).

We extracted all 6 questions of the “General Fatique Scale”
from the PedsQL™ Multidimensional Fatigue Scale question-
naire for the MUSICADO screening version for fatigue on the
basis of the highest effect size of 0.81. For interpretation of the
screening version, raw scores (0—4) of all 6 answers are added
(max. 24 points). Scores lower than <4 indicate no fatigue,
scores between 5 and 9 mild fatigue and scores between 10
and 24 severe fatigue. With the screening version patients
with POMS were diagnosed significantly more often with mild
and severe fatigue than HCs (mild: 18.1% vs. 9.8%, severe:
19.0% vs. 2.0%; x> = 36.543, p < 0.000). The Total Scale Score of
the PedsQI™ Multidimensional Fatigue Scale correlated
significantly with the score of the screening version (r = 0.764,

Table 4 — Rates of cognitive impaired individuals

according to the MUSICADO and the neuropsychological
battery.

Diagnosis of cognitive

impairment
MS, n (%) HCs, n (%)
MUSICADO
Cut-off > 8 38 (35.8%) 24 (11.4%)
Neuropsychological battery
>3 tests under 1.5 SD 30 (28.5%) 32 (15.2%)

SD: standard deviation.




p <0.001). The cut-off point >4 yielded a specificity of 0.94 (95%
CI: 0.90—0.97). The positive predictive value for the screening
version of fatigue is 0.87 (95% CI: 0.72—0.95) and the negative
predictive value is 0.88 (95% CI: 0.77—-0.94) for patients,
respectively.

We extracted all 13 questions of the dimensions “Physical
Health” and “School functioning” from the PedsQL™ Generic
Core Scale for the HRQoL screening version as they showed
the highest effect sizes of 0.88 and 0.72, respectively. Scores of
all 13 questions were added (max. 52 points). Scores lower
than 19 indicate no loss of HRQoL, scores between 19 and 25
mild loss of HRQoL and scores between 26 and 52 severe loss
of HRQoL. According to the HRQoL screening version patients
with POMS experienced more often mild loss and severe loss
of HRQoL compared to HCs (mild: 21.4% vs. 12.2%, severe:
20.4% vs. 2.4%; x* = 35.441, p < 0.000). The Total Scale Score of
the PedsQI™ Generic Core Scale correlated significantly with
the score of the HRQoL screening version (r = 0.955, p < 0.001).
The cut-off score lower than 19 yielded a specificity of 0.96
(95% CI: 0.91-0.98). The positive predictive value is 0.98 (95%
CIL: 0.86—0.99), the negative predictive value is 0.93 (95% CI:
0.83—0.98) for patients.

4, Discussion

Cognitive dysfunction, fatigue and loss of HRQoL in patients
with POMS are common and can have considerable effects on
school performance, activities of daily living and disease
management. Therefore, assessment of these relevant do-
mains should be part of the clinical routine.

The aim of this study was to identify test paradigms that
are highly sensitive to detect cognitive dysfunction in pa-
tients with POMS, to combine them to a cognitive screening
instrument, provide a well-balanced total score which is in-
dependent from age- and education and to provide a cut-off
score for impairment according to previously published
standardized procedures.11 Furthermore, we aimed to
extract questions from well-known pediatric scales to be
able to screen for fatigue and loss HRQoL and present cut
scores in order to classify patients as not, mildly and severely
fatigued and with no loss, mild loss and severe loss of HRQoL.
In addition, these data were examined in a cohort of patients
with similar clinical characteristics to those reported in the
literature.***

Regarding the cognitive screening, we identified three
neuropsychological tests, the phonemic verbal fluency task
with the letter “S”, the TMT-A and the Digit Span Forward,
from an elaborate test battery that were suitable to indicate
cognitive impairment well and that were selected for the
cognitive part of the MUSICADO. According to the well
balanced sensitivity of the tests, all three of them were
weighted equally. As the sociodemographic variables age and
education were related to cognitive performance, we also
defined a correction for both variables. To our knowledge,
aspects of balanced weighting of subtests and correction for
age and education have not been considered in any of the
other reported screening instruments for patients with POMS.

Importantly, all three cognitive tests selected for the
MUSICADO cover the most important cognitive domains that

are possibly affected in patients with POMS even at an early
stage of the disease: phonemic verbal fluency, executive
functioning, attention, cognitive speed, verbal span and
working memory. Deficits in these domains may have an
impact on activities such as listening to lengthy instructions,
organization of unstructured assignments, and generation of
novel ideas. These skills are increasingly needed in higher
academic grades and correlate with clinical observations of
declining school performance.”

We decided to choose the phonemic verbal fluency task
with the letter “S” as it was sensitive and evaluates expressive
language as well as cognitive speed and executive function.
Language impairment is the most peculiar finding in POMS
compared to adult MS.” This might be explained by the fact,
that children's developing brains are still cultivating neces-
sary linguistic skills.”® Besides difficulties with complex lan-
guage functions, difficulties in language skills involving speed
such as verbal fluency seem to be evident in patients with
POMS.?”"*® Furthermore, executive function in terms of
cognitive flexibility and planning is also affected in patients
with POMS?* and is covered by the phonemic verbal fluency
task with the letter “S”. Not surprisingly, we identified more
than one fourth of patients with POMS that showed impair-
ment in the verbal fluency task. This underlines the impor-
tance of including this test in our screening tool. Until now,
none of the published screening instruments considered
measurement of verbal fluency in order to cover a broad
spectrum of important domains in POMS.

As a second subtest for the cognitive part of the MUSICADO
we included the TMT-A as performance in this test differed
significantly between patients and HCs. The TMT-A evaluates
attention and information processing, domains that are also
frequently affected in patients with POMS.?®?° It has been
hypothesized that deficits appear to emerge very early in the
course of the disease, which might be explained by an early
onset of disruption of white matter structure by ongoing
inflammation and demyelination in patients with POMS."*°
Almost one fifth of all patients failed this test, a rate that
has also been reported previously.?’

As a third cognitive subtest of the MUSICADO, the Digit
Span Forward was included. Poor Digit Span performance may
reflect a core deficit in verbal span and working memory.
Verbal span, defined as memory capacity, recruits the
phonological loop, involves short-term storage and
rehearsal.’’ Performance in this test also differed significantly
from that of HCs and indicated impairment in 15% of the pa-
tients. In adults with MS, Digit Span deficits are also observed
in only mildly disabled MS patients who are early in the course
of the disease and may be absent in other patients who are
much more seriously disabled.?” Until now, only one pediatric
study reported a lower rate of failure, which might be due to a
small study population.?’

Interestingly, we did not observe any deficits in verbal and
visual memory, both immediate and delayed, measured with
the VLMT, ROF and the MUSIC subtests. Impairment of these
domains seems to occur with longer disease duration and is
therefore discussed controversially with different rates in
patients with POMS.>?”:?%:333* Therefore, evaluation of mem-
ory seems not to be an appropriate domain to screen cognitive
impairment at an early stage of the disease.



Despite the wide use of the SDMT as a cognitive assess-
ment tool in pediatric MS patients,”®”** the SDMT did not
differentiate between MS patients and HCs in our study. This
indicates that certain characteristics of the study population,
such as young age or short disease duration, might have an
impact on SDMT performance and its discriminative effect to
detect cognitive impairment. Nonetheless, our results are in
accordance with the results of other studies.”*® One can as-
sume that after a longer period of illness this test is more
suitable for identifying a cognitive deficit.

35% of patients were identified to be cognitively impaired
according to our screening tool. This proportion is within the
reported range for cognitive impairment in patients with
POMS."**

However, sensitivity in the strict sense could not be
calculated for the cognitive part, as there would have been a
considerable overlap of tests included in the MUSICADO with
the extensive battery, which was implemented to derive reli-
able information. Therefore, although it is evident that the
most sensitive tests were used for the screening tool, further
studies will have to confirm the high sensitivity and specificity
of the instrument.

We were able to identify fatigue with the screening version
in a significant proportion of patients with POMS in compar-
ison to HCs, which is consistent with published rates of self-
reported fatigue in POMS.?® The screening version extracted
questions of the General Fatigue Scale that covers the most
important questions to detect fatigue in patients with POMS.
For the first time, we also provide cut-off scores to classify the
severity of fatigue. Classification of fatigue might help to
decide for possible treatment interventions. On this basis,
non-pharmacological and pharmacological interventions can
be considered and monitored.

Measurement of HRQoL has been suggested to constitute a
more comprehensive measure than disability scales in
assessing the burden of disease.*® For the screening version
we extracted the physical dimension and school dimension
from the PedsQL™ Generic Core Scale as these scales are
predominantly affected in patients with POMS in comparison
to the social and emotional dimension.*”*®* We were able to
detected loss of HRQOL in patients which is within the re-
ported range.*>??*’~** We also provide cut-off scores for the
HRQoL questionnaire in order to classify patients with POMS
according to the severity level for the first time. This might
help clinicians to estimate the extent of the disease burden
better.

Some limitations have to be mentioned when interpreting
the results of our study. Most importantly, no external vali-
dation criteria for the three parts of the MUSICADO were
available, so that future studies will have to confirm the
sensitivity of the tool in German MS patients and even in other
cohorts with different languages. Since screening tools for MS
patients have just been independently developed within a
respective consortium, the longer term objective in devel-
oping such a screening instrument is that it can be used in a
wider cohort and across countries in order to screen MS pa-
tients or be part of drug trials.

Furthermore, as there is a lack of neuropsychological tests
with reference scores that cover the age span of 12—18 years,
we had to obtain reference values for the Digit span, Block-

tapping test, TMT-A and TMT-B from values of our own HCs
with a rather limited number of individuals for each age and
education group.

The strength of this study is that we were able to include a
large cohort of patients with POMS and one of the largest
cohort of age and education matched HCs. Furthermore, we
present a screening tool specifically tailored for MS-specific
deficits in patients with POMS at the age 12—18 that provides
age and education corrected scoring with clear cut-off values
for impairment.

5. Conclusion

In summary, the results of our study show that MUSICADO is a
valid and useful assessment tool to detect cognitive impair-
ment, fatigue and loss of quality of life in patients with POMS
in the age range from 12 to 18 years. Importantly, we present
age and education corrected scores to define cognitive
impairment for the first time. Patients with POMS that are
early identified with CI should be further assessed and
confirmed by an extensive neuropsychological testing. Ac-
cording to the questionnaires of the MUSICADO, we are also
able to classify patients' fatigue and loss of HRQoL. MUSICADO
fulfills all criteria of a screening tool, as it is easy to administer,
does not take longer than 15 min, is easy to score, tests
important domains of cognition and is independent of age and
education.” Furthermore this screening tool is objective and
valid. Further studies are needed in order to validate MUSI-
CADO by other external criteria and to evaluate its clinical
feasibility. Finally, longitudinal assessment with this instru-
ment may provide more information on the patient's disease
course regarding cognition, fatigue and HRQoL.
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