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Abstract

Background: Traditionally, cerebellar disorders including ataxias have been associated with deficits in motor control
and motor learning. Since the 1980's growing evidence has emerged that cerebellar diseases also impede cognitive
and affective processes such as executive and linguistic functions, visuospatial abilities and regulation of emotion
and affect. This combination of non-motor symptoms has been named Cerebellar Cognitive Affective/ Schmahmann
Syndrome (CCAS). To date, diagnosis relies on non-standardized bedside cognitive examination and, if available,
detailed neuropsychological test batteries. Recently, a short and easy applicable bedside test (CCAS Scale) has been
developed to screen for CCAS. It has been validated in an US-American cohort of adults with cerebellar disorders
and healthy controls. As yet, the CCAS Scale has only been available in American English. We present a German
version of the scale and the study protocol of its ongoing validation in a German-speaking patient cohort.

Methods: A preliminary German version has been created from the original CCAS Scale using a standardized
translation procedure. This version has been pre-tested in cerebellar patients and healthy controls including medical
experts and laypersons to ensure that instructions are well understandable, and that no information has been lost
or added during translation. This preliminary German version will be validated in a minimum of 65 patients with
cerebellar disease and 65 matched healthy controls. We test whether selectivity and sensitivity of the German CCAS
Scale is comparable to the original CCAS Scale using the same cut-off values for each of the test items, and the
same pass/ fail criteria to determine the presence of CCAS. Furthermore, internal consistency, test-retest and
interrater reliability will be evaluated. In addition, construct validity will be tested in a subset of patients and
controls in whom detailed neuropsychological testing will be available. Secondary aims will be examination of
possible correlations between clinical features (e.g. disease duration, clinical ataxia scores) and CCAS scores.

Perspective: The overall aim is to deliver a validated bedside test to screen for CCAS in German-speaking patients
which can also be used in future natural history and therapeutic trials.
(Continued on next page)
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Study registration: The study is registered at the German Clinical Study Register (DRKS-ID: DRKS00016854).

Keywords: Affect, Cerebellum, Bedside test, Cognition, Human

Background

Cerebellar disease results in well-known motor perform-
ance deficits, including ataxia of stance and gait, limb in-
coordination, dysarthria, and oculomotor abnormalities.
During the last decades, there has been growing evi-
dence that cerebellar disease is not only accompanied by
motor disturbances but also by cognitive and affective
symptoms (see [1-3] for reviews). As early as 1998,
Schmahmann and Sherman introduced the Cerebellar
Cognitive Affective/ Schmahmann Syndrome (CCAS) [4].
The core symptoms of CCAS are difficulties with execu-
tive, linguistic and visuospatial functions as well as prob-
lems with the regulation of emotion and affect. Since its
original description, evidence for the presence of CCAS
has been accumulating in pediatric and adult patients
suffering from different cerebellar diseases including
various hereditary ataxias, cerebellar tumors, and cere-
bellar stroke [1-3]. In recent years, advances in struc-
tural and functional brain imaging allowed for detailed
mapping of cognitive functions in the posterolateral
cerebellar hemisphere [5-9]. As yet, diagnosis of CCAS
relies on non-standardized bedside cognitive examin-
ation and, if available, detailed neuropsychological test
batteries. Until recently, there has not been a validated
bedside test that was able to reliably screen for CCAS in
cerebellar patients — unlike well-established bedside tests
for dementias or mild cognitive impairment (MCI), i.e.
Mini Mental State Examination (MMSE) or Montreal
Cognitive Assessment (MoCA). However, MMSE and
MoCA are of limited use to screen for CCAS because
cerebellar patients frequently perform within the normal
range [10]. Recently, Schmahmann and colleagues [10]
have developed a bedside test designed to screen for
CCAS in adults. In order to develop this CCAS Scale,
they first applied a broad battery of 36 well-established
neuropsychological tests in a large group of cerebellar
patients primarily suffering from cerebellar degeneration.
In the novel CCAS Scale, tests were implemented which
captured the core cognitive domains of CCAS, distin-
guished best between cerebellar patients and controls,
and at the same time were short and easy enough to be
applied in a bedside setting. These include test items for
semantic and phonemic fluency, category switching, ver-
bal registration and delayed verbal recall, digit span for-
ward and backward, cube draw and copy, similarities,
go/ no-go, and affect. Single tests can either be passed
reaching a specific cut-off score or failed. CCAS is con-
sidered possible if one test is failed, probable if two tests

are failed, and definite if three or more tests are failed.
Version A of the CCAS Scale has then been validated in
another US-American cohort of 39 adult cerebellar pa-
tients, including patients with cerebellar degeneration
and focal cerebellar lesions and 55 matched healthy con-
trols. It exhibited high values for selectivity [that is the
ability to distinguish between patients and controls, or
in other words preventing controls from being diagnosed
as patients; possible/ probable/ definite CCAS: 78/ 93/
100%] and reasonable sensitivity [that is the probability
that a patient is identified as a patient; possible/ prob-
able/ definite CCAS: 95/ 82/ 46%]. Furthermore, it
showed modest internal consistency using Cronbach’s
alpha value (= 0.59) indicating that no test item within
the scale measures the exact same domain(s) as another
item. Thus, no test item is redundant. Comparing pa-
tients with pure cerebellar lesions and patients with add-
itional extracerebellar involvement the authors found
that difficulties in verbal registration and delayed verbal
recall were more prominent in the latter. Therefore,
poor performance in these two test items is indicative of
extracerebellar involvement (“red flag”). In addition to
the pass/ fail criteria which are used to screen for CCAS,
a total sum score is calculated which allows for follow-
up examinations in individual patients [10]. Three paral-
lel versions B-D were developed to enable repeated as-
sessments. In the present study preliminary German
versions of the CCAS Scale are introduced, and the
study protocol for their validation is presented.

Methods

Study aims

The first primary aim of this study was to create pre-
liminary German versions of the CCAS Scale. The
second primary aim will be their validation in a large
cohort of patients with various cerebellar disorders
and healthy age-, sex-, and education-matched con-
trols. Secondary aims will be to examine possible rela-
tionships between clinical features such as disease
duration or severity of cerebellar motor symptoms,
and the CCAS score.

Study description and study design

Translation process of the original CCAS Scale into German
language

A group of medical experts translated the original Ameri-
can English versions A-D of the CCAS Scale into German
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accounting for language- (and cultural-) dependent differ-
ences while staying as close as possible to the original
CCAS Scale. A standardized, six step procedure was used
following guidelines for cross-cultural translation, adapta-
tion, and validation of self-report measures, instruments,
or scales for use in healthcare research [11, 12]. The ex-
pert group comprised three independent teams each con-
sisting of two individuals (team 1: University Hospital and
German Center for Neurodegenerative Diseases Bonn: S.
Roeske = neuropsychologist, ]. Faber = neurologist; team 2:
University Hospital Essen: D. Timmann, A. Thieme = neu-
rologists; team 3: University Hospital Tuebingen: P. Sul-
zer = neuropsychologist, M. Synofzik = neurologist).

Step 1: Each team translated the original CCAS Scales
(A-D) independently to German. Step 2: For each version
(A-D) a consensus version was derived. Step 3: Consensus
version A was then translated back to American English
by a bilingual expert (J. Konczak = neuroscientist). The
parallel versions B-D were not translated back because in-
structions on the test form were similar in all versions.
Step 4: Discrepancies were resolved in a joined discussion
and a German prototype version A was formed. The se-
nior author (J. D. Schmahmann) of the original CCAS
Scale was involved in this step (and step 6, see below) to
ensure that no information has been lost or added during
the translation process. Step 5: The prototype version A
was pretested in a small cohort of medical experts and lay-
persons. The medical expert group consisted of eleven
neurologists, three neuropsychologists and one medical
student (mean age: 33.8+ 6.4 yrs,; age range: 23.8-49.0
yrs.; 6 males, 9 females; mean education: 19.6 + 1.2 yrs.).
None of them was involved in steps 1-4. The lay group
consisted of 12 cerebellar patients, one healthy subject
and three healthy first-degree relatives of patients with
hereditary ataxias, i.e. persons at risk (mean age: 59.5 +
14.9; age range: 23.4—-84.0yrs.; 8 males, 7 females; mean
education: 15.2 + 4.2 yrs.). All participants were asked to
rate each item of the German prototype version A as “easy
to understand”, “comprehensible”, “difficult to understand”,
or “incomprehensible”. Step 6: Imprecise and misleading
items were revised (for details see Supplementary Mate-
rials, Part 2). The resulting preliminary version of the
CCAS Scale, Version A, is shown in Fig. 1. The parallel
versions were revised accordingly and are shown in Sup-
plementary Materials, Part 3.

There are also detailed test instructions for the exam-
iner. Firstly, these instructions have been translated in-
dependently by each team, and next a consensus was
derived (see Supplementary Materials, Part 4).

Validation process

Inclusion and exclusion criteria To be eligible for the
study, subjects must be 18years or older, German-

Page 3 of 11

speaking (primary language) and they must be able to
understand and follow instructions and to give informed
consent. Exclusion criteria comprise neurological or psy-
chiatric disorders in control participants, and neurological
disease other than cerebellar disease and primary psychi-
atric disorders in patients. Patients will be included who
suffer from degenerative cerebellar disorders or focal cere-
bellar lesions (e.g. cerebellar stroke, tumor, or cerebellar
surgical lesions). Alcohol or drug abuse, intake of centrally
acting drugs (other than low dose antidepressants) and
consuming diseases or general poor health are further ex-
clusion criteria for all participants. Furthermore, partici-
pants under legal supervision will not be recruited. For
detailed in- and exclusion criteria see Table 1.

Study sample For validation of version A at least 65
patients and an equal number of matched healthy con-
trols will be recruited. About one third (> 25) of the pa-
tients will suffer from disorders that primarily affect the
cerebellum (isolated cerebellar disease = cer-pure: 1. de-
generative cerebellar disorders, e.g. spinocerebellar ataxia
type 6 (SCA6); 2. focal cerebellar lesions, e.g. cerebellar
stroke). The other two thirds (> 40 patients) will suffer
from disorders with additional extracerebellar involve-
ment (cerebellar plus disease = cer-plus: 1. degenerative
cerebellar disorders, e.g. SCA1, 2 or 3; 2. focal cerebellar
lesions, e.g. cerebellar stroke with additional involvement
of the brain stem). Group assignment in patients with
cerebellar degeneration goes by diagnosis: A genetic dis-
ease, which is known to involve extracerebellar regions,
is considered a “cer-plus form”, although the clinical
phenotype at the time of testing may be pure cerebellar.

An equivalent number of healthy matched participants
will serve as controls. Each patient will be matched with
a control participant of same sex, similar age (interval:
+/- 5 years) and similar years of education (intervals: <9
yrs., 9-10yrs., 11-13 yrs., 14-16yrs., > 16 yrs.). We will
use the same matching criteria as in [10] except for edu-
cation matching because of the different educational sys-
tems in Germany and the United States.

Parallel versions B-D will be validated in groups of 25
patients (cer-pure and cer-plus, respectively) and 25
matched healthy controls each.

Patients in this investigator-initiated, multicenter study
will be recruited from the ataxia clinics at the Departments
of Neurology of the University Hospitals in Aachen, Bonn,
Duesseldorf, Essen, Heidelberg and Tuebingen, as well as
from the MediClin Fachklinik Rhein-Ruhr in Essen, and
the Departments of Neurosurgery of the University Hos-
pital in Essen and at the Klinikum Dortmund. Essen is the
coordinating site. Furthermore, we will collaborate with
the “Deutsche Heredo-Ataxie Gesellschaft e.V. (DHAG)”, a
patient support group, and patients will be recruited via
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[Note: The German CCAS Scale has not been validated yet, and especially the cut-off values may change.]
CEREBELLAR COGNITIVE AFFECTIVE /

SCHMAHMANN SYNDROME Skala (CCAS-Skala) ID#: Bildungsjahre:
VERSION 1A. Datum:

Semantische Punkte = alle korrekten Worter (maximal 26 Worter). ,,Nicht-Bestanden® bei 15 Punkten oder Punkte | Bestanden=0

o . . weniger. Nicht-
Wortflu55|gke|t (Nutzen Sie den Platz unten fiir Notizen.) Bestanden= 1

Bitte nennen Sie so viele Tiere oder Lebewesen wie lhnen innerhalb einer Minute einfallen.

/26

Phonematische Punkte = alle korrekten Worter (maximal 19 Worter). ,,Nicht-Bestanden® bei 9 Punkten oder

- R . weniger.
Wortflissigkeit (Nutzen Sie den Platz unten fiir Notizen.)

Bitte nennen Sie so viele Worter wie moglich mit dem Anfangsbuchstaben ,F“ wie lhnen innerhalb einer Minute
einfallen. Benutzen Sie nicht Namen von Personen oder Orten und wiederholen Sie nicht dasselbe Wort in
unterschiedlichen Formen. (Unterschiedliche Formen desselben Wortes sind z.B. ,der Fisch, des Fisches, die
Fische®)
Kategorie—WechseI Punkte = Anzahl der korrekten Wechsel zwischen den Wortkategorien (maximal 15
Wechsel). Wiederholungen und Regelbriiche werden nicht bewertet. ,,Nicht-Bestanden* bei
9 Punkten oder weniger.
(Nutzen Sie den Platz unten fiir Notizen.)

19

Bitte nennen Sie eine Gemisesorte und dann einen Beruf oder einen Job, dann eine andere Gemusesorte und
dann wieder einen weiteren Beruf usw. Wechseln Sie immer zwischen den beiden Kategorien ab. Nennen Sie so
viele Worter wie lhnen innerhalb einer Minute einfallen. /15
Verbales Lernen Diese Aufgabe wird nicht mit Punkten bewertet. (Wenn 4 Versuche benétigt werden, die 5
Worter zu lernen, ist dies ein Hinweis fiir eine zerebrale Beteiligung.)

Ich werde Ihnen nun eine Wortliste vorlesen, welche Sie bitte lernen sollen. Bitte wiederholen und merken Sie sich
die Worter. Ich werde Sie in einigen Minuten noch einmal bitten, diese Worter wiederzugeben.

(Lesen Sie die 5 Wérter in einer Geschwindigkeit von 1/Sekunde vor. Die Testperson wiederholt die Worter einmal,
dann wiederholt sie diese ein weiteres Mal. Wiederholen Sie die Wortliste bis die Testperson alle 5 Wérter erinnert.
Brechen Sie nach 4 Versuchen ab.)

[Blume] [Frank] [Mut] [sprechen] [gelb]
Versuch 1 [] [] [1] [] []
Versuch 2 [] [] [1 [1 [1
Versuch 3 [1] [1] [1 [1 [1]
Versuch 4 [ 1] [1] [ ] [ ] [ ]

Zah|enspanne Punkte = langste korrekt wiederholte Zahlenspanne. ,,Nicht-Bestanden“ bei 5 Punkten oder
. weniger.
Vorwarts

Ich werde Ihnen nun einige Zahlen jeweils einmal vorlesen. Bitte wiederholen Sie diese in der exakt gleichen
Reihenfolge. (Lesen Sie die Zahlen in einer Geschwindigkeit von 1/Sekunde laut vor. Beginnen Sie beim * und
fiihren Sie die vorherigen Zahlenspannen nur durch, wenn * falsch wiedergegeben wurde.)

5-9 [1] 4-8-7-0* [1] 3-0-1-2-6-4 [1] 2-0-5-6-9-7-3-8 [1]
2-1-3 [ 1] 1-6-9-2-5 [ ] 7-3-1-9-8-4-6 [ 1] /8
Zah|enspanne Punkte = langste korrekt wiedergegebene Zahlensp »Nicht-Bestanden* bei 3 Punkten

oder weniger. Konnen 2 Ziffern nicht korrekt riickwarts wiedergegeben werden, werden 0
Punkte vergeben.

Riickwarts

Nun geben Sie die Zahlen bitte rlickwarts wieder, also in umgekehrter Reihenfolge. (Machen Sie das Beispiel vor,
dann beginnen Sie beim *.)

Bsp.: 5-8 = 8-5 *6-1 [ 1 382 [ 1 4709 [ 1 6-5-2-81 [ 1 590374 [1] /6
Wirfel (zeichnen) Punkte = 15 Punkte, wenn 12 Linien gezeichnet wurden und die Zeichnung dreidimensional

ist. Hat die Zeichnung nicht 12 Linien oder ist nicht dreidimensional, fiihren Sie die Aufgabe
»Wiirfel (Abzeichnen)* durch.

Bitte zeichnen Sie einen sechsseitigen Wirfel. Zeichnen Sie ihn transparent, also durchsichtig. (Nutzen Sie den
Platz auf Seite 2.)
Wirfel Punkte = 12 Punkte, 1 Punkt pro Linie. Ziehen Sie jeweils 1 Punkt ab, wenn die Zeichnung

. nicht dreidimensional ist, 1 Punkt fiir jede Linie, die nicht gezeichnet wurde und 1 Punkt fiir
(AbzeIChnen) jede zusatzlich gezeichnete Linie > 12. ,,Nicht-Bestanden* bei 11 Punkten oder weniger.

Bitte zeichnen Sie den Wiirfel ab, der auf Seite 4 abgebildet ist. (Sorgfalt/Genauigkeit wird nicht bewertet.) /15

Notizen:
Semantische WF Phonematische WF Kategorie-Wechsel

Fig. 1 Preliminary German CCAS Scale, Version A
.
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[Note: The German CCAS Scale has not been validated yet, and especially the cut-off values may change.]

Zeichnen Sie den Wiirfel hier.

Fig. 1 Continued




Thieme et al. Neurological Research and Practice (2020) 2:39

Page 6 of 11

Note: The German CCAS Scale has not been validated yet, and especially the cut-off values may chan

Verbaler Abruf

Spontan = 3 Punkte pro Wort, Kategorie = 2 Punkte, Mehrfachauswahl = 1 Punkt. Punkte = JEVGISCRE:TSEL GG BN
Gesamtpunktzahl. ,Nicht-Bestanden* bei 10 Punkten oder weniger. Wird nicht mehr als ein Nicht-

Wie lauten die Worter, die ich Sie vor einer Weile gebeten habe, zu lernen? (Die Testperson gibt die Wérter, die sie
sich vorher merken sollte, wieder. Benutzen Sie die Hinweise und die Mehrfachauswahl (unten), wenn notwendig.)

[Blume] [Frank] [Mut] [sprechen] [gelb]
Spontane

Wiedergabe [] [1] [1 [1] [1]
Mit Hinweis [1 [1 [1 [1 [1
Mit Mehrfachauswahl [ 1 [ ] [ ] [ ] [ ]

/15

Wort bei der Mehrfachauswahl erinnert, ist dies ein Hinweis fiir eine zerebrale Beteiligung. Bestanden= 1

Gemeinsamkeiten Korrekte Antwort (konzeptuell) = 2 Punkte, teilweise korrekte Antwort (konkret) = 1 Punkt,
inkorrekte/ keine Antwort = 0 Punkte. Punkte = Gesamtpunktzahl. ,,Nicht-Bestanden“ bei 6
Punkten oder iger. Auswertungshilfe — unten und in der Durchfiihrur leitung

Was haben die folgenden Wérter gemeinsam? Was ist inre Gemeinsamkeit? (Geben Sie ein Beispiel, testen Sie
danach die Items.)

Bsp.: Ball/Mond = rund 1.Nase/Ohr 2.Schaf/Elefant 3.See/Fluss 4.Flugzeug/Motorrad
[ /2] [ /2] [ /2] [ /2]

/8

No-Go 2 Punkte fiir keinen Fehler, 1 Punkt fiir 1 Fehler, 0 Punkte fiir 2 oder mehr Fehler. Punkte =
G tpunktzahl. ,,Nicht-Bestanden* bei 0 Punkten.

Ich werde nun auf den Tisch klopfen. Wenn ich einmal klopfe, heben Sie bitte den Finger und senken Sie ihn wieder!
Wenn ich zweimal klopfe, machen Sie bitte nichts! (Geben Sie ein Beispiel fiir jede Bedingung, um sicherzugehen,
dass die Testperson die Anweisung verstanden hat.)

1-1-1-2-2-1-2-2-2-1-2-1-2-1

/2

Geben Sie 6 Punkte, wenn keine Auffélligkeiten vorliegen. Ziehen Sie 1 Punkt pro
vorhandenes Item ab. ,,Nicht-Bestanden* bei 4 Punkten oder weniger.

(Der Testleiter schétzt ein, ob die folgenden Auffélligkeiten vorliegen, Eindriicke von der Testperson
oder deren engen Bezugspersonen werden miteinbezogen.)

] Hat Schwierigkeiten die Aufmerksamkeit zu fokussieren oder bei der mentalen Flexibilitat

] Emotional labil, unpassende/inkongruente Emotionen, erscheint hoffnungslos oder depressiv

] Zeigt schnell Zeichen einer Reiziberflutung oder ausweichendes Verhalten

1 Auert unlogische Gedanken oder Paranoia

] Zeigt fehlende Empathie, ist apathisch oder zeigt eine Affektverarmung

] Ist zornig oder aggressiv, reizbar, konfrontativ, hat Schwierigkeiten mit sozialen Grenzen oder sozialen
Regeln/Normen

Berechnen Sie den Gesamtwert (1. Spalte) und den Gesamtwert der ,,Nicht-Bestandenen“ Aufgaben (2. Spalte).

Aufgaben = definitives CCAS.

/6

GESAMTWERT ||

/10

1 ,,Nicht-Bestandene“ Aufgabe = mogliches CCAS; 2 ,,Nicht-Bestandene* Aufgaben = wahrscheinliches CCAS; 3 oder mehr ,,Nicht-Bestandene*

Hinweise und Mehrfachauswahl fiir die Aufgabe ,,Verbaler Abruf*

Testwort Blume Frank Mut sprechen

gelb

Hinweis wg(;h;;]m Mannername Eigenschaft oder Tugend Art der Kommunikation

Farbe

Baum Thomas Tapferkeit sprechen

rot

Mehrfach- Busch Michael Mut reden

grun

auswahl Blume Andreas Ehrlichkeit singen

blau

Gras Frank Geduld rufen

gelb

Gemeinsamkeiten Korrekte konzeptuelle Antwort (Beispiele) Teilweise korrekte/konkrete Antwort (Beispiele)

Nase/Ohr Sinnesorgane Gesicht, Kérperteil

Schaf/Elefant Tiere, Saugetiere Beine, Schwanze

See/Fluss Gewasser nass, kalt, schwimmen

Flugzeug/Motorrad Transport-/ Verkehrsmittel

braucht Treibstoff, man kann sie steuern

Fig. 1 Continued
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Fig. 1 Continued
A

[Note: The German CCAS Scale has not been validated yet, and especially the cut-off values may change.]

Zeichnen Sie den Wiirfel hierhin ab.

Hoche, Guell, Vangel, Sherman, Schmahmann, Ataxia Center, Cognitive Behavioral Neurology Unit, Schmahmann
Laboratory for Neuroanatomy and Cerebellar Neurobiology, Department of Neurology, Massachusetts General Hospital.
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Table 1 Inclusion and exclusion criteria for patient and control selection

Group Inclusion criteria Exclusion criteria
General - Age = 18years - Alcohol or drug abuse
- German-speaking (primary language) - Intake of centrally acting drugs (other than low-dose
- Informed consent antidepressants)
- Consuming diseases
- Poor health condition
- Persons under legal supervision
Patients - General inclusion criteria - General exclusion criteria

Degenerative Cerebellar Disorders

Cer-pure - SACA
Disorders primarily affecting - EAT and EA2
the cerebellum - SCA6

- SCA8

- SCA14

- ANO10

- Post-inflammatory cerebellar degeneration

Cer-plus - MSA-C
Disorders with relevant

extracerebellar involvement
Focal Cerebellar Lesions

- Cerebellar stroke

- Cerebellar hemorrhage

- Cerebellar tumor

- Cerebellar surgical lesion

Cer-pure/ cer-plus

Controls - General inclusion criteria

Pretesting Subjects - General inclusion criteria

- Severe primary psychiatric disorders

- all other hereditary ataxias including: SCA1, 2, 3,
Friedreich’s ataxia, early onset cerebellar ataxias

- General exclusion criteria
- Neurological and psychiatric disorders

- General exclusion criteria
- Neurologists and psychologists that were involved in the
development of the German CCAS Scales

Abbreviations: Cer-pure Isolated Cerebellar Disease/ Lesion, Cer-plus Cerebellar Plus Disease/ Lesion, SAOA Sporadic Adult Onset Ataxia, EAT Episodic Ataxia Type 1,
EA2 Episodic Ataxia Type 2, SCA1, 2, 3, 6, 8, 14 Spinocerebellar Ataxia Type 1, 2, 3, 6, 8, 14, ANOT0 Spinocerebellar Ataxia, Autosomal-Recessive Type 10, MSA-C
Multisystem Atrophy Cerebellar Type, CCAS Cerebellar Cognitive Affective/ Schmahmann Syndrome

their newsletter and webpage. Healthy controls will be re-
cruited from patients’ families and by public bulletins.

Demographics and clinical assessment of cerebellar
motor syndrome Demographics including years of edu-
cation and employment, educational achievements as
well as occupational and marital status will be recorded.
For patients, medical records and available brain scans
will be evaluated. Age of onset, disease duration and in
case of genetically proven nucleotide repeat diseases the
repeat length will be documented. Furthermore, a de-
tailed medical history will be taken, and a neurological
examination will be performed in every participant. Se-
verity of cerebellar ataxia in patients will be evaluated
using different clinical ataxia scales: The Scale for the
Assessment and Rating of Ataxia (SARA) [13] will be
used because of its widespread use. In addition, the
International Cooperative Ataxia Rating Scale (ICARS)
[14] will be used because it includes rating of cerebellar
oculomotor deficits. Its short form — BARS — [15] will
be used to enable direct comparison with the original
US-American validation study. The SpinoCerebellar
Ataxia Functional Index (SCAFI) [16] will be assessed
because it allows for a more objective quantification of

motor deficits. Finally, non-ataxia signs will be assessed
semi-quantitatively using the Inventory of Non-Ataxia
Signs (INAS) [17].

Assessment of the CCAS Scale The CCAS Scale will be
administered in each participant at least once. In the valid-
ation process of version A, at least 40 patients and 40 con-
trols will receive a follow-up examination with the same
version of the scale to determine test-retest and interrater
reliability (= 20 patients and =20 controls, respectively).
Retesting will be done with the same version because
equivalence of versions A-D has not yet been shown (see
[10] and Supplements). Follow-up will take place within
an interval of 14 to 56 days. A time interval is favored in-
stead of a fixed time span between test and retest (e.g.
exactly 14 days) to control for learning effects by correlat-
ing retest results with different retest time intervals.

To assess construct validity of the German version of the
CCAS Scale a detailed neuropsychological testing will be
done in a subset of patients (7 >20) and controls (7 > 20)
using well-established neuropsychological test batteries
available in German. These will comprise the logical mem-
ory test (part I and II) of the Wechsler Memory Scale — 4th
edition (WMS-IV) [18], the copy immediate and delayed
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recall of the Rey—Osterrieth Complex Figure Test (ROCFT)
[19], and the letter-number sequencing task of the WAIS-
IV [20]. These tests measure the same cognitive domains as
corresponding items of the CCAS Scale. Furthermore, the
German version 3 of the MoCA [21] will be assessed for
direct comparison with the CCAS Scale. Finally, the Patient
Health Questionnaire (PHQ-9) [22] and the German ver-
sion of the EuroQuol — 5 dimension — 3 level (EQ-5D-3L)
questionnaire [23] will be administered.

Validation of parallel versions of the CCAS Scale will be
done the same way as for validation of parallel German ver-
sions of the MoCA [21]. Each parallel version (B/C/D) of
the CCAS Scale will be tested against version A. Testing of
version B/C/D and version A will be done on the same day,
with the order being randomized between participants.

Data analysis Selectivity and sensitivity will be assessed
using the same cut-off values for individual test items,
and the same three pass/ fail criteria determined in the
original study by Hoche et al. [10] (that is: possible
CCAS = one test failed; probable CCAS = two tests failed;
definite CCAS = three or more tests failed). To assess se-
lectivity the percentage of true negatives will be calcu-
lated, that is the percentage of controls which have been
correctly identified as controls [number of controls iden-
tified as controls/ true number of controls in the sample
* 100]. To assess sensitivity the percentage of true posi-
tives will be calculated, that is the percentage of patients
which have been correctly identified as patients [number
of patients identified as patients/ true number of patients
in the sample * 100]. In case selectivity and sensitivity
falls below the values of the original CCAS Scale, select-
ivity and sensitivity of individual tests will be assessed.
Cut-off values of single test items and/ or cut-offs defin-
ing (possible/ probable/ definite) CCAS will be adjusted
to achieve high selectivity and reasonable sensitivity —
comparable to the values of the original CCAS Scale.

Differences between patient groups (pure cerebellar dis-
ease vs. patients with additional extracerebellar involve-
ment) will also be analyzed. We want to verify that
difficulties in verbal registration and delayed verbal recall
are indicative of extracerebellar involvement (“red flags”).
In further accordance with Hoche et al. [10], Cronbach’s
alpha will be used to assess the inter-relatedness of the in-
dividual test items, i.e. internal consistency.

To study construct validity of the CCAS Scale subtests
of validated German versions of neuropsychological test
batteries will be used as the external criterion. We will
compare the percentage of patients diagnosed with CCAS
based on a detailed neuropsychological test battery with
the percentage of patients identified by the CCAS Scale.

Finally, correlations between age, disease duration, sever-
ity of cerebellar motor symptoms (measured by clinical
ataxia scores), and total CCAS sum score will be calculated.
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All raw data (thus total number of failed tests respective
total sum score and sub scores on single test items) will be
tested for normal distribution using Kolmogorov-Smirnov
tests. Parametric or non-parametric tests will be applied
depending on distribution and final sample size.

Perspective

Clinical ataxia scales have been validated to rate the sever-
ity of motor symptoms in cerebellar disease [13—17], but
so far there has not been a validated clinical scale to
screen for the presence of the Cerebellar Cognitive
Affective/ Schmahmann Syndrome (CCAS), and quantify
CCAS severity. Only recently, Schmahmann and collabo-
rators have developed and validated a promising screening
tool for the CCAS — the CCAS Scale — for an American
English-speaking population [10]. Till now, no validated
German versions of the scale exist. German versions of
the CCAS Scale are highly desirable to screen for the pres-
ence of CCAS in a clinical setting, but also for patient
characterization and stratification in future therapeutical
trials. The CCAS sum score may also serve as a thera-
peutic marker, but this would need future studies to show
its sensitivity to change, and if this would be the case, its
treatment responsiveness. In this multicenter study, four
parallel versions (A-D) of the German CCAS Scale will be
validated in a large cohort of German-speaking patients
with cerebellar disorders. The parallel versions will allow
multiple testing without practice effects.

The primary aim of our validation study is to show high
selectivity, that is to show that the German versions of the
scale are able to differentiate between patients and con-
trols. We will test whether the pass/ fail criteria used to
determine the presence of CCAS in the original scale also
apply for the German scale. Cut-off values of individual
test items and the pass/ fail criteria shown in Fig. 1 are
taken from the US-American original and may change de-
pending on findings in the German validation cohort. Fur-
thermore, future studies are needed to test for possible
age effects, and the need for age-dependent cut-off values
and pass/ fail criteria. After full validation of the scale the
implementation of a web-based training tool is planned.

We are interested whether the scale is able to screen for
CCAS in patients with degenerative diseases, but also suf-
fering from cerebellar stroke or surgical lesions due to
cerebellar tumors. In the validation study of the original
American English CCAS Scale only few patients with focal
cerebellar lesions were tested [10]. In part of the patients
with focal lesions brain MRI scans will be available. This
will allow to map dysfunction in the different cognitive
domains to lesions in specific cerebellar regions. For ex-
ample, we expect that language dysfunction is associated
with lesions of the right posterolateral cerebellar hemi-
sphere, and visuospatial disabilities with lesions of the left
posterolateral cerebellar hemisphere [6].
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A limitation of the CCAS Scale is that detection of the
neuropsychiatric abnormalities highly depends on the
examiner’s expertise. The authors of the US-American
original were aware of this weakness and gave this item
(“Affect”) a weak denominator for the total sum score
[10]. Additionally, administration of more detailed scales
of neuropsychiatric dysfunction are recommended [24].
In future studies, expert neuropsychiatric assessments
would be of interest as a further external criterion. Fur-
thermore, testing of construct validity has some limita-
tions. We will perform detailed neuropsychological
testing only in a subset of patients. More importantly, al-
though the core symptoms of CCAS are well described,
as yet there are no standard criteria to diagnose CCAS
based on detailed neuropsychological testing. Another
approach to test construct validity would be to compare
CCAS scores in patients with cerebellar diseases and pa-
tients with non-cerebellar neurological diseases in the
future. Despite these limitations the CCAS Scale has
been shown to be more sensitive to detect cognitive and
affective changes in cerebellar disease than the Mini-
Mental State Examination and the Montreal Cognitive
Assessment [10]. The validated German CCAS Scale will
allow trained healthcare personnel to screen for cogni-
tive and affective symptoms in patients with cerebellar
diseases in German-speaking countries.

Supplementary information
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1186/542466-020-00071-3.
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