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INTRODUCTION

For many years, the cerebellum’s significance was circumscribed to motor control, with historical 
literature predominantly focusing on its role in motor deficits.[4] e findings of this support 

ABSTRACT
Background: Emerging research expands our understanding of the cerebellum beyond motor control to include 
cognitive, emotional, and autonomic functions. is review examines the cerebellum’s complex role, spotlighting 
Schmahmann’s syndrome, or cerebellar cognitive affective syndrome (CCAS), which impairs executive functions, 
language, and spatial processing. It emphasizes advancements in diagnosing CCAS and the imperative of 
developing superior diagnostic tools for managing cerebellar pathologies effectively.

Methods: A comprehensive literature search was performed using databases such as PubMed, OVID Embase, 
and OVID Medline. Using the keywords “cerebellar cognitive, affective syndrome” and “Schmahmann syndrome,” 
the search was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses 2020 guidelines for systemic review, in which the selection process narrowed down an initial set of 
54 articles to 12, focusing on the impact of the CCAS scale on diagnosing and understanding Schmahmann’s 
syndrome.

Results: e review’s analysis confirms the cerebellum’s roles in motor and cognitive functions and underscores 
the CCAS scale as a significant advancement in detecting cerebellar deficits, surpassing traditional assessments 
such as the mini-mental state examination and Montreal cognitive assessment.

Conclusion: is review emphasizes the importance of understanding the cerebellum’s involvement in 
cognition and emotion and the crucial role of the CCAS scale for identifying cerebellar impairments. It calls 
for better diagnostic tools to assess CCAS accurately and suggests enhancing the CCAS Scale to reflect cultural 
and educational diversity. is will improve the diagnosis and treatment of cerebellar disorders, promoting a 
comprehensive neurological perspective on the cerebellum’s functions.
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the Universal Cerebellar Transform (UCT) model proposed 
by Schmahmann et al.,[8] which posits that the cerebellum 
applies a uniform processing operation across motor and 
cognitive domains. is concept aligns with observed 
cerebellar contributions to both sensorimotor control and 
higher cognitive functions; challenging traditional cerebellar 
theories focused primarily on motor coordination. e 
dysmetria of thought theory, an integral part of UCT, 
is reinforced by the pattern of deficits seen in cerebellar 
cognitive affective syndrome (CCAS), implying that the 
cerebellum’s role extends to the modulation of thought 
and emotion. As such, these insights advocate for a revised 
perspective in neurological models to incorporate the 
cerebellum’s multifaceted contributions, which have direct 
implications for cerebellum-centered research and clinical 
approaches.

Contemporary research has significantly broadened this 
narrow view, uncovering the cerebellum’s integral functions 
across a spectrum of neurological domains – ranging from 
sensory to cognitive, emotional, social, psychological, and 
autonomic systems.[8] Notably, it has been revealed that 
lesions in specific cerebellar regions have differential impacts 
on these diverse domains.[8] Schmahmann’s syndrome, 
also known as CCAS, exemplifies this with a spectrum 
of impairments, including executive function, linguistic 
processing, and spatial cognition.[4] e emergence of 
CCAS underscores the complexity of the cerebellum’s 
role, highlighting disruptions in the pathways between 
the cerebellum, the limbic system, and various cortical 
associations, such as the prefrontal, temporal, and parietal 
lobes.[1]

Despite the increasing recognition of Schmahmann’s 
syndrome, comprehensive insights into its mechanisms 
and effects are still lacking. is review seeks to consolidate 
our current understanding by drawing from an extensive 
peer-reviewed literature search that prioritizes studies 
offering substantial contributions to the multidimensional 
comprehension of CCAS. e examination presented 
delves into the diagnostic capabilities of scales such as 
the mini-mental state examination (MMSE), Montreal 
cognitive assessment (MoCA), and the more recent CCAS 
scale while also considering insights from case reports and 
comprehensive reviews.

is paper reviews a spectrum of studies, spanning from 
empirical research to case reports, to trace the evolving 
narrative of CCAS diagnoses. is examination not only 
illuminates the broader implications of the syndrome but 
also underscores the urgent need for refined diagnostic 
tools that keep pace with the expanding realm of cerebellar 
pathologies. By providing a comprehensive overview, this 
review aims to inform and potentially transform clinical 
practices, optimize the diagnosis and management of 

cerebellar cognitive and affective disorders, and foster a more 
profound appreciation of the cerebellum’s pivotal roles in the 
brain’s complex network.

METHODS

A comprehensive literature search was undertaken across 
PubMed and Embase/Medline databases to delve into the 
existing knowledge about the cerebellum’s influence on 
cognition and its relationship with Schmahmann syndrome. 
is exploration covered the history of each database up to 
November 2023.

e initial search strategy was confined to the terms “ 
cerebellar cognitive affective syndrome” and “Schmahmann 
syndrome” due to limited research on this condition. Articles 
were selected based on their exploration of the cerebellum’s 
broad influence in relation to Schmahmann syndrome.

Adhering to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses guidelines, the search strategy 
is detailed in Figure 1. From the primary search, 54 articles 
were identified. Post deduplication, 32 articles underwent 
preliminary screening. Based on title and abstract reviews, 
14 were excluded as they did not align with the study’s 
objectives. us, 18 articles were then sought for retrieval, 
causing the elimination of six articles as they were only 
abstract summaries. erefore, 12 articles proceeded to 
eligibility evaluation, all of which were integrated into the 
final review. All 12 articles are detailed in Table 1 for clarity.

Of the 12 articles selected for detailed analysis, five provide 
comprehensive reviews of Schmahmann syndrome and 
reference a broader range of literature. ree of the articles 
are observational studies that contrast subjects from a typical 
control group with those diagnosed with CCAS. One article 
is a combined Literature Review and Clinical Observation. 
e remaining three articles are individual case reports, each 
emphasizing a direct correlation between cerebellar damage 
and CCAS.

FINDINGS FROM THE LITERATURE

Table  1 is a crucial component of this literature review, 
encapsulating a synthesis of 12 scholarly articles that 
collectively expand our understanding of the cerebellum’s 
cognitive and motor functions. Among these, the studies 
by Manto and Mariën and Stoodley et al. stand out for their 
comprehensive examination of the cerebellum’s dual role. 
Both Manto and Mariën and Stoodley et al. contribute to 
a broader understanding of the cerebellum’s capabilities, 
challenging the conventional view that its functions are 
confined to motor coordination.[5,11] eir research brings 
to light the cerebellum’s significant roles in sensorimotor 
control as well as in complex cognitive processes. Findings 
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indicate that the anterior lobe (lobules I–V) is intricately 
associated with sensorimotor functions, playing a central 
role in motor control. In addition, the posterior lobe (lobules 
VI-IX) is implicated in cognitive functions, with a particular 
connection to language processing, spatial reasoning, and 
executive functioning, as detailed in Table 2.[11] e results of 
these studies collectively demonstrate that various regions of 
the cerebellum are essential not only for motor activities but 
also for advanced cognitive tasks.

Figure 2, adapted from the critical research on Mariën and 
Borgatti and Manto and Mariën, corroborates these findings 
by depicting the cerebellum’s lobular division into anterior, 
superior posterior, and inferior posterior lobes with distinct 
functional affiliations.[5,6] e anterior lobe (lobules I–V) 
correlates with sensorimotor functions, underpinning 
motor control, while the posterior lobe (lobules VI-IX) is 
involved in cognitive tasks, including language processing, 
spatial reasoning, and executive functioning.[11] e 
distribution of Schmahmann’s syndrome indicators, shown 
as discrete markers on the cerebellar map, emphasizes the 
clinical implications of these functional regions.[5] Patients 

with cerebellar lesions exhibit a constellation of cognitive, 
emotional, and linguistic deficits, as characterized by the 
syndrome, supporting a broader role of the cerebellum 
in both motor and non-motor functions.[5] is map 
consolidates the cerebellum’s duality in motor control 
and cognitive processing, offering a visual synthesis of the 
cerebellum’s extensive participation in a wide spectrum of 
neurological and psychiatric conditions.

Expanding on the established research, Schmahmann 
et al. not only reinforce the cerebellum’s engagement in 
cognitive tasks but also introduce a theoretical model that 
underscores its precision in fine-tuning mental processes, 
akin to its role in motor coordination.[8] is model, further 
encapsulated by the dysmetria of thought theory, proposes 
that the cerebellum’s consistent architecture facilitates a 
uniform computational operation – the UCT – across 
diverse functional domains.[9] is operation is crucial for 
integrating internal cognitive and emotional processes with 
external inputs, maintaining equilibrium in mental activities, 
and contributing to a balanced behavioral output. When 
cerebellar function is compromised, it results in a uniform 

Identification of studies via databases and registers

Records identified from:
Databases:
PubMed: 21
Embase/Medline= 33
Total: 54

Records removed before screening:
Duplicate records removed (n =22)

Records screened
(n =32)

Reports sought for retrieval
(n = 18)

Reports assessed for eligibility
(n =18)

Studies included in review
(n =12)

Reports excluded:
Abstracts (n =6)

Records excluded
(n = 14)
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Figure  1: Schmahmann syndrome: A  PRISMA-guided 2020 literature review. PRISMA: Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses.
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impairment, termed dysmetria, affecting both motor and 
cognitive domains and manifesting clinically as cerebellar 
cognitive affective syndrome. ese insights suggest the 
cerebellum’s substantial contribution to neurological 
and psychiatric treatments and underscore the need for 
nuanced diagnostic and therapeutic strategies for cerebellar 
dysfunctions.[9]

e insights from both Stoodley et al. and Schmahmann 
further consolidate the understanding that the cerebellum’s 

influence extends well beyond motor coordination, playing 
a substantial role in cognitive and emotional functioning. 
ese findings articulate that while the anterior cerebellum 
primarily governs motor control, the posterior cerebellum 
is instrumental for cognitive and affective processing.[9,11] 
Highlighting the cerebellum’s expansive role across various 
domains, these studies pave the way for pioneering treatments 
in neurosurgery and neuropsychiatry and aiding physicians 
in crafting precise diagnoses and crafting tailored treatment 

Table 1: Summary of the literature review.

Authors Key Findings

Hoche et al., (2018) CCAS is a syndrome caused by cerebellar damage, leading to impairments in executive function, linguistic 
processing, spatial cognition, and affect regulation, and can coexist with other cerebellar syndromes. e new 
CCAS scale is a validated tool for precise diagnosis, assessment of severity, and monitoring of patients, as 
standard cognitive tests may miss the syndrome.

Schmahmann, (2019) e study investigated CCAS, revealing its impact on various cognitive functions due to cerebellar damage. 
e CCAS/Schmahmann scale was developed to effectively identify CCAS, highlighting the limitations of 
traditional tests like MMSE and MoCA. Findings showed that cerebellar patients exhibit diverse cognitive 
impairments without a consistent link to motor deficits.

Argyropoulos et al., 
(2020)

Provides an in-depth review of CCAS, emphasizing the cerebellum’s crucial role in both cognitive functions 
and emotional regulation, and it advocates for greater recognition of CCAS in clinical practice to enhance 
diagnosis and treatment. It also underlines the need for more research to deepen the understanding of 
cerebellar functions beyond motor control and to develop specific therapeutic strategies for CCAS.

Stoodley and 
Schmahmann (2018)

e cerebellum, beyond motor functions, has roles in cognition, as evidenced by neuroimaging and its 
anatomical connections. Its distinct functional subdivisions connect uniquely with cognitive cortical regions, 
and damage results in varied deficits. e Dysmetria of ought theory elucidates the intertwined cognitive 
and motor symptoms following cerebellar impairment.

Mariën and Borgatti, 
(2018)

Schmahmann’s “dysmetria of thought theory” posits the cerebellum’s cognitive role mirrors its motor function, 
equating intended and perceived outcomes. e “universal cerebellar transform” concept further underscores 
the cerebellum’s essential part in optimizing human behavior and cognitive functions using predictive models. 
is perspective has been adapted to explain linguistic deficits following cerebellar damage, cementing the 
cerebellum’s significance in both motor and cognitive arenas.

Schmahmann et al., 
(2019)

e cerebellum is not just for motor control but also affects sensory, cognitive, emotional, and psychiatric 
functions. eories like the Universal Cerebellar Transform and Dysmetria of ought highlight its role in 
behavior and the link between motor and mental irregularities. Functional MRI studies confirm its diverse 
neurological roles. CCAS shows how cerebellar damage can impair executive function, spatial skills, and 
language. is knowledge is leading to new treatments for conditions like autism and schizophrenia.

Manto and Mariën, 
(2015)

is paper emphasizes its crucial role in clinical ataxiology and details how the syndrome’s cognitive and 
affective impairments, such as executive dysfunction, language difficulties, and personality changes, result from 
cerebellar lesions affecting neural connections with cerebral areas responsible for these functions.

ieme et al., (2020) CCAS reflects cognitive and affective impairments due to cerebellar diseases. A new screening tool, the CCAS 
scale, has been developed for English speakers and is now being adapted and validated for German-speaking 
patients.

De Oliveira Scott et al., 
(2022)

e study focused on translating, culturally adapting, and validating the CCAS scale for Brazilian Portuguese 
to assess cognitive deficits in patients with cerebellar disease. e adapted scale demonstrated good reliability 
and consistency, highlighting its potential as an assessment tool in the Brazilian population.

Gok-Dursun et al., 
(2021)

A 56-year-old male teacher was misdiagnosed multiple times before being correctly diagnosed with CCAS. e 
cerebellum, traditionally known for motor functions, also plays a role in cognitive and affective functions.

Starowicz-Filip et al., 
(2013)

e study examined a patient with cerebellar damage and found executive dysfunctions similar to frontal lobe 
impairments, underscoring the cerebellum’s role in cognition.

Ruparelia et al. (2022) e cerebellum has roles beyond motor functions, including cognition and emotion. A 35-year-old woman 
displayed CCAS after meningioma removal, highlighting the cerebellum’s affective functions, particularly from 
its posterior lobe and vermis.

MMSE: Mini-mental state examination, MoCA: Montreal cognitive assessment, CCAS: Cerebellar cognitive affective syndrome, MRI: Magnetic resonance imaging
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plans for patients with cerebellar impairments, demonstrating 
the importance of specialized tools in enhancing patient care 
and treatment outcomes.[9,11]

A 2019 study by Argyropoulos et al. empirically validated 
the CCAS Scale, which highlights the extensive involvement 
of the cerebellum in cognitive and emotional functions, 
advocating for specialized assessments like the CCAS Scale 
in neurological evaluations.[1] is need for specificity 
stands in contrast to traditional neurological assessments 
such as the MMSE and MoCA, which may not fully capture 
the cerebellar contributions to these domains.[4] e 
literature from Argyropoulos et al. and ieme et al. has 
been synthesized into Table  3. is comparative analysis 
showcases the differences between the CCAS scale and 
traditional cognitive assessments such as the MMSE and 
MoCA. e CCAS Scale, with its focus on the cerebellum, 
is recognized for its specific detection of cerebellar lesions 
and is a reflection of advancements in cerebellar cognitive 
neuroscience. It provides detailed evaluations of executive 

functions, linguistic processing, spatial cognition, and 
emotional regulation. Conversely, the MMSE and MoCA 
are broad in their screening but do not provide the same 
level of detail, especially concerning non-motor functions. 
e CCAS scale’s empirical validation in detecting CCAS 
underscores its importance as a nuanced assessment tool, 
something that is lacking in the MMSE and MoCA due to 
their general cognitive focus. As a result, the CCAS scale 
becomes an essential instrument for the accurate diagnosis 
and monitoring of cerebellar impairments.[1,4,12] Furthermore, 
Table 4 indicates that patients with CCAS score an average 
of 28.70 on the MMSE and 26.45 on the MoCA, which  falls 
within the normal range (24-30 for MMSE and 26-30 for 
MoCA). However, these tools fail to provide the necessary 
sensitivity and diagnostic precision to pinpoint the cognitive 
deficits unique to CCAS.[4]

To address this diagnostic gap, the CCAS scale was developed, 
comprising various tests and measures that collectively 
provide a comprehensive assessment of cognitive and 

Table 2: Functional specialization and connectivity of the cerebellar lobules.

The Cerebellum
Lobule Functionality Connectivity Associated Functions

Anterior Lobe (I–V) Sensorimotor Activities Neuroanatomical and neuroimaging studies 
show connections to sensorimotor cortices.

Motor control

Posterior Lobe (VI-IX) Cognitive Processing Tract-tracing and functional imaging studies link 
to higher-order brain regions like the parietal 
and prefrontal cortices.

Language processing, 
spatial reasoning, executive 
functioning

e table encapsulates the distinct functionalities and neural pathways of the cerebellar lobules, detailing their roles in sensorimotor activities and cognitive 
processes, and their integration within broader neural networks. is table was modified from Stoodley et al.

Figure 2: Regional functional distribution in the cerebellum with Schmahmann’s syndrome indicators. 
is figure illustrates the cerebellum’s lobular division and associated functions, pinpointing regions 
implicated in Schmahmann’s syndrome. is figure was modified from Mariën and Borgatti and 
Manto and Mariën.
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affective functions. is allows for a detailed understanding 
of the patient’s condition and aids in the differential diagnosis 
of CCAS from other neurological disorders. A study on the 
CCAS Scale involved two groups; the exploratory group 
was tested to refine the scale’s diagnostic criteria, while the 
validation group confirmed its efficacy. e “pass” system 

in the scale denotes the severity of CCAS: one failed test 
suggests possible CCAS, two failed tests indicate a probable 
condition, and three failed tests confirm definite CCAS. e 
exploratory cohort’s results highlighted the scale’s sensitivity 
in detecting early signs of CCAS despite a high false-positive 
rate. Conversely, the validation cohort’s results affirmed the 
scale’s improved sensitivity and robustness in confirming 
more severe cases. For instance, Table  5 demonstrates the 
scale’s nuanced capability to identify varying severities of 
CCAS, maintaining strong selectivity, particularly for more 
severe cases. Table 5 shows that for detecting possible CCAS 
(one test failed), the sensitivity was 85%, with a selectivity of 
74% in the exploratory group. e sensitivity for probable 
CCAS (two tests failed) was 58.3%, with selectivity at 94.4%, 
and for definite CCAS (three tests failed), sensitivity was 
48.3%, with selectivity at 100%, indicating no false positives. 
In the validation cohort, the sensitivity increased to 95% for 
possible CCAS with a selectivity of 78%, 82% for probable 
CCAS with a selectivity of 93%, and a slight decrease 
in sensitivity to 46% for definite CCAS, with selectivity 
remaining at 100%.[4] ese results demonstrate the CCAS 

Table  4: Comparison of cognitive assessment scores between 
MMSE and MoCA.

Assessment 
tool

Normal 
score range

Observed mean 
score (patients)

Sensitivity/
diagnostic 
accuracy

MMSE 24–30 28.70 (±1.25) N/A
MoCA 26–30 26.45 (±2.52) N/A
e table illustrates the mean cognitive assessment scores for CCAS 
patients, compared with established normal ranges derived from evaluations 
using the MMSE and MoCA tools. is table was modified from Hoche 
et al. MMSE: Mini-mental state examination, MoCA: Montreal cognitive 
assessment. e term “N/A” under the Sensitivity/diagnostic accuracy 
column for both MMSE and MoCA assessments indicates that the data for 
sensitivity and diagnostic accuracy were not provided.

Table 3: Comparative analysis of cognitive assessment tools: CCAS scale, MMSE, and MoCA.

Feature CCAS scale MMSE MoCA

Specificity for 
cerebellar lesions

Highly specific for cerebellar lesions, 
including cognitive and affective 
changes.

General cognitive 
assessment, not specific to 
cerebellar lesions.

General cognitive assessment, not 
specific to cerebellar lesions.

Historical development Based on modern understanding of 
cerebellar function in cognition and 
affect.

Developed before the 
modern understanding of 
the cerebellum’s non-motor 
functions.

More recent than MMSE but 
developed without a specific focus 
on cerebellar functions.

Domains assessed Executive function, linguistic 
processing, spatial cognition, affect 
regulation, and behavior.

Memory, orientation, 
language, and visuospatial 
skills.

Memory, orientation, language, 
visuospatial skills, attention, and 
executive functions

Detail and depth Detailed assessment of 
cerebellar-related cognitive and 
affective functions

Broad screening, less 
detailed.

More detailed than MMSE but less 
specific for cerebellar function than 
CCAS.

Empirical validation Developed and validated specifically 
for detecting CCAS in patients with 
cerebellar dysfunction

Broadly validated 
for general cognitive 
impairment.

Broadly validated, includes a wider 
range of cognitive functions than 
MMSE.

eoretical foundation Based on dysmetria of thought theory 
and recent advances in cognitive 
neuroscience of the cerebellum.

Based on traditional views 
of cognitive function 
without consideration of 
the cerebellum’s role.

Includes some elements of executive 
function but does not incorporate 
modern cerebellar cognitive 
neuroscience.

Clinical utility Intended for specific assessment of 
CCAS and to monitor changes over 
time.

General screening for 
cognitive impairment, 
especially in dementia.

General screening, with somewhat 
greater sensitivity to mild cognitive 
impairment than MMSE.

Recognition of 
non-motor functions

Explicitly designed to assess non-motor 
cerebellar functions.

Focuses on traditional 
cognitive domains, mainly 
motor function.

Primarily focused on traditional 
cognitive domains, with some 
attention to executive function.

e table provides a side-by-side comparison of the CCAS Scale, MMSE, and MoCA, highlighting differences in their specificity for cerebellar lesions, 
historical context, assessment domains, and overall clinical utility. is table was modified from Hoche et al., Argyropoulos et al., and ieme et al. 
MMSE: Mini-mental state examination, MoCA: Montreal cognitive assessment, CCAS: Cerebellar cognitive affective syndrome
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scale’s nuanced capability to identify varying severities of 
CCAS, maintaining strong selectivity, particularly for more 
severe cases.[4]

Subsequent validation studies of the CCAS scale in Germany 
and Brazil have solidified its internal consistency and cultural 
adaptability, with Cronbach’s alpha scores well above the 
threshold of 0.7, which is considered acceptable for scales in 
psychological research; however, the scores were adjusted due 
to education. e German study yielded a score of 0.84, while 
the adaptation for Brazilian Portuguese achieved a score of 
0.752, both indicative of good reliability.[2,12] In addition, the 
Brazilian study employed receiver operating characteristic 
curve analysis to determine the optimal balance between 
sensitivity and specificity, achieving an average accuracy rate 
of 70% in distinguishing between patients with cerebellar 
dysfunction and controls.[2] ese cross-cultural affirm the 
scale’s adaptability, which can potentially be used universally 
as a diagnostic tool for CCAS.

Illustrating the scale’s utility in a clinical context, a case report 
by Gok-Dursun et al. identifies a patient with CCAS initially 
misdiagnosed with psychiatric conditions, highlighting 
the scale’s practical use when standard neurological tests 
may miss subtle cognitive and affective symptoms post-
cerebellar stroke.[3] Another case done by Starowicz-Filip 
et al. involving a 41-year-old male demonstrates significant 
executive dysfunctions, typically misattributed to frontal 
lobe issues.[10] Adding to these, Ruparelia et al. discuss a case 
of a 35-year-old woman with post-meningioma resection 
who developed CCAS, underscoring the cerebellum’s role in 
cognition and affect.[7] ese cases collectively underscore 

the CCAS Scale’s critical role in accurate diagnosis and the 
necessity of its inclusion in the assessment of cognitive-
emotional disturbances, reinforcing the call for its global 
adoption in clinical practice for precise treatment planning 
and improved patient care outcomes.

e analysis presented consolidates the understanding that 
the cerebellum plays a role in both motor and cognitive 
functions. e convergence of data from various studies 
underscores the necessity of incorporating specific 
assessment tools, such as the CCAS scale, into standard 
neurological practice to reflect the cerebellum’s broad 
contributions accurately. e empirical backing provided 
by the CCAS scale’s validation marks a critical step in the 
nuanced evaluation of cerebellar disorders, offering clinicians 
a more targeted approach to the diagnosis and treatment of 
cerebellar cognitive affective syndrome. is section has thus 
laid a robust foundation for the cerebellum’s multifaceted 
role in neurological function, with implications for future 
research and clinical application.

DISCUSSION

Recent neuroscientific research has expanded our 
understanding of the cerebellum beyond its classical role 
in sensorimotor control, as captured by the UCT model.[8] 
is model, which postulates that the cerebellum performs 
consistent processing operations across motor and cognitive 
domains, finds support in the key findings synthesized 
from a diverse body of literature, as shown in Table 1. ese 
findings reveal the cerebellum’s involvement in cognitive 
domains, emotional regulation, and social behaviors, 
suggesting a processing capacity that extends well beyond 
the traditional motor-centric view.[8,9] e UCT model’s 
perspective is enriched by this literature, which underscores 
the cerebellum’s multifaceted influence and sheds light on the 
intricate pathologies, such as those observed in CCAS, that 
can arise from its impairment.[1,8]

e traditional view of the cerebellum as primarily a 
coordinator of motor function is challenged by the findings 
summarized in Table  2. It illustrates a clear functional 
distinction between the anterior lobe (lobules I–V), which 
is involved in sensorimotor activities, and the posterior 
lobe (lobules VI-IX), which plays a pivotal role in cognitive 
processing.[11] e connectivity of the posterior lobe to the 
parietal and prefrontal cortices, as evidenced by tract-tracing 
and functional imaging studies, supports its involvement in 
complex cognitive tasks such as language processing, spatial 
reasoning, and executive functioning. is delineation of 
cerebellar functionality underscores the need for a broader 
clinical understanding that encompasses the cerebellum’s 
role in cognitive and emotional processes, a critical insight 
for the accurate diagnosis and management of CCAS.

Table  5: Diagnostic sensitivity and selectivity for cerebellar 
cognitive affective syndrome across exploratory and validation 
cohorts.

Diagnostic 
criteria

Cohort Sensitivity 
(%)

Selectivity 
(%)

Possible CCAS  
(one test failed)

Exploratory 85 74
Validation 95 78

Probable CCAS 
(two tests failed)

Exploratory 58.3 94.4
Validation 82 93

Definite CCAS 
(three tests failed)

Exploratory 48.3 100
Validation 46 100

e table delineates the sensitivity and selectivity of diagnostic criteria for 
CCAS in both exploratory and validation cohorts. e table highlights 
the progression from “possible” to “definite” CCAS, underscoring the 
increased selectivity with additional test failures. is table was modified 
from Hoche et al. Possible CCAS” suggests an initial indication of 
Cerebellar Cognitive Affective Syndrome based on one failed cognitive 
test, indicating a potential but unconfirmed presence of the syndrome. 
“Probable CCAS” indicates a more likely occurrence, with impairments 
observed across two cognitive domains. “Definite CCAS” confirms the 
condition, evidenced by failures across three cognitive dimensions, 
reflecting the syndrome’s comprehensive cognitive impact.



Alan, et al.: Assessing the cerebellum: Cognitive functions, affective roles, and CCAS scale efficacy

Surgical Neurology International • 2024 • 15(141) | 8

Figure  2 offers a compelling visual representation of the 
cerebellum’s functional diversity, enhancing the understanding 
provided by Table  2. Mapping the cerebellar lobules to 
their associated cognitive and motor tasks underlines 
the specialized functions of the posterior cerebellum – 
particularly lobules VI, VII, and IX – in cognition.[5,6] e 
figure not only demonstrates the cerebellum’s complexity 
through the inclusion of Schmahmann’s Syndrome indicators 
but also highlights the syndrome’s clinical manifestations. 
is map serves as both an educational tool to demonstrate 
the cerebellum’s extensive neurological roles beyond motor 
control and a critical illustration of the potential deficits 
associated with Schmahmann’s Syndrome. Furthermore, 
the distinct markers for the syndrome placed across the 
cerebellar topography stress its varied impact and underscore 
the inadequacy of traditional assessments that may miss such 
detailed cognitive impairments.[5]

As such, the evolving comprehension of the cerebellum 
necessitates a reevaluation of the tools that we use for cognitive 
assessment, bridging us to the current standards of clinical 
practice. e MMSE and MoCA, while established as standard 
cognitive assessments, were not conceived with the nuanced 
roles of the cerebellum in cognition and affected in mind. is 
oversight often leads to the under-recognition of the cognitive 
and affective symptoms inherent to CCAS, which is evidenced 
by the analysis presented in Table 3. e MMSE, in particular, 
fails to delve deeply into the realms of executive functioning 
and affective regulation – areas frequently compromised by 
CCASs.[1,4] e MoCA, despite offering a broader scope than 
the MMSE, still does not provide the detailed assessment 
necessary to pinpoint the specific cognitive deficits that are 
the hallmarks of cerebellar lesions. Its aggregated scoring 
system may obscure the true cognitive profile of a patient 
by amalgamating scores across various domains, potentially 
concealing significant cerebellar-related impairments.[1,4]

Recognizing these shortcomings highlights the need for 
more discerning evaluative measures, as further evidenced 
by the subsequent insights. e findings presented in Table 4, 
illustrating that patients with cerebellar damage often register 
within normal ranges on established cognitive assessments 
such as the MMSE and MoCA, bring to the forefront significant 
concerns regarding the sensitivity of these customary tools.[4] 
ese results underscore a prevailing issue: e inability to 
detect the nuanced deficits emblematic of CCAS, a challenge 
compounded when scores align with the broad strokes of 
“normalcy” recognized in cognitive assessments.

In light of this, the CCAS scale’s advancement in recognizing 
cerebellar cognitive-affective impairments is commendable, 
yet not without its own set of limitations. Table 5 shows the 
variability in sensitivity, particularly for probable CCAS, 
which shows a notable discrepancy between exploratory 
(58.3%) and validation (82%) cohorts, raising questions about 

the scale’s consistency in detecting varying degrees of the 
syndrome. Even more concerning is the decreased sensitivity 
for definitive CCAS, dipping as low as 46% in the validation 
cohort, signaling a potential shortfall in the tool’s ability to 
identify the most severe manifestations of the syndrome.[4]

is inconsistency hints at the potential for underdiagnosis 
of CCAS, particularly in its severe forms, which could result 
in patients being deprived of necessary specialized care. 
Conversely, the relatively high selectivity rates observed 
could also point to a potential overdiagnosis, driving home 
the necessity for a more nuanced diagnostic tool that prevents 
the misclassification of healthy individuals.

e cultural adaptation of the CCAS scale for the Brazilian 
Portuguese-speaking population underscores not just 
the inherent variability in diagnosing CCAS but also the 
critical necessity for sensitive calibration of the tool to 
align with an optimal balance of sensitivity and selectivity, 
aimed at approximately 70%.[2,12] e adaptation process 
unveiled the scale’s sensitivity to educational differences 
– a significant factor that notably influenced selectivity 
outcomes in comparison to the U.S.[2] validation cohort. 
Similarly, the German version had to be adjusted to account 
for the disparity in educational systems, highlighting 
education as a pivotal factor in the scale’s application and 
accuracy.[12] ese modifications across different linguistic 
and educational landscapes introduce a layer of complexity 
that could be viewed as a limitation. Suggesting that the 
CCAS scale may not have universal applicability without 
significant localization, this observation emphasizes the 
need for tailored approaches to ensure its effectiveness across 
diverse educational and cultural contexts. is requirement 
for customization according to educational background 
suggests that the scale’s original cutoff points might not be 
universally valid, necessitating careful reevaluation. Such 
a limitation points to the broader challenge of developing 
neuropsychological tools with genuine cross-cultural 
and cross-educational applicability, and it emphasizes the 
importance of creating flexible assessment frameworks that 
can be accurately adapted to diverse patient populations.

ese diagnostic challenges are vividly illustrated in case 
reports from the literature, which depict the varied clinical 
presentations of CCAS and the conundrums faced in its 
diagnosis and management.[3,7,10] For instance, the case of 
a 56-year-old male teacher initially misdiagnosed with 
depression exemplifies the complexity inherent in CCAS, 
where neuropsychological symptoms may be mistaken 
for psychiatric conditions.[3] Such cases underscore the 
indispensable role of the CCAS scale in conjunction with 
comprehensive clinical evaluations, particularly when 
standard tests fail to capture the full spectrum of a patient’s 
deficits. e disruption of neural circuits linking the 
cerebellum with various cortical areas highlights the need for 
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clinicians to maintain a high index of suspicion for CCAS, 
especially in patients presenting with atypical cognitive or 
affective symptoms post cerebellar injury.[3]

Moreover, the necessity to adapt diagnostic tools like the 
CCAS scale to account for educational variations within 
patient populations further complicates the clinical 
picture. is complexity serves as a critical reminder of 
the educational factors that can significantly influence the 
interpretation of the CCAS scale, presenting a limitation 
in its applicability across different cultural and educational 
contexts. Ensuring that the CCAS Scale and similar tools 
are sufficiently adaptable for diverse patient populations is 
crucial, providing a reliable framework for evidence-based 
treatment and fostering better communication among 
physicians and specialists aware of this clinical entity.

Given the identified limitations of current assessment tools 
and the cultural and educational complexities highlighted 
in our findings, it becomes imperative for future research 
to concentrate on refining the CCAS scale to enhance 
its diagnostic precision across diverse populations. e 
necessity of integrating advanced neuroimaging modalities, 
such as Diffusion Tensor Imaging, directly responds to 
the need for a more granular view of the cerebellum’s 
connectivity, particularly in light of the variability in CCAS 
presentations and the overlap of symptoms with other 
neurological conditions.[11] Such technologies can deepen our 
understanding of the cerebellum’s involvement in cognitive 
and affective processes, informed by the intricate pathologies 
unveiled in this review. Consequently, understanding the 
neuroanatomic sequence of the cerebellum and its functions 
can inform the development of therapeutic stereotactic 
procedures that may enhance and restore function in this 
debilitating disease. Longitudinal studies that track patients 
over time are essential not only to map the natural history 
of CCAS but also to validate the efficacy of interventions 
proposed by the case studies discussed. As we seek to 
understand the long-term progression of CCAS, these 
studies will offer critical insights into patient outcomes and 
the success of personalized therapeutic strategies.

Moreover, an identifiable limitation arises from the limited 
volume of research specifically addressing Schmahmann’s 
syndrome, particularly from a neurosurgical standpoint. 
is scarcity is significant, as it suggests that the symptoms 
and signs of Schmahmann’s syndrome might be obscured 
by the broader spectrum of cerebellar surgery outcomes, 
potentially leading to an underdiagnosis or misinterpretation 
of its impact. e need for targeted neurosurgical research 
to distinguish the specific contributions of surgical 
interventions to the clinical picture of CCAS is urgent, 
highlighting a crucial area for future investigation.

Furthermore, the discovery and validation of biomarkers 
for neurotransmission, neuroinflammation, and genetic 

predispositions stand as a frontier to be explored, driven 
by the need for more nuanced diagnostic criteria that 
can differentiate CCAS from psychiatric and other 
neurological disorders. e establishment of these 
biomarkers could represent an advancement in diagnostic 
capabilities, providing a robust foundation for evidence-
based practice. Complementing these scientific endeavors, 
the exploration of the cerebellum’s interactions with the 
broader cognitive network offers a potential revolution 
in cognitive rehabilitation techniques. By leveraging 
the brain’s neuroplasticity, informed by the educational 
implications discussed earlier, these innovative approaches 
could be tailored to accommodate the unique educational 
backgrounds and learning needs of patients with CCAS.

Ultimately, these concerted research efforts aim to fortify 
the CCAS scale’s applicability, ensuring it not only captures 
the nuances of CCAS presentations but also contributes 
meaningfully to patient management and treatment 
outcomes. rough such advancements, we endeavor 
to bridge the gaps in knowledge and clinical practice, 
thus enhancing the quality of life for those affected by 
this syndrome and expanding our comprehension of the 
cerebellum within the brain’s complex systems.

In conclusion, the findings and discussions articulated in 
this review underscore the need for a paradigm shift in how 
we perceive and assess the cerebellum’s role in cognitive and 
affective functions. e journey through extensive literature, 
nuanced case studies, and empirical validations leads us 
to a juncture where we must embrace the cerebellum’s 
complex contributions with renewed vigor. By advancing our 
research methodologies and refining our diagnostic tools, 
we are on the path to a more comprehensive understanding 
of cerebellar cognitive affective syndrome. e insights 
provided here advocate for continued innovation in clinical 
practice and research, setting the stage for enhanced patient 
care and a deeper grasp of the cerebellum’s multifaceted 
influence on neurological health.

CONCLUSION

is review asserts the cerebellum’s role in cognition 
and emotion, challenging its traditional motor-centric 
classification. is paper highlights the CCAS Scale’s 
superiority over conventional tools, such as the MMSE 
and MoCA, for diagnosing cerebellar cognitive affective 
syndrome, advocating for its refined use in clinical settings. 
Despite its efficacy, the scale’s sensitivity to cultural and 
educational variations calls for further refinement. Future 
work should aim to perfect this scale, explore novel 
biomarkers, and leverage advanced imaging to understand 
cerebellar dysfunction better. Ultimately, our findings call 
for a revised neurological paradigm that recognizes the 
cerebellum’s broader influence, paving the way for enhanced 
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patient care and a comprehensive understanding of brain 
function.
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