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OBJECTIVE 

 

  Attention is one of the cognitive domains most likely to be affected already at early stages of 

subcortical and cortical neurodegenerative diseases. Thus, sensitive biomarkers loading 

functionally on the neural alterations invoked by these neurodegenerative diseases might 

improve an early detection and prediction. 

  The subcortical dementia Huntington’s disease (HD) is an autosomal dominant disorder. 

The genetic defect closely correlates with degeneration in nucleus caudatus in the basal 

ganglia, giving rise to a progressive disruption of functionally segregated 

fronto-striato-thalamic loops. As a result, clinical manifestations, typically emerging in 

middle adulthood, involve a triad of motor, psychiatric and cognitive symptoms. While motor 

abnormalities may be the most prominent changes in the clinical state of the disease, they can 

be preceded by cognitive impairments and by psychiatric symptoms even for years. A major 

challenge for neuropsychological research is the identification of biomarkers for 

Huntington’s disease at the level of cognitive functions. As any potential treatment should 

target at-risk subjects as early as possible, cognitive deterioration mainly affecting perception, 

attention and executive functions has to be detected from the beginning. 

  Alzheimer’s disease (AD) is the most frequent form of cortical dementia characterized by 

progressive cortical degeneration starting in mediotemporal regions and proceeding to 

parietal and frontal areas. Mild cognitive impairment (MCI) is considered as prodromal phase 

of dementia in most patients. It is defined as a transitional state between the normal 

alterations of cognitive and functional abilities in elderly subjects and the significant decline 

associated with probable dementia. In particular, MCI of the amnestic type bears a high risk 

for subjects to develop AD. It has been claimed by some authors that the initial memory 

disturbance in AD is at least accompanied if not preceded by early deficits of attention. 

Therefore, sensitive tools for assessing attentional capacity and selective attention might 

serve as early cognitive markers in the course of AD. They might enhance the identification 

rate of at-risk subjects at the MCI stage, providing a chance for effective treatment. 

  In a series of studies we systematically assessed whether cognitive parameters for 



estimating the capacity of visual attention and the selectivity of visual attention are 

appropriate neurocognitive markers in subcortical and cortical diseases. Importantly, these 

different parameters functionally load on the frontal cortex, its connections to striatal and 

parietal areas, and on potential asymmetries in this attentional neural system. 

 

 

METHODS 

 

  In a series of studies, we systematically assessed attentional alterations in visual attentional 

performance in neurodegenerative diseases, such as in early HD and in different states of 

probable AD. We used a parameter-based approach based on a ‘theory of visual attention’ 

(TVA). Simple psychophysical assessment tools, whole and partial report of briefly presented 

letter arrays, were applied to each patient group and to age-matched healthy control subjects. 

They allow the quantitative estimation of visual perceptual threshold, visual perceptual speed, 

visual short-term memory (vSTM) storage capacity, task-related selection and spatial 

attentional bias. In the field of neurodegenerative diseases these methods have been proven to 

be advantageous. They have simple task instructions and response requirements (unspeeded 

verbal report). Exposure durations are individually adjusted to the patients’ needs. Thus, they 

allow valid testing of subjects with various levels of general intellectual, motor and 

attentional capabilities. In MCI and AD, we correlated the TVA-based behavioral parameters 

to regional hypometabolism as revealed by resting-state F-fluorodeoxyglucose positron 

emission tomography (FDG-PET). 

 

 

RESULTS 

  

  In HD, we found severe, progressive, reductions in visual attentional capacity (perceptual 

processing speed and vSTM storage capacity). Furthermore, a leftward spatial bias in the 

distribution of attentional weights (causing rightward extinction) was related to clinical 

indicators of the disease severity, such as the severity of the underlying genetic pathology. In 

Alzheimer’s disease, a similar combination of impairments in attentional capacity and of 

biased spatial attention was present that reflects a graded pattern of attentional performance 

in MCI and AD. Early impairments (found already at the MCI stage) included an elevation of 

visual perceptual thresholds indicating a deficit in pre-attentive processing while processing 

speed and vSTM storage capacity showed a significant decline for AD patients, only. 

Furthermore, already in MCI patients, spatial attentional selection was biased, either to the 

left or the right hemi-field and task-related selection was impaired. Significant correlations 



were found with between these attentional selectivity parameters and FDG PET data. 

Consistent with the biased-competition assumption that the relative activity levels of left- and 

right-sided brain areas are responsible for spatially biased behavior, a significant correlation 

between the laterality of this attentional bias and that of hypometabolism in temporo-parietal 

junction areas was found.  

 

 

CONCLUSIONS 

 

  Although neurodegenerative diseases lead to “diffuse” neural loss, the TVA-based 

methodology enhances understanding of attentional dysfunctions by demonstrating tight 

associations between neurobiological aspects of diseases and the modification of attentional 

components. The different parameters might serve as trait/state markers for neural decline. 

The correlations to underlying genetic pathologies and to brain metabolism suggest a close 

relationship between basic cognitive functions and neurodegeneration. Because correlations 

to other neuro-cognitive measures furthermore demonstrate the ecological validity of the 

TVA-based parameters, we conclude that their assessment can decisively contribute to the 

diagnosis of cognitive deficits in neurodegenerative diseases. 


