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length. These data show that although we could not demonstrate altered MTI characteristics in 

premanifest HD, we did demonstrate that the MTR peak height reflects genetic and subclinical 

disease status and may be of value in monitoring further disease progression and provide insight 

into clinical heterogeneity.15

Brain iron accumulation has been proposed as an important factor in the pathogenesis of 

neurodegenerative diseases and has been associated with MRI T2-weighted hypointensities.16-21 

Chapter 4 reported on our exploratory study into whether the degree of hypointensities in the basal 

ganglia of premanifest carriers differs from non-carriers. Using an innovative quantitative method 

developed by Philips research, we classified each pixel in the basal ganglia as hypointense or not, 

resulting in a total number of hypointense pixels for each individual. Carriers showed an increased 

amount of hypointensities in the basal ganglia compared to non-carriers, specifically in the globus 

pallidus. A greater number of hypointensities was furthermore strongly related to more UHDRS 

motor abnormalities, a longer CAG repeat length and being closer to estimated disease onset. These 

preliminary results indicate that excessive iron deposition may be present in premanifest HD and 

could play a role in early neuropathology of HD. Hypointensities in the basal ganglia may therefore 

be considered a biomarker for HD.22

Brain functioning during cognitive challenge in premanifest HD

EEG provides the possibility of measuring functional changes as a response to altered brain 

morphology. In most clinical EEG studies, registration is limited to standard conditions. In EEG 

studies of the continuum of cognitive decline it was shown that cognitive challenging during EEG 

revealed abnormalities in Mild Cognitive Impairment (MCI), while conventional EEG conditions 

did not.23 In chapter 5 we investigated whether the EEG during memory activation revealed 

abnormalities in premanifest HD. To this end, 16 carriers and 13 non-carriers of the HD gene were 

evaluated using neurological, neuropsychological and EEG investigations. The EEG was registered 

during rest, eyes closed and memory activation. The EEG during memory activation showed 

less relative and less absolute alpha power in carriers compared to non-carriers, even though 

memory performance was similar. No associations were found with phenotypical or genotypical 

characteristics. It was concluded that memory activation revealed functional brain changes in HD 

before clinical signs become manifest.24 

In chapter 6 we studied P3 Event-Related Potential (ERP) during the Sustained Attention to Response 

Task (SART), a Go/No-go task sensitive to attentional problems. The P3 is used to investigate the 

neuronal basis of cognitive changes and is presumably partly generated by the basal ganglia. We 

assessed whether altered P3 components were present in premanifest HD and we were especially 

interested in a possible association with basal ganglia volumes. In carriers we demonstrated 

exceptionally strong associations of longer P3 latency with smaller corpus striatum volume, a 

higher CAG repeat length and more motor abnormalities. P3 amplitude and latency themselves or 

attentional performance on the SART did not differ between carriers and non-carriers. These results 

Huntington’s disease (HD) is an inherited neurodegenerative disease that becomes manifest in 

midlife and is characterised by progressive motor, cognitive and behavioural dysfunction.1 Although 

the clinical diagnosis of HD is usually based on the first appearance of motor signs, a positive family 

history and confirmation by DNA-testing, subtle clinical changes in motor function, cognition and 

behaviour are known to precede overt disease manifestation.2-4 Furthermore, early changes in brain 

structure and function have been demonstrated in the premanifest phase of HD.5-9

Objective biomarkers that provide more insight into early clinical abnormalities and morphological 

and neurophysiological brain alterations in HD need to be identified. They should contribute to the 

early detection of change, to the development of neuroprotective agents, and to the monitoring of 

disease progression and treatment. In addition they should help to establish better criteria for the 

definition of onset for clinical practice.

The general objective of this thesis was, therefore, to investigate whether early clinical alterations 

and functional and structural brain markers could be detected in carriers of the HD gene who are 

still without manifest motor signs. Furthermore, we investigated associations between clinical 

measures and several quantitative MRI and EEG markers. 

Detecting brain abnormalities in premanifest HD using different MRI methods

Quantitative MRI neuroimaging techniques provide the possibility of developing instruments 

suitable for detecting and monitoring brain changes in carriers before motor signs become manifest. 

In chapter 2 we assessed whether premanifest basal ganglia alterations could be demonstrated 

using manual segmentation of basal ganglia on T1-weighted MRI scans. We examined volumes of 

the caudate nucleus, putamen, globus pallidus and thalamus. Furthermore, motor, cognitive and 

behavioural functioning were assessed using the Unified Huntington’s Disease rating Scale (UHDRS). 

Sixteen carriers without manifest motor signs were compared to 14 non-carriers. The results showed 

that volumes of the caudate nucleus, putamen and globus pallidus were significantly smaller in 

carriers than in non-carriers while no differences between groups were found on clinical evaluation. 

In carriers, a smaller globus pallidus volume was associated with more motor abnormalities. Also, a 

smaller putamen volume correlated with poorer psychomotor function. These results suggest that 

motor and psychomotor measurements may be suitable clinical markers for future neuroprotective 

trials when combined with volumetric imaging.10

Magnetisation Transfer Imaging (MTI) proved to be sensitive to the first microstructural brain 

changes in different neurodegenerative disorders, like Alzheimer’s disease and Parkinson’s 

disease, even before volumetric alterations.11-14 In chapter 3, we addressed whether diffuse brain 

abnormalities, as detected by MTI, are present in premanifest HD carriers. Magnetisation transfer 

ratio histograms of the whole brain, grey matter and white matter were compared between carriers 

and non-carriers and were associated with clinical measures and CAG repeat length. A lower MTR 

peak height was associated with more UHDRS motor abnormalities and with a longer CAG repeat 
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suggest that a combination of structural brain assessments and P3 may be an effective and quite 

sensitive measure for evaluating therapeutic strategies and may provide insight into the structural 

abnormalities that underlie changing P3 characteristics.  

Premanifest motor, cognitive and behavioural functioning

Finding suitable tools to capture early clinical HD signs is important for measuring clinical 

deterioration or improvement (e.g. for therapeutic trials), insight into disease for better 

management of carriers and relatives and better criteria for the definition of onset. In chapter 7 we 

examined relations between motor functioning, cognitive functioning and mood and behavioural 

characteristics in 34 HD patients, 46 premanifest carriers and 88 non-carriers. Our main aim was to 

investigate whether associations found in patients were already present in the premanifest phase 

of HD. We showed that patients were significantly impaired compared to carriers and non-carriers 

in all investigated domains. In the patient group, disease duration was associated with chorea, while 

functional capacity correlated specifically with voluntary movements, cognitive functioning and 

psychomotor speed. In carriers, functional capacity was strongly related to behavioural functioning. 

Cognitive and motor functioning correlated equally with psychomotor speed in both patients 

and carriers. These findings demonstrate that psychomotor speed is a key feature in (early) HD. A 

parallel evolution of specific motor disturbances occurred with specific cognitive deficits, whereas 

behavioural changes seemed more variable.

Longitudinal studies have provided the possibility of finding out whether measures that prove to 

be sensitive in detecting premanifest abnormalities also show a decline over time, and monitor 

whether carriers approaching clinical disease onset display abnormalities on specific domains. 

Chapter 8 described a longitudinal study in which we investigated how motor, cognitive and 

behavioural functioning changed over a period of seven years in premanifest carriers compared to 

non-carriers. Twenty-nine carriers and 43 non-carriers were assessed four times with the UHDRS and 

an extensive neuropsychological test battery. Carriers performed consistently worse on executive 

function (Symbol Digit Modalities Test (SDMT), Stroop colour word test, Trail making Test (TMT) and 

WAIS-R arithmetic). Over the years, carriers showed a decline on memory and concentration function 

(Wechsler Memory Scale (WMS) and in motor function (UHDRS motor scale). Changes over time 

could especially be ascribed to carriers converting to manifest HD during follow-up. We concluded 

that standardised motor assessments and objective memory and concentration tasks are sensitive 

to change over a period of 7 years, specifically in carriers converting to manifest HD. Executive tasks 

also showed subtle cognitive abnormalities in premanifest HD, but a decline over time could not 

be demonstrated on these tasks. Because of discrepancies between studies and the discontinuous 

evolvement of clinical changes, uniformity in international research through multi-site collaborative 

research models will improve premanifest HD research substantially and point to a selection of 

specific clinical measures sensitive to change in premanifest HD.

In chapter 9, scientific and clinical implications of the key findings are discussed.
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