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QUESTION 1

To diagnose Huntington disease, it is essential to perform:
a. Brain MRI
b. Brain PET with ligands to mutant huntingtin
c. DATSCAN
d. Brain imaging is not part of a mandatory workup in HD

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 2



QUESTION 2

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 3

In Huntington disease, brain MRI may show everything except:
a. Striatal atrophy
b. Cortical atrophy
c. T2-/T2*-/SWI-hypointensity from the basal ganglia
d. Prominent infratentorial atrophy



QUESTION 3

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 4

Routinely, the following PET study may be conducted in HD patients:
a. FDG-PET
b. PET with ligands to mutant huntingtin
c. PET with ligands to PDE10A
d. PET with ligands to activated microglia markers



QUESTION 4

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 5

In differentiating autoimmune (non-HD) chorea, PET is practically 
useless:

a. False
b. True



NEUROIMAGING IN MICHELANGELO'S CREATION OF ADAM

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 6
Meshberger FL. JAMA.1990;264(14):1837–1841
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https://www.pinterest.de/pin/mri-scan--451908143860982183/



NEUROIMAGING IN HUNTINGTON DISEASE: LEARNING OBJECTIVES

• Know what is Huntington disease
• Know the most commonly used neuroimaging biomarkers for HD
• State the recommended sequences, identify common imaging features
• Recognize the MRI patterns and know red flags when to apply neuroimaging in HD
• Describe the importance of disease stage and age of onset for pattern recognition
• Decide when to conduct neuroimaging and repeat as needed
• Decide when to conduct specialized neuroimaging and which type (e.g. functional, 

metabolic, post-processing, etc .)
• Interpret and apply the results of specialized neuroimaging accurately in the clinical 

context

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 8



HUNTINGTON DISEASE

• Autosomal dominant progressive neurodegenerative disorder
caused by a pathological CAG repeat expansion in HTT

• Symptoms manifest at a mean age of 45 (range 2–87) years

• Death in 15–20 years from the time of symptomatic onset

• In natural environment, only in humans

• Prevalence of ~12 per 100,000 individuals in populations of
European descent

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 9

The Huntington Disease Collaborative Research Group. A novel gene containing a trinucleotide repeat that is expanded and unstable on Huntington disease chromosomes. Cell 1993;72(6):971–983.
https://www.openaccessgovernment.org/huntingtons-disease-hd-research/107601/

Tabrizi, S.J., Flower, M.D., Ross, C.A. et al. Huntington disease: new insights into molecular pathogenesis and therapeutic opportunities. Nat Rev Neurol 16, 529–546 (2020). https://doi.org/10.1038/s41582-020-0389-4

Personal observation

https://www.openaccessgovernment.org/huntingtons-disease-hd-research/107601/


GENETICS OF HUNTINGTON DISEASE

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 10

Squitieri, F. 'Fifty shades of grey' in the Huntington disease gene. Nat Rev Neurol 9, 421–422 (2013). https://doi.org/10.1038/nrneurol.2013.128
Tabrizi et al. The Lancet. Neurology. 21: 632-644

Y. Seliverstov, E. Shulgina, S. Illarioshkin, M. Belyaev. A modified model for prediction of Huntington disease 
age of onset based on length of CAG repeat expansion. Mov Disord. 2017; 32 (suppl 2).



ADULT VS PEDIATRIC ONSET OF HUNTINGTON DISEASE

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 11



PROGRESSIVE NEURODEGENERATION

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 12

Rüb, U., Vonsattel, J.P.G., Heinsen, H., Korf, HW. (2015). The Neuropathological Grading of Huntington’s Disease



CLINICAL FEATURES OF HD

• Movement disorders: 
chorea, dystonia, bradykinesia, etc.

• Behavioural and psychiatric
disturbances (depression, psychosis, 
and obsessive–compulsive disorder, 
suicidality, etc.)

• Cognitive disturbances, dementia

• Non-neurological features

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 13
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TOOLS FOR POTENTIALLY DISEASE MODIFYING TREATMENT IN HD

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 14
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DIAGNOSTIC FLOWCHART FOR HUNTINGTON DISEASE

• Huntington disease HD is the most frequent inherited chorea in adults

• Identification of the HD phenotype: MOTOR + COGNITIVE + NEUROPSYCHIATRIC SYMPTOMS

• Extensive clinical examination
• Comprehensive history taking

• Family history
• Targeted genetic testing

• Neuroimaging

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 15

As part of a workup
(before genetic testing)

Tracking disease progression

Diagnosis of concomitant diseases/complications



NEUROIMAGING MODALITIES USED IN HD

• Sonography: outdated for application in HD
• MRI: in vivo method of quantifying structural and functional brain changes during 

HD progression
- structural MRI: T1, T2, FLAIR, SWI/T2*
- diffusion MRI: DWI, tractography
- functional MRI: resting-state, task-based

• CT: when MRI cannot be applied (but pregnancy!)
• PET: in vivo molecular imaging

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 16
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MAGNETIC RESONANCE IMAGING



STRUCTURAL MRI IN HUNTINGTON DISEASE: ATROPHY

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 18

Personal observations



LONGITUDINAL STRUCTURAL MRI

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 19

• Significantly reduced striatal volume is detectable more than 20 years prior to clinical motor diagnosis, whereas 
losses in other brain structures are more apparent in later disease stages

• At the time of clinical motor diagnosis, striatal volumes are markedly reduced compared to age-matched normal 
volumes — caudate: 52–70% loss; putamen: 43–67% loss; nucleus accumbens: 59–60% loss

Kinnunen et al. Front. Neurol. 12:712555 



LONGITUDINAL STRUCTURAL MRI

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 20

Kinnunen et al. Front. Neurol. 12:712555 



POSTPROCESSED STRUCTURAL MRI IN DIFFERENTIAL DIAGNOSIS

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 21

In collaboration with Prof. Dr. med. Hans-Jürgen Huppertz
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POSTPROCESSED STRUCTURAL MRI IN DIFFERENTIAL DIAGNOSIS

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 23

JHD, born 2014

In collaboration with Prof. Dr. med. Hans-Jürgen Huppertz



POSTPROCESSED STRUCTURAL MRI IN DECISION-MAKING

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 24

• nCAG=58/18
• 20 years
• Facial hyperkineses, 

dysarthria, bradykinesia and 
myoclonias
• Dysexecutive syndrome, 

reduced concentration ability, 
lowered cognitive
performance
• Apathy with increased

irritability

In collaboration with Prof. Dr. med. Hans-Jürgen Huppertz



POSTPROCESSED STRUCTURAL MRI IN DECISION-MAKING

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 25

• nCAGmax=40
• 50 years
• Mild depression and anxiety

In collaboration with Prof. Dr. med. Hans-Jürgen Huppertz



This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 26

• nCAGmax=42
• 29 years
• No motor signs
• Since the age of 12: 

hyperactivity, OCD, inability to 
maintain an orderly daily 
structure, social withdrawal, 
decreased drive, and 
increased irritability

• Visual impairment is 
noticeable despite visual 
acuity correction with glasses 
with extreme diopter 
numbers.

In collaboration with Prof. Dr. med. Hans-Jürgen Huppertz



STRUCTURAL MRI IN HUNTINGTON DISEASE: IRON DEPOSITION

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 27

Personal observations Obtained in collaboration with
Prof. Dr. D. Yilmazer-Hanke



STRUCTURAL MRI IN HUNTINGTON DISEASE: IRON DEPOSITION

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 28

Bulk M, Hegeman-Kleinn I, Kenkhuis B, Suidgeest E, van Roon-Mom W, Lewerenz J, van Duinen S, 
Ronen I, van der Weerd L. Neuroimage Clin. 2020;28:102498

• 7T MRI on postmortem 
tissue of the striatum of 3 
control subjects and 10 
HD patients followed by 
histological examination

• Large focal
hypointensities frequently
colocalized with enlarged
perivascular spaces and 
iron was found within the
vessel wall and reactive
astrocytes



STRUCTURAL MRI IN HUNTINGTON DISEASE: IRON DEPOSITION

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 29

• Increased R2* in the putamen, globus 
pallidum and external capsule in PreHD
• Neuronal loss may lead to remyelination of

white matter fibres and a congruent increase
of iron-rich oligodendrocytes?
• Disrupted iron homeostasis?

Johnson, Eileanoir B. et al. EBioMedicine 65 (2021) 103266

Chen et al. J Neurosci Res. 2019 Apr;97(4):467-479



NEUROIMAGING IN DIFFERENTIATING HD PHENOCOPIES

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 30

Chorea can be caused by a large number of conditions, including but not limited to
inherited/degenerative diseases. Other causes are autoimmune, metabolic, and 

structural disorders as well as pharmacological treatments

CREDIT: Photo: AP



RED FLAGS OF NON-HD CHOREA

• African/Japanese ancestry
• Childhood-onset chorea
• Acute, subacute, paroxysmal nature
• Prominent orofacial and/or unilateral localization of chorea
• Concomitant neuropathy, myopathy, myoclonus, seizures (NB! juvenile HD)
• Prominent cerebellar, dystonia, parkinsonism, oculomotor signs (NB! juvenile HD)
• Non-HD pattern in neuroimaging

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 31

Nguyen QTR, Ortigoza Escobar JD, Burgunder J-M, Mariotti C, Saft C, Hjermind LE, Youssov K, Landwehrmeyer GB and Bachoud-Lévi A-C (2022) Front. Neurol. 13:817753



STRUCTURAL MRI IN DIFFERENTIAL DIAGNOSIS: CP

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 32

Personal observation



STRUCTURAL MRI IN DIFFERENTIAL DIAGNOSIS: TBP

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 33
Personal observation

HDL-4 =



STRUCTURAL MRI IN DIFFERENTIAL DIAGNOSIS: VPS13A

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 34

Personal observation



DIFFUSION MRI IN HUNTINGTON DISEASE

• Diffusion MRI allows to estimates brain fiber structures using water diffusion
properties as a probe
• Anisotropy: coherent directionality of movement of the water molecules along

the cell‘s processes
• Fractional anisotropy (FA): a scalar value that goes from 0 (diffusion is

completely isotropic) to 1 (diffusion is completely anisotropic) à reflects fiber
density, axonal diameter, and myelination in white matter

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 35
Estevez-Fraga C, Scahill R, Rees G, et al. J Neurol Neurosurg Psychiatry 2021;92:62–69 



DIFFUSION MRI IN HUNTINGTON DISEASE

• Centrifugal pattern of degeneration with
deeper brain areas being affected prior to
superficial ones
• Loss of integration of neural networks

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 36
Estevez-Fraga C, Scahill R, Rees G, et al. J Neurol Neurosurg Psychiatry 2021;92:62–69 

Eileanoir B. Johnson and Sarah Gregory. Progress in Molecular Biology and Translational Science. Volume 165, 2019, 321-369 



RESTING-STATE FUNCTIONAL MRI

• Bold oxygen level-dependent (BOLD) signal as a proxy of the brain activity
• Reduced connectivity between the premotor cortex and the caudate in HD
• Disrupted DMN (default mode network) connectivity within HD gene carriers
• Increased connectivity within the DMN and basal ganglia were associated with 

higher levels of depression
• Still difficult to interpret

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 37

Eileanoir B. Johnson and Sarah Gregory. Progress in Molecular Biology and Translational Science. Volume 165, 2019, 321-369 



TASK-BASED FUNCTIONAL MRI

• Measurement of the BOLD signal during task performance
• Considerable variation in results
• Compensatory mechanisms?

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 38

Eileanoir B. Johnson and Sarah Gregory. Progress in Molecular Biology and Translational Science. Volume 165, 2019, 321-369 



This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 39

COMPUTED TOMOGRAPHY



CT IN HUNTINGTON DISEASE

• Evidence of brain atrophy (if MRI is contraindicated)

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 40

СС OTcc

Bicaudate index (ratio): CC/OTcc or CC/ITcc

СС ITcc

0.23
Normal CC/IT ratio range is 0.09 to 0.12

0.25

Barr AN et al. Bicaudate index in computerized tomography of Huntington disease and cerebral atrophy. Neurology. 1978 28(11):1196-1200



CT IN HUNTINGTON DISEASE

• Evidence of brain atrophy (if MRI is contraindicated)

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 41

Personal observation

СС

Frontal horn index (ratio): FH/CC

FH

1.4
Normal mean FH/CC ratio range is 2.2 to 2.6

Barr AN et al. Bicaudate index in computerized tomography of Huntington disease and cerebral atrophy. Neurology. 1978 28(11):1196-1200



CT IN HUNTINGTON DISEASE

• Evidence of brain atrophy (if MRI is contraindicated)
• Screening for secondary complications or concomitant conditions (e.g., strokes, 

subdural hematomas)

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 42

traumatic subdural hematomas and subarachnoid bleeding

Personal observations



CT IN HUNTINGTON DISEASE

• Evidence of brain atrophy (if MRI is 
contraindicated)

• Screening for secondary complications or 
concomitant conditions (e.g., strokes, subdural 
hematomas)

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 43

Personal observation



This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 44

POSITRON EMISSION TOMOGRAPHY



PET LIGANDS USED IN HD

• 18F-FDG
• H215O (tracer for studying brain perfusion)

• For dopamine/cannabinoid/
adenosine A1/opioid/GABA/mGluR receptors
• For PDE10A (coordinates cAMP signaling in striatal medium spiny neurons)

• For translocator protein, TSPO (located primarily on the outer mt 
membrane, microglial activation)

• For synaptic vesicle protein 2A
• For mutant huntingtin aggregates

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 45

Courtesy of Bioteach at UBC



PET IN HUNTINGTON DISEASE

• Longitudinal studies revealed no changes in glucose metabolism
• Glucose metabolism has been shown to be a less sensitive marker of disease

progression compared to [11C]raclopride

• Alterations in PDE10A expression are the earliest biochemical change identified in HD
• Microglial activation alone it is unlikely to act as reliable marker to track HD progression

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 46

Wilson et al. (2017) Front. Neurol. 8:11 



PRESYNAPTIC TERMINAL PET-IMAGING IN EARLY HD

• Q175 knock-in HD mouse: loss of corticostriatal and thalamostriatal terminals prior to MSN degeneration

• Humans: fMRI — impaired connectivity between cortex and striatum

• 11C-UCB-J: PET radioligand for synaptic vesicle protein 2A (SV2A) = may reflect synaptic density

• SV2A is ubiquitously present in presynaptic terminals throughout the brain

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 47
Delva et al., Neurology Jan 2022, 98 (1) e83-e94

Surges, R., Schoch, S. & Elger, C. Z. Epileptol. 25, 215–221 (2012)



MULTIFOCAL LOSS OF SYNAPTIC INTEGRITY IN EARLY HD

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 48

11C-UCB-J SUVR-1 in HD Mutation Carriers and Controls

• “Evidence for cortico- and thalamostriatal denervation prior to MSNs degeneration“ – hard to say!
• “SV2A loss in the cerebellum“



18F-FDG-PET IN EARLY HD

• Strongly reduced signal in the
striatum in the HD group
• NO significant changes in 

pallidum, cerebral cortex, or
cerebellum à discrepancy with
11C-UCB-J

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 49

Striatal hypometabolism at has been also documented in other neurodegenerative choreas like 
chorea-acanthocytosis, McLeod syndrome, SCA-17



18F-FDG-PET IN DIFFERENTIATING BETWEEN DEGENERATIVE AND AUTOIMMUNE CHOREA

• Striatal hypermetabolism in autoimmune chorea

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 50

Lerjefors, L., Andretta, S., Bonato, G., Mainardi, M., Carecchio, M. and Antonini, A. (2022) Mov Disord Clin Pract, 9: 516-521

Ho, Linh MD. Clinical Nuclear Medicine 34(2):p 114-116
Kyle K, Bordelon Y, Venna N and Linnoila J (2022) Front. Neurol. 13:829076



[11C]CHDI-180R AND [11C]CHDI-626

• Are safe for in vivo PET imaging in humans
• [11C]CHDI-626 is not suitable for human in vivo mHTT PET 

due to the possibility of a radiometabolite accumulating in 
brain parenchyma

• [11C]CHDI-180R has promising kinetic properties in 
the brain targeting mHTT aggregates

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 51

Whole-body time-activity distribution:

Delva, A., Koole, M., Serdons, K. et al. Eur J Nucl Med Mol Imaging 50, 48–60 (2022)
Aline Delva, CHDI’s 17th Annual HD Therapeutics Conference, 2022



IMAGEMHTT: [11C]CHDI-180R

• First in human evaluation of the radioligand [11C]CHDI-180R targeting aggregated
mutant huntingtin (Leuven, Belgium; sponsored by CHDI)

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 52

Aline Delva, CHDI’s 17th Annual HD Therapeutics Conference, 2022



IMAGEMHTT: [11C]CHDI-180R

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 53

Average Distribution Volume PET images

Average Distribution Volume Ratios with cerebellum as pseudo-reference region

R

Variability and overlap between groups

Significant differences in cerebral cortex



FURTHER DEVELOPMENT…

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 54

Study of [11C]CHDI-180R in HDGECs at different stages of the disease
with age-matched controls



This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 55

Time for follow-up testing?



QUESTION 1

To diagnose Huntington disease, it is essential to perform:
a. Brain MRI
b. Brain PET with ligands to mutant huntingtin
c. DATSCAN
d. Brain imaging is not part of a mandatory workup in HD

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 56
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QUESTION 2

This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 58

In Huntington disease, brain MRI may show everything except:
a. Striatal atrophy
b. Cortical atrophy
c. T2-/T2*-/SWI-hypointensity from the basal ganglia
d. Prominent infratentorial atrophy



QUESTION 2
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In Huntington disease, brain MRI may show everything except:
a. Striatal atrophy
b. Cortical atrophy
c. T2-/T2*-/SWI-hypointensity from the basal ganglia
d. Prominent infratentorial atrophy



QUESTION 3
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Routinely, the following PET study may be conducted in HD patients:
a. FDG-PET
b. PET with ligands to mutant huntingtin
c. PET with ligands to PDE10A
d. PET with ligands to activated microglia markers



QUESTION 3
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Routinely, the following PET study may be conducted in HD patients:
a. FDG-PET
b. PET with ligands to mutant huntingtin
c. PET with ligands to PDE10A
d. PET with ligands to activated microglia markers



QUESTION 4
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In differentiating autoimmune (non-HD) chorea, PET is practically 
useless:

a. False
b. True



QUESTION 4
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In differentiating autoimmune (non-HD) chorea, PET is practically 
useless:

a. False
b. True



This presentation is owned by the ERN and may contain information that is confidential, proprietary or otherwise legally protected. 64

THANK YOU!


