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European Reference Network for RARE Neurological Diseases (ERN‐RND)

‐ Countries with Full Members 
‐ Countries with Affiliated Partners

ERN‐RND covers 6 disease groups:

1. Ataxia and HSP

2. Leukodystrophies

3. Dystonias /NBIA/Paroxysmal 

disorders

4. Chorea and HD

5. FTD

6. Atypical Parkinsonism



General information about the webinars

• Focus on : RARE neurological, neuromuscular and movement disorders
and neurorehabilitation

• 40‐45min presentation

• 15min Q&A session at the end (please write your questions in the Q&A)

• Recorded Webinar and presentation to be found at the latest 2 weeks
after on: http://www.ern‐rnd.eu/education‐training/past‐webinars/

• Further information: http://www.ern‐rnd.eu/disease‐knowledge‐
hub/choreas‐huntingtons‐disease/

• Post‐webinar survey (2‐3min):  satisfaction, topic/speaker ideas for next
webinars
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Speaker: Bernhard Landwehrmeyer 
• Current position: since 1999 Full Professor of Neurology ‘Clinical Neurobiology,’ University of Ulm, Germany 
 

• Training: MD from the Albert Ludwig University of Freiburg in Germany, with residency in neurology and psychiatry. 
Additional postgraduate trainings at the Kantonsspital in Basel, Switzerland and a research fellowship at the 
Massachusetts General Hospital, Harvard Medical School in Boston, Mass., USA.  
 

• Key positions:  
      - One of the founders of the European HD Network (EHDN: www.ehdn.org) and was Chairman of its Executive     
        Committee in the first ten years since the constitution. 
      - Since 2011: Global PI of ENROLL-HD, a worldwide, prospective, observational Huntington Disease (HD) cohort study  
         for HD families, sponsored by CHDI Foundation, USA. (https://enroll-hd.org/) 
      - Director of the HD center in Ulm, a multi-disciplinary center providing genetic counselling, clinical in- and out-patient  
        services as well as rehabilitation for HD affected families. 
 

• Research focus: neurodegenerative disorders, such as HD and Parkinson disease, ranging from bench work to clinical 
studies.  
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Institutional Logo,
,Speakers‘ picture or
disease related picture

Webinar outline

• Introduction: 
– Physical therapy (PT) in rare disorders: clinical 
IMPRESSIONS versus EVIDENCE for impact/benefit

• PT in the HD context:
• Clinical presentation & natural history of HD
• PT as symptomatic therapy/to ameliorate symptoms & signs
• PT as intervention to modify the course of disease?

– Short term: rehabilitation
– Long term: lifestyle

• Challenges ahead



Learning objectives

• By the end of this webinar you will be able to:
– Describe the variable clinical presentations of HD

• Explain the root cause of this variability
• Describe the natural history of HD

– State important PT approaches & interventions
• Define the intentions motivating PT interventions

– Understand the current grade of evidence for various 
PT interventions

– Describe novel approaches/efforts currently under 
study

– Identify practical challenges in implementing PT 
interventions

Institutional Logo,
,Speakers‘ picture or
disease related picture



Knowing the audience



Physical therapy in rare disorders: 
Clinical impressions



Seite 10

DeWeerdt, Nature 2011



SARS‐Cov‐2 pandemic

‚Evidence‘ from withdrawal
• Many patients affected by 

HD had no access to PT and 
other co‐therapies (OT, 
speech therapy, 
occupational therapy) 
during lock‐down.

• The clinical impression is 
that many patients 
deteriorated functionally to 
a clinically relevant degree 



Fritz et al (2017). Physical Therapy and Exercise in Huntington‘s Disease Systematic Review



Physical therapy in rare disorders: 
evidence



2007 2008 2009 2010 2012 20152002 2003 2013 2019 2020

Evidence supporting exercise and physical therapy in HD





Recommended reviews



Resources

www.hda.org.uk/professionals/resources‐for‐professionals/best‐practice‐in‐huntington‐s‐disease



Physical therapy in the context of HD



The clinical presentation of HD is variable … 



… despite the fact that HD is a mono‐
genetic disorder

Kurzer Arm des Chromosomes 4
(4p16.3)
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Chorea is the typically the most prominent 
motor feature in patients with repeat expansion 

in the forties (40‐49) … 



… and may evolve into ballistic chorea in 
the course of the disease



Bradykinesia‐Dystonia – prominent in early 
onset HD with long repeat expansion



Dystonia as presenting, prominent motor 
feature in pediatric onset dystonia



A first conclusion: the clinical presentation of 
HD depends on the size of the CAG expansion 

mutation



Natural history of HD



HD is more than a movement disorder

Neuropsychiatric disorder: Personality changes
Cognitive deficits
Movement disorder



Huntington Disease 
symptomatic domains



1985 1998

HD is devastatingly progressive



The natural history of HD: a long course

• Which population should we involve in clinical 
trials?

• At what point do changes in HD become 
irreversible?  

• How do we improve clinical and biological 
rating scales to maximize required numbers of 
patients and years of follow‐up to test 
promising therapy?

Walker FO 2007 Lancet.;369(9557):218-28



Insights from Large Natural History Studies



Working together worldwide to address a 
disease that effects people all over the 

world: Enroll‐HD

32



Enroll‐HD is intended to be an enabling 
platform for translational and clinical 

HD research
• Sites: 200+
• Countries: 27
• Languages: 16
• COHORT + Registry 

participants: ~13,000
• Expected max. 

visits/month: 600
• Est. new 

participants/month: 
200

• Globally enabled IT, bio‐
repository and data 
monitoring systems

Currently more than 25.000 participants



Disease signs

Healthy
Neurons

HD Natural History

Subjective
Onset

Clinical
Diagnosis

Neuronal
Death

Neuronal
Dysfunction



The clinically silent period: 
asymptomatic stages



Looking early in HD expansion mutation 
carriers: trajectories



No alterations measurable, approximately 20 years before 
onset, with the potential exception of NfL



Adding wet markers



Integrating markers & clinical signs



Onset and Progression are Driven by Cumulative 
Exposure to Mutant huntingtin Gene Products.
CAG‐Length‐and‐Age‐Product (= CAP Score) is a 

Measure of this Exposure.



Modelling HD: Doug Langbehn ‐ Age‐CAG 
Heat Maps for each outcome



General benefits of PT



Compensation: what holds dysfunction 
in check for so long?

• Organism are intrinsically capable of compensating 
for the effects of mHtt gene products

• Strengthening/boosting functional reserve
• Slowing decay of homeostasis 

a g i n g

homeostasis
nucleostasis
proteostasis

motor
cognitive

psychiatric



Activity/PT may restore balance



PT to ameliorate 
symptoms & signs of HD



PT as intervention to modify 
the course of HD?



Preclinical studies



Harrison et al., Experimental Neurology 2013; Stefanko et al., Neurobiology of Diseases 2017

Sustained wheel running 
‐> improved gait and motor coordination
‐> reduced striatal neuron loss

Six months treadmill running
‐> increaseed striatal dopamine D2 recepter expression

and dopamine neurotransmitter levels
‐> reduction in HTT aggregate formation
‐> improved behavioral and cognitive symptoms

Preclinical studies

Cl
in
ic
al
 fe

as
ib
ili
ty
 st
ud

ie
s &

 
m
ul
ti‐
di
sc
ip
lin

ar
y 
re
ha

bi
lit
at
io
n 
tr
ia
ls

Busse et al., A randomized feasibility study of a 12‐week community‐based exercise
program for people with Huntington’s disease. Journal of Neurologic Physical Therapy. 
2013

Busse et al., A randomized feasibility study of a 12‐week community‐based exercise
program for people with Huntington’s disease. Journal of Neurologic Physical Therapy. 
2013

Quinn et al., Task‐specific training in Huntington disease: A randomized controlled
feasibility trial. Physical Therapy. 2014

Quinn et al., A randomized, controlled trial of a multi‐modal exercise intervention in 
Huntington’s disease. Parkinsonism & Related Disorders. 2016

Busse et al., Physical activity self‐management and coaching compared to social
interaction in huntington disease: Results from the ENGAGE‐HD randomized, con‐
trolled pilot feasibility trial. Physical Therapy. 2017

Thompson et al., The effects of multidisciplinary rehabilitation in patients with early‐
to‐middle‐stage Huntington’s disease: A pilot study. European Journal of Neurology. 
2013

Piira et al., Effects of a one year intensive multidisciplinary rehabilitation program for
patients with huntington’s disease: A prospective intervention study. PLoS Currents. 
2013

Piira et al., Effects of a two‐year intensive multidisciplinary rehabilitation program for
patients with huntington’s sisease: A prospective intervention study. PLoS Currents. 
2014

Ciancarelli et al., Influence of intensive multifunctional neurorehabilitation on 
neuronal oxidative damage in patients with Huntington’s disease. Functional
Neurology. 2015

Cruickshank et al., The effect of multidisciplinary rehabilitation on brain structure and
cognition in Huntington’s disease: An exploratory study. Brain and Behavior. 2015



PT as intervention to modify 
the course of HD – rehabilitation



Rehabilitation Over the Course of the 
Disease

Outpatient (incl. 
CDRS OT)

Home 
Health

Acute 
Care

SNF

HD Clinic

Person with 
HD

Early Stage HD

Middle Stage HD

Late Stage HD



Literature

• Target groups: Early‐ to mid‐stage HD

• Observational studies indicate positive effects of 
multidisciplinary rehabilitation on physical function/balance, 
swallowing, independence, mood and social relationships 

(Zinzi et al, Clin Rehab 2007; Ciancarelli et al, Eur J Phys Rehabil Med, 2013; 
Thompson et al Eur J Neurol 2013)

• A randomized study of a 12‐week community based program 
found that the program was safe, feasible, acceptable and 
suggests beneficial effects of rehabilitation 

(Busse et al, JNPT, 2013) 



The Norwegian Project: Jan Frich et al 

• Intensive rehabilitation programs for patients with HD was 
funded by the Norwegian Directorate of Health in 2009

• The initiative was inspired by the results from a landmark 
observational study (Zinzi et al, Clin Rehab, 2007)

• The aim of the mixed‐method evaluation was to assess the 
feasibility and the effects of participating in a one‐year 
multidisciplinary rehabilitation program

Ethical approval by Norwegian Social Science Data Services (ref. 26587) and The Regional 
Ethics Committee, Health Region South‐East (ref. 2010/1026‐1) 



Stay 1
(3 weeks)

Stay 3
(3 weeks)

Stay 2
(3 weeks)

Evaluation stay 3 months
(95.4 days (SD ±34.2) after
discharge of the last stay

One year program: 3 x 3 weeks stay + 
evaluation stay

Tromsø Vikersund



Start of each stay
Cognitive function (MSSE), 
depression (HADS), motor 
function, balance, gait (ABC, 6 
Min. Walk Test …) ADL 
(Barthel)

End of each stay
Motor function, balance, gait

Three weeks stay
‐ 8 hours of various activities 5 days a week
‐ Groups of 4‐6
‐ Physiotherapy / exercise
‐ Group meetings, trips, making food, etc

3 months …



The multidisciplinary team

• Physician/neurologist
• Nurses
• Physical therapist
• Occupational therapist
• Speech therapist
• Dietician
• Social worker
• Psychologist

• The institutions are specialised 
regional rehabilitation centres 
(stroke rehabilitation etc.)



Main findings

Piira A, et al PLOS Curr 2013

• Significant improvements were observed in gait function, 
balance, in physical quality of life, anxiety and 
depression, as well as in BMI

• ADL‐function remained stable with no significant decline 

• One cognitive measure (SDMT) showed significant 
decline, while no decline was observed for the remaining 
cognitive measures



PT as intervention to modify 
the course of HD – delaying onset, slowing 

progression? 





Multi‐center trial conducted in Europe and US
o UCLA/Columbia/Merce/FJD/Ulm/Aachen/GHI 
o Individuals with early‐mid stage HD
o Trial within Cohort –linked with Enroll



Number of potentially eligible participants registered 
to ENROLL at sites

N=411

Number participants approached
N=204

Number participants screened
N=287

Participants declined to 
participate

N=54
Participants eligible but 
not recruited n=34

Participants failed 
screening
N=70

Participants lost to follow 
up N=13

Randomisation

12 month assessment
N=51

Intervention
N=26

6 month assessment
N=23

12 month assessment
N=22

Withdrawal n= 1 
Loss To FU n= 3

Recruited to Observational Cohort
N=59

[Centers n=3]

Recruited to Interventional Cohort
N=57

[Centres n=4]

Baseline assessment
N=58

Baseline assessment
N=53

Activity as Usual
N=27

6 month assessment
N=21

Missed assessment 
n=2

12 month assessment
N=23

Wdrwl
n= 3

Withdrawal
n= 1

Withdrawal 
n=1

Lost to FU
n= 6 Wdrwl

n= 4

Lost to FU
n= 1

116 individuals 
recruitment
Recruitment 
Rate: 28% 

57 individuals 
enrolled in RCT

59 in observational 
cohort

97 completed final 
assessments

Retention rate: 
82%



Pace‐HD: Outcome Measures

Construct
• Fitness

• Walking endurance
• Physical activity

Measure
• Predicted VO2 max cycle 
ergometry

• 6 minute walk test
• Questionnaire (IPAQ)

GeneActiv accelerometers



PACE‐HD Intervention

● Choice of 
equipment or 
funds to support 
community 
engagement

● Fitbit devices for 
all participants to 
track activity and 
monitor goals

● HD‐specific 
exercise 
workbook to 
support 
education and 
goal‐setting

● 1:1 Physical 
therapy sessions 
focusing on 
increasing 
physical activity 
at home



Study is completed 
Result is eagerly awaited



Long‐term clinical rate‐of‐progression 
studies are needed



Biomarker based studies  (e.g. NfL, 
BDNF etc.) are needed



Challenges ahead



Defining who to treat when



Defining the intervention



Defining dose



Defining outcome measures



Practical challenges in implementing PT



Fritz et al (2017). Physical Therapy and Exercise in Huntington‘s Disease Systematic Review



Fritz et al., Physical Therapy and Exercise in Huntington‘s Disease Systematic Review 2017



Apathy



Participant fatigue



Caregiver fatigue





The situation may be shit, but it's our 
fertilizer for the future

Lennart Georg Meri
President of Estonia, 1992 to 2001



From the in‐clinic 
interview, it might 
sound like this …

On telehealth, 
the reality may 
be visible…

Seeing the reality is better for making more appropriate, realistic recommendations



HEALTHE –RND
European eHealth Care Model for Rare Neurodegenerative Diseases



Institutional Logo,
,Speakers‘ picture or
disease related picture

Key Points /Conclusions

• There is evidence that PT has a beneficial impact 
for people affected by HD with respect to 
symptom relief and short‐term improvement in 
most stages HD

• There is currently a lack of evidence for long‐term 
impact and the potential of PT to modify the 
natural course of HD, in particular in pre‐
manifest/early stages of HD, dependent on novel 
assessment tools, e.g. biomarkers

• Telemedicine offers new avenues to deliver PT
and to assess real life impact/benefit
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Thank you for your attention!

G. Bernhard Landwehrmeyer



THANK YOU
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Joint webinar seriesThis webinar has been supported by ERN‐
RND , which is partly co‐funded by the
European Union within the framework of
the Third Health Programme “ERN‐2016 ‐
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