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Waar gaan we het vanavond over hebben?
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Waar gaan we het vanavond ook over hebben?

Nu Praktijk Toekomst



Recovery



The Lancet
2011

Probleem?



Aim of stroke rehab
(research)?

Langhorne et al. Lancet 2011



Motor and functional recovery

Verheyden et al. NNR 2008



Meyer et al. Stroke 2015





For example

Cumming et al. Stroke 2011;42:153-8.





AVERT

• A Very Early Rehabilitation Trial (AVERT)
• “Mobilisation” within the first 24h post stroke

• Bringing patients in an upright position

• “Is safe and feasible”
• AVERT group achieved significantly faster “to walk again” 

than control group

• Thus, large international study warranted
(>2000 patients)



AVERT: the “real” study

Bernhardt et al. Lancet 2015;April 17.
n=2104 from 56 acute stroke units!



And the results are…



In fact…

“Fewer patients in the very early mobilisation group had a favorable outcome than 
those in the usual care group (n=480 [46%] vs n=525 [50%]; adjusted odds ratio 
[OR] 0·73, 95% CI 0·59-0·90; p=0·004).”



So what about VEM? Further AVERT info…

Bernhardt et al. Neurology 2016;86:2138-45.



Short bouts
but
more frequent
for mild/moderate stroke
could be
more effective

Towards
subgroups!



Problem for stroke therapy...

http://blogs.discovermagazine.com/neuroskeptic/2012/03/21/brain-scanning-just-the-tip-of-the-iceberg/#.WcjgpExjKlM



How to progress stroke rehab?

• (a lot of) positive phase II trials
• But underpowered!

• Neutral phase III trials
• Patient selection!

Phase II Phase III

Towards
subgroups



Robot-assisted therapy

Lo et al.
NEJM 2010;362:1772-83.

N=127

Three groups:
- RAT
- Intensive CT
- Usual care

36 sessions
of 60 minutes
for 12 weeks
at 6 months or more



RATULS trial

Rodgers et al.
Lancet 2019;394:51-62.

N=770

Three groups:
- Robot-assisted training
- Enhanced UL therapy
- Usual care

Three times/week
45 minutes
for 12 weeks
1w-5y post stroke



VIRTUES trial

Brunner et al.
Neurology 2017;89:24.

N=120

Two groups:
- UL virtual reality
- Active control

16-20 sessions
of 60 minutes
for 4 weeks
during rehab



LEAPS trial

Duncan et al.
NEJM 2011;364:2026-36.

N=408

Three groups:
- Early BWSTT
- Late BWSTT
- Home ex.

30-36 sessions
of 90 minutes
for 12-16 weeks
at 2/6 months
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Dus...
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Therapie begint vroeg Maar best hoe vroeg? Studie van subgroepen

Fase 2 studies... Maar geen bewijs! Kijk naar fase 3!



When hearing/reading clinical trials, and 
considering (change of) practice, ask yourself:
• Phase 2 or phase 3?

• P: which patients included?
• I: what intervention provided?
• C: compared with what?
• O: outcomes used?

Actual between-group difference?
(in relation to measurement error)



Prediction





Thinking about
‘subgroups’ of patients: PREP2-UL

http://presto.auckland.ac.nz/prep2-overview/

http://presto.auckland.ac.nz/prep2-overview/




Thinking about
‘groups’ of patients: TWIST-LL

Smith et al. NNR 2017;31:955-64.
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Dus...
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Predictiemodellen ! Let op voor fout(jes) Therapie voor subgroepen



Treatment



Balance training

• To maintain, achieve or restore a 
state of balance during any posture

• Post-intervention effects on 
balance and basic ADL regardless 
of timing



Wat verbetert balans post CVA?

© H. van Duijnhoven van Duijnhoven et al. Stroke 2016



© H. van Duijnhoven



© H. van Duijnhoven



Waaruit bestaat een patiënt?

© G. Hoeyberghs



Gait training

Overground walking Speed-dependent TT
• Post-intervention effects in chronic 

phase for gait speed and 
distance

• Post-intervention effects for gait 
speed and width compared with 
overground walking

• FAC ≥ 3



Gait training
Body-weight supported treadmill 
training

Robot-assisted gait training

• Post-intervention effects for gait 
speed and distance

• Better early (<3M) and for patients 
who cannot walk

• Post-intervention effects for gait 
speed, distance, ability, HR, 
balance, basic ADL

• RAGT+PT for FAC ≤ 3!



Circuit class training

• Supervised CCT
• 2 or more patients
• Workstations circuit

• Post-intervention effects 
for gait speed, distance, 
ability, balance, PA

• FAC ≥ 3

• Task-specificity!
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Dus...
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Gangtraining ! Voor subgroepen ! Dose-response?



Thinking outside the box for upper limb?

• https://www.youtube.com/watch?v=l2Gr2Ts48e8

• It’s a hypothesis…

https://www.youtube.com/watch?v=l2Gr2Ts48e8


But results are out!

https://www.medrxiv.org/node/92952.external-links.html and Krakauer et al. NNR 2021

https://www.medrxiv.org/node/92952.external-links.html




Or…

Zheng MX et al.
NEJM 2018;378:22-34.





Phase III !

Lancet 2021;397:1545-53







Early rehab in mice…

Zeiler et al. NNR 2016;30:794-800.



PNAS 2021









+24 hours in 4 weeks





Constraint-induced movement therapy (CIMT)

• Repetitive task-oriented 
training (6h)

• Wearing a mitt on 
unaffected UL (90%)

• Transfer package

• Post-intervention and 
sustained effect on UL 
activity and PROM

• Extension needed!



Improved outcome in chronic phase?

Ward et al. JNNP 2019

Prospective single-center cohort study
N=224
3-week UL boost
90 hours





Content of the program?

Ward et al.
ULSRSS
Leuven
Sep 2018



“Black box” of UL stroke therapy 

Self-
efficacy

Dose, 
intensity, 
practice

Individualized 
goals

Specialist knowledge

CO
AC

HI
NG

Nick Ward
NNR congress
Maastricht
May 2019
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Dus...
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Bovenste lidmaat Intense en brede
aanpak (hele arm)

Fase 3 studies



• Er zijn subgroepen van patiënten; bepaalde patiënten (met dezelfde 
karateristieken) voor wie een bepaalde therapie (het best) werkt

• We mogen ons niet laten (mis)leiden door fase 2 studies: ze zijn van belang 
maar niet om te bewijzen dat een therapie werkt

• Neurorevalidatie ondersteunt het individu in het bereiken van patiënt-
gerelateerde doelen door intense therapie, coaching en zelf-management

Take home messages
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