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Kate Hayward
Supplemental 1: Blank Stroke Recovery and Rehabilitation Roundtable Trials Development Framework (SRRR-TDF)



Supplemental 2: Summary of issues raised by research to date across the knowledge units. 
 
A. HOW MUCH1 
 

Characteristics of research to date: 
Clinical  

Characteristics of research to 
date: Preclinical  

Gap for research and priority for 
funding 

Strategies to advance 
understanding of issue 

• Research to date reports dose as 

“intended” and/or “time scheduled for 

therapy” as a proxy for dose. Lack of 

details of “actual dose” including 
number of repetitions and active time on 

task. For further explanation of this 

issue, see (1).  

• Need proportional increase reported for 
trials - not just amounts (trialists to date 

rarely considered dose difference 

between control and higher dose 
groups). 

• Work to date limited by trials who claim 

to test HOW MUCH but vary WHAT 

between groups, and by trials who claim 

to test HOW MUCH but have wide 
variability in WHO. 

• Few trials have considered WHAT 

alongside HOW MUCH – most do not 
deliver high-challenge, meaningful, 
high-repetition task training. In fact, 

most fail to provide sufficient 

explanation to complete a TIDieR 
checklist (2). 

• Clear description of control/usual 

therapy comparison necessary (see 

Lohse et al (3). 

• An additional 120minutes per day, 5 

days per week (compared to 60 minutes 
per day 5 days per week) is the largest 

• Three preclinical studies 

address issue of dose (8-10). 

All support importance of dose, 

particularly if individually 
tailored. 

• Effective animal reaching 

doses are much higher than 

human doses; ranging from 
100-600 per session e.g., (9, 

11). 

• Animal work suggests clear 

evidence of a threshold that is 
higher than doses in clinical 

studies. 

• HOW MUCH is not always 

clear. Measures are duration of 

session or amount of food 
consumed, do not always know 

number of reaches, successful 

and unsuccessful reaches 
except in single pellet studies. 

• Most preclinical studies in 

rodents do not incorporate a 

progressive challenge over 
time; task difficulty remains 

constant. 

• In contrast, non-human primate 

studies typically use a 

performance criterion to 
progressively challenge task 

(e.g., move to more difficult 

• Need well-powered dose 

escalation/finding/response studies (not 

single group studies) in context of 

WHEN using confirmed WHAT 
delivered in confirmed WHO group(s) 

across preclinical and clinical 

population. 

• Need trials that test only HOW MUCH 
holding WHAT and WHO constant. 

• Need to understand the half-life of 

motor training interventions (to guide 

frequency decisions). Preclinical can 
advance this gap.  

• Need to understand potential harms of 

large doses in clinical populations. 

• Frequency of rehabilitation sessions 

should be explored for efficacy; 

multiple short sessions distributed 
through day versus long single session, 

i.e., schedule is also important to 

understand and optimise.  

• Need to understand how transferrable 
the preclinical data are to clinical trials 

(e.g., lesion differences between 

preclinical and clinical trials). Also, 
preclinical can vary HOW MUCH and 

WHO (e.g., lesion location/severity) 

within same study, which is not easily 

possible in clinical studies.  

• Preclinical studies should incorporate at 
least two reaching outcome measures 

See “How do we find out” 

and “What methods can we 

use” boxes in Figure x for 
overview.  

 

In addition the following 
points may need to be 

considered: 

• Operational definition of 

dose and agreement on 
how this will be reported 

in all future trials required 

(TIDieR (2)). We need 

number of repetitions 
over time, frequency and 

time on active task all 

recorded, with agreement 
on how repetitions of 

functional activities will 

be recorded. 

• Upper limb trials need to 
focus on achieving higher 

training doses (14, 15), as 

lower doses have already 

been tested and are likely 
to be subtherapeutic. 

 

 



additional dose tested (4); other trials are 

substantially lower.  

• VECTORS trial (5) reported that 3 h per 
day of constraint induced movement 

therapy (CIMT) compared to 2 h per 

day, led to worse motor outcomes as 

measured by the Action Research Arm 
Test (ARAT) (note, pilot, so no power 

calculation) – suggests need to 

understand potential harm of larger 
doses of motor training of the upper 

limb. 

• Effect of HOW MUCH measured in 

research using outcome tools of ARAT 
(most common), Wolf Motor Function 

Test (WMFT), then Fugl Meyer Upper 

Extremity (FMUE); few kinematics. See 

elsewhere (6, 7) for discussion of 
potential outcome tools. 

 

when 500 successful trials in 

one session obtained) (12, 13).  

• No exploration of the optimal 
dose to increase recovery (i.e. 

number of repetition or time of 

training) across rodent and 

non-human primate stroke 
models. 

• Like clinical studies, 

preclinical research rarely 

considers WHAT or WHO in 
context of HOW MUCH. 

• Preclinical studies often use 

same task (e.g. single pellet) 

for training and assessment, 
which likely biases towards 

larger effect size. 

e.g., single pellet & staircase. Clinical 

studies should incorporate impairment, 
activity (7) and kinematics (see 

[Kwakkel KIN paper for review]). 

 
1 It should be noted that the emphasis of our group was on comparative effectiveness trials targeting stroke recovery. We recognise that there is some evidence that 

demonstrates promise within a given knowledge unit that we have not included e.g., doses as high as 300 hours over 10 weeks (16, 17) and 90 hours over 3 weeks 

(18) have been tested, but as they have not compared different doses they have not been used to inform our decision concerning HOW MUCH.  



B. WHAT 
 

Characteristics of research to date: 
Clinical  

Characteristics of research to 
date: Preclinical  

Gap for research and priority for 
funding 

Strategies to advance understanding 
of issue 

• Common upper limb behavioural 

treatment trials have focused on 

constraint induced movement therapy 
(CIMT), task specific and repetitive 

task training (RTT) and robotics (19) 

usually compared to usual care (which 
in itself is poorly defined) (20). 

• Of these, moderate-quality evidence for 

a beneficial effect of CIMT and a 

relatively high dose of repetitive task 

practice in comparison to standard or 
matched treatment (19). 

• Both CIMT and RTT stress that simple 

repetition alone is ineffective. Both 

benefit from some form of instruction 
as well as the transfer of new skills to 

activities of daily living (21). 

• Successful post-stroke recovery is likely 

to require more than one component, or 
‘active ingredient’ (22). A few studies 

have investigated more complex 

interventions (23), which means an 

intervention involving several 
potentially interacting elements or 

components, e.g., (24) but more are 

required. 

• There is insufficient data to reveal the 
relative effectiveness of different types 

of interventions through direct 

comparison. 

• Little focus on accurately measuring and 
understanding quality of movement, 

• In some intervention trials, 

some active ingredients 

(intensive and repetitive) have 
been defined. In some trials 

interventions that may translate 

to clinical setting e.g., enriched 
environment plus repetitive 

reaching training, have been 

tested (9). 

• Rehabilitation approaches 

tested are limited. They have 
either consisted of enriched 

environment (rodent); the 

repetition of precision grasps 
with or without increasing the 

difficulty (both rodent and non-

human primate). No studies 
have looked at the effects of 

the combination of various 

movements or tasks (e.g. force 

versus skill, combining 
complex reaches with grasp, 

unimanual versus bimanual, 

etc) or how they could promote 
different mechanisms of 

recovery in the brain. 

• Research to inform 

understanding of the active 

ingredients, with consideration 
of WHO and WHEN, and 

providing threshold dose of 

HOW MUCH should be 
prioritised over more 

‘pragmatic’ research 

approaches. 

• We should target interventions 

with a high level of efficacy 
(achieving MCID or higher) 

and then begin to work out how 

to optimise the intervention, 
including WHO and WHEN.  

• Currently, outcome measures 

do not have the granularity to 

help understand the effect of 
interventions on key aspects of 

the recovery process e.g., 

behavioural repair vs 

compensation (7). See Kwakkel 
et al., [SRRR2 paper] for a full 

summary.  

• Clear rationale for intervention 

needs to be defined and 
embedded within TIDieR 

(2)/SRRR 1 (25), with 

consideration of complex 

intervention guidelines e.g., 
MRC (23). 

See “How do we find out” and “What 

methods can we use” boxes in Figure 
x for overview.  

 

In addition the following points may 
need to be considered: 

• Successful post-stroke 

rehabilitation is likely to be a 

complex intervention and so 

investigating single elements is 
unlikely to be successful. 

• We need to start with an informed 

HOW MUCH of interventions 

(i.e., greater than MCID effect 
such as McCabe (16), Ward (18)), 

for greatest opportunity to learn 

about active ingredients of 
effective interventions. 

• Identifying active ingredients will  

be achieved through careful 

assessment of the nature of the 

behavioural intervention and of 
the resulting behavioural change 

at a level of fine-grained detail 

(e.g. kinematic assessment in the 
motor domain) that is not 

currently undertaken on a regular 

basis. 

• If possible, learning how key 

elements of an intervention 
influence different aspects of the 

resulting behavioural change (e.g. 

impairment, activity, participation, 



including importance of having shoulder 

function to place hand in context. 

as well as generalisation, and 

retention/half-life) in different 
populations (WHO) would 

advance the field and lead to more 

carefully targeted treatments. 



C. WHO  
 

Characteristics of research to date: 
Clinical  

Characteristics of research to 
date: Preclinical  

Gap for research and priority for 
funding 

Strategies to advance 
understanding of issue 

• Behavioural phenotype measured via 

bedside exam is a weak marker for the 

underlying biological state of the brain 
(26).  

• Patients are not usually selected for 

trials based on a measurement that is 

aligned with the biology of the 
behavioural training intervention. In 

some trials, stratification has been based 

on e.g., presence/absence of voluntary 

finger extension (27). 

• Clinical studies have generally not 
stratified or tested whether an 

intervention has different effects 

depending on injury severity or 
biomarker status e.g., MEP using TMS. 

• There are few instances of brain 

assessment biomarkers being used in 

clinical trials to successfully select 
enrolees to identify responders. 

• Clinical populations demonstrate 

variability in response to therapy e.g., 

(28). Inherent variability is often not 

analyzed to give insights into individual 
responses to the intervention.  

• Most clinical studies target stroke 

survivors with mild to moderate 

impairments. However, emerging data 
suggesting that there is a bimodal 

distribution of upper limb impairment; 

predominant subgroups have little to no 
impairment or severe impairment (29). 

• Very few preclinical studies 

specifically test whether an 

intervention (e.g. rehabilitation, 
drugs, etc.) has different effects 

depending on injury severity 

(i.e. small, medium, large 
infarcts) and/or varying 

degrees of initial impairment. 

• Animal models, even when 

targeting a specific brain region 

(e.g. caudal forelimb area, 
CFA), result in considerable 

variability in response (30). 

Inherent variability is often not 
analyzed to give insights into 

individual responses to the 

intervention.  

• Most preclinical investigators 
working across rodent and non-

human primate models target 

the forelimb motor cortex, even 

though subcortical injury is 
commonly seen clinically.   

• In carefully controlled studies, 

training improves recovery in 

both moderate and severe 
stroke (based on infarct size, 

location and level of initial 

impairment). 

 

• Hypothesis-driven studies of brain 

assessments to develop an approach that 

allows tailored selection of patients for 
interventions should be fostered and 

promoted across preclinical and clinical 

populations. 

• We need to further test proposed 
stratification approaches in comparative 

effectiveness recovery trials, such as 

stratifying in human trials using upper 

limb severity baseline Fugl Meyer, 
finger extension, Shoulder Abduction 

and Finger Extension (SAFE) scores, 

motor evoked potential (MEP) status, 
degree of corticospinal tract injury, or 

models such as PREP (26, 31-34).  

• Research is needed to identify other 

reliable brain assessments that have 
been validated with respect to ability to 

distinguish biological subgroups, and 

ability to predict a substantial fraction 

of treatment response. Furthermore, 
validation across species would be 

advantageous. 

• The contributions of genetics and blood 

biomarkers is largely unexplored for its 
value in identifying WHO will respond 

to therapy and WHEN (26). 

• Validation of joint preclinical-clinical 

initiatives across centres and across 

models are needed. These efforts should 
take advantage of the complementary 

techniques and data collected in 

See “How do we find out” 

and “What methods can we 
use” boxes in Figure x for 

overview.  

 
In addition the following 

points may need to be 

considered: 

• Establish a core data set 

of measures and 
timepoints of collection 

(i.e. motor outputs with 

certain fixed parameters; 
imaging; behavioural tests 

etc) that should be used 

across preclinical and 
clinical studies. Core 

outcomes have been 

identified for motor 

recovery trials in humans 
but this needs to be done 

in animal research. 

• We also need to develop 

and validate approaches 
to measuring the ‘success’ 

of a treatment that 

incorporates the degree of 

impairment (and other 
biological markers) of the 

patient at trial entry. 

• A big data study is needed 

using consistent measures 
and timepoints in a 



preclinical and clinical populations and 

use common outcome measures and 
biomarkers.  

sufficiently large cohort 

to identify subgroups of 
patients within 

meaningful groups. 

• Preclinical and clinical 

researchers need to 

embrace idea of collecting 
big data in parallel to best 

inform clinical studies. 

 

 



D. WHEN 
 

Characteristics of research to date: 
Clinical  

Characteristics of research to 
date: Preclinical  

Gap for research and priority for 
funding 

Strategies to advance 
understanding of issue 

• Conceptual models of biological 

processes underling recovery post 

stroke, which could inform optimal 
intervention timing, lack strong 

evidence (35). 

• Decisions about WHEN to commence 

training often pragmatic rather than 
biologically informed (36, 37). 

• Majority of studies examine 

interventions commencing in the 

chronic phase (>6 months) of recovery 

(36, 38); only one pilot study (not 
powered) commenced within first 7-

days post-stroke (39). 

• Timing, relative to stroke onset, often 

not clear (36, 40). 

• Timing window for inclusion often very 
wide (20), i.e., mechanism underlying 

observed improvement may be very 

different across the sample. 

• Rarely is time post stroke a prospective 
stratification variable or are analyses 

adjusted by time post stroke e.g., (41). 

 

• Conceptual models of 

biological processes underlying 

recovery post stroke, which 
could inform optimal 

intervention timing, have 

moderate to strong evidence 
(42).  

• Mechanistic changes observed 

are matching well to recovery 

profiles (43-46). 

• The extent of the ‘optimal 

window’ or ‘critical period’ for 
delivering interventions with 

the potential to harness 

biological processes that 
support brain repair and 

recovery corresponds to ~5-30 

days post-stroke. 

• Intervention trials are mainly 
conducted in the, acute (1-

5/7days) and subacute (5/7days 

to 4-6wks) time windows, with 

few in the chronic phase (>2-3 
months post stroke) (47). 

• Timing post stroke for 

inclusion often narrow (48). 

• Only a few studies have 

specifically looked at timing to 
start intervention (49-51). 

• Research to inform understanding the 

biology (particularly molecular) of 

recovery (during and outside periods of 
spontaneous recovery), particularly 

related to the critical periods, is an 

urgent need. 

• Patient subgroups WHO recover at 
different rates and timing (recovery 

phenotypes) must be identified (see 

WHO) to inform clearer selection 

criteria and stratification for future 
trials. 

• We need to understand the interaction 

between WHEN and HOW MUCH, 

different doses may be required at 
different timepoints; and potentially 

WHO, as different people may benefit 

at different timepoints.  

• For trials of recovery interventions, 
clear justification for timing and 

tight(er) recruitment windows needed. 

• Develop biomarkers of rehabilitation 

readiness (an individual is in the 

optimal state for true recovery), future 
trials may be developed with a 

recruitment targeting individual 

readiness rather than time. These should 
start within the current best evidence 

window, not be pragmatically-driven. 

 

• Identify timing variable(s) 

for stratification by 

conducting a large natural 
history, cohort study with 

detailed measurement at 

specific timepoints that 
are most critical for 

capturing change and 

reflect underlying 

biological processes – we 
need to use recovery 

outcomes that measure 

true recovery (movement 
quality and behaviour) 

and include candidate 

biomarkers. 

• Comparison of 
interventions (WHAT) in 

and outside of the 

hypothesised critical 

period needed. 

• Study designs that test 
potential biomarkers of 

rehabilitation readiness 

that include a sufficiently 
high dose (see above); 

this could be modelled 

across multiple domains 

e.g., speech, upper limb, 
gait. 

 

 
 



E. ADJUVANTS 
 

Characteristics of research to date: 
Clinical  

Characteristics of research to 
date: Preclinical  

Gap for research and priority for 
funding 

Strategies to advance 
understanding of issue 

• Studies are often small, with 

ADJUVANTS (brain stimulation (52-

54), exercise pre-training to ‘prime’ the 
brain (55)) typically applied in the 

chronic phase of stroke recovery, 

usually for pragmatic rather than 
biologically-driven reasons. 

• Primary outcome is often poorly 

defined, with multiple outcomes 

addressed.  

• ADJUVANT(s) are often not paired 

with carefully developed and well-
defined behavioural training of 

appropriate amount e.g., (56) (refer to 

HOW MUCH and WHAT for further 
details). 

• Larger, powered studies e.g., FOCUS 

(57), DARS (58) found no benefits 

when combined with with standard 
clinical care. Whether these trial 

outcomes would differ if combined with 

defined behavioural training is 

unknown.  

• Most studies of ADJUVANTS 

have not combined treatment 

with rehabilitation. Therefore, 
the independent effects of 

behavioural training plus 

ADJUVANT(s) is largely 
unknown.  

• Many studies have treated in a 

very early time window 

(hyperacute/acute), therefore it 

is not possible to understand 
restorative vs. neuroprotective 

effects.  

• Models largely limited to 

cortical stroke; with few 
exceptions, see (59, 60).  

• Outcome measures are often 

non-translatable behavioural 

instruments e.g., cylinder tests, 
roto-rod, etc (42).  

• Stimulation is currently the 

most tested (across lab and 

across models) approach that 

could increase rehabilitation 
effects. But stimulations are all 

invasive. No study has looked 

at non-invasive stimulation and 
rehabilitation. 

• Consideration of WHEN is the optimal 

time to intervene, combined with 

WHAT behavioural training and in 
whom (WHO), with a clear link to a 

neurobiological mechanism(s). 

• Most clinical studies are conducted in 

the chronic phase of recovery, which is 
opposite to the preclinical studies; 

better preclinical-clinical alignment 

required to improve translation.  

• ADJUVANTS need to be tested across 

different lesion profiles in preclinical 
research to advance understanding of 

WHO best to target. 

• Optimisation of brain stimulation 

parameters (onset time, location, 
duration, frequency, number of 

stimulation etc) that should then be 

applied consistently across trials. 

• Careful consideration of the phasing of 
research trials is required to inform 

progression to later stage investigations.  

• Most promising 

approaches should be 

systematically explored 
across labs, models, 

lesion profiles prior to 

initiation of large-scale 
clinical trials. 

• For a given ADJUVANT, 

clinical studies should 

target the same time 

window that was shown 
to be effective in 

preclinical studies. In 

contrast, preclinical work 
can test phases most often 

targeted in clinical studies 

i.e., chronic. 

• Pairing of ADJUVANTS 
with behavioural 

interventions to optimise 

recovery needs careful 

consideration as part of 
trial development. 
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