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Predicting upper limb recovery (N=10)
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Favorable prognosis

Unfavorable prognosis

Nijland et al, Stroke. 2010;41:745-50 
Stinear et al, Lancet Neurol 2010; Dec;9(12):1228-32

SAFE-algorithm 

<72 hours (N=211)

NPV: 0.86 (95%CI: 0.77-0.93)

PPV: 0.93 (95%CI: 0.88-0.96)

Predicting upper limb recovery (N=211) What is the added value of TMS-induced MEPs clinical 
above clinical modelling very early post stroke?

Hoonhorst et al, Arch Phys Med Rehabil. 2015 Oct;96(10):1845-9.

Hoonhorst et al, Neurorehabil Neural Repair. 2018 Aug;32(8):682-690. 

Predictive validity of SAFE model and TMS-MEP  for 
recovery of dexterity at 6 months using FMA ≥ 22 

points as cut-off score (N=51)

Clinical observation by SAFE TMS ADM-MEP

(95%CI) < 48 hours (95%CI)  < 48 hours

PPV : 0.95 (95%CI: 0.76–0.99) 0.79 (95%CI: 0.68 - 0.88)

NPV: 0.55 (95%CI: 0.44 – 0.58) 0.65 (95%CI: 0.43 - 0.82)

Hoonhorst et al, Arch Phys Med Rehabil. 2015 Oct;96(10):1845-9.

Hoonhorst et al, Neurorehabil Neural Repair. 2018 Aug;32(8):682-690. 

SAFE: 0.793 (95%CI: 0.716 - 0.939)

SAFE + TMS-ADM: 0.827 (95%CI: 0.716 - 0.939)

TMS-ADM: 0.712 (95%CI: 0.555 - 0.869)

Z=2.06; p=0.056

Hoonhorst et al, Arch Phys Med Rehabil. 2015 Oct;96(10):1845-9.

Hoonhorst  et al NNR 2018 Aug;32(8):682-690.
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Prognosis for recovery of upper limb capacity within the first 
days post stroke

SAFE model <72 hours1,2,3

1 Nijland et al. Stroke 2010:41(4):745-750; 
2 Stinear et al. Lancet Neurol 2010;9:1228-1232;
3Winters et al. Plos One 2016 Aug 5; 11(8): e0160528

ARAT score 

≥ 10 points

Stroke 
patients

Good prognosis

Poor prognosis

Poor recovery

Partial Recovery

Full recovery

TimeDays post stroke

Partial recovery
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N=91

Spontaneous return of finger extension: 
Prognosis for early return recovery of upper limb capacity

False negatives at 6 months: ARAT ≥ 10 points (N=42)
True negatives at 6 months: ARAT < 10 points  (N=49)

57

Winters et al. Plos One 2016 
Aug 5; 11(8): e0160528

0    1    2    3    4    5                8                     12                                                           26

Time after stroke (weeks)

1
 –

C
u

m
u

la
ti

v
e
 S

u
rv

iv
a
l

1.0

0.8 

0.6 

0.4 

0.2

0.0

Kaplan-Meyer curve for return of voluntary finger extension 

False negatives at 6 months: ARAT ≥ 10 points (N=42)
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Median time: 4 weeks (SE=0.54)

Upper percentile: 8 weeks (SE=0.70)

Winters C et al,. PLoS One. 2016 
Aug 5;11(8):e0160528. 

Prognosis for regaining upper limb capacity (N=91)

LOWER LIMB 

MOTOR FUNCTION 

(MI)

VISUOSPATIAL 

NEGLECT 

(LCT)

SOMATOSENSORY 

DEFICIT 

(EmNSA)

Predicted 

probability

Good No No 0.94

Poor Yes Yes 0.04

MI: Motricity Index leg, cutoff: 35 points; 

LCT: Letter Cancellation Test, cutoff: asymmetry 2 points; 

EmNSA: Erasmus MC modified Nottingham Sensory Assessment, cutoff 33 points.

Winters C et al, PLoS One. 2016 Aug 5;11(8):e0160528. 

True negatives

False negatives

0-24 h

WEEKLY MONITORING CHANGE OF VOLUNTARY MOTOR CONTROL
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Days                                            12 weeks

Early subacute Late subacute Chronic phase

Can the patient produce 

any voluntary muscle 

activity in the affected 

upper limb?

Return of shoulder 

abduction and elbow 

extension 
simultaneously?

With the forearm prone on a 

table and the hand and fingers 

unsupported, can the patient 

initiate finger (and/or thumb) 

extension three times within a 

minute?

Yes Yes
Yes

Not yet Not yet
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At 12 weeks Review goals and determine if a new approach is required  

Box 1

Compensatory 

Techniques

Box 2
• Hand Edema

• Cryotherapy

• Passive ROM

• Robotics

• Motor imagery

• Mirror Box

• FES

• Spasticity mgmt

• Shoulder ( Box 9)

Box 3 
• Strengthen Shoulder 

and Elbow control by: 

Robotics

• -Trunk restraint

• -Motor imagery

• -Bilateral Arm Training

• -Video games 

• -FES

• Facilitate wrist finger 

Extn. By Exercise, 

FES, motor imagery, 

Box 4 
• Task Specific

• Mod-CIMT or 

signature CIMT , 

• trunk restraint

• mental  practice

• functional 

• Strengthening

• (e.g. GRASP)

• Video Games

• Virtual Reality

Not yet

Prognostic algorithm for upper limb rehabilitation
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Wolf SL et al, Physiotherapy. Physiotherapy. 2016 Mar;102(1):1-4. 

Stroke Rehab App.: http://www.viatherapy.org/

Wolf SL et al, Physiotherapy. Physiotherapy. 2016 Mar;102(1):1-4. 

http://www.viatherapy.org/
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Non-fitters: N=65 Fitters: N=146
ΔFMA predicted = 44 points ΔFMA predicted = 18 points

ΔFMA observed = 7 points ΔFMA observed = 21 points 

ΔFMA observed = 0.78 · (66 - FMA initial)

EPOS cohort 
study < 72 hours
N=211
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Patients (N=211)

Winters et al., Neurorehabil Neural Repair. 2015 Aug;29(7):614-22.

Do all patients follow the same amount of 

spontaneous neurobiological recovery?

ARM

Prabhakaran et al., Neurorehabil Neural Repair 2008;22;64-71

VFE onset

(Favorable)

N=56

Proportional recovery rule following the FM-arm score

(N=112; i.e., 896 measurements)

NO-VFE

(Unfavorable)

N=56

Showing 

spontaneous 

recovery
(i.e., Fitters)

N=81

No spontaneous 

neurological 

recovery

(i..e, Non-Fitters)

N=31

~17 p. FM-arm

Winters et al. Trials 2016  (Sep) 26;17(1):468.

Is the proportional recovery rule also generalizable to 

visuospatial neglect early poststroke?

Nijboer et al. Cortex 2013;49(8):2021-2027
Winters et al, Neurorehabilitation and Neural Repair 2017 (Apr); 31(4):334-342.
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Winters et al. NNR 2017 (Apr);31(4):334-342. 

Y = 0.646 X +1.96; R2 ≈ 88%

Non-fitters: N=11 Fitters: N=79
ΔLCTpredicted = 13.5 (± 1.1 p.) ΔLCTpredicted = 9.28 (± 4.5 p.)

ΔLCTobserved = 3.0 (± 1.9 p.) ΔLCTobserved = 11.3 (± 6.5 p.) 

ΔLCTobserved  ≈ 0.81 x (20 - LCT initial)

N=90
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N=90

Winters et al. NNR 2017 (Apr);31(4):334-342

Identification of fitters and non-fitters with respect to the ‘proportional recovery 

rule’ of motor recovery of the left upper paretic limb compared to those with 

visual inattention (expressed in %) measured in patients with a first-ever, 

ischemic right-hemispheric stroke lesion.

 =  LCT non-fitters

■ = FMA-UE non-fitters

□ = FMA UE fitters

𝛼𝑖 ~ Β(𝛾𝛼,𝑘 , 𝛿𝛼,𝑘)

𝛾𝛼,𝑘 ~ Γ(10−3, 10−3)
𝛿𝛼,𝑘 ~ Γ(10−3, 10−3)

𝑟𝑘 ~ 𝑈(0,1)
𝑘 ~ 𝐶𝑎𝑡 𝐾, 𝑃 ,𝑃 ~ 𝐷𝑖𝑟(10−5)

𝜏𝑘 ~ Γ(10−3, 10−3)
𝜖𝑖𝑗 ~𝑁 0,𝜎𝜖

2 , 𝜎𝜖 ~ 𝑈(0,100)

Improving the proportional recovery rule for FM-arm scores by

using Markow Chain Monte Carlo methods (MCMC)

𝒚𝒊𝒋|𝒌 ~ 𝜶𝒊|𝒌 + 𝒓𝒌 ∗ 𝟔𝟔 − 𝜶𝒊|𝒌 ∗ (𝟏 − 𝐞−𝒕𝒊𝒋/𝝉𝒌) + 𝝐𝒊𝒋

𝑖 = patient identification number 1 𝐼

𝑗 = measurement identification number [1 𝐽]

𝑘 = subpopulation (cluster) identification number 1 𝑘

𝑦𝑖𝑗|𝑘 = FMA-UE for patient 𝑖 and measurement 𝑗 nested in subgroup 𝐾 [0 − 66]

𝛼𝑖|𝑘 = patient 𝑖 specific intercept nested within subgroup k [0 − 66]

𝑟𝑘 = recovery coefficient for each subgroup k [0 − 1]

tij = individual time course post stroke

𝜏𝑘 = time constant for subgroup k in weeks [0 −∞]

𝜖𝑖𝑗 = model error for patient 𝑖 at time point 𝑗

van der Vliet et al, (in preparation)
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Applying MCMC (mixture) methods on the EXPLICIT, EPOS and 

4D-EEG FM-UE datasets (N=456)

𝒓𝒌
0.93

0.90

0.86

0.48

0.09

𝒚𝒊𝒋|𝒌 ~ 𝜶𝒊|𝒌 + 𝒓𝒌 ∗ 𝟔𝟔 − 𝜶𝒊|𝒌 ∗ (𝟏 − 𝐞−𝒕𝒊𝒋/𝝉𝒌) + 𝝐𝒊𝒋

van der Vliet et al (in preparation)
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𝑟2=0.86 

Acute Phase Chronic phase

Prediction Functional 
outcome

WEB-BASED ICT-SOLUTIONS FOR PATIENT-SPECIFIC PREDICTIONS

Immediate visualization of patient-specific prognosis 

based on mixture methods
Acute Phase Chronic phase

Prediction
Functional 
outcome

Individualized patient-specific prediction modeling

‘Knowledge of results’

Understanding  

recovery profiles

Improve discharge 

policies (triage)

Allow benchmarking

Feedback & 

motivation for training

Improve   

communication 

between settings

Monitor patients’ 

progress

Restitution (spontaneous) Substitution 

Behavioral 

compensation +Neural repair

‘capacity’

Understanding functional improvements….

Kwakkel, Kollen & Lindeman, Rest. Neurology & Neuroscience 2004;22:281-299

?

Buma et al, Rest Neurol Neuroscience 2013; 31(6):707-722)

How to improve stroke recovery and 

rehabilitation trials?
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SRRR task force

JULY 2017

SRRR task force

September

2017

SRRR task 

force

JULY 2017

SRRR task 

force

September

2017

Endogenous Plasticity

Inflammation/

Scarring
Cell Death

Thrombolysis/

Recanalization

Tissue Reorganization
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Hyper-acute:

0-48hours

Early Subacute: 

7days-3months
Chronic:

>6months

Acute:

2-7days

Late Subacute: 

3-6months

Neurological Recovery
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< 72 hours Acute Early Subacute at 7 

days

Late Subacute at 3 

months

Chronic

NIHSS NIHSS NIHSS at 3 months

(Descriptor)

NIHSS (descriptor) at 3 m.

(Descriptor)

FM-motor FM-

motor 

score

FM-motor score FM-motor score FM-motor score

ARAT ARAT ARAT ARAT

Biomechanics Biomechanics Biomechanics

Can you 

walk 

10m?

FAC

Can you walk 10m?

FAC

Can you walk 10m?

FAC

Can you walk 10m?

FAC

mRS (3 months) mRS mRS

EQ-5D (3 months) EQ-5D EQ-5D

Dobkin BH, Carmichael ST. Neurorehabil 
Neural Repair. 2016 Jun;30(5):470-8. 

SRRR task 

force

JULY 2017

SRRR task 

force

September

2017

www.neurorehab.nl

Dank voor uw aandacht!
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