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Outline

• State of the art: American Heart Association/ 
American Stroke Association new stroke 
rehabilitation guidelines

• SSRIs may improve stroke recovery – an 
update

• Constraint-induced movement therapy – does 
it work? 

• Neurological motor recovery from stroke may 
be all too predictable



American Heart Association
American Stroke Association 

Stroke Rehabilitation Guidelines
Winstein et al. Stroke 2016;47;e98-e169 



Stroke Facts

Stroke is the 5th leading cause of death and leading 
cause of disability in US  (CDC – 2015)

• ~795,000 new strokes/yr.  (AHA - 2017)

• Over 7 million stroke survivors in US (AHA– 2017)

• ~ 33 million world stroke survivors (Lancet 2013)

Rehabilitation is needed by 50% - 65%

• At 6 months -
• 60% - doing well

• 40% - significantly disabled



Stroke Rehabilitation – Why do it ?

Meta-analysis of 28 trials

5855 patients receiving multidisciplinary team rehab vs. 
general medical care

At a median of 1 year post-stroke
• Reduction in mortality 

• Reduction in institutionalized care

• Reduction in dependency

For every 100 patients receiving stroke rehabilitation –
an extra 5 return home independent

Stroke Unit Trialists, Cochrane Database Syst Rev 2013; Langhorne and Duncan, Stroke 2001



American Heart Association/American Stroke Association
Guidelines for Adult Stroke Rehabilitation and Recovery



Organization of care

• Coordinated, interprofessional
stroke care 

• Better in an IRF than SNF

• Screen early for dysphagia and assess 
swallowing before eating

• Implement oral hygiene
• Start enteral feeding within 7 days
• NG feedings for 2-3 weeks
• PEG should placed for patients with 

chronic dysphagia

Class 1, Level of Evidence A/B 

Interventions Stroke Rehabilitation

DVT Prevention

• Prophylactic heparin during 
acute stay or mobile in ischemic 
stroke

Dysphagia

Bowel & Bladder

• Take history of bladder issues pre-
stroke

• Assess for urinary retention
• Remove Foley catheter in 24 hours

Fall Prevention

• Fall prevention when in hospital
• Balance training after discharge



Aphasia

• Do communication assessment
• Speech and language therapy for 

patient and partners

Spasticity

• Botulinum toxin:
Upper limb muscles to improve 
ROM, dressing, hygiene or limb 
position
Lower limb muscles to improve 
gait function

• ADL, IADL, mobility and 
communication assessments

• Train ADL and IADL with functional 
tasks that are challenging to abilities

• Train gait limitations with intensive, 
repetitive, mobility tasks

• AFO for foot drop
• Canes and walkers
• Fitness training

Rehabilitation

• Multi-modal spatial exploration 
training for visual-spatial deficits

• Eye exercises for convergence 
insufficiency

Vision Problems

Cognition/Behavior

• Enriched environments to 
increase cognitive engagement

• Identify and treat depression



Summary of Stroke Rehab 
Do’s and Don’ts

Do

• Give organized, coordinated, 
inter-professional post-stroke 
care in an enriched environment

• Prevent secondary medical 
complications

• Identify and treat depression

• Assess functions - mobility, ADLs, 
IADLs and communication -
institute graded, task-specific 
training

• After acute stroke rehab, 
continue fitness and exercises in 
community

Don’t 
• Use prophylactic anti-epileptic 

medications
• Use elastic compression hose
• Use splints or taping to prevent 

wrist/finger spasticity
• Start intensive, mobilization 

within 24 hours of stroke onset
• New dysphagia treatments –

(drugs, NMES, pharyngeal ES, 
tDCS, TMS are not currently 
recommended)

• Use stimulants to facilitate motor 
recovery

• Use acupuncture for improving 
ADLS



SSRIs and Stroke Recovery



FLAME Trial  

Double-blind, placebo-controlled trial of fluoxetine within 
5 - 10 days of ischemic hemiparesis

– 118 patients received fluoxetine 20 mg daily or placebo x 3 
months.  

– All patients received PT

Primary outcome - Fugl-Meyer Motor Score (FMMS) @ 90 
days

– (66 points for arm + 34 points for leg = 100 points)

Secondary outcome - modified Rankin Scale

Chollet et al., Lancet Neurology 2011



FLAME TRIAL – Primary Endpoint
Fugl-Meyer Score



Severe:
Lift paretic arm to 
wash axilla
Fugl-Meyer 11 to 14

Place arm into sleeve
Fugl-Meyer 19 to 22

What does a 3 Point Change on Fugl-Meyer mean?
Severe-Moderate Impairment

Moderate:
Tuck shirt, hike pants
Fugl-Meyer 25 to 28



FLAME TRIAL – modified Rankin Score

1 - No significant 

disability. Able to carry out 

all usual activities

2 - Slight disability. Looks 

after own affairs without 

assist, but unable to carry 

out all previous activities

3 - Moderate disability. 

Requires some help, but 

walks unassisted

4 - Moderately severe 

disability. Needs assist 

with own bodily needs and 

walking

5 - Severe disability



Effects of Fluoxetine on Neural Functional Prognosis 
after Ischemic Stroke: A Randomized Controlled 
Study in China   (He et al, J Stroke Cerebrovas Dis, 2016)

FLAME trial was relatively small (N=120) and had 
short follow-up (90 days)

Randomized (single-blind) (N=374) - well-matched

NIH Stroke Scale and Barthel Index were endpoints

No difference in adverse reactions



NIHSS @180 days 
Fluoxetine (1.14 )
vs.  Control (1.79) 

(P= .009)

BartheI Index @ 180 days 
Fluoxetine  (91.47) 
vs. Control (87.59) 
(P= .011)



The Effects of Pretreatment versus De Novo 
Treatment with Selective Serotonin Reuptake 
Inhibitors on Short-term Outcome after Acute 
Ischemic Stroke  (Siepmann et al, J Stroke Cerebrovasc Dis, 2015)  

• Exploratory analysis of 239 stroke patients

• 51 started SSRIs before stroke; 188 after stroke

• SSRI pretreatment

– Better outcome at discharge 

– Improved early recovery

– Shorter duration of hospitalization  (7 days v. 11 days)



% of patients with 
mRS of  0-2 at 
discharge

NIH Stroke 
Scale

Pre-stroke SSRI vs. Post stroke SSRI



FOCUS, AFFINITY, and EFFECTS Trials
Mead et al, Trials (2015) 16:369

• FOCUS, AFFINITY and EFFECTS are a family of 
multicentre, randomised, placebo-controlled 
trials

• Will determine whether fluoxetine 20 mg/d x 6 
months improves stroke outcome at 6 months

• Plan to enroll 6000 subjects

• Primary outcome will be mRS (3.7% difference)

• Currently there are ~ 3000 patients enrolled



Constraint-Induced Movement 
Therapy - Update



Extremity Constraint Induced Therapy 
Evaluation (EXCITE) – Background

Theory of “learned non-use” (Taub)

• Non-human primates with a paretic or sensory-
deprived limb will “learn” not to use it

• If the intact limb is constrained and is combined 
with intensive, creative use of the affected limb, 
movement in the impaired limb improves

Treatment - “Constraint-induced therapy”



Constraint-Induced Motor Therapy

Subjects:

• 9 stroke patients; >1 year after a stroke

• Hemiparetic with some use of arm

• 20° wrist extension and 10° finger extension

Method:

• Experimental group (4) – Subjects “forced” to use weak 
arm, 6 hrs/day x 10 days in rehab;  Good arm restrained 
90% of waking hours x 2 weeks

• Control group (5) – “lots of attention” + passive 
movement

Outcome: Functional use of arm (Motor Activity Log)
Taub et al, Arch Phys Med Rehabil, 1993



Taub, Nat Rev Neurosci, 2002



EXCITE Trial

222 patients - 3 to 9 months post-stroke
• Training (6 hours/day) on pre-selected tasks (e.g. 

wrapping a present; writing; etc)
• “Good” arm placed in a safety mitt for 90% of waking 

hours x 2 weeks

• Controls – received “usual care”

Primary outcomes – Function at 1 year
– Real world arm use – Motor Activity Log 
– Laboratory arm use – Wolf Motor Function Test

Wolf et al. JAMA, 2006



EXCITE Trial Outcome

Motor Activity Log

3 - Use my weaker arm about 
half as much as pre-stroke

2 - Sometimes used my weaker 
arm

1 - Rarely use my weaker arm

CIMT

Lower functioning subjects Higher functioning subjects



Constraint-Induced Motor Therapy



JAMA Editorial Comment
Luft and Hanley, JAMA 2006

…..constraint-induced therapy, if it were a drug, 
would probably receive approval based on the 
EXCITE results. Integration of constraint-induced 
therapy into routine patient care has begun to occur 
outside of the United States.

….the improvements patients experience are 
substantial and merit strong consideration of 
constraint-induced therapy by those responsible for 
practice guidelines and insurance benefits.



CIMT 2017
Kwakkel et al, Lancet Neurol 2015 

…..CIMT has beneficial effects on motor function, 
arm-hand activities, and self-reported arm-hand 
functioning in daily life, immediately after 
treatment and at long-term follow-up 

…….Underlying mechanisms are still poorly 
understood

….. Kinematic studies suggest that improvements 
are mainly based on learning to optimise the use of 
intact end effectors in patients with some voluntary 
motor control of wrist and finger extensors after 
stroke



Cochrane Library of Evidence-Based Medicine
Constraint-induced movement therapy for upper extremities in 

people with stroke (Review)
(2015)

• 42 studies with 1453 participants

• CIMT was associated with limited 
improvements in motor impairment and 
motor function

• CIMT did not convincingly reduce disability

• Scarce info about long-term effects



Neurological recovery from stroke may 
be all too predictable



“The 70% Rule of Proportional Recovery”

• Krakauer and colleagues 
made an interesting 
observation regarding arm 
recovery post-stroke

• Fugl-Meyer (FM) motor 
scores were obtained 24-72 
hours after ischemic stroke 
(N=41) and again at 3 months

• Outcomes were highly 
predictable by taking baseline 
FM score and adding 70% of 
the difference from a max FM 
score of 66

Prabhakaran, Neurorehab Neur Rep, 2008



Predicting Recovery Potential for Upper Limb 
after Stroke - The PREP algorithm

Enrolled (N=48) within 72 hours of a stroke

• At 72 hours
• SAFE score – Shoulder Abduction-Finger Extension (0 to 10) 

• At 2 weeks
• Transcranial Magnetic Stimulation (TMS) for motor evoked 

potential (MEP) from ext. carpi radialis (+/-)
• Brain MRI – Diffusion tensor imaging of posterior limb of 

internal capsule

How good was PREP algorithm for predicting functional 
outcome at 12 weeks?

Stinear et al. Brain 2012



Predicting Arm Recovery - The PREP algorithm. 

Stinear C M et al. Brain 2012;135:2527-2535

Normal/near-normal 

arm function

Use affected arm

in most ADLs

Some movement in 

arm; unlikely to use 

for ADLs

Minimal movement 

in arm; no ADL use



PREP Algorithm Results

39/40 subjects recovered as predicted

Very useful for distinguishing between notable 
recovery and limited or no recovery

• Predictive power for complete arm recovery
• 88% positive and 83% negative predictive power

• Specificity was 88% and sensitivity was 73%

Why is this important?
✓ Allows setting of realistic rehab goals for arm function

✓ Preserve scarce $$ for stroke rehab

✓ May be very helpful in stratification for clinical trials



Proportional Recovery After Stroke
Depends on Corticomotor Integrity

Byblow et al, Ann Neurol 2015

• Patients with a first ischemic stroke with arm 
weakness had complete evaluations within 2 
weeks 
– Fugl-Meyer Motor score 

– TMS for motor-evoked potential of ext carp radial 

– MRI with DTI of posterior limb of the internal 
capsule within 2 weeks

• Fugl-Meyer Motor scores were reassessed at 
6, 12, and 24 weeks



Did outcomes conform to the 70% rule?

MEP (+) 

MEP (-)/  corticospinal 
tract integrity

MEP (-)/    low CST 
Integrity

6 weeks

12 weeks

24 weeks



Did the amount of therapy make a difference?
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The Stroke Recovery Timeline

Langhorne, Lancet  Neurology 2010

Rehabilitation

EXPLICIT (14 d)
NNR 2016             

ICARE (14 -106 d)
JAMA 2016
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