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SUMMERY: The answer will be reviled in May
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Huge problem

• Each year, 13,7 million stroke
• Advances in hyperacute treatment and 2°

prevention, however

• Half of the stroke survivors have disability



Why SSRI?



Possible mechanism SSRI

1. Neurogenesis
Animal models; some parts of the brain

2. Neuroprotection
Linked to anti-inflammatory effects

3. Affect the adrenergic system
Upregulation of beta-1 receptors
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Fluoxetine for motor recovery after acute ischaemic stroke 
(FLAME): a randomised placebo-controlled trial
François Chollet, Jean Tardy, Jean-François Albucher, Claire Thalamas, Emilie Berard, Catherine Lamy, Yannick Bejot, Sandrine Deltour, Assia Jaillard, 
Philippe Niclot, Benoit Guillon, Thierry Moulin, Philippe Marque, Jérémie Pariente, Catherine Arnaud, Isabelle Loubinoux

Summary
Background Hemiplegia and hemiparesis are the most common defi cits caused by stroke. A few small clinical trials 
suggest that fl uoxetine enhances motor recovery but its clinical effi  cacy is unknown. We therefore aimed to investigate 
whether fl uoxetine would enhance motor recovery if given soon after an ischaemic stroke to patients who have 
motor defi cits.

Methods In this double-blind, placebo-controlled trial, patients from nine stroke centres in France who had ischaemic 
stroke and hemiplegia or hemiparesis, had Fugl-Meyer motor scale (FMMS) scores of 55 or less, and were aged 
between 18 years and 85 years were eligible for inclusion. Patients were randomly assigned, using a computer 
random-number generator, in a 1:1 ratio to fl uoxetine (20 mg once per day, orally) or placebo for 3 months starting 
5–10 days after the onset of stroke. All patients had physiotherapy. The primary outcome measure was the change on 
the FMMS between day 0 and day 90 after the start of the study drug. Participants, carers, and physicians assessing 
the outcome were masked to group assignment. Analysis was of all patients for whom data were available (full 
analysis set). This trial is registered with ClinicalTrials.gov, number NCT00657163.

Findings 118 patients were randomly assigned to fl uoxetine (n=59) or placebo (n=59), and 113 were included in the 
analysis (57 in the fl uoxetine group and 56 in the placebo group). Two patients died before day 90 and three withdrew 
from the study. FMMS improvement at day 90 was signifi cantly greater in the fl uoxetine group (adjusted mean 
34·0 points [95% CI 29·7–38·4]) than in the placebo group (24·3 points [19·9–28·7]; p=0·003). The main adverse 
events in the fl uoxetine and placebo groups were hyponatraemia (two [4%] vs two [4%]), transient digestive disorders 
including nausea, diarrhoea, and abdominal pain (14 [25%] vs six [11%]), hepatic enzyme disorders (fi ve [9%] vs ten 
[18%]), psychiatric disorders (three [5%] vs four [7%]), insomnia (19 [33%] vs 20 [36%]), and partial seizure (one 
[<1%] vs 0).

Interpretation In patients with ischaemic stroke and moderate to severe motor defi cit, the early prescription of 
fl uoxetine with physiotherapy enhanced motor recovery after 3 months. Modulation of spontaneous brain plasticity 
by drugs is a promising pathway for treatment of patients with ischaemic stroke and moderate to 
severe motor defi cit.

Funding Public French National Programme for Clinical Research.

Introduction
Thrombolysis with alteplase given within the fi rst few 
hours of an ischaemic stroke has long been the only 
treatment recognised to improve the spontaneous 
recovery of neurological functions. However, we have 
learnt over the past decade, by use of neuroimaging and 
electrophysiological techniques, that spontaneous 
recovery of neurological functions is associated with a 
large intracerebral reorganisation of the damaged 
human brain.

Various interventions, such as monoaminergic drugs, 
have been shown to modulate brain plasticity after a 
stroke and to reduce the residual neurological defi cit and 
subsequent disability.1–3 Amphetamines have enhanced 
recovery in animal models of acute brain lesions, whereas 
neuroleptic drugs or benzodiazepines have reduced it.1–3 
Little evidence exists for the effi  cacy of serotonin-reuptake 
inhibitors in studies of animals, but these inhibitors have 
an acute neuroprotective action on the ischaemic brain 

and promote hippocampal neurogenesis.4–6 In clinical 
trials of amphetamine in patients with stroke, either no 
positive eff ect was noted on the recovery of motor function 
or the results were contradictory.7–11 The few small clinical 
trials of serotonin-reuptake inhibitors that have been 
reported (table 1) all suggest that drugs of this type might 
have a positive eff ect.13–16 Use of functional MRI in other 
studies showed that single doses of fl uoxetine and 
paroxetine overactivated motor cortices compared with 
placebo in both healthy individuals and patients with 
stroke, and use of transcranial magnetic stimulation 
showed that cortex overactivation was associated with 
drug-induced cortex hyperexcitability.12

In the fl uoxetine in motor recovery of patients with 
acute ischaemic stroke (FLAME) trial, we aimed to test 
whether a 3-month treatment with fl uoxetine would 
enhance motor recovery when given early after an 
ischaemic stroke to patients with moderate to severe 
motor defi cits.

17% more independant
Chollet F et al. Fluoxetine for motor recovery after acute ischaemic stroke (FLAME): a randomised placebo-controlled trial. 
Lancet Neurol. 2011 Feb;10(2):123-30.
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score at inclusion (table 3). The gain was signifi cant for 
both the upper and the lower limb scores. The adjusted 
mean FMMS total score was signifi cantly higher at day 90 
in the fl uoxetine group than in the placebo group 
(fi gure 2).

3 months after the stroke, NIHSS total score did not 
signifi cantly diff er in the fl uoxetine and control groups, 
whereas the motor component score was signifi cantly 
higher in the fl uoxetine group (table 4). However, after 
controlling for age, history of stroke, and FMMS score at 
baseline, the probability of having a NIHSS score of 0–5  
did not signifi cantly diff er between groups. Independence 
in activities of daily life, measured by use of mRS, 
improved during treatment in both groups, but at day 90 
the proportion of independent patients (mRS 
scores 0, 1, or 2) adjusted for centre, age, history of stroke, 
and mRS score at baseline was signifi cantly higher in the 
fl uoxetine group than in the control group 
(table 4; fi gure 3).

The distribution of the MADRS scores did not diff er 
signifi cantly between the fl uoxetine and control groups 
at inclusion or at day 90, whereas the adjusted mean 
change in MADRS scores between day 0 and day 90 was 
signifi cantly lower in the fl uoxetine group than in the 
placebo group (table 4). Moreover, the frequency of 
depression was signifi cantly higher in the placebo group 
(17 [29%] patients) than in the fl uoxetine group (four [7%] 
patients; p=0·002).

After adjustment of our analysis for clinical depression 
diagnosed before day 90, we noted that FMMS change 
between day 0 and day 90 was still signifi cantly greater in 
the fl uoxetine group (adjusted mean 34·2 points [95% CI 
29·7–38·6]) than in the placebo group (24·2 [19·6–28·7]; 
p=0·004). In a sensitivity analysis of the subgroup of 
patients who were not given thrombolysis (n=36 in 
fl uoxetine group, n=40 in placebo), improvement in 
FMMS was still signifi cantly higher in the fl uoxetine 
group (37·7 [32·0–43·3]) than in the placebo group 
(24·4 [19·1–29·7]; p=0·002).

Two patients died (one in each group; fi gure 1). The 
cause of death was related to their neurological disorder 
(septic shock, respiratory distress; fi gure 1). The main 
adverse events were hyponatraemia, transient digestive 
disorders including nausea, diarrhoea, and abdominal 
pain, hepatic enzyme disorders, psychiatric disorders, 
insomnia, and partial seizure (table 5). Two of the adverse 
events in the fl uoxetine group were serious 
(one hyponatraemia and one partial seizure). Transient 
digestive disorders were more frequent in the fl uoxetine 
group (p=0·19). Treatment was not interrupted in patients 
with adverse events.

Discussion
We noted a positive eff ect on motor recovery in patients 
with acute ischaemic stroke who were treated with 
fl uoxetine for 3 months. This eff ect, assessed as a change 
in FMMS score between day 0 and day 90, was noticeable 

in the FMMS subscores for both the upper and the lower 
limb at day 90. By contrast, no eff ect was noted with 
NIHSS at day 90. However, NIHSS motor component 
score at day 90 was lower in the fl uoxetine group than in 
the placebo group, in agreement with the data for FMMS 
scores. The mRS scores showed more independent 
patients (scores 0–2) in the fl uoxetine group than in the 
placebo group at day 90, which, when combined with the 
effi  cacy of fl uoxetine, confi rms the major role of motor 
function recovery in global recovery and return to 
independent activities of everyday life.

Results from some early and more recent studies 
suggested that a tight coupling between physiotherapy 
and drug therapy was necessary for benefi cial motor 
changes.7–11 In our study, all patients were admitted to a 
dedicated stroke unit and were all included in the local 
daily inpatient management. Some were given acute 

Figure 3: Distribution of modifi ed Rankin scale scores at day 90
Data are number (%).
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Fluoxetine (n=57) Placebo (n=56)

Hyponatraemia 2 (4%) 2 (4%)

Nausea 5 (9%) 0

Diarrhoea 7 (12%) 4* (7%)

Abdominal pain 2 (4%) 2 (4%)

Hepatic enzyme disorders 5† (9%) 10 (18%)

Psychiatric disorders 3‡ (5%) 4 (7%)

Insomnia 19 (33%) 20 (36%)

Partial seizure 1 (2%) 0

Data are number (%). *Five adverse events in four patients. †Six adverse events in 
fi ve patients. ‡Four adverse events in three patients.

Table 5: Adverse events

Secondary outcome
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score at inclusion (table 3). The gain was signifi cant for 
both the upper and the lower limb scores. The adjusted 
mean FMMS total score was signifi cantly higher at day 90 
in the fl uoxetine group than in the placebo group 
(fi gure 2).

3 months after the stroke, NIHSS total score did not 
signifi cantly diff er in the fl uoxetine and control groups, 
whereas the motor component score was signifi cantly 
higher in the fl uoxetine group (table 4). However, after 
controlling for age, history of stroke, and FMMS score at 
baseline, the probability of having a NIHSS score of 0–5  
did not signifi cantly diff er between groups. Independence 
in activities of daily life, measured by use of mRS, 
improved during treatment in both groups, but at day 90 
the proportion of independent patients (mRS 
scores 0, 1, or 2) adjusted for centre, age, history of stroke, 
and mRS score at baseline was signifi cantly higher in the 
fl uoxetine group than in the control group 
(table 4; fi gure 3).

The distribution of the MADRS scores did not diff er 
signifi cantly between the fl uoxetine and control groups 
at inclusion or at day 90, whereas the adjusted mean 
change in MADRS scores between day 0 and day 90 was 
signifi cantly lower in the fl uoxetine group than in the 
placebo group (table 4). Moreover, the frequency of 
depression was signifi cantly higher in the placebo group 
(17 [29%] patients) than in the fl uoxetine group (four [7%] 
patients; p=0·002).

After adjustment of our analysis for clinical depression 
diagnosed before day 90, we noted that FMMS change 
between day 0 and day 90 was still signifi cantly greater in 
the fl uoxetine group (adjusted mean 34·2 points [95% CI 
29·7–38·6]) than in the placebo group (24·2 [19·6–28·7]; 
p=0·004). In a sensitivity analysis of the subgroup of 
patients who were not given thrombolysis (n=36 in 
fl uoxetine group, n=40 in placebo), improvement in 
FMMS was still signifi cantly higher in the fl uoxetine 
group (37·7 [32·0–43·3]) than in the placebo group 
(24·4 [19·1–29·7]; p=0·002).

Two patients died (one in each group; fi gure 1). The 
cause of death was related to their neurological disorder 
(septic shock, respiratory distress; fi gure 1). The main 
adverse events were hyponatraemia, transient digestive 
disorders including nausea, diarrhoea, and abdominal 
pain, hepatic enzyme disorders, psychiatric disorders, 
insomnia, and partial seizure (table 5). Two of the adverse 
events in the fl uoxetine group were serious 
(one hyponatraemia and one partial seizure). Transient 
digestive disorders were more frequent in the fl uoxetine 
group (p=0·19). Treatment was not interrupted in patients 
with adverse events.

Discussion
We noted a positive eff ect on motor recovery in patients 
with acute ischaemic stroke who were treated with 
fl uoxetine for 3 months. This eff ect, assessed as a change 
in FMMS score between day 0 and day 90, was noticeable 

in the FMMS subscores for both the upper and the lower 
limb at day 90. By contrast, no eff ect was noted with 
NIHSS at day 90. However, NIHSS motor component 
score at day 90 was lower in the fl uoxetine group than in 
the placebo group, in agreement with the data for FMMS 
scores. The mRS scores showed more independent 
patients (scores 0–2) in the fl uoxetine group than in the 
placebo group at day 90, which, when combined with the 
effi  cacy of fl uoxetine, confi rms the major role of motor 
function recovery in global recovery and return to 
independent activities of everyday life.

Results from some early and more recent studies 
suggested that a tight coupling between physiotherapy 
and drug therapy was necessary for benefi cial motor 
changes.7–11 In our study, all patients were admitted to a 
dedicated stroke unit and were all included in the local 
daily inpatient management. Some were given acute 
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score at inclusion (table 3). The gain was signifi cant for 
both the upper and the lower limb scores. The adjusted 
mean FMMS total score was signifi cantly higher at day 90 
in the fl uoxetine group than in the placebo group 
(fi gure 2).

3 months after the stroke, NIHSS total score did not 
signifi cantly diff er in the fl uoxetine and control groups, 
whereas the motor component score was signifi cantly 
higher in the fl uoxetine group (table 4). However, after 
controlling for age, history of stroke, and FMMS score at 
baseline, the probability of having a NIHSS score of 0–5  
did not signifi cantly diff er between groups. Independence 
in activities of daily life, measured by use of mRS, 
improved during treatment in both groups, but at day 90 
the proportion of independent patients (mRS 
scores 0, 1, or 2) adjusted for centre, age, history of stroke, 
and mRS score at baseline was signifi cantly higher in the 
fl uoxetine group than in the control group 
(table 4; fi gure 3).

The distribution of the MADRS scores did not diff er 
signifi cantly between the fl uoxetine and control groups 
at inclusion or at day 90, whereas the adjusted mean 
change in MADRS scores between day 0 and day 90 was 
signifi cantly lower in the fl uoxetine group than in the 
placebo group (table 4). Moreover, the frequency of 
depression was signifi cantly higher in the placebo group 
(17 [29%] patients) than in the fl uoxetine group (four [7%] 
patients; p=0·002).

After adjustment of our analysis for clinical depression 
diagnosed before day 90, we noted that FMMS change 
between day 0 and day 90 was still signifi cantly greater in 
the fl uoxetine group (adjusted mean 34·2 points [95% CI 
29·7–38·6]) than in the placebo group (24·2 [19·6–28·7]; 
p=0·004). In a sensitivity analysis of the subgroup of 
patients who were not given thrombolysis (n=36 in 
fl uoxetine group, n=40 in placebo), improvement in 
FMMS was still signifi cantly higher in the fl uoxetine 
group (37·7 [32·0–43·3]) than in the placebo group 
(24·4 [19·1–29·7]; p=0·002).

Two patients died (one in each group; fi gure 1). The 
cause of death was related to their neurological disorder 
(septic shock, respiratory distress; fi gure 1). The main 
adverse events were hyponatraemia, transient digestive 
disorders including nausea, diarrhoea, and abdominal 
pain, hepatic enzyme disorders, psychiatric disorders, 
insomnia, and partial seizure (table 5). Two of the adverse 
events in the fl uoxetine group were serious 
(one hyponatraemia and one partial seizure). Transient 
digestive disorders were more frequent in the fl uoxetine 
group (p=0·19). Treatment was not interrupted in patients 
with adverse events.

Discussion
We noted a positive eff ect on motor recovery in patients 
with acute ischaemic stroke who were treated with 
fl uoxetine for 3 months. This eff ect, assessed as a change 
in FMMS score between day 0 and day 90, was noticeable 

in the FMMS subscores for both the upper and the lower 
limb at day 90. By contrast, no eff ect was noted with 
NIHSS at day 90. However, NIHSS motor component 
score at day 90 was lower in the fl uoxetine group than in 
the placebo group, in agreement with the data for FMMS 
scores. The mRS scores showed more independent 
patients (scores 0–2) in the fl uoxetine group than in the 
placebo group at day 90, which, when combined with the 
effi  cacy of fl uoxetine, confi rms the major role of motor 
function recovery in global recovery and return to 
independent activities of everyday life.

Results from some early and more recent studies 
suggested that a tight coupling between physiotherapy 
and drug therapy was necessary for benefi cial motor 
changes.7–11 In our study, all patients were admitted to a 
dedicated stroke unit and were all included in the local 
daily inpatient management. Some were given acute 

Figure 3: Distribution of modifi ed Rankin scale scores at day 90
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Psychiatric disorders 3‡ (5%) 4 (7%)

Insomnia 19 (33%) 20 (36%)

Partial seizure 1 (2%) 0

Data are number (%). *Five adverse events in four patients. †Six adverse events in 
fi ve patients. ‡Four adverse events in three patients.

Table 5: Adverse events
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REDUCES NEUROLOGICAL IMPAIRMENT, 

ANXIETY AND DEPRESSION AFTER
STROKE

HETEROGENITY
BETWEEN TRIALS
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LARGE, WELL-DESIGNED TRIALS ARE NOW NEEDED
TO DETERMINE WHETHER SSRI SHOULD BE GIVEN 

ROUTINELY TO PATIENTS WITH STROKE. 



If it works
q New mechanism (for stroke recovery)

q Simple – quickly implemented

q Inexpensive (30 € for 6 months)

q Safe (used since 1988)

q Both ischemic and haemorrhagic stroke
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Family of three trials

• FOCUS (UK) aimed to recruit > 3,000

• EFFECTS (Sweden) = 1,500

• AFFINITY (Australia, New Zealand & Vietnam) = 1,600
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N = 3,127
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N = 1,500

N = 1,280

SUM = 5,907



Stroke. 2018;49:2568-2576.



Lancet, Volume 393, Issue 10168, 19–25 January 2019, Pages 265-274
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Common OR = 0.95 [95% CI 0.84 – 1.08]; p=0.44)
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score at inclusion (table 3). The gain was signifi cant for 
both the upper and the lower limb scores. The adjusted 
mean FMMS total score was signifi cantly higher at day 90 
in the fl uoxetine group than in the placebo group 
(fi gure 2).

3 months after the stroke, NIHSS total score did not 
signifi cantly diff er in the fl uoxetine and control groups, 
whereas the motor component score was signifi cantly 
higher in the fl uoxetine group (table 4). However, after 
controlling for age, history of stroke, and FMMS score at 
baseline, the probability of having a NIHSS score of 0–5  
did not signifi cantly diff er between groups. Independence 
in activities of daily life, measured by use of mRS, 
improved during treatment in both groups, but at day 90 
the proportion of independent patients (mRS 
scores 0, 1, or 2) adjusted for centre, age, history of stroke, 
and mRS score at baseline was signifi cantly higher in the 
fl uoxetine group than in the control group 
(table 4; fi gure 3).

The distribution of the MADRS scores did not diff er 
signifi cantly between the fl uoxetine and control groups 
at inclusion or at day 90, whereas the adjusted mean 
change in MADRS scores between day 0 and day 90 was 
signifi cantly lower in the fl uoxetine group than in the 
placebo group (table 4). Moreover, the frequency of 
depression was signifi cantly higher in the placebo group 
(17 [29%] patients) than in the fl uoxetine group (four [7%] 
patients; p=0·002).

After adjustment of our analysis for clinical depression 
diagnosed before day 90, we noted that FMMS change 
between day 0 and day 90 was still signifi cantly greater in 
the fl uoxetine group (adjusted mean 34·2 points [95% CI 
29·7–38·6]) than in the placebo group (24·2 [19·6–28·7]; 
p=0·004). In a sensitivity analysis of the subgroup of 
patients who were not given thrombolysis (n=36 in 
fl uoxetine group, n=40 in placebo), improvement in 
FMMS was still signifi cantly higher in the fl uoxetine 
group (37·7 [32·0–43·3]) than in the placebo group 
(24·4 [19·1–29·7]; p=0·002).

Two patients died (one in each group; fi gure 1). The 
cause of death was related to their neurological disorder 
(septic shock, respiratory distress; fi gure 1). The main 
adverse events were hyponatraemia, transient digestive 
disorders including nausea, diarrhoea, and abdominal 
pain, hepatic enzyme disorders, psychiatric disorders, 
insomnia, and partial seizure (table 5). Two of the adverse 
events in the fl uoxetine group were serious 
(one hyponatraemia and one partial seizure). Transient 
digestive disorders were more frequent in the fl uoxetine 
group (p=0·19). Treatment was not interrupted in patients 
with adverse events.

Discussion
We noted a positive eff ect on motor recovery in patients 
with acute ischaemic stroke who were treated with 
fl uoxetine for 3 months. This eff ect, assessed as a change 
in FMMS score between day 0 and day 90, was noticeable 

in the FMMS subscores for both the upper and the lower 
limb at day 90. By contrast, no eff ect was noted with 
NIHSS at day 90. However, NIHSS motor component 
score at day 90 was lower in the fl uoxetine group than in 
the placebo group, in agreement with the data for FMMS 
scores. The mRS scores showed more independent 
patients (scores 0–2) in the fl uoxetine group than in the 
placebo group at day 90, which, when combined with the 
effi  cacy of fl uoxetine, confi rms the major role of motor 
function recovery in global recovery and return to 
independent activities of everyday life.

Results from some early and more recent studies 
suggested that a tight coupling between physiotherapy 
and drug therapy was necessary for benefi cial motor 
changes.7–11 In our study, all patients were admitted to a 
dedicated stroke unit and were all included in the local 
daily inpatient management. Some were given acute 
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fi ve patients. ‡Four adverse events in three patients.

Table 5: Adverse events

FOCUS

FLAME

8% 20% 10% 33% 8% 13% 8%

7% 19% 10% 33% 8% 14% 8%

32%

46%7%

21%
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