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Abstract
Background: A few clinical trials have suggested that selective serotonin reuptake inhibitors (SSRI’s) enhance
motor recovery after stroke but no study has been done in haemorhagic stroke patients. We therefore aimed to
investigate whether fluoxetine, an SSRI would enhance motor recovery in patients of haemorrrhagic stroke.
Methods: Patients who had haemorrhagic stroke with hemiplegia or hemiparesis and were aged between 18
years and 80 years were included in this double-blind, placebo-controlled trial. Patients were randomly assigned, in
a 1:1 ratio to fluoxetine (20 mg/d, orally) or placebo for 3 months starting 5-10 days after the onset of stroke. All
patients also had routine physiotherapy. The primary outcome measure was the change on the FMMS between day
0 and day 90 after the start of the study drug.
Results: A total of 89 patients were assigned to fluoxetine (n=45) or placebo (n=44), group, and 84 were finally
included in the analysis (42 vs 42) after 5 patients lost to follow up. Mean FMMS score improved significantly greater
at day 90 in the fluoxetine group (mean 35.64 points) than in the placebo group (23.60 points; p =0.001).
Conclusion: Use of fluoxetine in patients of haemorrhagic stroke in early post stroke period added to
physiotherapy increased recovery in motor deficits at 3 months.
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Introduction
Stroke is a global health problem. It is the second commonest cause
of death and fourth leading cause of disability worldwide. Each year,
stroke affects about 16 million people for the first time and causes
about 5.7 million deaths [1]. Globally, 12.6 million people have
moderate to severe disability following stroke and of this, 8.9 million
are from low and middle income countries. Moreover, survivors of
stroke account for about 51 million disability-adjusted life years
(DALYs) [2,3].
Increasing evidence supports the assumption that the brain is
plastic and improvements can be expected even after permanent
injuries [4-6]. Clinical trials on role of pharmacotherapy in functional
recovery after stroke have mainly involved three classes of drugs;
noradrenergic agonists, serotonergic agonists and the dopamine
agonists. In animal studies, multiple, potentially beneficial effects of
SSRIs have been demonstrated in both normal and diseased brains
[7-9].
In human studies also, multiple trials using Selective Serotonin
Reuptake Inhibitors (SSRI’s) have shown a positive effect on poststroke motor recovery. Dam et al. showed that fluoxetine may improve
functional outcome compared to maprotiline or placebo [10]. Acler et
al. showed using tandem mass spectrometry that citalopram improves
cortical excitability and NIHSS score [11]. Pariente et al. demonstrated
using functional MRI technique that fluoxetine modulates motor
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performance and cerebral activation of patients recovering from stroke
[12]. Chollet et al. showed that fluoxetine significantly improved motor
score in stroke patients at 3 months [13]. A recent Cochrane database
review concluded that there were statistically significant benefits of
SSRI’s in reducing dependency and disability after stroke [14].
Haemorrhagic stroke constitutes about 7 to 27 % of all strokes and
has higher incidence in Kashmir province of India and in parts of
Southeast Asia and China [15,16]. Keeping in view the above evidence
suggesting a role of serotonergic drugs in stroke rehabilitation, we
aimed to test whether a 3-month treatment with fluoxetine would
enhance motor recovery in patients of haemorrhagic stroke.

Materials and Methods
Design
It was a hospital based prospective randomized controlled clinical
study conducted over a period of one year from January 2014 to
January 2015. The study was conducted in a tertiary care centre in
northern India. The subjects for the study were selected from the
patients admitted in the stroke care ward. The diagnosis of stroke was
made on the basis of history, examination and CT scan findings of
acute haemorrhage in the region of putamen or thalamus. Patients
with acute hemorrhagic stroke within the past 5-10 days that caused
hemiparesis or hemiplegia with age between 18 years and 80 years and
Fugl Meyer motor scale (FMMS) scores of 55 or less at baseline were
included.
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Patients were excluded from study if they had severe post-stroke
disability {National Institute Of Health Scale score (NIHSS) >20},
pregnancy or any major diseases that would prevent follow-up,
clinically diagnosed depression or Montgomery Asberg depression
rating scale (MADRS) score of more than 19 or Patients taking
neuroleptic drugs, antidepressants, or benzodiazepines during the
month before inclusion were also excluded as were subjects with
substantial pre-existing disability that could affect assessment like
residual deﬁcits from a previous stroke [17,18].
The study was approved by the institute ethical committee of SheriKashmir Institute of medical sciences. All patients provided written
informed consent for participation in the study.

Randomization, intervention and outcome measures
A baseline assessment of various study parameters was done using
the designated scales i.e. Fugl-Meyer motor scale (FMMS), Modified
Rankin Scale (mRS), and Montgomery Asberg depression rating scales.
Afterwards patients were allocated through randomization on 1:1 basis
to treatment group and control group. Matching was done on 1:1 basis
for age, sex and severity of stroke. Treatment group received fluoxetine
in capsule form initially started at a dose of 10mg and later increased
to 20 mg after a period of 1 week. Similar dosage of fluoxetine has been
used in most of the studies [10,12,13]. The placebo which was an inert
capsule similar to that of fluoxetine was given to the control group.

The mean values for experimental group (36.4 ± 21.3) and for
control group (21.9 ± 16.9) have been considered. The required sample
size was 50 for each group by considering the above values with level of
significance ß=5 % and power of study=95 %. A total of 42 patients
were however finally enrolled in each group and the power of the study
was more than 90 %.

Results
A total of 84 patients were finally analyzed for study variables.
Majority of the patients in our study were in the age group of 50-60
and 60-70 years. The two groups were well balanced in terms of
baseline and demographic characteristics and stroke severity. Males
were slightly more in cases than controls. The difference was due to
attrition of more females from cases. However matching for sex was
done at the beginning of the study on 1:1 basis and hence did not have
significant influence on results. Mean age of cases was higher (59.93
year) than controls (57.62 years).
Fluoxetine (n=42)

Placebo (n= 42)

Mean Age (years)

59.93 ± 8.400

57.62 ± 8.115

Male

29(69%)

25(59.5%)

Diabetes

7(16.7%)

6(14.3%)

Hypertension

39(92.9%)

42(100%)

Dyslipidaemia

7(16.7%)

6(14.3%)

Current smoker

17(40.5%)

13(31%)

putamen

22(52.4%)

23(54.8%)

thalamus

20(47.6%)

19(45.2%)

Average volume (ml)

35.12 ± 12.272

36.21 ± 12.869

Total FMMS score

18.31 ± 2.509

19.40 ± 2.548

Upper limb FMMS score

7.45 ± 1.173

8.19 ± 1.311

Lower limb FMMS score

10.86 ± 1.671

11.21 ± 1.415

NIHSS score

13.60 ± 2.275

13.48 ± 2.200

0-2

0(0.00%)

0(0.00%)

Data Analysis

3

2(4.76%)

2(4.76%)

The statistical analysis was performed using SPSS version 20
software. Categorical variables were compared employing nonparametric tests (chi-square, Fischer exact test) whereas continuous
variables were compared by using student’s t test. Values are expressed
as mean ± SD and p value <0.05 was considered significant. The
sample size was calculated with the help of statistical software G
power=3.1.5 for medium effect size, i.e. effect size d=0.75.

4

17(40.48%)

20(47.6%)

5

23(54.76%)

20(47.6%)

MADRS score

4.38 ± 3.060

4.55 ± 2.568

All patients irrespective of the group also received routine stroke
care during the trial period. Patients, attendants, study staff, and
investigators were masked to treatment allocation. Patients were
advised to report any side effect of the drug on phone or through
hospital visit. Patients were followed for a minimum of 2 visits during
the study period, one at 4 to 6 weeks and second at the end of
treatment. On first visit, routine check-up was done and patient was
enquired about possible adverse effects. Also compliance was checked
and assured. On last visit, along with above parameters, reassessment
was done using the various scales.
The primary outcome of the study was the mean change in Fugl
Meyer Motor Scale (FMMS) score between inclusion (day 0) and day
90. The treatment duration of 90 days was selected as most of the
improvement after stroke occurs in the initial 3 months and similar
trial period was undertaken by other studies [13].
FMMS is a validated scale that has been widely used for motor
assessment after stroke and has excellent intra-rater and inter-rater
reliability and validity. The motor score has a range of 0 to 100, with 66
points for the upper limb and 34 points for the lower limb; higher
score indicating better motor power. Each item is rated as not (0),
partly (1), or fully (2) performed. Secondary measures included change
in Modiﬁed Rankin Scale (mRS) score and side effect profile of the
drug [19].

Vascular risk factors

Haemorrhage characteristics
location

Baseline stroke severity

Modified Rankin scale score

Time from stroke to treatment 9·1 (1·6)
(days)

9.3 (1·6)

Table 1: Baseline characteristics.
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Treatment compliance was similar in the two groups. The mean
number of capsules taken in the fluoxetine group was 85.8 ± 6.2 while
in placebo group, it was 86.2 ± 5.4 capsules. Time from stroke to
treatment was 9.1 ± 1.0 days in treatment arm and 9.3 ± 0.8 days in
control arm (p=0.711).
The major risk factors for stroke like diabetes, smoking and
dyslipidemia were similar in the two arms. Hypertension however was
more in placebo group.
NIHSS, mRS, and MADRS mean scores did not differ significantly
in the two groups at the beginning. Putamenal haemorrhage was more
common than thalamic haemorrhage in both the groups. The mean
volume of haemorrhage in cases was 35.12 ml and in controls was
36.21 ml with insignificant difference.
The baseline total Fugl Meyer motor score was higher in controls
than cases. The difference was not statistically significant.
None of the patients was functionally independent (MRS ≤ 2) at the
time of inclusion in the study. Mean baseline MADRS score was almost
similar in the two groups (Table 1).
At 90 days, the mean total FMMS score was 53.95 in cases and 44.00
among controls. The difference was statistically significant. The mean
change in both upper limb score and lower limb score showed
statistical significance (Table 2).
Day 90 FMMS Score

Cases

Controls

(Mean ± Sd)

(Mean ± Sd)

P Value

UPPER LIMB

30.76 ± 2.835

22.57 ± 2.661

0.001

LOWER LIMB

23.19 ± 2.616

20.43 ± 2.605

0.015

TOTAL

53.95 ± 4.417

43.00 ± 4.384

0.001

Table 2: FMMS score at 90 days.
The mean change in total FMMS score was 35.64 among cases and
23.60 among controls with a statistically significant difference. The
mean change in upper limb score was 23.31 among cases and 14.38 in
controls and the difference was significant. The change in lower limb
score (12.33 vs 9.12) was also significant (Table 3).
Cases

Controls

Difference

P value

Mean Total FMMS

35.64

23.60

12.04

0.001

Mean Upper limb FMMS

23.31

14.38

8.93

0.001

Mean Lower limb FMMS

12.33

09.12

3.21

0.011

Table 3: Mean change in FMMS score from day 0 to day 90.
Independence in activities of daily life, measured by use of mRS,
improved during treatment in both groups. The mean change in MRS
score was not significant between the two arms.
However more people had a score of 0-2 in cases i.e. more people
were functionally independent at 90 days.
The main adverse events in our study were insomnia, epigastric
pain, nausea, anxiety, diarrhoea and palpitations. Among these
epigastric pain, nausea and insomnia were significantly higher in the
group receiving fluoxetine than in the placebo group (Table 4).
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Cases

%

Controls

%

Epigastric pain

7

16.67

3

7.14

Nausea

6

14.29

4

9.52

Insomnia

8

19.00

5

11.90

Anxiety

5

11.90

4

9.52

Diarrhoea

4

9.52

3

7.14

Palpitations

3

7.14

2

4.76

Table 4: Adverse effects.

Discussion
Our study showed a beneficial effect on motor recovery in patients
of acute haemorrhagic stroke who were treated with fluoxetine for a
period of 3 months. The positive effect which was primarily assessed by
a change in mean Fugl Meyer motor score (FMMS) from day zero to
day 90 in the treatment and control groups, was significantly higher in
patients receiving fluoxetine than in the control arm. In the recovery
period following a stroke, improvement in motor scores generally
occurs in almost all patients who survive the initial insult. However in
our cohort the improvement in motor score in the treatment arm was
substantially higher than control arm which indicates that the drug
hastens motor recovery. The change was noticeable in the Fugl Meyer
sub scores for upper and lower limbs also, which shows that the drug
affects the overall motor function of the afflicted side of the body. Also
the mRS scores showed that more patients were functionally
independent (score 0-2) in the fluoxetine group than in the placebo
group at the end of the study.
Few human studies testing the effect of SSRI’s on stroke recovery
and brain function have been reported and all of these trials have
suggested a positive role of these drugs in post stroke functional
outcome. However most of these studies have had small patient
number and highlight the need for further research in this area.
[10,11,20,21] Earlier studies suggested that treatment of post stroke
depression after stroke is associated with greater recovery in activities
of daily living function [22]. Later studies showed that the effect was
significant in non-depressed patients as well and even single doses of
SSRI’s influenced brain motor activation which could not be explained
by the antidepressant effects. [23,24]. Most of such studies were done
in patients of ischemic stroke, and our study was the first of its kind to
be done in patients of haemorrhagic stroke exclusively. Another
multicentric randomized trial (FMRICH trial) is presently undergoing
to test the action of selective serotonin reuptake inhibitors (SSRI’s) in
motor recovery in haemorrhagic stroke patients and the results are
expected by 2017 [25].
A study by Pariente et al. using functional MRI in 8 patients showed
that a single dose of fluoxetine modulated cerebral sensory-motor
activation in patients of pure motor hemiparesis [12]. Loubinoux and
colleagues showed that paroxetine dose dependently modulates
activity of entire motor pathway and reorganized motor processing
[26]. In a placebo controlled, double blind study Zittel et al. evaluated
the effect of single dose of citalopram on 8 patients of chronic stroke
and found that dexterity was significantly improved [27]. The FLAME
trial has shown promising results in the improvement in motor
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function of hemiparetic stroke patients. Our study showed higher
values in motor scores at 3 months in both the cases and controls
compared to the participants of the FLAME trial. The reason could be
that we studied motor recovery after haemorrhagic stroke, while as the
FLAME trial was done on ischemic stroke patients only. Also in our
study the baseline FMMS values were higher indicating a slightly better
motor function at day zero, than the FLAME trial, which could explain
better motor scores at 90 days [13].
In animal studies, multiple, potentially beneficial effects of SSRIs
have been demonstrated in both normal and diseased brains. First,
SSRIs have a neurotrophic effect. Neurotrophins control neural
plasticity, i.e. ability to change, or easily changed or shaped, in adults;
regulate synaptic activity and neurotransmitter synthesis, and are
essential for the regeneration of nerves [28]. SSRIs increase
neurogenesis and expression of neurotrophic or growth factors in the
adult hippocampus [8] and this is likely to account for the behavioural
benefits of antidepressants in animals [29]. Importantly, several studies
have shown that migration of new neurones to damaged areas of brain
may occur [30] and that neurogenesis can also occur within areas of
damaged brain [31]. Second, fluoxetine may have a neuroprotective
effect. In animals, there may be several mechanisms for
neuroprotective effects of SSRIs, such as reducing inflammation (e.g.
repression of microglia activation) [32] and by enhancement of specific
protein expression (hypoxia inducible factor-1 alpha) [33]. Third,
SSRIs can indirectly affect an important hormonal system in the body,
the adrenergic system, through up-regulation of beta1 receptors [34].
SSRIs may also improve recovery after stroke simply through their
effect on preventing or abating depression and through increasing
alertness and alleviating fatigue.
The treatment was relatively well tolerated and there were only few
side effects of drug treatment. In particular dyspepsia and insomnia
were significant complaints but mostly settled within some days.
However, none of the complications needed hospitalization. Overall
fluoxetine is a well-tolerated and time tested drug and its cost is also
reasonable. Our study had quite a few limitations as well. First the
sample size was small and patients were recruited from a single
hospital .Those who were included were selected using a strict criteria
and hence the studied patients do not fully represent the general stroke
population. The maximum dose of fluoxetine used was 20 mg; while as
higher doses could have been used for more explicit results. Also
patients were not followed beyond 3 months and hence we don’t know
whether the effect of drug persisted or not.
The results of our study and the review of related studies suggests
that at present fluoxetine and related drugs are the only
pharmaceutical agents that may favourably influence the course of
motor recovery after stroke and as such should generate discussions
among stroke care specialists all over the world [35]. The drug being
safe can be tried on individual basis and more dedicated research
needs to be undertaken in this area.
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