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ARTICLE INFO ABSTRACT

Keywords: Background: Stroke is the primary cause of disability worldwide, the second most common cause of dementia and

Stroke the third leading cause of death. Only few studies were conducted to study the role of fluoxetine in motor re-

Fluoxeltine covery in either ischemic or hemorrhagic stroke patients with probably less severe paresis. However, the current
me;iz ;lgzmon study evaluates both the effectiveness and safety of fluoxetine in the stroke population with a more severe motor
Dexterity deficit.

Rehabilitation Methods: Patients who had acute or subacute stroke with hemiparesis and aged between 18 and 80 years with

medical research council (MRC) scale score <4 were included in this randomized, Single-blind, placebo-
controlled trial in 1:1 ratio to placebo or fluoxetine 20 mg/day orally for 90 days. The primary outcome measures
were changes in barthel index, time taken to complete nine hole peg test and number of hand tapping movements
in 30 s by the affected limb between baseline, 45th day and 90th day. The secondary outcome measure was
evaluation of the drug tolerability.

Results: A total of 168 patients were assigned to fluoxetine (n = 84) or placebo (n = 84) group. Mean BI score
significantly improved at 90th day in fluoxetine group (70.42 + 10.56) than in placebo group (44.23 + 8.52).
Mean dexterity value decreased significantly at 90th day (2.61 + 0.81) compared to baseline (3.98 + 0.53) in
fluoxetine group. However higher rate of decrease of mean dexterity value was seen in fluoxetine group when
compared to placebo group. Mean number of hands tapping movements in 30 s increased significantly at 90th
day (16.33 + 3.58) compared to baseline (9.83 =+ 2.92) in fluoxetine group. Few ADR reported during this study
were dizziness, drowsiness and insomnia.

Conclusion: The present study indicates that early prescription of fluoxetine is safe and may enhance motor
function in patients presenting with severe motor impairments after stroke. However, the findings of the study
should be confirmed in future controlled studies with large sample size.

1. Introduction According to the world health organization, the definition of stroke

(introduced in 1970 and still used) is “rapidly developing clinical signs

Stroke is a cerebrovascular attack which occurs when the blood
supply to a part of the brain stops resulting in deprivation of oxygen.
This culminates in the death of the cells and loss of functions performed
by that part of the brain. The varied complications ranging from tem-
porary weakness to permanent paralysis of one side of the body is
determined by the part of the brain and the extent to which it is
damaged. Complete recovery from stroke occurs in some cases, but 2/3
of stroke survivors continue to live with one or more disabilities [1].

of focal (or global) disturbance of cerebral function, lasting more than
24 hours or leading to death, with no apparent cause other than that of
vascular origin” [2]. There are two types of stroke namely ischemic and
hemorrhagic stroke. Stroke that is caused due to an obstruction in the
artery supplying blood to the brain is an ischemic stroke whereas the
stroke caused by rupture of blood vessels is a hemorrhagic stroke [3].
Medical treatments for acute and subacute stroke are usually aimed at
improving the clinical condition of the patient by restoring blood flow to
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the compromised area of the brain and optimizing collateral flow.
Considering the gold standard, tissue plasminogen activator is the only
US food and drug administration (FDA) approved treatment for ischemic
stroke. Several interventions, including intra-arterial administration of
thrombolytic agents and mechanical interventions, also show promise
[4].

General management of both the types of stroke includes cardiac and
pulmonary care, fluid and ion balance restoration, metabolic mainte-
nance, blood pressure control, prevention of further complications
(pneumonia, sepsis and pressure sores) [5]. Stroke is the primary cause
of disability worldwide, the second greatest common reason of dementia
and the third leading source of death [6]. It is also the leading cause of
disability in India. According to a retrospective analysis, 2% of hospital
admissions and 20% of neurological admissions in India are of stroke
cases [7]. Owing to its high prevalence, high burden of illness and
economic cost, well-defined modifiable risk factors, and effective pre-
vention measures stroke is well suited for prevention [8]. However,
younger stroke patients appear to have a greater ability to recover from
stroke and are likely to benefit substantially from treatments that
facilitate plasticity-mediated recovery [9]. Initiation of early rehabili-
tation in stroke patients is necessary to improve their quality of life. Use
of selective norepinephrine reuptake inhibitors such as reboxetine,
venlafaxine in stroke patients was found to be effective in improving
their motor function. However selective serotonin reuptake inhibitors
such as sertraline, citalopram, fluoxetine also were found effective with
greater tolerability when compared to SNRIs [10]. An animal study re-
sults indicated a complex effect of fluoxetine on neuronal signaling
mechanisms potentially involved in restoring plasticity in the adult
brain [11]. Fluoxetine was approved by US-FDA for treating post-stroke
depression. Later few studies have shown its positive effect on motor
recovery in stroke patients [12]. A recent meta-analysis have concluded
that early prescription of fluoxetine improves depression after stroke
[13]. In addition, recent multicenter trials like EFFECTS, AFFINITY, and
FOCUS studies provide strong evidence against a beneficial effect of
Fluoxetine on motor recovery after stroke [14-16]. However, it may be
noted that the majority of study participants in these trials had probably
less severe paresis. Hence the current study was designed to evaluate the
effectiveness of fluoxetine in motor recovery and its safety in stroke
population with more severe motor deficit for a period of 90 days.

2. Materials and methods
2.1. Study design

The current study was a randomized, placebo-controlled, Single
-blind trial study conducted over a period of 90 days in the Department
of Neurology, SRM Hospital and Research Centre, Kattankulathur, India.
The study protocol was approved by the institutional human ethics
committee (IHEC) of SRM medical college hospital and research centre
(clearance number: 1063/IEC/2016). Research was performed in
compliance with the Helsinki declaration and with the good clinical
practice guidelines.

2.2. Study population

The subjects for the study were selected from the patients admitted in
the neurology ward. Written informed consent was obtained from pa-
tients before their enrollment in the study. The inclusion criteria for the
study were as follows: (1) patients aged between 18 and 80 years with
clinical diagnosis of acute ischemic stroke (1-7 days) and subacute
ischemic stroke (1 week—1 month) with medical research council (MRC)
scale score <4 for muscle strength in upper extremity, (2) If hemorrhagic
stroke then hemorrhage is either in the region of putamen or in the
thalamus, (3) CT imaging of middle cerebral artery (MCA) with
monoparesis, hemiparesis or hemiplegia, (4) stable patient not in
comatose state.
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The exclusion criteria were as follows: (1) history of allergy to
fluoxetine, (2) contraindications to fluoxetine including hepatic
impairment (alanine aminotransferase >3 upper normal limits), renal
impairment (creatinine levels >180 pmol/L and in affinity also
eGFR<30 ml/min/1.73 mz), (3) history of epileptic seizures, (4) preg-
nant or breastfeeding women of child-bearing age not taking contra-
ception, (5) use of a monoamine oxidase inhibitor (MAOI) during the
last 5 weeks (e.g. tranylcypromine, phenelzine, isocarboxazid, moclo-
bemide, selegiline, and rasagiline).

2.3. Sample size calculation

Determination of sample size was done using nMaster 2.0- sample
size software. A sample size of 77 in each group would be sufficient to
detect a clinically significant difference after 90 days of fluoxetine
administration on the basis of findings of razazian, nazanin et al. Study
to achieve 80% power of the study at a = 0.05 [26]. We accordingly
adjusted the sample size to 84 in each group by expecting a drop rate of
5%.

2.4. Interventions

Based on the inclusion and exclusion criteria, 168 patients were
included in present study. The recruited patients were assigned to either
the treatment group (n = 84) or the placebo group (n = 84) and received
fluoxetine (20 mg) once daily or placebo respectively and followed for a
period of 90 days. All adverse drug reactions occurred during the course
of treatment were observed and recorded in the case report file (CRF) by
the investigators. CONSORT flow chart was shown in (Fig. 1).

2.5. Measurement tools

Primary outcomes such as barthel index, nine-hole peg test (NHPT)
value, and number of finger tapping movements in 30 s were measured
by co-investigators at baseline, 45th day and 90th day in fluoxetine
group and placebo group. However, the outcome assessors were not
blinded throughout the study.

a) Barthel index:

The barthel index is an ordinal scale used to measure performance in
activities of daily living (ADL) by using a questionnaire with maximum
points of 100. Lower the number, greater is the dependence for daily
activity performance. Its reliability is 0.90 (95% CI) [17].

b) Nine-Hole Peg Test:

Dexterity is the coordination of small muscles, in movements usually
involving the synchronization of hands and fingers with the eyes. The
nine-hole peg test (NHPT) is considered as a gold standard measure of
manual dexterity. The NHPT consists of a square board with 9 holes and
a container with 9 pegs. The peg board is placed on the side of the
impaired hand, and the pegs are picked up and put into the pegboard,
one at a time, and thereafter returned to the container. The shorter the
time, the better is the performance of the impaired hand [18].

c) Finger Tapping Movements:

Finger tapping movements were measured as the number of finger
tapping’s done in the affected hand in 30 s. The speed of finger tapping
in the affected hand is a very sensitive measure for brain damage asitis a
good marker for its recovery [19].

2.6. Allocation concealment

Concealment of the randomization code was done to avoid selection
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Fig. 1. CONSORT Flow chart.

bias. Third party randomization is the gold standard for concealment.
Computer generated randomization list was prepared by a third person
who was not involved in the recruitment of patients. Each allocation was
written on paper and concealed in a serially numbered, opaque
envelope.

2.7. Statistical analysis

The data were analyzed using graph prism and SPSS (version 20;
SPSS Inc., Chicago, IL, USA). Descriptive statistics of collected data are

presented as a mean =+ standard deviation. Determination of statistical
significance of the differences in BI scores, dexterity time and number of
finger tapping movements between baselines, 45th day, 90th day in each
treatment groups separately was performed by wilcoxon test. Statistical
significance of the differences in BI scores, dexterity time and number of
finger tapping movements in 30 s among both the treatment groups was
evaluated by mann-whitney U test. The level of significance was fixed at
P < 0.05.
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3. Results

A total of 168 patients were enrolled in the study based on inclusion
and exclusion criteria and were assigned to fluoxetine (n = 84) or pla-
cebo (n = 84) group. Baseline demographic characteristics of patients
were mentioned in Tables 1 and 2. No statistical difference was observed
in terms of age, gender, comorbidity status of enrolled subjects between
fluoxetine group and placebo group. According to the age wise distri-
bution, most of the patients were in the age group of 41-60 years. Ma-
jority of the patients who participated in the study were males. The
comorbid conditions associated with stroke in the patients were
collected in the data entry form to identify potential hypersensitivity
reactions and drug interactions associated with the drugs prescribed for
these comorbid conditions. The comorbid status of the study population
is mentioned in Table 1. Out of the 168 patients, 98 (58.33%) patients
had ischemic stroke and remaining 70 (41.67%) patients had hemor-
rhagic stroke. In addition, 88 (52.38%) patients were affected with
hemiparesis on right side whereas 80 (47.62%) patients were affected
with hemiparesis on left side. Patients were categorized based on med-
ical research council (MRC) scale for clinical assessment of muscle
weakness. Accordingly, 14 (8.33%) patients had severity of grade 1, 91
(54.17%) patients had severity of grade 2 and 63 (37.5%) patients had
severity of grade 3. However, all the patients had difficulty in moving
their affected upper limbs against gravity. The outcomes of present
study were assessed at baseline, 45th day and 90th day of treatment.
Fluoxetine was found to be more effective in hemorrhagic stroke when
compared to ischemic stroke. In comparison to placebo group, statistical
significant difference in mean BI score (p = <0.001) was observed at
90th day in fluoxetine group (Table 3). Similarly, patients assigned to

Table 1
Patient’s demographic characteristics.

Age wise distribution

Age Fluoxetine group Placebo group P value Z Score
(N =84) (N =84)

20-40 years 15 (17.9%) 9 (10.7%) 0.136 1.494

41-60 years 45 (53.6%) 51 (60.7%) 0.294 —1.047

61-80 years 24 (28.6%) 24 (28.6%) 1 0

Gender wise distribution

Gender Fluoxetine group  Placebo group P value Z Score

(N = 84) (N = 84)

Male 48 (57.1%) 54 (64.3%) 0.352 —0.928

Female 36 (42.9%) 30 (35.7%) 0.352 0.928

Co-morbidity of the patients

Co-morbidity Fluoxetine group  Placebo group P value Z Score
status (N =84) (N = 84)

Diabetes Mellitus 10 (11.90%) 8 (9.52%) <0.0001  -10.112

DM/HTN 13 (15.48%) 11 (13.09%) 0.711 0.374

DM/HTN/CAD 3 (3.57%) 2 (2.38%) 0.134 1.497

DM/SHTN 9 (10.71%) 12 (14.29%) 0.555 —0.588

HTN 8 (9.52%) 7 (8.33%) 0.070 1.815

RHD 2 (2.38%) 4 (4.77%) <0.0001  —4.076

RHD/SHTN/ 2 (2.38%) 1 (1.19%) 0.070 1.815
T2DM

SHTN 6 (7.15%) 4 (4.76%) 0.0001 3.908

No past medical 31 (36.91%) 35 (41.67%) 0.596 0.532
condition

Values are expressed as n (%).

n — Number of Patients.

% - percentage.

Abbreviations:

RHD - Rheumatic heart disease
SHTN - Systolic hypertension
T2DM - Type-2 Diabetes Mellitus
HTN - Hypertension

CAD - Coronary artery disease
MRC - Medical Research Council
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Table 2
Patient’s hemiparesis sidewise distribution & medical research council (MRC)
scale wise distribution.

Hemiparesis sidewise distribution

Hemiparesis Fluoxetine group Placebo group P Z Score
(N = 84) (N = 84) value
Left side 37 (44.05%) 43 (51.19%) 0.363 0.908
Right side 47 (55.95%) 41 (48.81%) 0.363 0.908
Types of stroke population
Type of stroke Fluoxetine group Placebo group P Z Score
(N = 84) (N = 84) value
Hemorrhagic 34 (40.48%) 36 (42.86%) 0.697 —0.395
stroke
Ischemic stroke 50 (59.52%) 48 (57.14%) 0.795 0.263
Medical research council (MRC) scale wise distribution
MRC score Fluoxetine group Placebo group P Z Score
(N =84) (N =84) value
Score 1 12 (14.29%) 2 (2.38%) 0.298 —1.035
Score 2 44 (52.38%) 47 (55.95%) 0.603 —0.520
Score 3 28 (33.33%) 35 (41.67%) 0.285 —1.074
Values are expressed as n (%).
n — Number of Patients.
% - percentage.
MRC scale - Medical Research Council scale.
Table 3
Evaluation of Barthel index.
Parameter Study group (Mean + SD) P Value
Fluoxetine (N = 84) Placebo (N = 84)
Barthel Index at baseline 40.71 + 11.98 35.6 +9.03 0.002
Barthel Index at 45th day 54.52 + 16.44 40.18 + 8.08 <0.001
Barthel Index at 90th day 70.42 £ 10.56 44.23 + 8.52 <0.001

fluoxetine group have shown a significant decrease in the mean dex-
terity values (p = <0.001) at 90th day when compared to placebo group
(Table 4). In addition, there is a significant increase in the mean hand
tapping movements values from day O to day 90 after the initiation of
fluoxetine therapy (p = <0.001), which shows the strong evidence for
the clinical improvement of the patients in fluoxetine group than that of
in placebo group (Table 5). The most common side effects reported by
the patients among both the groups were mentioned in Table 6. How-
ever, majority of patients didn’t experience any side effects or adverse
drug reactions indicating good tolerability of fluoxetine among the
stroke patients.

4. Discussion

Fluoxetine, a selective serotonin reuptake inhibitor, was found to
influence neuroplasticity by enhancing neurotrophic factors, including
BDNF signaling and altering neurogenesis thereby improving motor
function. In 2011, fluoxetine for motor recovery after acute ischemic
stroke (FLAME) study was conducted to evaluate the effects of fluoxetine
on motor recovery [11]. In FLAME study, the fluoxetine group had a
10-point greater improvement on the upper extremity fugl-meyer scale
(UEFM) than in placebo group (P = 0.002) at the end of treatment [12].

Table 4
Evaluation of dexterity.
Parameter Study group (Mean + SD) P value
Fluoxetine (N = 84) Placebo (N = 84)
Dexterity value at baseline 3.98 + 0.53 4.71 + 6.38 0.786
Dexterity value at 45th day =~ 3.29 + 0.58 3.76 £ 0.55 <0.001
Dexterity value at 90th day ~ 2.61 + 0.81 3.69 + 0.53 <0.001
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Table 5
Evaluation of finger tapping movements.
Parameter Study group (Mean =+ SD) P value
Fluoxetine (N = Placebo (N =
84) 84)
Hand tapping movements at 9.83 + 2.92 8.98 + 3.04 0.066
baseline
Hand tapping movements at 13.24 + 3.42 10.19 + 2.86 <0.001
45th day
Hand tapping movements at 16.33 + 3.58 10.9 + 2.78 <0.001
90th day
Table 6

Side effects observed in study participants.

Side effects Fluoxetine group n (%) Placebo group n (%)

Dizziness 2 (2.40%) 0
Insomnia 3 (3.40%) 2 (2.35%)
Drowsiness 1 (1.19%) 0
Dyspepsia 0 5 (5.95%)
Anxiety 0 3 (3.96%)

In addition, 26% of patients in the fluoxetine group achieved functional
independence on modified rankin Scores (mRS), compared with 9% in
the placebo group (p = 0.015) [20]. Similarly, improvements in motor
outcomes remained significant among fluoxetine group in the present
study. The available data emphasized a hypothesis that supports the
neurotrophic and neuroprotective effects of fluoxetine. Few clinical
trials, especially that by Chollet et al. [20] and also an earlier Cochrane
review [21] indicating beneficial effects on the motor outcome when
combined with physiotherapy. But recent data from large, controlled
RCTs [13-16] demonstrating no beneficial effect on motor outcome in
patients with fairly mild stroke. However, the current study included
patients with more severe paresis when compared with these large RCTs,
which was also the case for the study by Chollet et al. [20]. These col-
lective findings point to an advantageous influence of fluoxetine when
paired with rehabilitation in the recovering stroke patient.

A previous study by rayaz Jan MD et al. have reported that as the age
increases the risk of suffering from stroke also increases and another
study by siddique AN. et al. had revealed that the occurrence of stroke
was more prevalent in age group ranging between 51 and 60 [22,23].
Similarly, most of the patients included in the present study were above
40 years of age suggesting a higher risk of stroke with an increase in age.
The majority of the acute stroke patients included in the current study
was found to be nondiabetic as that in rayaz Jan MD et al. study [22].
Significant increase in the mean barthel index score after the adminis-
tration of fluoxetine observed in the present study was similar to the
findings of dam et al. study [24]. In the present study, significant
decrease in the mean dexterity value and an increase in the mean hand
tapping movements from baseline to 90th day which a strong evidence
for the motor function improvement in the affected upper limb of pa-
tients after fluoxetine administration. The treatment was relatively well
tolerated in our study when compared to the irfan ahmad shah et al.
study [25] and only a few adverse effects were reported for fluoxetine in
our study (i.e. dizziness, drowsiness, and insomnia). The current study is
limited by short term follow-up period. In spite of our large sample size,
this present study was conducted only in single study centre. Therefore,
future studies with large sample size should be conducted in multi study
centers for a longer duration among Indian population to establish the
potential role of fluoxetine in motor recovery as well as for better
evaluation of tolerability of the drug in stroke patients. In addition,
being a single blinded study, the outcome assessors were not blinded,
which attributed to a risk for assessment bias.
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5. Conclusion

The current study suggests that early administration of fluoxetine
might be beneficial in motor recovery among acute and sub-acute stroke
patients of both ischemic stroke and hemorrhagic stroke. However,
fluoxetine was found to be more effective in hemorrhagic stroke when
compared to ischemic stroke. Fluoxetine was found to have good
tolerability on administration for 90 days with fewer adverse effects.
The present study indicates that fluoxetine could serve as a better
therapeutic option for enhancing motor functions in the stroke popula-
tion with a more severe motor deficit. Although the findings of the
current study suggested that fluoxetine might be beneficial in the
improvement of motor function after stroke in short term, future studies
are needed to evaluate the efficacy and safety of long-term treatment
with fluoxetine in the stroke population.
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