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SUMMARY

Introduction and purpose:
Ischemic stroke accounts for the majority of all stroke cases, with recurrence rates of

around 12% within the first year, rising to around 30% within five years.
Thrombolytic therapy based on the intravenous administration of rtPA (recombinant

plasminogen activator) is the only treatment that has been proven to improve treatment
outcomes after ischemic stroke. New methods that would increase the number of motor
function returns are still being sought.

A brief description of the state of knowledge:
SSRIs, selective serotonin reuptake inhibitors are used primarily in the treatment of

depression and emotional lability after stroke. Many clinical and preclinical studies have
suggested that SSRIs have a beneficial effect on the outcomes of stroke patients.

Our work is a brief overview of the current knowledge and clinical trials conducted.
Review of the available literature using the PubMed database. Search criteria for scientific
articles published from 2010 to 2020, search term: "SSRI ischaemic stroke". Ultimately, 12
randomized clinical trials were analyzed (3 articles apply for one study). One of the studies
does not have unequivocal results.
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Conclusions: The safety of SSRIs in stroke patients has been confirmed. Further multi-center
studies are required to investigate the neuroprotective role of SSRIs.

Key words: SSRI, stroke, neuroprotective effect

Introduction and purpose:

1. Definition of a stroke. Ischemic stroke.
It is estimated that in the United States a stroke occurs every 40 seconds, and every 4

minutes someone dies because of stroke. About 87% of all strokes are ischemic strokes, in
which blood cannot flow to the brain. Factors such as high blood pressure, high cholesterol,
smoking, obesity and diabetes are the main causes of stroke. The risk of stroke increases with
age, but it can affect people of any age.

The word stroke is used to denote focal neurological defects and CNS injuries of
vascular origin. Stroke can be divided into two main categories, ischemic and hemorrhagic.
Acute ischemic stroke (AIS) accounts for 87% of strokes[2]. Ischemic stroke (IS) is one of
the leading causes of death and disability in the adult population worldwide[3]. In 2013, there
were 6.5 million stroke-related deaths (11.75% of all deaths) and 10.3 million new strokes
worldwide, for a total disability-adjusted life-year cost (DALY) of 113 million[4].

Acute brain damage and progressive neurodegenerative disease represent one of the
most difficult medical challenges. Only in the United States, treatment costs are nearly $ 800
billion a year[5].

Symptoms of a stroke include: sudden numbness or weakness of the face, arm or leg,
especially on one side of the body, sudden confusion, trouble speaking or understanding
speech, sudden trouble seeing in one or both eyes, sudden trouble walking, dizziness, loss of
balance or lack of coordination, sudden severe headache[6].

2. Pathomechanism of trauma in stroke brain injury.
In contrast to tissue atrophy, acute brain injuries, such as stroke and penetrating

traumatic brain injuries, cause volumetric tissue loss characterized by cavitation and loss of
cells and matrix. The tissues surrounding this cavitation are also damaged and typically
undergo acute and subacute neuronal loss associated with reactive gliosis and angiogenesis.
Atrophy of damaged periodontal tissue may also occur. Pharmacological therapies such as
neuroprotective agents focus primarily on saving acutely dying neurons, while anti-
inflammatory agents target the immune system's response to damage caused, seeking to
reduce secondary tissue damage[7].

3. Therapeutic procedure
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Thrombolytic therapy based on the intravenous administration of rtPA (recombinant
plasminogen activator) is the only treatment that has been proven to improve treatment
outcomes after ischemic stroke. Intravenous thrombolysis is the primary treatment of acute
ischemic stroke management in any patient with neurological deficits who report to the
hospital within 4.5 hours of onset of symptoms[8].

New methods that would increase the number of motor function returns are still being
sought.

Methods:
Review of the available literature using the PubMed database. Search criteria for

scientific articles published from 2010 to 2020, search term: "SSRI ischaemic stroke".
Among of the 110 publications available, 16 were randomized trials, 4 articles were
inconsistent with the subject matter and they were rejected. Ultimately, 12 randomized
clinical trials were analyzed (3 articles apply for one study). One of the studies does not have
unequivocal results.

Description of the state of knowledge:
Fluoxetine, a selective serotonin reuptake inhibitor (SSRI), is primarily used to treat

depression and emotional lability after stroke. Many clinical and preclinical studies have
suggested that SSRIs have a beneficial effect on the outcomes of stroke patients. It has been
suggested that the positive effect of SSRIs is due to neuroplasticity and the promotion of
neurogenesis[9].

In the last few years, a certain SSRIs ability to improve the functioning of people
without depression has been reported, and also knowledge about depression after stroke has
increased. Thanks to this, many studies have been created, including clinical trials, meta-
analyzes of post-stroke patients, which suggest benefits in restoring neurological function
after stroke, while using SSRIs. There is some worldwide coherency in the results of studies
showing that the use of SSRIs for 3 months in post-stroke patients without depression
improves recovery, taking into account the benefit-risk ratio[10].

The neuroprotective effect, and thus the restoration of neurological functions after a
stroke by SSRIs, may depend on the dose of the drug and the location of the damaged
neurons. One study investigated the neuroprotection of fluoxetine in a C57BL/6 mouse model.
At a dose of 10 mg/kg fluoxetine, mice developed a protective effect on caudate neurons after
complete cerebral ischemia. At the administered dose, no such effect was noted for
hippocampal neurons. At the dose of 5 mg/kg, fluoxetine was not found to be
neuroprotective[11].

Earlier this year, Zhou S et al. published a meta-analysis evaluating the effects of
SSRIs on patients in the early stage of stroke. Researchers found no difference in improved
functional independence in the SSRI group versus the placebo group (p=0.10)[12].

Ischemic stroke accounts for nearly 80% of all stroke cases, with a recurrence rate of
around 12% within the first year, rising to around 30% over five years. The safety of
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antidepressant drugs in stroke patients depends on the type of antidepressant group being
used. Antidepressants such as tricyclic antidepressants carry a 1.41 times risk of recurrence,
according to a study by Wang C.L. et al. However, the use of SSRIs does not affect the risk
of repeated stroke events, which confirms their safety[13].

SERT (serotonin transporter) encoded by the SERT gene regulates serotonin levels by
influencing serotonin reuptake. SERT gene expression may affect the regulation of cognitive
functions, it is noted that SSRIs may improve cognitive functions after stroke. In another
study by Damsbo AG. et al. also the effectiveness of the SSRI was not confirmed. The
polymorphism of the SERT gene was taken into account in 270 patients who had not been
treated for depression, who had had an acute ischemic stroke for the first time in their lives.
Patients were then randomly assigned to receive citalopram and placebo. There was no
difference in cognitive function between patients treated with citalopram and placebo by
genotype. However, it was noticed that low SERT gene expression may contribute to the
reduction of cognitive functions after a stroke[14].

A multicentre, randomized, double-blind study conducted by the Danish group
TALOS (The Efficacy of Citalopram Treatment in Acute Stroke) did not confirm the efficacy
in improving vascular revascularization after stroke using early citalopram treatments. The
study included 642 patients, treatment duration was 6 months, in the acute phase of stroke
(day 0-7), an oral SSRI (citalopram) 20mg (10mg) was administered (10mg, age ≥ 65 years
and/or hepatic impairment). Treatment with citalopram was generally well-tolerated, with a
low risk of mortality and side effects. It can be hypothesized that SSRI is well-tolerated in
post-stroke patients. It does not contribute to the improvement of motor functions[15,16].
Platelet aggregation was not altered during treatment with citalopram[17].

A study was conducted in which the effects of fluoxetine and rTMS- repetitive
transcranial magnetic stimulation were compared as a method to improve the motor
movement of the upper limb in patients after ischemic stroke. 27 patients with hemiparesis 2
years after the stroke incident were divided into three groups. The first group received active
rTMS and fluoxetine, the second group received fluoxetine and inactive rTMS, the last group
received placebo. The study consisted of 18 1-Hz rTMS sessions in an intact primary motor
cortex. Fluoxetine was used for 90 days at a dose of 20mg/day. The Jebsen-Taylor Hand
Function (JTHF) and Fugl-Meyer Assessment (FMA) scores were used to assess the motor
function of the muscles. The corticospinal excitability was checked by TMS. It has been
shown that the combination of fluoxetine and rTMS leads to better motor function in stroke
compared to fluoxetine or placebo alone. Interestingly, the authors observed that the use of
fluoxetine alone led to the smallest improvement in motor functions, even compared to the
placebo group. The fluoxetine group had less improvement than placebo on both scales
(JTHF: P=0.038; and FMA: P=0.039). The authors suggest that fluoxetine may have a
detrimental effect on the improvement of motor functions[18].

A large multicentre, randomized, double-blind study called FOCUS evaluated the
effect of fluoxetine on the functional outcomes of patients after acute stroke. 1,564 patients
were assigned to fluoxetine (20mg) treatment and 1,563 received placebo. After 6 months,
the functional status of the patients was assessed using the modified Rankin scale (mRS). In
both the fluoxetine and placebo groups, patients achieved similar results on mRS. This
suggests that fluoxetine does not contribute to functional improvement 6 months after
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stroke[19].
In the literature, there are more and more reports regarding the beneficial effect of

selective serotonin reuptake inhibitors in patients after ischemic stroke on neuroregeneration
and vascular condition.

Nevertheless, in a randomized study conducted by Asadollahi M et al., in which the
effectiveness of fluoxetine and citalopram was compared, no significant differences were
found between the drugs, however, a significant improvement in motor functions and faster
recovery in patients after ischemic stroke were noted[20].

The efficacy of citalopram was evaluated in a randomized study of 144 patients with
acute IS who had not been diagnosed with depression. One group received citalopram 20mg,
the other group received placebo. After 3 months of taking citalopram, the reference of the
study was a reduction in NIHSS score for at least 50%. This improvement was more common
in the citalopram group than in the placebo group (p <0.001). The study results suggest that
citalopram may improve the prognosis in patients with acute IS. Moreover, the research
showed that citalopram is a safe and well-tolerated drug[21].

Chollet F et al. tested the effect of fluoxetine on recovery after ischemic stroke. 118
patients who achieved 55 points or less on the Fugl-Meyer Motor Scale (FMMS) were
enrolled in the double-blind study. Patients were randomly assigned to receive oral fluoxetine
(20mg) or placebo. 113 patients were included in the analysis. After 90 days, FMMS
evaluation was performed. The results showed that patients taking fluoxetine achieved a
statistically higher improvement on the FMMS scale (p=0.003). This may be considered as a
beneficial effect of fluoxetine in patients with ischemic stroke and moderate or severe motor
deficits. The results are promising[22].

He Y. et al observed a reduction in the frequency of recurrences after the use of
fluoxetine. 90-day treatment with fluoxetine (20mg) in patients after acute ischemic stroke
significantly reduces the frequency of recurrences of ischemic stroke within three years. The
study was performed on a group of 404 (control group: 202, study group: 202) patients after
acute ischemic stroke. Importantly, at the beginning of the study and after 90 days, additional
factors such as aspartate aminotransferase, creatinine, fasting glucose, glycosylated
hemoglobin, lipid profile, and blood homocysteine   concentration were additionally
evaluated. The evaluation was based on the NIHSS National Institute of Health Stroke Scale.
In addition, blood pressure was measured between 8:00 and 9:00 within 24 hours of
recording. MRI was performed in patients with symptoms of ischemic stroke. The ischemic
stroke relapse-free survival rate was significantly lower in the treated group than in the
control group. Evaluations were made using the Kaplan-Meier test (p=0.016) as well as
relapse-free survival after day 90 in a three-year follow-up (p=0.043). Selective Serotonin
Reuptake Inhibitors (SSRIs) have initially been confirmed to improve the long-term
regeneration of neuronal function in ischemic stroke with or without post-stroke depression,
as well as blood glucose, blood pressure, and blood lipids [23].

In a prospective, randomized, single-blind study in China, patients were divided into
two groups: control and treated. All patients received basic post-stroke therapy and patients in
the treated group received additional oral fluoxetine for 90 days. The observation period was
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180 days. It was found that in the treated group, the NIHSS result was significantly lower
than in the control group (P=0.009). The average BI scores on days 90 and 180 were
significantly higher in the treated group (P = 0.026) than in the control group (P = 0.011). The
improvement in NIHSS and BI scores on days 90 and 180 compared to baseline in the
treatment group was significantly greater than in the control group (P=0.033, P=0.013,
P=0.013, P=0.019 respectively). Fluoxetine treatment was an independent factor influencing
the NIHSS and BI scores at day 180 post-treatment. It can be concluded that treatment with
fluoxetine for 90 days after ischemic stroke may improve long-term functional outcomes of
the nervous system[24].

Another study in China tested the effect of fluoxetine at various time intervals after an
ischemic stroke on neurological functional prognosis. The patients were randomly assigned to
three groups. In group A, patients immediately received fluoxetine in the dose of 20 mg per
day; group B received fluoxetine 7 days after stroke in the same dose as group A, and group
C did not take the drug. The duration of treatment was 90 days, and observation was 180 days.
The average NIHSS score on day 90 was significantly lower in group A than in group C
(P=0.005), while on day 180 the average score in group A was significantly lower than in
groups B and C (P=0.035, P=0.000). The average BI score on day 90 was significantly higher
in group A than in group C (P=0.001), while on day 180, the average score in group A was
significantly higher than in groups B and C (p=0.036, p=0.000) respectively. Regression
analysis showed that the lower NIHSS score and higher BI score at day 180 were attributed to
the early administration of fluoxetine. Early administration of fluoxetine may improve
prognosis of patients with ischemic stroke[25].

Conclusions:
Among 12 randomized trials, the benefits of using SSRIs in the treatment of stroke

lesions were reported in 7 publications. In 4 studies there were no positive effects found. It
should be noted that one of the studies, in which the sufficient effect of SSRIs on the
neuroprotective effect was not noticed, was one of the largest studies conducted so far. All
studies conducted, so far, confirm the safety of SSRIs in patients after stroke. Different
results indicate the need for further studies to finally confirm or exclude the positive effect of
SSRIs on recovery in patients after ischemic stroke.
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