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Abstract Interest in the use of antidepressants after stroke
has been renewed by better knowledge of poststroke depres-
sion, but mainly by the capacity of some of them to promote
functional recovery of nondepressed subjects. Recombinant
tissue plasminogen activator thrombolysis within the first few
hours after the stroke is currently the only validated treatment
able to improve the spontaneous—and most of the time in-
complete—recovery of neurological functions after stroke.
However, we have learned from research over the last decade,
in part based on the considerable improvement of neuroimag-
ing techniques, that spontaneous recovery of neurological
functions is associated with a large intracerebral reorganiza-
tion of the damaged human brain. The question of whether
lesioned-brain plasticity can be modulated by external factors
such as pharmacological antidepressant agents is now being
addressed with the aim of improving recovery and reducing
the final disability of patients. Poststroke depression is known
to be frequent and deleterious for patient outcome. We review
the interest in the use of antidepressants after stroke in classic
but often neglected poststroke depression and we strongly
underline the action of some antidepressants in promoting
functional recovery of nondepressed patients after stroke.
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Introduction

Recovery from stroke remains a worldwide major issue for
public health policies. Clinicians have long recognized that
most stroke survivors recover over time, albeit to differing
degrees. Recombinant tissue plasminogen activator thrombol-
ysis within the first 4.5 h after the stroke is currently the only
validated and registered treatment able to improve the spon-
taneous—and most of the time incomplete—recovery of neu-
rological functions after stroke. Recovery after a stroke has
long been a puzzling question for clinicians and scientists as it
is well known that neurons, when destroyed after ischemia,
are not restored despite some very localized neurogenesis. In
the past two decades, we have learned from modern neuro-
imaging techniques, mainly PET scanning and MRI, that the
human brain is able to spontaneously reorganize after a stroke;
recruitment of remote functional areas, overactivation of pri-
mary cortices, and changes in cortical maps are now known as
the physiological basis of clinical recovery of neurological
functions. Spontaneous lesioned-brain reorganization has
been shown to be a rational basis for spontaneous recovery
of neurological functions. The question of whether lesioned-
brain plasticity can be modulated by external factors such as
pharmacological agents is now being addressed with the aim
of improving recovery and reducing the final disability of
patients. These rely on induced functional changes in a dam-
aged intracerebral network. The pharmacological agents re-
quire extensive validation. Preclinical studies mainly using
small-animal models have shown that monoaminergic drugs
can modify functional recovery [1-3]. This is particularly the
case for some antidepressant drugs. From this approach, se-
lective serotonin reuptake inhibitors (SSRIs) were tested and
their suspected positive action in the recovery process was
recently proved in patients in the FLAME trial.

Depression is also a major issue for stroke patients. It is a
common poststroke complication affecting approximately
one third of patients and is likely to interfere with the
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patient’s neurological condition. The highest rates of inci-
dent depression are reported early in the first month after
stroke and, although the incidence may decline over time
and there may be a general trend toward improvement of
symptoms, poststroke depression may persist in a significant
proportion of individuals. The diagnosis of poststroke de-
pression is not easy most of the time as the interpretation of
clinical symptoms is more difficult in the context of stroke.
There appears to be less emphasis on feelings of low self-
esteem, guilt, and self-blame when depression accompanies
stroke, whereas there is more emphasis on hypochondrial
concerns, lethargy, and behavior disturbances. Two main
possible explanations for the association between physical
illness and depression can be proposed. The first is a nega-
tive mood reaction to the physical consequences of the
stroke. The second possible explanation is a neurotransmit-
ter imbalance as a result of cerebral damage caused by the
stroke [4—6¢¢]. Epidemiologic observational studies have
provided a realistic approach for assessing stroke depression
prevalence risk factors and predictors. Robinson [7] showed
that the mean prevalence of depression among inpatients in
acute or rehabilitation settings was 19.3 % and 18.5 % for
major and minor depression, respectively, whereas in out-
patient studies, the mean reported prevalence was 23.3 % for
major depression and 15 % for minor depression. Moreover,
persistent depression was detected in more than half (55 %)
of the individuals identified as depressed during inpatient
rehabilitation after stroke [8]. Some risk factors associated
with increased risk of poststroke depression have been iso-
lated as female sex, past history of depression or psychiatric
illness, persistent neurological deficit, and cognitive impair-
ment. Prior treatment of depression and the need for assis-
tance with activities of daily living may be the factors most
predictive of risk. Predictors of persistent depression include
lower levels of prestroke social activity, greater severity of
stroke, and lower levels of function at the baseline [9—17].
These aspects have been extensively developed in a recent
and remarkable review by Salter et al. [6°¢].

We will review two main aspects regarding the use of
antidepressants in patients with stroke:

1. Interest in the use of antidepressants in patients with
stroke and depression with regard to the potential inter-
ference between depression and recovery

2. Interest in the use of antidepressants in patients with
stroke but without depression, which appears to be a
new promising approach for treatment of stroke patients

Antidepressants in Poststroke Depression

At least one third of stroke patients will experience depres-
sion. The question of the links between poststroke
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depression and recovery has a major impact on patient care.
Most of the time neurologists find it difficult to diagnose
poststroke depression. Linguistic difficulties in aphasic
patients with left hemispheric lesions, neglect and its cog-
nitive consequences in patients with right hemispheric
lesions, and preexisting memory disturbances often prevent
or delay an appropriate diagnosis of depression. On the
other hand, poststroke depression has to be differentiated
from the initial mood consequence of the acute neurological
deficit and according to the fourth edition of the Diagnostic
and Statistical Manual of Metal Disorders it is difficult to
make the diagnosis of poststroke depression in the very
acute phase before 2 weeks. Finally, the scales used in this
context are not designed for stroke patients, and most of
the time the diagnosis relies on the conviction of th
clinician. So the studies mentioned in this article must
be interpreted with regard to those difficulties. However
and despite the limitations, it is possible to address three main
questions:

1. Does poststroke depression reduce poststroke recovery?

2. Are antidepressants active in poststroke depression?

3. Can antidepressants improve stroke outcome in patients
with depression?

Poststroke Depression Has a Negative Impact on Functional
Recovery

Depression after stroke may have a negative impact on
recovery. Although patients with poststroke depression
often experience significant recovery, functional ability
may remain at a lower level than in nondepressed
patients, despite rehabilitation interventions. Goodwin
and Devanand [17] demonstrated that co-occurrence of
stroke and depression is associated with greater physical
limitations than either condition on its own. Physical
impairment and poststroke depression appear to act up-
on each other, and each influences the recovery of the
other. Van de Port et al. [18] published the results of a
prospective cohort study (#=205) which demonstrated
that mobility decline was experienced by 21 % of partici-
pants between 1 and 3 years after stroke. Significant
predictors of this decline in mobility status were level
of activity, cognitive problems, fatigue, and depression.
So, it can be said that poststroke depression has a
negative impact on functional recovery. As a conse-
quence, early identification and treatment of poststroke
depression may serve to enhance functional recovery.
Moreover, poststroke depression interferes with cognitive per-
formances and depression may appear to be associated with
definitive cognitive decline, whereas cognitive disturbances
may be most of the time mainly the transient consequences
of depression.
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Antidepressants and Treatment of Poststroke Depression

Drug therapy for depression is based on the notion that
depression is associated with an imbalance and underactiv-
ity of the cerebral noradrenergic and serotonergic systems.
In a meta-analysis of 16 studies examining the use of anti-
depressants in individuals with poststroke depression, Chen
et al. [5] reported a significant treatment response regardless
of the definition of response used by the authors of individ-
ual studies. In addition, treatment was associated with a
significant reduction in depressive symptoms on all scales
used to assess outcome. Chen et al. [5] also identified a
relationship between the duration and benefit of treatment.
Pooled analysis of studies with treatment durations of 1 and
2 weeks revealed no significant treatment effects. However,
from 3 weeks onward, demonstrated effects were, generally,
of increasing significance. In an updated Cochrane review,
Hackett et al. [4] included 12 studies examining the use of
pharmacological interventions for the treatment of post-
stroke depression. Like the review of Chen et al. [5], Hackett
et al. [4] included trials examining a variety of agents initiated
at a variety of times after stroke and for various intervals.
Using pooled analysis where possible, the authors concluded
that use of pharmacotherapy was globally associated with a
significant, positive treatment effect. Within drug categories,
there is strong evidence that heterocyclic antidepressants im-
prove depression after stroke. Side effects in elderly patients
mean that these medications should be used with caution in
that population. On the basis of the results of meta-analyses,
there is also strong evidence that SSRIs are effective in the
treatment of poststroke depression. On the other hand, regard-
ing the use of selective noradrenaline reuptake inhibitors
(SNRIs), there is only moderate evidence that reboxetine is
effective in reducing retarded poststroke depression and there
is an absence of evidence regarding the effectiveness of ven-
lafaxine, an SNRI, for treatment of poststroke depression.
Finally, the GABA compound nefiracetam and the psychosti-
mulant methylphenidate showed only moderate evidence of
improving depression symptoms [19-30].

Antidepressants and Stroke Outcome in Patients
with Depression

As mentioned earlier, depression has a negative impact on
recovery of neurological function and thus the appearance
of poststroke depression is believed to adversely affect the
rate of recovery and rehabilitation of stroke survivors. A
study by Gainotti et al. [31] demonstrated that treatment
with fluoxetine was associated with an improvement in
functional recovery in addition to recovery from depression;
a finding which is supported by other studies [20, 30,
32-34]. Although several studies also documented the ef-
fectiveness of treatment with nortriptyline in terms of

physical function, Miyai and Reding [32] noted that trazo-
done and fluoxetine improved self-care function and depres-
sion after stroke, whereas nortripyline improved only
depression. In addition, the effect of the timing of treatment
on the recovery of activities of daily living requires further
investigation. Although most studies have examined the
effectiveness of treatment initiated more than 1 month after
stroke, some of them [30, 33] focused on treatment begin-
ning in the first month following the stroke. Gonzalez-
Torrecillas et al. [30], in an open-label study, demonstrated
that early treatment, initiated within 4 weeks of the index
event, was associated with significant improvements in
physical, cognitive, and neurological function by the end
of the 6-week treatment period. Similarly, Narushima et al.
[33] reported a significantly greater improvement in physi-
cal function over the active treatment period (12 weeks) for
patients with early initiation of treatment (within 4 weeks of
stroke) than for patients whose treatment started later. Re-
cently, a secondary analysis of data collected as part of the
Activate—Initiate—Monitor (AIM) study demonstrated that
individuals who reported improvement of depressive symp-
toms were more likely to be independent at 12 weeks after
stroke than those who did not improve over the same period
[35]. It is now admitted that there is strong evidence for
pharmacological treatment of depression and improved
functional recovery after stroke being closely associated.

Antidepressants for Recovery from Stroke
in Nondepressed Patients

If it is true that depression will occur in about one third of
patients with stroke, as a consequence, it is also obvious that
two thirds of them will not experience poststroke depres-
sion. The question of the use of antidepressants in this
category of nondepressed patients with stroke needs to be
addressed as we have strong arguments showing that some
antidepressants may act directly on the damaged neuronal
networks and may modulate spontaneous poststroke intra-
cerebral reorganization. This question of whether lesioned-
brain plasticity can be modulated by external factors such as
pharmacological agents is now being addressed with the aim
of improving recovery and reducing the final disability of
patients. Preclinical studies mainly using small-animal models
have shown that monoaminergic drugs can modify functional
recovery. This is particularly the case for noradrenergic, do-
paminergic, and serotoninergic drugs, which have been shown
to facilitate cerebral postlesional reorganization, whereas oth-
er drugs such as neuroleptics and benzodiazepine would pre-
vent it. From this approach, SSRIs were tested in small clinical
trials and their suspected positive action in the recovery pro-
cess was recently shown in the FLAME trial with fluoxetine
[1, 36°°]
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SSRIs and Motor Recovery After Stroke
Small Trials

Few clinical trials with serotonin reuptake inhibitors have
been reported. They have all included small numbers of
patients; all have produced results that suggest a positive
effect on recovery after stroke. In an early trial, fluoxetine
and maprotiline were tested against placebo for 3 months in
patients with hemiplegic stroke enrolled 1-6 months after
the stroke [34]. The patients in the fluoxetine group (n=16]
had a better outcome than those in the maprotiline group or
the placebo group. Acler et al. [37] confirmed this finding in
ten patients in the active-treatment group versus ten in the
placebo group. In a double-blind, placebo-controlled cross-
over trial, Zittel et al. [38] investigated the effects of a single
dose (40 mg) of citalopram in eight patients with chronic
stroke. Dexterity was significantly improved.

Proof of Concept

In a double-blind, placebo-controlled study by our group
[39], by combining clinical motor testing and functional
MRI motor assessment in patients recovering from post-
stroke hemiplegia (n=8), we showed that a single dose
(20 mg) of fluoxetine improved hand motor function and
was correlated with an overactivation of motor cortices on
functional MRI. In a subsequent double-blind, placebo-
controlled trial in healthy individuals, transcranial magnetic
stimulation showed that the intake of a single dose of the
serotonin reuptake inhibitor paroxetine was associated with
hyperexcitability of the primary motor cortex, whereas
long-term intake was associated with hypoexcitability of
the brain motor cortices. Serotonin reuptake inhibitors
increase interneuron-facilitating activity in the primary
motor cortex. This study demonstrated that, in recover-
ing stroke patients, a single dose of 20 mg transiently
improved motricity and acted directly in overactivating motor
cortices through a fluoxetine-induced change of cortical
excitability [40].

FLAME Trial

The FLAME trial [36°¢] was designed to test the efficacy of
fluoxetine in motor recovery of patients with ischemic
stroke as hemiplegia and hemiparesis are the commonest
deficits caused by stroke. The FLAME trial investigated
whether fluoxetine would enhance motor recovery if given
soon after an ischemic stroke to patients who had motor
deficits.

In this double-blind, placebo-controlled trial, patients
from nine stroke centers who had experienced an ischemic
stroke, had hemiplegia or hemiparesis, had Fugl-Meyer
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motor scale (FMMS) scores of 55 or less, and were aged
between 18 and 85 years were eligible for inclusion. Patients
with depression were excluded. Patients were randomly
assigned, using a computer random-number generator, in a
1:1 ratio, to fluoxetine (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 out-
come measure was the change on the FMMS between day
0 and day 90 after the start of administration of the drug or
placebo. Participants, carers, and physicians assessing the
outcome were masked to group assignment.

Analysis was done for all patients for whom data were
available (full analysis set): 118 patients were randomly
assigned to fluoxetine (n=59) or placebo (n=59), and 113
were included in the analysis (57 in the fluoxetine group and
56 in the placebo group). Two patients died before day 90
and three withdrew from the study.

FMMS score improvement at day 90 was significantly
greater in the fluoxetine group [adjusted mean 34.0 points
(95 % confidence interval 29.7-38.4)] than in the placebo
group [24.3 points (95 % confidence interval 19.9-28.7);
p=0.003]. The drug was well tolerated. Moreover the
number of independent patients (modified Rankin scale
0-2 after 3 months of treatment) was higher in the fluox-
etine group. The number of depressions occurring dur-
ing the 3-month treatment period was lower in the fluoxetine
group.

The mechanism of action of fluoxetine needs to be dis-
cussed. An effect of fluoxetine on mood is likely even in
nondepressed people. However, we do not think that fluox-
etine acted only through antidepressant mechanisms in this
study. As mentioned earlier, a single dose of fluoxetine
improved hand motor function and increased activity in
the motor cortex compared with placebo in patients recov-
ering from stroke, showing a specific motor effect, whereas
a mood effect is unlikely after a single dose. However, a
fluoxetine-mediated attention and/or a fluoxetine-mediated
motivation effect cannot be excluded and needs to be inves-
tigated in further studies.

Nevertheless, the FLAME trial has limitations. The num-
ber of patients included was small. Those who were includ-
ed were selected for motor deficit and did not represent the
general population of stroke patients. Second, treatment was
stopped after 90 days, and we have no idea of the long-term
development of patients’ motor function and whether the
treatment effect persisted in the months after treatment was
stopped. However, the effect of fluoxetine seems to be
strong and clinically relevant, and the data from the trial
show a global coherence.

The FLAME trial shows that in patients with ischemic
stroke and moderate to severe motor deficit, the early pre-
scription of fluoxetine with physiotherapy led to enhanced
motor recovery after 3 months.
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Long-Term Effects

In a subsequent study with citalopram, a population of
poststroke depressed patients were treated for 3 months.
Patients treated with antidepressants had better recovery
from disability by 1 year after stroke (i.e., 9 months after
antidepressants were stopped) than patients who did not
receive antidepressant therapy. This effect was independent
of depression and suggests a permanency of effect of the
drug [41].

Ongoing Clinical Trials

Clinical investigations for recovery of patients with stroke
using serotoninergic, dopaminergic, or noradrenergic drugs
(most of them are antidepressant drugs) will continue, as
those treatments (if validated) can bring about a new ap-
proach for our patients and new hope. The FLAIR phase III
trial with fluoxetine in the USA and the LIFE phase IIb trial
with the SNRI levomilnacipran in Europe are beginning
now.

Antidepressants and Depression Prevention in Stroke
Patients

Given the negative impact of poststroke depression on
stroke recovery, early initiation of antidepressant treatment
in stroke patients to prevent the development of poststroke
depression has been investigated [42—45]. Overall, individ-
ual studies offer conflicting evidence with regard to preven-
tion of poststroke depression through pharmacological
intervention.

However, there appears to be a positive trend toward
protection against depression associated with prophylactic
treatment. As mentioned earlier, in the FLAME trial, the
number of depressions occurring during the 3-month treat-
ment period was lower in the fluoxetine group than in the
placebo group.

There is now some evidence that early initiation of anti-
depressant therapy in nondepressed stroke patients is asso-
ciated with reduced risk of the development of poststroke
depression. However, systematic prescription is not recom-
mended yet. Further study is required to assess both the
duration of treatment and optimal timing for the initiation
of therapy.

Other Antidepressants or Psychostimulants

Inconsistent but sometimes positive arguments can be found
for the action of other drugs. Reboxetine inhibits the reup-
take of noradrenaline. Ten chronic stroke patients receiving
a single dose of 6 mg reboxetine were studied in a double-
blind, placebo-controlled crossover design by Zittel et al.

[46]. Grip strength, dexterity, and hand-tapping speed were
evaluated before drug ingestion, 3 h after drug intake, and
after a single session of physiotherapy aimed at improvement
of hand function. In addition, motor excitability changes were
investigated using transcranial magnetic stimulation. Rebox-
etine induced a significant improvement of tapping speed and
grip strength. The dexterity and transcranial magnetic stimu-
lation results remained unchanged.

On the other hand, moclobemide an inhibitor of mono-
amine oxidase A when compared with placebo (600 mg/day
for 6 months), did not enhance the regression of aphasia
following an acute stroke [47].

Methylphenidate produces an increase in dopamine signal-
ing through multiple actions. As mentioned earlier, a prospec-
tive, randomized, double-blind, placebo-controlled trial with
21 patients early after stroke indicated that the combination of
methylphenidate and physical therapy over a period of 3 weeks
improved motor functions [28] and decreased depression. A
subsequent neuroimaging study by Tardy et al. [29] confirmed
these findings regarding motor function.

Summary of Clinical Trials

Currently, antidepressants can be considered as part of the
treatment of many patients with stroke. The level of evi-
dence differs for patients with poststroke depression and
patients with stroke but no depression.

In poststroke depressed patients (one third of patients
approximately), a review of the literature provides strong
evidence in three main aspects: poststroke depression has a
negative impact on functional recovery; pharmacological
treatment has an effect on poststroke depression (mainly
heterocyclic drugs and SSRIs); antidepressants improve
stroke outcome in patients with depression.

In stroke patients with no depression, the field is now
open for a new therapeutic strategy in stroke management
with monoaminergic drugs, especially serotoninergic drugs
and also noradrenergic and dopaminergic components.
Some of them are not antidepressants but others clearly
are. This is the case for SSRIs and fluoxetine. Currently,
and other than the FLAME trial, there is only limited evi-
dence supporting or refuting the use of centrally acting
drugs to enhance the effects of neurorehabilitation. Many
reasons can be underlined to explain the difficulties encoun-
tered by the investigators in published clinical trials with
negative findings: recruitment of patients (2540 screened
on enrollment), heterogeneity in stroke types, size, location
of lesion, concomitant neurological symptoms (within-subject
variability in recovery), standardization of rehabilitation pro-
grams, dose of the drug, specific chemical formulation of the
drug under study (D-amphetamines or DL-amphetamines),
time of prescription, duration of the treatment, etc. Most
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studies were performed in well-selected small patient groups
and rather serve as a proof-of-principle investigation. The
interpretation is sometimes further complicated by conflicting
results. The FLAME trial with fluoxetine appears to be the
first trial showing an efficacy in a target population of ische-
mic stroke patients. Despite its limited aspects, it shows that
with an appropriate clinical trial design, it will be possible to
demonstrate the capacity ot incapacity of monoaminergic
drugs to modify the natural history of stroke and its outcome.

No regulatory agency will grant approval for use of such
drugs until evidence is also provided by properly powered,
formal, phase III clinical trials. Such trials would likely have
to evaluate effects in the long term, and consider effects on
function and disability.

Pharmacotherapy Mechanisms of Monoaminergic
Drugs

The observed effects of a single dose can be explained by short-
term plasticity. The mechanisms might include alleviation of
metabolic depression, stimulation of sensorimotor pathways,
increase in cortical excitability, and partial reestablishment of
interhemispheric inhibition between both primary motor corti-
ces [29, 39, 40]. In analogy with amphetamine, monoaminergic
drugs can increase the signal-to-noise ratio, i.e., the ratio be-
tween task-dependent activity and tonic activity. If this is
applied to poststroke recovery, drugs could increase adaptive
brain activity in a compensatory network. More specifically,
dopamine through attention and reward may reinforce associa-
tive learning, and the effects of dopamine drugs might be
mediated through dopamine projections to cerebral areas relat-
ed to these functions. Noradrenaline modulates saliency of
sensory inputs, attention, and memory. One additional hypoth-
esis is that a primary function of the serotoninergic system of
the brain is to facilitate motor output ,which underlines the fact
that drug intake would be more efficient when paired with
training [48]. Further, serotonin enhances arousal and vigilance
and enhances energetic supply by stimulating glycogenolysis.
Serotonin is also involved in spatial memory acquisition,
learning, consolidation, short-term facilitation (enhancement
of transmitter release), storage of long-term memory in Aply-
sia sensorimotor synapses, and long-term facilitation (growth
of new synaptic contacts between sensory and motor neurons
and facilitation of synaptic strength), growth factor gene ex-
pression, declarative memory, and the associated hippocampal
neurogenesis in animals and humans [49, 50]. All mono-
amines (norepinephrine, dopamine, serotonin), and acetylcho-
line, may drive long-term potentiation, optimize activity-
dependent learning in humans, and possibly relearning after
stroke. Finally, even though there is no ongoing current de-
velopment, amphetamine takes part in postlesional remodel-
ing of motor areas through noradrenergic modulation.
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Conclusions

Antidepressants are useful in the care management of
patients with stroke. This is particularly the case in post-
stroke depressed patients. Poststroke depression needs to be
carefully detected and treated in order to optimize recovery
of neurological functions. However, a new aspect of antide-
pressant use (mainly SSRIs) is emerging. The SSRI fluoxetine
has been demonstrated to improve motor recovery of patients
with hemiplegic stroke through a direct neuronal mechanism
related to cortical excitability changes. The modulation of
brain spontaneous postlesional reorganization by monoamin-
ergic antidepressants opens up a new field in stroke care
through a neuronal nonvascular target.
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