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    Abstract     Poststroke depression (PSD) is among the most common  neuropsychiatric 
sequelae of stroke. Cross-sectional studies have demonstrated that about one- third 
of patients develop depression during the acute stage after stroke and more than 
50 % suffer depression at some later point. PSD is strongly associated with negative 
outcomes, such as increased length of hospital stay, increased severity of neurologi-
cal and functional deficits, more severe cognitive deficits, worse quality of life, and 
increased mortality. Randomized controlled trials have demonstrated the efficacy 
of nortriptyline, citalopram, and reboxetine to treat PSD. Recent studies also sug-
gest that prophylactic treatment with antidepressants may significantly decrease the 
incidence of PSD, although more research in this area is needed.  

  Keywords     Poststroke depression   •   Cognition   •   Mortality   •   Prevention   •   Treatment   • 
  Physical impairment  

        Introduction 

 Depression is one of the most frequent psychiatric complications after stroke. 
 Cross-sectional studies have reported that about 20 % of patients suffer from 
major depression after an acute stroke and an additional 20 % develop minor 
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depression [ 1 ]. Poststroke depression (PSD) has a negative impact on functional 
recovery and is associated with more severe cognitive deficits, poor quality of life, 
and higher mortality [ 1 ]. This chapter will first discuss current conceptual limita-
tions in the diagnosis of depression after stroke. It will then address the prevalence, 
natural course, clinical correlates, and treatment and prevention of PSD.  

    Diagnosis of PSD 

 One of the most challenging problems in neuropsychiatry is how to diagnose depres-
sion when the symptoms of the neurological illness overlap with those of the affec-
tive disorder. Stroke patients frequently complain of insomnia, loss of appetite, poor 
concentration, loss of libido, and poor energy, which are all commonly identifi ed 
through assessment with generic depression scales. 

 Four strategies have been proposed to minimize the overlap dilemma. In the “inclu-
sive approach,” symptoms of depression are counted as present regardless of whether 
they may be related to physical illness [ 2 ]. In the “exclusive approach,” symptoms are 
removed from the diagnostic criteria whenever there is a potential overlap between 
depression and the neurological condition [ 3 ]. In the “substitutive approach,” somatic 
symptoms of depression are replaced with psychological symptoms [ 4 ]. Finally, in the 
“etiological approach,” symptoms of depression are included only when the examiner 
considers the symptoms not to be related to the neurological disorder [ 5 ]. 

 In recent years several studies have been conducted to determine the specifi city of 
depressive symptoms in stroke. Paradiso and coworkers [ 6 ] followed a group of acute 
stroke patients for 2 years and found that suicide ideation, ideas of reference, and 
pathological guilt were the only depressive symptoms not to be signifi cantly more 
frequent in patients with DSM-IV major depression vs. those with no depression at 3 
months poststroke. They also found 100 % sensitivity of standard DSM-IV criteria for 
major depression during the acute stroke period and 96 % sensitivity at the 2-year 
follow-up. Cumming and coworkers [ 7 ] carried out a factor analysis of 10 depressive 
symptoms in depressed and nondepressed stroke patients and found no signifi cant 
differences between PSD and primary major depression for either psychological or 
somatic symptoms of depression. Based on these and previous fi ndings, Robinson and 
Spalletta [ 8 ] suggested that no modifi cation of the DSM-IV criteria for major depres-
sion is needed for the diagnosis of PSD. Nevertheless, future studies should further 
examine the validity of these criteria, specifi cally on stroke patients that are diffi cult 
to assess with current techniques (e.g., patients with aphasia or dementia).  

    Prevalence of PSD 

 Most studies assessing patients in acute settings reported a frequency of major 
depression of about 20 %, while another 20 % had minor depression [ 1 ]. For patients 
living in the community, the frequency of major depression was reported to be of 
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about 14 %, with 9 % for minor depression [ 1 ]. Robinson [ 1 ] suggested that this 
difference may be explained by more severe strokes among patients cared for in 
hospital settings as compared to patients living in the community.  

    Natural Course of PSD 

 There are few prospective studies of patients with untreated PSD with a relatively 
long follow-up. Robinson’s studies found that about 50 % of patients with acute 
major depression remained depressed 6 months later, with the frequency dropping 
to 11 % 12 months poststroke, and none at the 24-month follow-up [ 9 ]. On the other 
hand, patients with minor depression seem to have a more chronic course, with 
about 50 % showing major or minor depression throughout the 2-year follow-up 
period [ 9 ]. Astrom and coworkers [ 10 ] reported a frequency of major depression of 
30 % at 3 months poststroke. One year later, 60 % of them were nondepressed, 
while the remaining 40 % continued to be depressed. 

 The mechanism underlying the variability in the duration of depression remains 
poorly understood. In a small study that compared six depressed patients who spon-
taneously recovered from depression 6 months poststroke and ten depressed patients 
who did not recover, the main fi nding was that the non-recovered group had a higher 
frequency of cortical lesions and more severe in-hospital impairment in activities of 
daily living than the recovered group [ 11 ]. 

 In conclusion, if left untreated, PSD is a long-lasting mood disorder, and dura-
tion may be infl uenced by lesion location and severity of acute impairments.  

    Clinical Correlates of PSD 

    Relationship to Lesion Variables 

 Pioneering studies by Robinson’s group [ 1 ] showed a signifi cant association between 
the frequencies of PSD and left frontal lesions. Starkstein and coworkers [ 12 ] later 
found this association to be true for both cortical and subcortical strokes in anterior 
regions of the left hemisphere. Another important fi nding from Robinson’s studies 
[ 1 ] was a signifi cant correlation between the distance of the lesion from the frontal 
pole and depression scores (i.e., the closer the lesion to the frontal pole, the higher 
the depression score). Later studies by other investigators produced heterogeneous 
results, ranging from replication of Robinson’s fi ndings [ 10 ,  13 ,  14 ] to no association 
between PSD and lesion variables [ 15 ]. Potential reasons for these discrepancies 
have been extensively discussed [ 1 ] and include differences in the time since stroke, 
demographic factors, recruitment bias, and source of patients (e.g., acute stroke units, 
rehabilitation services, patients living in the community). Time since stroke was 
identifi ed as the main confounder by Shimoda and Robinson [ 16 ]. They reported that 
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the frequency of depression 2 weeks after stroke was signifi cantly higher for patients 
with left vs. right hemisphere strokes, but there were no signifi cant between-group 
differences in the frequency of depression at 3–6 months and 1–2 years after stroke. 
A meta-analysis that only included patients assessed up to 2 months after stroke 
found a signifi cant association between left anterior lesions and depression 
(OR = 2.29, 95 % CI = 1.6–3.4,  p  < 0.001) [ 17 ]. Bhogal and coworkers [ 13 ] reported 
that the association between PSD and lesion location is infl uenced by source of 
patients (inpatients vs. individuals living in the community) and by time since stroke.  

    Relationship to Physical Impairment 

 A signifi cant association between PSD and both physical and functional defi cits has 
been consistently demonstrated, but this association is a complex one. Several stud-
ies showed that while PSD is a signifi cant predictor of poorer recovery, more severe 
functional and physical impairments in the acute stage are strong predictors of 
depression [ 1 ]. 

 Parikh and coworkers [ 18 ] and Pohjasvaara and coworkers [ 19 ] reported that 
depression at baseline predicts poor long-term functional and physical outcome. 
Donnellan and coworkers [ 20 ] recently examined the impact of depression on stroke 
outcomes. After controlling for relevant confounders, they found acute PSD was 
signifi cantly associated with increased functional disability and poorer quality of 
life at 1 month poststroke. A review by Hackett and Anderson [ 21 ] found that 9 of 
11 studies assessing physical and functional impairments in PSD demonstrated that 
greater functional and physical disability was associated with a greater frequency of 
depression. 

 Narushima and Robinson [ 22 ] reported that 34 patients (with or without depres-
sion) who received a 12-week treatment within the fi rst 30 days after stroke with 
either fl uoxetine (up to 40 mg/day) or nortriptyline (up to 100 mg/day) showed a 
greater recovery on activities of daily living than 28 patients receiving the same 
medications but who started treatment at 140 days poststroke. This fi nding suggests 
that early treatment with antidepressant drugs, even in the absence of depression, 
may have a positive impact upon functional recovery. These preliminary fi ndings 
should be confi rmed in large-scale randomized controlled trials (RCTs).  

    Relationship with Cognitive Impairment 

 A signifi cant association between PSD and more severe cognitive impairment has 
been consistently demonstrated in both hospital and community settings. Robinson 
and coworkers [ 23 ] were the fi rst to demonstrate signifi cantly lower scores on the 
Mini Mental State Examination (MMSE) for patients with major depression as com-
pared to nondepressed patients. These fi ndings were later replicated by Spalletta and 
coworkers [ 24 ], Downhill and Robinson [ 25 ], and Morris and coworkers [ 26 ]. To 
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control for lesion variables, Starkstein and coworkers [ 27 ] matched 11 patients with 
PSD with 11 nondepressed stroke patients for lesion location and volume. They rep-
licated the fi nding of signifi cantly lower MMSE scores for patients with major 
depression as compared to lesion-matched nondepressed individuals. Bolla- Wilson 
and coworkers [ 28 ] assessed a series of patients with an acute stroke using a compre-
hensive neuropsychological battery. They found that patients with PSD and left 
hemisphere lesions had signifi cantly more severe defi cits on temporal orientation, 
language, and executive functions than nondepressed patients with left hemisphere 
strokes. On the other hand, there were no signifi cant differences on any cognitive 
domain between patients with right hemisphere strokes with or without depression. 

 The question now arises as to whether antidepressant treatment may have a ben-
efi cial effect upon cognition in PSD. Kimura and coworkers [ 29 ] reported that 24 
patients with PSD who responded to treatment with nortriptyline had a greater 
improvement on MMSE scores than nonresponders ( N  = 23). This improvement in 
cognition was reported to last for 2 years or more, even after the antidepressant was 
ceased [ 30 ] suggesting that antidepressant medication may improve cognitive defi -
cits among patients with PSD.  

    Relationship to Mortality 

 Several studies have demonstrated an increase in both short-term (1–2 years post-
stroke) and long-term (5–10 years) mortality in patients with PSD. Morris and 
coworkers [ 31 ] reported that patients with PSD were 3.4 times more likely to have 
died during 10 years of follow-up than nondepressed patients. House and coworkers 
[ 32 ] reported that patients scoring 1 or more points on the depression subscale of the 
General Health Questionnaire had a mortality rate 2.4 times greater than patients 
who scored zero. In a retrospective study, Williams and coworkers [ 33 ] replicated 
the fi nding of greater mortality 6 years poststroke for patients with depression as 
compared to nondepressed patients. Jorge and coworkers examined mortality data 9 
years after 104 acute stroke patients were randomly assigned to receive treatment 
with nortriptyline, fl uoxetine, or placebo. The main fi nding was that 67 % of patients 
who were given full-dose antidepressants were alive at follow-up, as compared to 
only 35 % of placebo-treated patients. This suggests that treatment with antidepres-
sants within the fi rst 6 months after stroke is associated with increased survival of 
stroke victims with or without depression.   

    Treatment of Poststroke Depression 

 Given the poor prognosis of patients with PSD, it is not surprising that several RCTs 
have been conducted to investigate both the treatment and prevention of PSD. We 
will now discuss the most relevant RCTs and meta-analyses, including both 
 pharmacological and psychosocial interventions. 
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    Pharmacological Treatments 

    Antidepressants 

 The fi rst randomized controlled trial (RCT) of antidepressants in PSD was carried 
out by Lipsey and coworkers [ 34 ] who used nortriptyline for 6 weeks with doses 
increasing from 25 to 100 mg/day. The main fi nding was greater effi cacy of the 
nortriptyline over placebo. Side effects from the nortriptyline group were delirium, 
drowsiness, confusion, and agitation in three patients which were severe enough to 
require discontinuation. Since this seminal study, a number of RCTs have been 
reported, most of them using selective serotonin reuptake inhibitors (SSRIs). 
Andersen and coworkers [ 35 ] examined the effi cacy of citalopram (10–20 mg/day) 
in a 6-week RCT that included 59 completers. The main fi nding was a signifi cant 
reduction on the HAM-D in the citalopram group as compared to the placebo group, 
with only minor side effects in the active treatment group. 

 Robinson and coworkers [ 36 ] carried out the only RCT to compare the effi cacy 
of a tricyclic drug (nortriptyline) against an SSRI (fl uoxetine) and placebo. This was 
a 12-week study, and patients with contraindications to the use of fl uoxetine (intra-
cerebral hemorrhage) or nortriptyline (cardiac conduction abnormalities, cardiac 
arrhythmia, narrow-angle glaucoma, sedation, or orthostatic hypotension) were 
excluded. Patients in the fl uoxetine group were started on 10 mg/day for the fi rst 3 
weeks, and the dose was increased up to 40 mg/day. Patients on nortriptyline were 
started on 25 mg/day for the fi rst week, and the dose was increased up to 100 mg/
day. The main fi nding was that patients on nortriptyline showed a signifi cantly 
greater decrease on HAM-D scores as compared to patients on fl uoxetine or placebo 
(Fig.  3.1 ). On the other hand, there were no signifi cant differences between the 
fl uoxetine and the placebo groups. Based on these fi ndings, Robinson and cowork-
ers recommended a slow increase of nortriptyline, with a goal of achieving a serum 
concentration between 50 and 150 ng/mL.

   The only RCT to use a norepinephrine reuptake inhibitor was conducted by 
Rampello and coworkers [ 37 ] who assessed the effi cacy of reboxetine among 
patients with PSD and psychomotor retardation. Patients on reboxetine (4 mg/day) 
showed a signifi cant decline on depression scores as compared to patients on pla-
cebo over the 16-week trial. 

 The effi cacy of antidepressants was examined in two meta-analyses. Chen and 
coworkers [ 38 ] identifi ed 16 relevant RCTs: 12 assessed SSRIs, 2 assessed tricy-
clics, and the remaining trials assessed other compounds. There was a signifi cantly 
greater improvement in depression with active treatment as compared to placebo 
(pooled response rates of 65 and 44 %, respectively). Positive effects were observed 
after 3–4 weeks of treatment, and longer duration of treatment was associated with 
a greater response. Based on this important fi nding, the time-dependent effect of 
antidepressants in PSD should be further studied, and maintenance treatment should 
be perhaps recommended. Hackett and coworkers [ 39 ] conducted a meta-analysis 
that included seven RCTs of antidepressants: 4 RCTs used SSRIs (fl uoxetine, 
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sertraline, and citalopram), one RCT used a tricyclic compound (nortriptyline), and 
2 RCTs assessed other antidepressants (aniracetam and trazodone). The main fi nd-
ing was that antidepressants were not associated with overall benefi t as compared to 
placebo, but there was a signifi cant effect in favor of active treatment on response 
rates and reduction in depression scores. Nevertheless, outcomes were quite hetero-
geneous, and active treatment was associated with increased frequency of adverse 
events.  

    Psychostimulants 

 Psychostimulants were mostly assessed in open-label studies using dextroamphet-
amine and methylphenidate and generally reported good effi cacy of these com-
pounds in treating PSD [ 40 ,  41 ]. However, the only RCT carried out to date failed 
to demonstrate signifi cant treatment effi cacy [ 42 ]. 

 Several important limitations of RCTs for PSD should be noted. First, the recruit-
ment periods of different studies ranged from that the acute stroke period to months 
or years after the stroke. Patients have also been recruited from different sources, 
such as acute stroke units, rehabilitation settings, or from the community. Second, 
some studies have excluded patients with a pre-stroke history of depression, while 
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  Fig. 3.1    Change in depression scores for depressed poststroke patients entered in a study 
 comparing fl uoxetine, nortriptyline, and placebo. Signifi cant time-by-treatment interaction 
( F  = 3.45, df = 8, 212,  p  = 0.004). Signifi cantly    greater change in patients treated with nortriptyline 
than in those taking fl uoxetine or placebo (post hoc tests with Duncan’s statistic,  p  < 0.05) [ 36 ] 
(Reprinted with permission)       
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other studies have included patients regardless of a previous positive psychiatric 
history. Third, the diagnosis of depression has been heterogeneous, ranging from 
scoring above a specifi c cutoff point on a depression scale to using more appropriate 
standardized diagnostic criteria for major depression. Finally, duration of treatment 
has ranged from 4 to 8 weeks, and primary outcome measures have varied from full 
remission (i.e., no longer meeting the criteria for depression), response (a reduction 
of 50 % or more on the baseline depression score), or a signifi cant reduction in 
depression scores.   

    Non-pharmacological Treatments 

    Psychosocial Interventions 

 Few studies have examined the efficacy of psychosocial interventions as a treat-
ment for PSD. Lincoln and coworkers [ 43 ] showed cognitive-behavioral treatment 
to be no more effective than a placebo treatment. One meta-analysis examined the 
efficacy of psychotherapy for PSD and showed no significant effects for active 
treatment [ 39 ]. Nevertheless, a recent RCT of a care management intervention 
(Activate-Initiate-Monitor intervention) showed that care management of PSD 
resulted in greater remission of depression and reduction of depressive symptoms 
than usual care alone [ 44 ]. Positive results were also found with the use of an inte-
grated case model of depression treatment and a physical exercise program [ 45 ]. 
Treatment took place in the home three times a week for a total of 36 sessions 
and was supervised by a physical or occupational therapist. One limitation of this 
study is that there was no formal psychiatric interview to ascertain a diagnosis 
of PSD. Nevertheless, these findings suggest that adding patient activation and 
telephone- based treatment monitoring may enhance the efficacy of antidepres-
sants to treat PSD.   

    Repetitive Transcranial Magnetic Stimulation (rTMS) 

 Two RCTs examined the effi cacy of rTMS in PSD. The fi rst study included 20 
patients who received 10 sessions of rTMS or sham stimulation on the left dorsolat-
eral prefrontal cortex [ 46 ]. Patients receiving active treatment showed a signifi cant 
reduction of depressive symptoms as compared to sham treatment. The treatment 
was well tolerated, with only mild side effects in both groups. The second study [ 47 ] 
included 18 patients who were randomly assigned to low-frequency (1 Hz), high- 
frequency (10 Hz), or sham stimulation. The main fi nding was that high-frequency 
rTMS resulted in a signifi cant decrease in depression scores as compared to sham 
treatment. Future studies are needed to further examine the effi cacy and safety of 
rTMS for PSD.  
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    Electroconvulsive Therapy (ECT) 

 There are no RCTs of ECT in PSD, but retrospective studies suggest that elderly 
individuals with stroke and depression may show moderate or marked improvement 
after ECT without further neurological complications except for prolonged postictal 
confusion and amnesia [ 48 ]. ECT could become a useful alternative for patients 
refractory to antidepressants or psychotherapy, but the effi cacy and safety of ECT 
should be examined in appropriate RCTs.   

    Prevention of Poststroke Depression 

 Given that PSD is associated with greater functional impairment, more severe cog-
nitive defi cits, and higher mortality, prevention is of great relevance. Both pharma-
cological and psychotherapeutic interventions have been explored in preventing 
PSD, with variable success. 

    Pharmacological Interventions 

 The fi rst prevention study was carried out by Palomaki and coworkers [ 49 ], who 
compared the effi cacy of mianserin (60 mg/day) against placebo during a 12-month 
period in a sample of 100 acute stroke patients. The authors found no signifi cant 
differences between active treatment and placebo in preventing PSD. Rasmussen 
and coworkers [ 50 ] have examined the effi cacy of sertraline (mean dose 63 mg/day) 
to prevent PSD in a series of 137 acute stroke patients who received acute treatment 
or placebo during 12 months. About 8 % of patients on sertraline developed depres-
sion as compared to 22 % of patients on placebo. Treatment with sertraline was well 
tolerated, and side effects were minor. On the other hand, using sertraline 50 mg/
day, Almeida and coworkers [ 51 ] were unable to fi nd signifi cant effi cacy for the 
active treatment. However, the study was methodologically limited given the short 
follow-up period (3 months only), and the study may have lacked power to detect 
signifi cant differences between sertraline and placebo. 

 More recently, Robinson and coworkers [ 52 ] conducted a multicenter RCT that 
included 176 nondepressed patients within 3 months after stroke who were followed 
for 12 months. Patients were randomized to escitalopram, a non-blinded problem- 
solving therapy, or placebo. The main fi nding was that both active treatments were 
superior to placebo in preventing PSD. In another study, Robinson’s group reported 
that nortriptyline treatment increased the vulnerability to depression after its discon-
tinuation, suggesting that patients may develop tolerance to this antidepressant [ 53 ]. 
Finally, Jorge and coworkers [ 54 ] reported that a 12-week trial with nortriptyline 
(25–100 mg/day) or fl uoxetine (10–40 mg/day) may signifi cantly decrease the 
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9-year mortality as compared to depressed or nondepressed stroke patients treated 
with placebo (Fig.  3.2 ).

   Yi and coworkers [ 55 ] carried out a meta-analysis on the effi cacy of fl uoxetine 
for the prophylaxis of PSD. The analysis included six studies and the main fi nding 
was a signifi cant reduction of PSD, increased recovery on neurological function, 
and improved independence on activities of daily living. On the other hand, there 
were no signifi cant differences between the fl uoxetine and placebo groups on 
depression scores at the end of the studies. There were no differences on side effects 
between patients on fl uoxetine or placebo, although nausea, insomnia, and seizures 
were more frequent in the fl uoxetine group. Of note, reductions in the incidence of 
PSD were related to onset of fl uoxetine administration, with patients receiving 
fl uoxetine 1 week after the stroke showing the best results. Side effects in the differ-
ent trials were minimal, and the analysis of adverse events suggests a high risk- 
benefi t ratio in favor of antidepressants. 

 Anderson and coworkers conducted a Cochrane review to examine whether 
pharmacological interventions can prevent PSD [ 56 ]. They included data from 10 
RCTs, and main outcome measures of which were the presence of major depres-
sion or dysthymia or scoring above specific cutoff points for depressive disorder 
on specific depression rating scales. They reported no consistent evidence that 
antidepressant treatment prevents PSD, although the overall rate of depression 
was lower among patients treated with antidepressants. The negative finding may 
be explained by major differences between studies, such as time from stroke to 
onset of antidepressant intake, and the use of different drugs (fluoxetine, sertraline, 
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trazodone, piracetam, maprotiline, mianserin, nortriptyline, indeloxazine, and 
 methylphenidate). Furthermore, treatment duration varied from 2 weeks to 12 
months, and outcome measures differed between studies. 

 In conclusion, it is still unclear whether all stroke patients should receive prophy-
lactic treatment with antidepressants. Ramasubbu [ 57 ] discussed several limitations 
to implement generic treatment, consequent to the fact that 50 % of stroke patients 
may never develop depression. For instance, patients and their families may not 
accept antidepressant treatment in the absence of depression, and clinicians may be 
reluctant to prescribe these medications due to concerns about side effects and 
potential drug interactions.  

    Psychosocial Interventions 

 Anderson’s and coworkers Cochrane review [ 56 ] also assessed the effi cacy of psy-
chotherapy to prevent PSD. They included four RCTs and quasi-RCTs comparing 
different types of psychotherapy against standard care. Psychotherapeutic interven-
tions consisted of problem-solving therapy, motivational interviewing, and multi-
disciplinary home-based therapy targeting psychosocial stressors. The main fi nding 
was a signifi cant improvement on psychological distress after psychotherapy, but 
there were no signifi cant differences on depression outcome. More evidence is 
required before a defi nite recommendation about using psychotherapy to prevent 
PSD is made.   

    Conclusion 

 PSD is a frequent finding after stroke and is significantly associated with nega-
tive physical, functional, and cognitive outcomes. RCTs have demonstrated the 
efficacy of nortriptyline and citalopram to treat PSD, but patients should be ade-
quately selected to avoid severe side effects. Psychosocial interventions may also 
have efficacy for PSD and could enhance the effect of antidepressants. Prevention 
of PSD with antidepressants is still a debated issue, and future studies should 
identify the population of stroke patients that may significantly benefit from this 
intervention.     
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