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Abstract Post-stroke depression has been noted to be one of the most frequent

complications of stroke with an estimated prevalence of as high as 80%. However, the

incidence of stroke in the young is extremely low and evidence based therapy for this

complication is quite limited. The case of a 28-year-old woman who experienced a basilar

artery vasospasmic stroke resulting in anoxic brain injury to the midbrain and paramedian

thalamus is presented, along with a literature review of psychiatric complications of this

injury to include post-stroke depression (PSD). Therapeutic modalities such as TCAs,

SSRIs, atypical antipsychotics and stimulant medications are also reviewed as these

medications may aid in the treatment of such patients but may also contribute to psychi-

atric sequelae.
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Introduction

The incidence of basilar artery stroke is extremely rare and deadly. In western nations the

incidence has been reported at\5% [1]. Mortality rates for basilar artery infarcts have been

reported between 75 and 90% [2–4]. Patients surviving these events have potentially

significant physiologic and psychiatric complications. Psychiatric complications include

such maladies as post-stroke depression [5], anxiety [6], psychosis and PTSD [7].
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The prevalence of post-stroke depression has been reported as high as 80% depending on

the research tool used in the study [8]. Predictors in the development of post-stroke

depression in first stroke patients include crying behaviors soon after stroke, a younger age,

and severe disability [8]. This case highlights the risks and benefits of treating post-stroke

depression with SSRIs, TCAs, atypical antipsychotics and stimulant medications. In this

case report we focus on the evidence and rational for selection of pharmacologic treatments

of post-stroke depression in the young. To our knowledge, this is the first published case

report of the treatment of post-stroke depression in the young adult.

In this submission, we report a case of a 28 year old female with no significant psy-

chiatric history who presents with post-stroke depression after suffering a basilar artery

vasospasmic stroke.

Case Report

‘‘Ms. K.’’, a 28 year old female with past medical history significant for migraine head-

aches, presented with symptoms of headache, numbness and generalized weakness in the

context of recent extended airplane flight, high altitude exertion, OCP use and anemia. The

patient presented to a local emergency room after hiking a mountain, approximately

3800 m above sea level outside the US, with a worsening headache for over 24 h that was

not responsive to OTC pain medications. She also experienced decreased sensation over

her entire body, ataxia, dysarthria and right upper extremity weakness. The patient initially

underwent treatment for presumed altitude sickness. Her immediate therapies included

oxygen and diamox. She experienced no improvement with these therapies.

Within hours of presentation at the local emergency department, the patient was

transported to a higher level of care because of worsening mental status. A head CT was

obtained in the local hospital. According to reports, the head CT was read as within normal

limits. She was started on ceftriaxone and vancomycin for presumed bacterial meningitis.

A lumbar puncture was performed and found to be inconsistent with bacterial meningitis

although viral encephalitis remained in the differential. She was subsequently transported

to the general hospital in country for more definitive care. Upon arrival the patient was

noted to be bradycardic and apneic necessitating intubation.

While intubated, an MRI was conducted and revealed bilateral brainstem stroke in the

territory of the basilar artery with evidence of infarct more prominent on the left side.

The patient remained intubated for approximately 48 h. Upon extubation it was found that

the patient’s deficits were consistent with anoxic injury to the midbrain and paramedian

thalamus. This localization was confirmed with radiographic findings. Local physicians

hypothesized that her stroke was secondary to migrainous vasospasm given the onset of

neurologic symptoms and no evidence of obstructive lesion noted in the basilar artery.

A transthoracic echocardiogram, EEG and carotid ultrasound were performed in country

and found to be normal. The patient was stabilized in the intensive care unit and trans-

ported to Walter Reed Army Medical Center in Washington, DC.

On admission to Walter Reed Army Medical Center (WRAMC) the patient was able to

follow commands but had significant neurologic deficits including 4/5 weakness of the

RUE, right-sided hyporeflexia, dysconjugate gaze, right sided facial droop and expressive

aphasia. During her stay the patient had several complications to include ventilator asso-

ciated pneumonia, fever of unknown origin and both oral and vaginal candidiasis. The

patient underwent multiple modified barium swallow studies because of concerns for liquid

and solid aspiration. After several evaluations, a PEG tube was inserted due to aspiration
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concerns secondary to likely bulbar dysfunction. The patient was also noted to have

marked difficulty in completing rehabilitation exercises. She was reported to have trouble

maintaining concentration on tasks and was noted to fall asleep during sessions.

Modafinil was added to the patient’s medication regimen to target symptoms of daytime

somnolence, anhedonia and impaired concentration. On this medication, the patient made

significant improvements in her level of consciousness and ability to participate in reha-

bilitation activities. With significant improvement in target symptoms, the patient was

transferred to a Veterans Affairs (VA) Hospital for continued physical therapy and reha-

bilitation. While at that hospital, modafinil was discontinued and methylphenidate was

started. According to reports, stimulant medication was changed because of decreased

efficacy in treating target symptoms particularly with regard to daytime somnolence.

Shortly after changing her stimulant medications, the patient began endorsing symptoms

of post stroke depression. Her depressive symptoms included depressed mood, anhedonia,

irritability, feelings of worthlessness and suicidal ideation. The patient stated that she felt

as though she was in a dream and that she would only be woken from the dream if she

experienced some trauma such as being killed or violently assaulted. During her stay the

patient attempted to bite staff during evaluations and rehabilitation activities. Sertraline

was started to target depressive symptoms including depressed mood, anhedonia,

decreased concentration, appetite, energy and suicidal ideation. The patient remained at the

VA Medical Center for approximately 1 month before returning to WRAMC. She was

transferred to psychiatry at WRAMC because of increased aggression toward staff, non-

compliance with rehabilitative treatment, mood lability and suicidal ideation.

On admission, methylphenidate 5 mg twice daily was discontinued. It was hypothesized

that the stimulant medication, methylphenidate, may have contributed to increased irrita-

bility and aggressive behaviors. The atypical antipsychotic medication, aripiprazole was

started to further control target symptoms of irritability and aggressive behaviors. The

medication was titrated up to a dose of 10 mg daily. After the stimulant was discontinued

and aripiprazole was added, the patient had fewer episodes of aggression and mood

lability. Approximately 1 week later, modafinil was started and tapered up to 200 mg daily

because the patient was having difficulty maintaining her concentration during rehabili-

tation exercises. With the change from methylphenidate to modafinil, the patient was noted

to have no agressive behavior and was compliant with rehabilitation therapy. The patient

was then transferred back to the VA Medical Center for continued care and therapy.

Discussion

Bio-Psycho-Social Formulation of Post-Stroke Depression

Biologically, the neuropsychiatric underpinnings of post-stroke depression have not been

conclusively elucidated in extant literature. As stroke complications primarily afflict

elderly patients, post-stroke depression has been generally studied in geriatric populations.

Early hypotheses posit that ischemic insults to neural circuits of mood regulation, spe-

cifically frontal sub-cortical circuits result in depletion of biogenic amines and contribute

to symptoms of depression [9, 10]. It has also been hypothesized that left frontal lesions are

generally associated with depressive symptoms, however no research to date has defini-

tively linked areas of brain stem infarct to depressive symptoms [11]. There have been

multiple studies attempting localize a lesion that might be consistent with PSD, however

recent literature suggests against discrete localization [12, 13].
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Another potential explanation of this patient’s symptoms include emotional lability

secondary to a Pseudobulbar affect (PBA). The prevalence of PBA after stroke has been

reported as high as 34% [14]. As would be expected, studies investigating the prevalence

of PBA post stroke have mainly focused on the following three areas: geriatric populations,

patients having a history of prior stroke, and strokes involving the internal capsule and

basal ganglia [15]. There appears to be a strong association between the development of

PSD and PBA. Evidence suggests that patients with PBA tend to have more severe

depressive symptoms compared to patients without comorbid PBA [14, 16].

Unlike depression, there are no FDA approved medications for the treatment of PBA.

Expert opinion and several studies suggest the initial treatment of PBA and PSD are quite

similar. SSRIs and TCA have been shown in several case reports and small trials to be

effective in the treatment of PBA [15, 17]. Therapies in the treatment of PBA have

indicated a rapid improvement of symptoms with the administration of medications. Some

studies have shown an improvement as early as 3–5 days after starting therapy [18]. The

rapidity of symptom improvement has not been replicated in the treatment of PSD. The

patient presented in this case did not have rapid resolution of symptoms with the addition

of an SSRI which would suggest that her symptoms were more consistent with PSD,

although components of PBA may have exacerbated her depressive symptoms. Other

medications studied as treatments for PBA may prove to be useful in the treatment of post

stroke depression including the dopaminergic agents levodopa, amantidine and dextro-

methorphan [19–21].

Psychosocially, one might hypothesize post-stroke physical disabilities could underlie

neurovegetative symptoms, however research shows comparatively increased depressive

symptoms in stroke patients over age matched controls contending with similar physiologic

disabilities [22]. In patients who develop PSD, the severity of the diagnosis and course of

treatment has been correlated with the degree of physiologic disability. Thus, while

physical disability may not directly contribute to the development of post-stroke depres-

sion, the severity of illness may worsen its course as an additional stressor. It is generally

accepted that the underlying causes of PSD are multifactorial including the biological

insults compounded by the psychosocial impact of disability.

Treatment of Post-Stroke Depression

A number of SSRIs have been studied regarding efficacy in the treatment of post-stroke

depression. Most SSRIs have demonstrated minimal efficacy in the treatment of PSD

supporting the hypothesis of PSD as uniquely different from Major Depressive Disorder

(MDD). As noted above, the presentation of symptoms in PSD may vary depending on the

areas of the brain affected. Thus medication clinical trials in humans are confounded by the

differences in the underlying disease presenting as PSD. In two double blind, placebo

controlled studies sertraline was no better than placebo in treatment or prevention of PSD

[23, 24]. Of the SSRIs studied in the treatment of this illness, citalopram has been shown to

have the most benefit in the treatment of PSD demonstrated by symptom reduction on the

Beck Depression Inventory Scale [25, 26]. TCAs should also be considered in the treat-

ment of PSD. In 2000, a double-blind, randomized, placebo control trial by Robinson et al.,

demonstrated a significant decrease in Hamilton Depression Scale (HAM-D) scores in

patients treated with 12 weeks of nortriptyline when compared with fluoxetine and placebo

treated groups [27]. Further, patients treated with nortriptyline also showed a decrease in

anxiety symptoms and improved recovery of activities of daily living [27]. Although our

patient would meet strict inclusion criteria for the studies cited in this report, it is important
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to be mindful of applicability to young patients as most studies reported a subject mean age

greater than 65 years old and did not control for the distribution of anoxic brain injury

between patients. In our patient it was difficult to assess whether the increased irritability

and mood lability was secondary to underlying PSD, a side effect of stimulant medications

or a function of disinhibition from her original stroke. Sertraline was continued in light of

her depressive symptoms despite the equivocal evidence for benefit in PSD [28].

In conjunction with treatment for her depressive symptoms, this patient was placed on

aripiprazole to target symptoms of mood lability and aggressive behavior. Aripiprazole

was chosen because of its high affinity for D2 receptor sites and particularly its cortical

dopamine agonism in the area of the ventral striatum pathway targeting symptoms of

psychosis and irritability associated with PSD [29]. The patient had a positive response

with significant reduction in aggression as noted by staff and family. Atypical antipsy-

chotic medications are associated with increased risk of stroke [30], though the mechanism

of this adverse reaction is not fully understood. While there are significant risks in long

term continuation of this medication, this patient likely experienced a stroke secondary to

vasospasm after a unique set of circumstances including anemia and high altitude exertion.

Studies demonstrating the association between atypical antipsychotics and increased risk

for stroke have been focused on elderly populations with prolonged antipsychotic use. This

patient may not be at increased risk for stroke associated with atypical antipsychotic use

compared to a normal age matched control given the context of her stroke in the setting of

unique and time limited factors. In general, providers should counsel patients on the risks

of smoking and the use of OCPs while on atypical antipsychotics as they may compound

the risk of stroke.

The significant irritability and mood lability in this patient may be a manifestation of

PSD. There is limited clinical research using mood stabilizers in post-stroke patients

exhibiting increased mood lability and irritability. Yan et al. demonstrated that the mood

stabilizer lithium might aid in the reduction in behavioral disturbances in rats post stroke

and reported lithium as protective for ischemia–reperfusion injury resulting in improved

grooming, spatial learning and memory ability [22, 23]. Histologically, rats that were

treated with lithium prior to CVA had decreased cell death in the hippocamal CA1 region

[23]. Other studies have suggested that lithium may stimulate hippocampal neurogenesis

via the extracellular signal-regulated kinase pathway [31]. To our knowledge, there have

been no human trials investigating the use of lithium in post stroke patients.

Stimulant medications may also prove useful in the treatment of PSD and fatigue after

stroke. Methylphenidate has been shown to lower HAM-D scores in a randomized con-

trolled trial of PSD patients [32]. Modafinil has also been studied in the treatment of post

stroke fatigue but there is no evidence-based research to guide its use in the treatment of

PSD [33]. Although the exact mechanism of action for modafinil is not entirely understood,

it differs from the mechanism of action of amphetamines. Preclinical evidence suggests

that modafinil decreases GABA activity in the area of the ascending reticular activating

system thus promoting arousal [34]. Stimulant medications have been associated with

increased ability to participate in physical therapy after a stroke [35]. While providing the

benefit of increased energy and decreased perceived disability, some stimulant medications

such as methylphenidate carry a side effect profile that may actually worsen the patient’s

ability to participate in therapy [36]. Modafinil was chosen for this patient because it lacks

the peripheral sympathomimetic effects that are associated with methylphenidate use and is

generally not associated with aggressive behavior. Side effects of stimulant medications

include rare instances of mania, psychosis, suicidal ideation, depression and stroke.

Considerable caution should be exercised when weighing the risks and the benefits of
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stimulant use in post-stroke patients as patients might be exquisitely sensitive to side

effects of these medications.

Conclusion

PSD is a common disorder in the uncommon event of stroke in the young. The biologic

mechanism and evidence based guidance in the treatment of this disorder is inconclusive at

this time. In this case, Ms. K appears to have benefited from the addition of the atypical

antipsychotic agent, aripiprazole, and a change in her prescribed stimulant from methyl-

phenidate to modafinil. The mood lability, aggression and irritability of this patient may

have been a product of her PSD or a side effect of her prescribed stimulant medication. She

had a notable reduction the target symptoms of mood lability, aggression and irritability

after changing and adjusting these medications. In addition to stimulating wakefulness in

this patient, the combination of aripiprazole and modafinil may have also provided

adjunctive treatment for her depressive symptoms. Further research in this area is needed to

aid clinicians in the choice and dosage of psychotropic medications including TCA, SSRI,

antipsychotic and stimulant medications based on the localization of brain injury and target

symptoms in post-stroke patients.
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