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Abstract—At least half of all stroke survivors experience fatigue; thus, it is a common cause of concern for patients,
caregivers, and clinicians after stroke. This scientific statement provides an international perspective on the emerging
evidence surrounding the incidence, prevalence, quality of life, and complex pathogenesis of poststroke fatigue.
Evidence for pharmacological and nonpharmacological interventions for management are reviewed, as well as the
effects of poststroke fatigue on both stroke survivors and caregivers. (Stroke. 2017;48:e159-e170. DOI: 10.1161/
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Fatigue is a common and often debilitating sequela of both
ischemic and hemorrhagic stroke. Globally, there are =33
million stroke survivors,' and at least half of these individuals
experience fatigue.? The goal of this scientific statement is to
provide an international perspective on the current understand-
ing of the incidence, prevalence, quality of life (QOL), and
complex pathogenesis of poststroke fatigue (PSF). Potential
pharmacological and nonpharmacological approaches to man-
agement are explored, as well as the effects of PSF on both
stroke survivors and caregivers.

Methods

A critical analysis of published quantitative research and
guidelines on fatigue after stroke was conducted. Databases
searched included PubMed, CINAHL, MEDLINE, and
PsycINFO. Search terms included poststroke fatigue, fatigue,
chronic fatigue, incidence, prevalence, caregiver, biomarker,
etiology, intervention, patient education materials, and phar-
macological interventions. Analysis involved reviewing titles,
abstracts, and full-text articles for relevance to the topic with

the following inclusion criteria: (1) written in the English lan-
guage; (2) involved human subjects; (3) published from January
2000 through March 2016; (4) used a quasi-experimental, ex-
perimental, observational research or randomized clinical trial
(RCT) design; (5) involved the subject of fatigue after ischemic
or hemorrhagic stroke; and (6) was conducted during any part
of the stroke continuum of care (acute hospitalization, inpatient
rehabilitation, homecare, long-term care). Additional quantita-
tive research was identified from the reference lists of publica-
tions found with the search criteria listed above.

Overview of PSF
There are many ways in which fatigue is defined and mea-
sured. These varying definitions affect the estimates of the
incidence and prevalence of PSF. None of the current defini-
tions of PSF are specific to stroke. The most commonly used
definitions include the following:
® “Subjective lack of physical and/or mental energy that is
perceived by the individual or caregiver to interfere with
usual and desired activities.”
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® “A feeling of early exhaustion developing during mental
activity, with weariness, lack of energy, and aversion to
effort.”

® “Sense of exhaustion, lack of perceived energy or tired-
ness, distinct from sadness or weakness.”

These definitions may include both physical and men-
tal energy or be limited only to mental activity. In recent
years. fatigue has come to be distinguished from symptoms
of depression. but there is no consensus among clinicians or
researchers on one definition of PSF.

Given the many and differing definitions of fatigue, esti-
mates of its incidence (first reported fatigue related to stroke
onset) and prevalence (number of stroke survivors experienc-
ing fatigue at any given point in time) vary. Reliable reports of
incidence are not available in the literature. One of the earliest
studies on PSF estimated the incidence to be 75%.° This study,
however, did not provide a definition of fatigue and evaluated
only 44 individuals who were 3 to 24 months after stroke and
thus likely gives a better estimate of prevalence than incidence.
In reviews, prevalence estimates for PSF range from 23% to
77%.7-"" Because of the varying definitions and scales used,
meta-analyses are limited. One systematic review of individu-
als with transient ischemic attack and minor stroke estimated
the pooled prevalence of PSF to be between 23% and 34%.’
Another systematic review that included 49 studies reported
prevalence rates between 25% and 85%.'> Although no data
were reported on stroke severity, with >3000 subjects repre-
sented in the review, it can be assumed that more than transient
ischemic attacks and minor strokes were represented, which
could be one possible explanation of the wide prevalence.

Lynch and colleagues™ created case definitions of PSF
based on interviews with stroke survivors in the initial and
recovery stages. These definitions are as follows:

For hospital patients: Since their stroke, the patient
has experienced fatigue, a lack of energy, or an in-
creased need to rest every day or nearly every day.
And this fatigue has led to difficulty taking part in ev-
eryday activities (for inpatients this may include ther-
apy and may include the need to terminate an activity
early because of fatigue).... For community-dwelling
patients: Over the past month, there has been at least
a 2 week period when patient has experienced fatigue,
a lack of energy, or an increased need to rest every
day or nearly every day. And this fatigue has led to
difficulty taking part in everyday activities.”

With this definition, the prevalence of PSF was estimated
to be 40% after stroke.'> PSF was associated with female sex
and emotional distress.'3

In summary, there is no consensus among clinicians or
researchers on one best definition of PSF. A consensus defini-
tion would lead to more accurate estimates of incidence and
prevalence.

Effect of PSF on QOL
PSF exerts a negative impact on a patient’s daily activities such
as decreased participation in physical activities' and rehabili-
tation.'> Consequently, patients with PSF are reported to have
poor neurological recovery and increased mortality.'® Patients

with PSF have difficulty in resuming social, familial, and pro-
fessional activities* and have low QOL scores.'®'” The asso-
ciation between PSF and daily activity is mediated partly by
associated depression or neurological deficits, even after con-
trolling for depression.'® Fatigue is a significant factor associ-
ated with low health-related QOL."” For example, one study
reported that although PSF was strongly associated with low
scores on the physical health composites of QOL, depression
was related to low scores on nonphysical composite scores.!”

There is consensus among clinicians, researchers, patients,
and caregivers that PSF is important because it affects
QOL.'*" Tt is suggested that QOL measures be consistently
included in studies of PSF.

The Multidimensional Aspects of PSF
Evidence indicates that the cause of PSF is multidimen-
sional. Studies have investigated the interactions between
demographic factors, neurological/physical deficits, medi-
cal comorbidities, smoking, medications, sleep disturbances,
pain, prestroke fatigue, depression and anxiety, cognitive
impairment, and PSF.

Demographic Factors
Seven studies reported that PSF is associated with old age,'®**>
and 8 studies reported that PSF was associated with being fem
ale.!”192025-2 Determining the demographic contributions to PSF
prevalence is complicated because the prevalence of fatigue is
higher in older individuals and women in general. It is important
to note that most of the reported studies did not include control
subjects (ie, age- and sex-matched individuals without stroke).
Educational level does not appear to be associated with
PSF.1421.26-2830-34 PSE may be less common in married people
(compared with single people) and in those living at home
(compared with those living in an institution),' but these find-
ings have not been widely replicated.?*?!2*3 Patients with PSF
are more often unemployed or more likely to change their jobs
than those without PSF,'*?! but cause-and-effect relationships
remain unclear. Patients with PSF are less likely to return to
their previous work.:222%34

Neurological/Physical Deficits

Physical impairment and functional deficits are important
contributors to PSF.!*1621.3536 Patients who suffer a stroke
experience worse fatigue than patients who suffer a transient
ischemic attack.'®*” Infarct volume and functional recovery
(as determined by the modified Rankin Scale) do not appear to
predict PSE* but because studies generally exclude patients
with strokes leading to a decreased level of consciousness or
severe aphasia,'** these results must be interpreted with cau-
tion. In many of these studies, at least some of the PSF can
be attributed to associated depression; for instance, an asso-
ciation between physical disability and PSF in the subacute
stage was lost after controlling for the effects of depression
and anxiety in the long-term stage.”>** Motor dysfunction,*!
speech disturbances (aphasia or severe dysarthria),'*!¢ facial
palsy,® and arm weakness™® are all related to PSF. Systematic
investigations of the impact of the multiple diverse neurologic
deficits on PSF, however, are rare.
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Medical Comorbidities, Smoking, and Medications
Many patients who suffer a stroke have comorbid medical
conditions such as hypertension, diabetes mellitus, heart fail-
ure, and kidney disease that may produce fatigue by them-
selves.”** The influence of such diverse comorbidities on PSF
has not been sufficiently investigated. One study reported that
PSF was more common in stroke patients with either hyper-
tension or hypotension,* but this finding was not replicated in
other studies.'*!724548 Apn association between diabetes mel-
litus and PSF was observed in 1 study® but not in 7 other
studies. 162627454648 The presence of heart disease was related
to PSF in 2 studies'”?” but not in 4 others.!*#"#% Generally,
cigarette smoking is not considered a risk factor for PSF, as
reported in 3 studies.?’**?” One study reported that smoking
cessation was associated with PSF in patients without depres-
sion,' suggesting that sudden abstinence of smoking may
contribute to PSE.!

Medications that are commonly used in patients with
stroke such as sedatives,” antidepressants,*>>? and hypnotics'’
may cause fatigue. Although studies have not implicated med-
ications as a major cause of PSF,'***47 the potential association
should not be ignored.

Eating difficulties related to lower cranial nerve palsy,
poor attention, and loss of appetite’*>> and malnutrition®® are
common in patients who have had a stroke. Although patients
with poststroke eating difficulties often report feelings of
depression®7 and a lack of energy,’® the association with
PSF has not been appropriately studied. One study reported
that patients with PSF more often had decreased appetite than
those without,'* suggesting a possible association.

Sleep Disturbances

Sleep-related breathing disturbances (apnea-hypopnea index
>10) occur in 50% to 70% of stroke patients.” Hypersomnia
and excessive daytime sleepiness are observed in 27% of
patients,” whereas insomnia occurs in 57% of patients in the
early months after stroke.® PSF is associated with sleep dis-
turbances?! 263135306163 apd daytime sleepiness**®% in many
studies, but these associations have not been consistently dem-
onstrated.?**** The role of sleep disturbances as they pertain
to PSF thus remains uncertain.

Pain

Poststroke pain impairs patient function® and may cause PSF.
Two studies reported an association between poststroke pain
and PSE® but this association was not confirmed in 2 other
studies.*** One study reported that fatigue was present in 53%
of patients with central poststroke pain and in 61% of those
with nociceptive pain and that fatigue was associated with
both conditions.* Although fatigue, pain, and depression are
related conditions, poststroke pain seems to be more closely
associated with fatigue than depression.>® Pain may some-
how be involved in the persistence of fatigue over time.*

Prestroke Fatigue

Several studies report an association between prestroke fatigue
and PSE.'41627314570 Ope study reported that in patients with
prestroke fatigue, the severity of fatigue increased after stroke,
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and PSF was more severe than in patients without prestroke
fatigue.'* Such studies are inherently biased, however, because
prestroke fatigue is assessed in aretrospective manner. Prestroke
fatigue has been reported to be a risk factor for stroke,”* and
patients with prestroke fatigue are more likely to have medical
comorbidities than those without prestroke fatigue.'* It is pos-
sible that prestroke fatigue may, at least in part, be attributed to
premorbid medical conditions that increase the risk of stroke
such as diabetes mellitus or heart disease.

Depression and Anxiety
Although patients with PSF are often depressed,*!41831:6274 the
relationship between PSF and depression is difficult to evaluate
because many of the tools for assessing depression contain items
about fatigue. Fatigue is one of the somatic symptoms that have
high discriminative power for predicting poststroke depres-
sion.” The impact of depression on PSF may differ according
to the stage of stroke. Although stroke severity and neurological
disability lead to exertional fatigue in the early stage of stroke,?
depression seems to play a more important role in the long-term
stages of stroke.” Many studies report an association between
PSF and anxiety,'*1621:223032454677 g]though this association is
not uniformly replicated.’®”® Furthermore, even in those studies
that find an association between anxiety and fatigue, the asso-
ciation weakens after controlling for depression.!® Moreover,
poor coping styles are associated with PSE27

Although some patients with PSF have depression, others
do not.*141621.3940 There are reasons to believe that PSF and
poststroke depression are distinct clinical entities. First, PSF
is more prevalent than poststroke depression; thus, there are
patients with fatigue who are not depressed. One study found
that only 38% of patients with PSF were depressed.*’ Second,
pharmacological therapy for poststroke depression is inef-
fective at treating PSF, although it improves depression.3*8!
Finally, PSF appears to be related to tissue injury given that
fatigue is more common in individuals with infarction who
completely recovery, whereas “poststroke” depression occurs
similarly among individuals with transient ischemic attack and
no tissue injury and those with infarction and complete recov-
ery.” This suggests that PSF occurs as a result of biochemical
changes precipitated by tissue injury, whereas depression is
more likely related to the psychological aspects of the event.

Cognitive Impairment
Most studies fail to find an association between cognitive
impairment and PSE.21%%627778 Many of these studies use the
Mini-Mental State Examination, a test of global cognitive
ability with limited sensitivity and specificity.®? Moreover,
patients with severe cognitive impairment or aphasia are gen-
erally excluded in studies of PSFE.'+7

Evidence suggests that cognitive impairment, mental
slowing, and difficulty in concentration may contribute to
the decreased mental energy aspect of PSF. A cross-sectional
study showed that attention deficits are associated with PSF.??
Others found that processing speed was correlated with men-
tal fatigue at 3 and 6 months after stroke**#**8* and that mem-
ory dysfunction was related to PSF at 6 months after stroke.*
Thus, although PSF is not likely to be associated with general
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cognitive impairment, dysfunction in some parts of cognition
(attention, executive function, memory, etc) may be related to
a certain component (mental) of PSF.

In conclusion, more research with rigorous designs is
suggested to more fully understand the complex interactions
among demographic factors, neurological/physical deficits,
medical comorbidities, smoking, medications, sleep distur-
bances, pain, prestroke fatigue, depression and anxiety, cogni-
tive impairment and PSF. Furthermore, studies that measure
the baseline of stroke survivors before the stroke (ie, fatigue
or general state of fitness) in an unbiased manner are needed
to investigate how these factors play into PSF.

Pathophysiology of PSF
The pathophysiology of PSF is unknown. Factors discussed
include altered cortical excitability, lesion location, inflamma-
tion, immune response, and genes.

Altered Cortical Excitability and Lesion Location
Lines of inquiry suggest that PSF is centrally mediated and
not a manifestation of neuromuscular dysfunction. Some
researchers theorize that PSF may be associated with distur-
bances in cortical excitability. One study examining patients
after stroke with minimal neurological deficits®* found that
PSF was explained, in part, by higher motor thresholds mea-
sured with transcranial magnetic stimulation. It was suggested
that low excitability of both corticospinal output and its facili-
tatory synaptic inputs from cortical and subcortical sites may
contribute to PSF. Some researchers believe that disruption
of crucial central pathways leads to the perception of fatigue,
although there are few data to support this point of view.

There is little convincing evidence that links PSF with a
specific lesion location.””* Some studies suggest an associa-
tion between PSF and subcortical infarcts?*$78 and infraten-
torial infarcts.**”” Physiologically, PSF appears be related to
low excitability of corticospinal output and facilitatory synap-
tic inputs from cortical and subcortical sites.* Impaired motor
control, as assessed by the Fugl-Meyer test, seems to be pre-
dictive of PSE.*!

Inflammation, Immune Response, and Genes
A role for inflammation in the genesis of PSF is implicated
by several key observations. First, fatigue is a common symp-
tom in patients with immune-mediated diseases.®** Second,
fatigue occurs in otherwise healthy individuals who develop
infections.”** Third, administration of proinflammatory
cytokines to healthy individuals leads to the perception of
fatigue.®® Finally, modulation of inflammation with cytokine
antagonists improves fatigue in several different diseases.”’-1%?
Actual data to support a role for inflammation in PSF are
more limited. Most attempts at identifying biological mark-
ers of PSF are based on small patient cohorts and have seri-
ous methodological issues. For example, increased interleukin
(IL)-1P, decreased IL-1 receptor antagonist, and decreased
IL-9 at stroke onset have been associated with later onset of
PSE.#" These data, however, are based on a cohort of 45 patients
and were not controlled for initial stroke severity, age, or other
important covariates. More fundamentally, however, if fatigue

is caused by a cytokine, that cytokine should be measured at the
time the fatigue is assessed, not at the time of the acute stroke.

When biomarker assessment is done concomitantly with
fatigue assessment, C-reactive protein is variably reported to
correlate with PSE.'%1 These studies are quite small, how-
ever, and larger studies controlling for baseline comorbidities
and stroke characteristics are needed to adequately address the
relationship between C-reactive protein and PSF.

The assessment of genetic contributions to PSF is relatively
immune to timing, and it appears that single-nucleotide poly-
morphisms in genes that modulate inflammation are related to
PSF. Specifically, PSF is associated with the C allele of ILIRN
rs4251961.% This single-nucleotide polymorphism is com-
monly associated with a decrease in IL-1 receptor antagonist
and an increase in proinflammatory cytokines such as IL-1f3 and
C-reactive protein.!’!%7 In addition, functional polymorphisms
in the gene for toll-like receptor 4 that render toll-like receptor
4 less responsive to its ligands are associated with less PSE.*

Another possible biochemical link to PSF is glutamate.'%
In a small study, plasma glutamate levels in the week after
minor stroke correlated with the degree of fatigue at 6 months
after stroke.!” Glutamate is an excitatory neurotransmitter
that is released after stroke,''° but inflammation leads to major
changes in the metabolism of neurotransmitters.''""''* These
data suggest that most postulated causes of PSF are related
and share a common denominator in the immune system.''#-11¢
Additional biomarkers measured in the acute phase and linked
to the later development of fatigue include glucose**® and
homocysteine.*® Table 1 provides a synopsis of biomarker
research that has been conducted to investigate PSF.

Given the limitations of research done to date, it is appar-
ent that definitive biomarkers for PSF have not been identified.
Furthermore, it seems unlikely that there will be a single bio-
marker linked to PSF. The data suggest, however, that pertur-
bations in the immune response after stroke may contribute to
the perception of PSF.

Clinical Implications
Areas of importance to clinicians include patient assessment
and pharmacological and nonpharmacological interventions.
In the realm of patient assessment, there is concern about the
best tool to measure patient reports of PSF. The pharmacologi-
cal and nonpharmacological management of PSF is complex.

Patient Assessment
Many tools have been used to measure PSF. All of the instru-
ments were originally developed to measure fatigue in con-
ditions other than stroke. Measures that include a question
about general weakness may not be valid for stroke because
weakness after a stroke is generally attributable to hemiparesis
rather than to fatigue.''” Table 2 provides a description and
assessment of the reliability and validity of common fatigue
measures and examples of studies in which these measures
have been used with patients after stroke.!”:!"-120

Although clinicians acknowledge the need to assess for PSF,
there is no consensus on which tool to use and when to use it.
A systematic review reported that the Fatigue Severity Scale
has been used in 24 studies of PSF (Table 2).'? The review of 24
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Table 1. Summary of Biomarker Research Gonducted to Investigate PSF

Biomarker Description/ Timing of Blood
Biomarker Properties Sample Fatigue Scale | Relationship to PSF n Comments
Glutamate Excitatory amino acid/ At acute stroke Chalder Increased PSF at 6 38 Small cohort; published only in
neurotransmitter, (within 1 wk) Fatigue Scale | mo after stroke abstract form'®
immunomodulator
IL-1B Proinflammatory cytokine At acute stroke FSS Increased PSF at 6 45 Small cohort; not controlled for
(within 72 h) mo after stroke stroke severity, depression*’
IL-1ra Endogenous inhibitor of At acute stroke FSS Decreased PSF at 12 45 Small cohort; not controlled for
IL-1; inhibits inflammation (within 72 h) mo after stroke stroke severity, depression®’
IL-9 Proinflammatory T-cell At acute stroke FSS Decreased PSF at 12 45 Small cohort; not controlled for
cytokine (within 72 h) mo after stroke stroke severity, depression®’
Glucose Blood sugar Concomitant with PSF FSS Increased PSF in the 214 Early time frame for
assessment 10-15 d after stroke determining the presence of
(10-15 d after stroke onset PSF; not controlled for stroke
onset) severity*
At acute stroke FSS Increased PSF at 45 Small cohort; not controlled for
(within 72 h) 6 and 12 mo after stroke severity, depression*’
stroke
Homocysteine Amino acid; elevated Concomitant with PSF FSS Increased PSF in the 214 Early time frame for
levels associated with assessment 10-15 d after stroke determining the presence of
vascular disease (10-15 d after stroke PSF; not controlled for stroke
onset) severity*
CRP Nonspecific marker of Concomitant with PSF FAS Increased PSF in the 40 Small cohort'®
inflammation assessment year after stroke
Concomitant with PSF FAS Increased PSF in the 28 Significant only after excluding
assessment 3 mo after stroke those with prestroke fatigue
and mood disorders; small
sample size'®
Concomitant with PSF FAS No association in the | 65 Part of a larger study*®
assessment year after stroke
VCAM-1 Adhesion molecule Concomitant with PSF FAS Decreased PSF in 40 Small cohort'®
expressed on blood assessment the year after stroke
vessels; binds
lymphocytes
ILTRN rs4251961 Gene for IL-1ra; C allele NA FAS Increased PSF in the 39 Small sample size; no
C allele associated with decreased year after stroke correlation with IL-1ra3
production of IL-1ra and
increased inflammation
TLR4 (1063 A/G Cosegregating genes NA FAS Decreased PSF in 39 Small sample size; few patients
[Asp299Gly] for TLR4; render TLR4 the year after stroke with polymorphisms®®
rs4986790 and less responsive to
1363 C/T [Thr399lle] | inflammatory stimuli
rs4986791)

CRP indicates C-reactive protein; FAS, Fatigue Assessment Scale; FSS, Fatigue Severity Scale; IL, interleukin-1; IL-1ra, interleukin 1 receptor antagonist; NA, not
applicable; PSF, poststroke fatigue; TLR4, toll-like receptor 4; and VCAM-1, vascular cell adhesion molecule 1.

studies revealed that when PSF was measured varied widely, but
several studies provided comparison data at 3 and 6 months.'?

The link between PSF and depression is acknowledged in
the national stroke guidelines from Scotland, which state that
patients with PSF should be screened for depression, but there
is no mention of exact frequency and timing."® Lynch and col-
leagues' created case definitions for PSF based on interviews
with hospitalized and community-dwelling patients. These
case definitions may be useful for clinicians.

In review, it is suggested that clinicians use the most
commonly used scale, the Fatigue Severity Scale, or the case

definitions created by Lynch and colleagues' to screen for
depression when assessing for PSE. It makes sense to assess
at the time of discharge from acute care and then on a regu-
lar basis such as at 3 months, 6 months, and 1 year and then
yearly. This will not only help with case finding but advance
research and provide comparison data for these time points.'?

Pharmacological Intervention

As a result of the multifaceted nature of PSF, the phar-
macological management of PSF is far from satisfactory.
Ogden and colleagues'”' reported that tirilazad mesylate, a
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Table 2. Summary of Commonly Used Fatigue Measures

Measure

Description

Reliability

Validity

Specific to Stroke

FAS

10-Item self-rating scale for
how a person usually feels with
a 5-point Likert scale from 1
(never) to 5 (always)

Cronbach .=0.58-0.62"""

Construct validity=0.71
(<0.001), n=52""

Systematic review reported FAS
used in 4 studies of PSF'?

Fatigue Impact

Self-report measure of the

Internal consistency=0.93""°

Concurrent: sickness impact

Tested in 60 community-

how a person has felt in the
past week using a 7-point
Likert scale

Scale presence and severity of fatigue profile dwelling patients after stroke'"®
and its impact on cognitive, T
) ) Discriminative: significant
physical, and psychosocial ;
functions'® difference between scores
of patients with MS and
hypertensives''
FSS 10-Item self-rating scale for Internal Construct: factor analysis using | Systematic review reported FSS

consistency=0.88-0.95""°

oblique rotation verified used in 24 studies of PSF'?

Convergent: Pearson correlation
with MAF (=0.74, P<0.05), VAS-F
(r=10.37, P<0.05), and Rhoten

Fatigue Scale (=0.03, P>0.05)'"°

Vitality scale of
36-item Short Form

4-ltem self-rating scale for
how a person has felt in the
past 4 wk

Cronbach a=0.76-0.78"""

Construct validity=0.58
(<0.001), n=55""7

Tested in 55 patients with
stroke'"”

Multidimensional Total=16 items;

Cronbach ¢.=0.91-0.93""7

Construct validity=0.47 Tested in 55 patients with

Profile of Mood States | person has felt in the past week

Fatigue Symptom 14 items=100 mm VAS; (<0.001), n=55"" stroke'"”
Inventory 2 items=multiple choice
Fatigue domain from 6-Item self-rating scale for how a Cronbach a=0.88-0.89""" Construct validity=0.75 Systematic review reported use

(<0.001), n=55"" in 1 study’>'"”

FAS indicates Fatigue Assessment Score; FSS, Fatigue Severity Scale; MAF, Multidimensional Assessment of Fatigue; MS, multiple sclerosis; PSF, poststroke fatigue;

and VAS-F, Visual Analog Scale—Fatigue.

neuroprotective agent, was effective in treating fatigue in a
randomized controlled trial. However, the generalizability of
the study is limited because it included only female patients
with subarachnoid hemorrhage and the method of allocation
concealment was doubtful.!122

Modafinil, a drug originally used for patients with hyper-
somnia or narcolepsy to promote wakefulness, relieved PSF
in patients with brainstem-diencephalic strokes better than in
patients cortical stroke.'?® The differential effect of modafinil
in brainstem stroke may have been attributable to the fact that
fatigue in these patients resulted from a dysfunctional reticular
activating system. This study, however, was not placebo con-
trolled, and the number of patients included was small (n=40).

An additional randomized, double-blinded, placebo-con-
trolled trial of PSF treatment with 400 mg modafinil for 90
days was conducted.'?* Although the primary end point, the
Multidimensional Fatigue Inventory-20 general fatigue score,
did not differ between groups, the modafinil group obtained
better scores on the Fatigue Severity Scale (P=0.02), which
was the secondary outcome. No serious adverse reactions
were observed. The trial, however, was relatively small (41
patients included, 21 received modafinil) and must be inter-
preted as a pilot study.'**

Other agents have been investigated. OSU6162 is a com-
pound acting as a partial agonist at both dopamine D2 recep-
tors and serotonin receptors and has been tested for treating
PSF in patients with mental fatigue after stroke.'” It acts
as a dopamine stabilizer that may counteract the effects of

excessive or insufficient dopaminergic transmission. Although
the patients with PSF in this study exhibited tolerance to it,
this drug obviously needs further study because the sample
size was small (n=6) and it was not a randomized controlled
trial.!%

Selective serotonin reuptake inhibitors have been tried but
do not appear to be effective in treating PSF on the basis of
the results of 2 RCTs. One group of researchers investigated
the efficacy of fluoxetine in patients with PSE A double-
blind, placebo-controlled trial conducted in 83 patients with
PSF found that fluoxetine was not effective in improving PSF,
although it improved depression and other emotional disorders
in these patients. Similarly, another study showed that dulox-
etine, citalopram, and sertraline did not relieve PSF (although
duloxetine was more effective in treating anxiety than the
other 2 drugs).®! These results suggest that the serotonergic
system may not be as closely related to PSF as it is to emo-
tional disorders and imply that PSF and emotional disorders
such as depression and anxiety may be distinct phenomena.

Vitamin supplementation has been reported to be effective
in relieving PSF, although the data are insufficient to draw firm
conclusions.'**"** Candidate vitamins are vitamin B, ), vitamin
B, and idebenone, a synthetic coenzyme Q10 analog. One
observational study reported that vitamin B, deficiency was
related to fatigue in lacunar stroke and that vitamin B, supple-
mentation may be effective in treating fatigue in these patients.'?
The efficacy of vitamin B, was reported. One small trial reported
that enerion, a synthetic derivative of vitamin B , was effective
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in reducing PSE,'*" and a recent case report revealed the efficacy
of high-dose vitamin B, in relieving PSF, although the sample
size was very small (n=3).!?® Antioxidant idebenone, a synthetic
coenzyme Q10 analog, was reported to be effective in manag-
ing PSE.!?212 None of these trials were powered adequately,
nor were any of them randomized controlled trials.

Traditional Chinese herbs such as Astragalus membrana-
ceus may be effective in treating PSE.'* Astragalus membra-
naceus contains a variety of substances, including saponin,
polysaccharide, and flavonoid, that have been reported to have
anti-inflammatory, antioxidative stress, immunoregulation,
and cardioprotective effects via numerous signaling pathways
in vital organs and systems."!' The efficacy of Astragalus
membranaceus for treating PSF is being assessed in an ongo-
ing randomized, placebo-controlled, double-blind trial.'*

To sum up, there are a number of promising pharmaco-
logical agents for PSF. More randomized, placebo-controlled,
double-blind trials with adequate sample sizes are needed.

Nonpharmacological Interventions

There is no evidence for nonpharmacological interventions
in patients with PSF. Interventions include general advice to
patients and caregivers for dealing with PSF and patient edu-
cation materials.

Interventions

Several international guidelines include the subject of PSF.
An American Heart Association/American Stroke Association
statement notes that PSF may be aggravated by a sedentary
lifestyle and encourages regular physical activity.!3?> Exercise
programming recommendations for stroke survivors are out-
lined in the guideline, and it is noted that regular exercise may
help decrease PSF.’*> The guidelines for adult stroke rehabili-
tation and recovery recommend aerobic exercise as a way to
decrease PSE.'** An Australian guideline notes that therapy for
stroke survivors with PSF should be organized for periods of
the day when they are most alert.'** Furthermore, these guide-
lines state that stroke survivors and their caregivers should be
provided with information about and education on fatigue,
including potential management strategies such as exercising,
establishing good sleep patterns, and avoiding sedating drugs
and excessive alcohol.'** A Cochrane review provided a com-
prehensive review of PSF interventions. Trials included 2 non-
pharmacological interventions, a fatigue education program,
and a mindfulness-based stress reduction program.'”? There
was insufficient evidence on the efficacy of any intervention
to treat or prevent PSF. It was noted that trials have been small
and heterogeneous, and some have had a high risk of bias.
In clinical practice, modifiable factors such as depression and
anxiety, sleeping or eating disturbances, pain, and fatigue-pro-
voking drugs should be identified and appropriately managed.
Although many of the interventions described in the review
were noted to be feasible in people with stroke, their efficacy
needs be investigated in research with robust study designs
such as RCTs and powered with adequate sample sizes.'*

Patient Education Materials

When patients and caregivers bring up the topic of PSF, hav-
ing evidence-based education materials to give them would
be helpful to clinicians. Three sets of patient education
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materials on PSF were located. One was from the American
Heart Association/American Stroke Association,'*® another from
the National Stroke Association,'*® and the third from the UK
Stroke Association.'*” All of the patient education materials con-
tained a date, and the one from the American Heart Association/
American Stroke Association has been updated every 2 years
since 2012. However, none of the 4 are evidence based because
none listed any sources or references. Although all 3 give practi-
cal advice for patients (it is normal to feel tired, avoid alcohol,
take naps, etc) and can be easily accessed on the Internet, none
can be suggested for use because they are not evidence based.

In summary, there are a few promising nonpharmacologi-
cal interventions and some existing patient education materi-
als for PSE. Both areas need be investigated using research
with robust study designs such as RCTs and powered with
adequate sample sizes.

Influence of Fatigue on Caregiver Burden
Although caregivers identify that dealing with PSF is a top
priority for further research,” no studies were found that
examined the extent to which PSF affects informal caregiver
burden. Caregivers play an instrumental role in the rehabilita-
tion and day-to-day care of the stroke survivor. Well-designed
research powered with adequate sample sizes is needed to
describe how PSF contributes to caregiver burden and to
develop and evaluate interventions to help caregivers better
understand and help their loved ones manage PSF. For exam-
ple, caregivers can be taught to help the stroke survivor space
activities out throughout the day to conserve energy if this is
found to be an effective intervention.

Summary
In this critical review of quantitative research concerning PSF,
the overall quality of the research was found to be poor. Few
RCTs were identified, and many studies had sample sizes of
=40 or less.

It is known that PSF is common and a cause of concern to
clinicians, researchers, patients, and caregivers after ischemic
and hemorrhagic stroke. PSF and poststroke depression are dis-
tinct clinical entities, and PSF contributes to decreased QOL.
Many reliable and valid tools are available to measure PSF. It is
apparent that the pathophysiology of PSF is multidimensional
and most likely multifactorial. Medications influence PSF, and
caregivers are concerned about PSF in stroke survivors.

Despite what is known about PSE, many areas still need
further research. It is suggested that clinicians and researchers
come to a consensus on one best definition of PSF because cur-
rent definitions are not specific enough. Unambiguous sugges-
tions are needed for which tool to use and when to measure PSF.

The multidimensional aspects of PSF need to be more
fully described in well-designed research. With various demo-
graphic, physical, and psychological components, it is diffi-
cult to determine the exact influence that these components
have on PSF. It is especially important is to conduct research
on how neurological deficits after stroke contribute to PSF.
Another area for research is related to medical comorbidities.
Do diabetes mellitus, hypertension, and other fatigue-causing
conditions have an effect on PSF? How can a researcher deter-
mine which of these may truly affect PSF?
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Patients discharged from the hospital after a stroke may
be prescribed medications such as anticonvulsants that induce
fatigue. It is important to determine which medications are
more likely to contribute to PSE. Further study should exam-
ine the impact of medications on PSF. Other areas for research
include the effect of eating difficulties, sleep disturbances,
pain, and prestroke fatigue. Although research has indicated
that all of these may have an impact on a patient after stroke,
it is not apparent how they affect PSF.

PSF and depression may exist concurrently. The relation-
ship between PSF and depression needs to be examined more
thoroughly. Does depression lead to fatigue, or does fatigue lead
to depression? Until there is an agreed-on definition of PSF and
identification of a strong tool to accurately diagnose depression
in stroke, there is much to be done. A better understanding of
the pathophysiology of PSF is foundational to identifying treat-
ment. Current research suggests that PSF is centrally mediated,
whereas others believe that disruption of pathways is the cause.
Because these are 2 different mechanisms, research is needed to
further our understanding and to provide information to patients
and their family members.

Inflammation, cytokines, and biomarkers are important con-
siderations in PSE. These areas of research provide many avenues
of exploration. The number of biomarkers and cytokines that
might contribute to PSF makes these areas complex to evaluate

because it may not be obvious which or how many influence PSF.
The effect of fatigue on the caregivers of patients who have had
a stroke is another suggested area in need of further research.

Clinical Considerations

Clinicians need to have a better understanding of the entity
of PSF to provide appropriate treatment. This comprehen-
sion can be gained by consistently gathering data to assess
short- and long-term outcomes and engaging in high-quality
research such as RCTs on PSF. Evidence-based education
materials on PSF need to be provided to the patients and
family members so that when symptoms occur, the family
unit can support the patient. Some education materials are
available through stroke associations and should be provided
at discharge from the acute care hospital and rehabilitation.

Although much work needs to be done, much has already
been completed. Researchers and clinicians can build on this
foundation in efforts to improve the QOL for patients and
family members after stroke.

Acknowledgments
Many thanks go to Barbara Quintiliano, instructional design librarian
extraordinaire, whose help with the references and Zotero was invalu-
able. Pamela H. Mitchell, RN, PhD, FAHA, contributed significantly
to the initial symposium and early draft of this article.

Disclosures
Writing Group Disclosures
Other Speakers’
Writing Group Research Bureau/ Expert | Ownership Consultant/
Member Employment Research Grant Support Honoraria Witness = Interest | Advisory Board | Other
Janice L. Hinkle Self-employed nursing None None None None None None None
(Washington, DC)
Kyra J. Becker University of Washington NINDSt None None Multiple None Parexel*; None
School of Medicine different Fibrogen/ICONT
casest
Smi Choi-Kwon Seoul National University Korea Research Foundation* None None None None None None
College of Nursing
Jong S. Kim Asan Medical Center, None None None None None None None
Seoul, Korea
Norma McNair University of California, Los | Academy of Medical Surgical None None None None National MS None
Angeles Nurses* Society*

Gillian E. Mead University of Edinburgh | Chief Scientist Office, Scotlandt None World Stroke None None Journal of None

Conference™; Neurology and

Australasian Neurosurgery*

Stroke

Conference*

Karen L. Saban Loyola University Chicago, | VA (Plon clinical trial examining None None None None None None
Marcella Niehoff School of | mindfulness in women veterans,
Nursing coinvestigator on clinical trial
examining TMS in severe TBI)*

This table represents the relationships of writing group members that may be perceived as actual or reasonably perceived conflicts of interest as reported on the
Disclosure Questionnaire, which all members of the writing group are required to complete and submit. A relationship is considered to be “significant” if (a) the person
receives $10000 or more during any 12-month period, or 5% or more of the person’s gross income; or (b) the person owns 5% or more of the voting stock or share of the
entity, or owns $10000 or more of the fair market value of the entity. A relationship is considered to be “modest” if it is less than “significant” under the preceding definition.

*Modest.
tSignificant.


http://stroke.ahajournals.org/

/T0Z ‘vZ JequisnoN uo 1sanb Aq /6.10°seulno feyeaxouis//:dny woly papeojumoq

Hinkle et al Poststroke Fatigue el67
Reviewer Disclosures
Other Speakers’ Consultant/
Research Bureau/ Expert Ownership Advisory
Reviewer Employment Research Grant Support Honoraria Witness Interest Board Other
Jennifer University of Maryland None None None None None None None
Klinedinst
Barbara J. Lutz University of North PCORI (coinvestigator on None None None None None None
Carolina—Wilmington a PCORI-funded grant
testing an intervention
for poststroke care)*
Elaine T. Miller University of Cincinnati None None None None None None None

This table represents the relationships of reviewers that may be perceived as actual or reasonably perceived conflicts of interest as reported on the Disclosure
Questionnaire, which all reviewers are required to complete and submit. A relationship is considered to be “significant” if (a) the person receives $10000 or more during
any 12-month period, or 5% or more of the person’s gross income; or (b) the person owns 5% or more of the voting stock or share of the entity, or owns $10000 or more
of the fair market value of the entity. A relationship is considered to be “modest” if it is less than “significant” under the preceding definition.

*Significant.

11.

12.

14.

References

. Béjot Y, Daubail B, Giroud M. Epidemiology of stroke and transient

ischemic attacks: current knowledge and perspectives. Rev Neurol
(Paris). 2016;172:59-68. doi: 10.1016/j.neurol.2015.07.013.

. Brodtmann A, van de Port IG. Fitness, depression, and poststroke fatigue:

worn out or weary? Neurology. 2013;81:1566-1567. doi: 10.1212/
WNL.0b013e3182a9f59b.

. Thompson AJ. Symptomatic treatment in multiple sclerosis. Curr Opin

Neurol. 1998;11:305-309.

. Staub F, Bogousslavsky J. Fatigue after stroke: a major but neglected

issue. Cerebrovasc Dis. 2001;12:75-81. doi: 47685.

. Lerdal A, Lee KA, Bakken LN, Finset A, Kim HS. The course of fatigue

during the first 18 months after first-ever stroke: a longitudinal study.
Stroke Res Treat. 2012;2012:126275. doi: 10.1155/2012/126275.

. Leegaard OF. Diffuse cerebral symptoms in convalescents from cerebral

infarction and myocardial infarction. Acta Neurol Scand. 1983;67:348-355.

. Moran GM, Fletcher B, Feltham MG, Calvert M, Sackley C, Marshall

T. Fatigue, psychological and cognitive impairment following transient
ischaemic attack and minor stroke: a systematic review. Eur J Neurol.
2014;21:1258-1267. doi: 10.1111/ene.12469.

. Egerton T, Hokstad A, Askim T, Bernhardt J, Indredavik B. Prevalence of

fatigue in patients 3 months after stroke and association with early motor
activity: a prospective study comparing stroke patients with a matched
general population cohort. BMC Neurol. 2015;15:181. doi: 10.1186/
512883-015-0438-6.

. Lerdal A, Bakken LN, Kouwenhoven SE, Pedersen G, Kirkevold M,

Finset A, Kim HS. Poststroke fatigue: a review. J Pain Symptom Manage.
2009;38:928-949. doi: 10.1016/j.jpainsymman.2009.04.028.

. Wu S, Barugh A, Macleod M, Mead G. Psychological associations

of poststroke fatigue: a systematic review and meta-analysis. Stroke.
2014;45:1778-1783. doi: 10.1161/STROKEAHA.113.004584.

Baylor C, Yorkston KM, Jensen MP, Truitt AR, Molton IR. Scoping
review of common secondary conditions after stroke and their associa-
tions with age and time post stroke. Top Stroke Rehabil. 2014;21:371—
382. doi: 10.1310/tsr2105-371.

Cumming TB, Packer M, Kramer SF, English C. The prevalence of
fatigue after stroke: a systematic review and meta-analysis. Int J Stroke.
2016;11:968-977. doi: 10.1177/1747493016669861.

. Lynch J, Mead G, Greig C, Young A, Lewis S, Sharpe M. Fatigue after

stroke: the development and evaluation of a case definition. J Psychosom
Res. 2007;63:539-544. doi: 10.1016/j.jpsychores.2007.08.004.
Choi-Kwon S, Han SW, Kwon SU, Kim JS. Poststroke fatigue: char-
acteristics and related factors. Cerebrovasc Dis. 2005;19:84-90. doi:
10.1159/000082784.

. Scottish Intercollegiate Guidelines Network (SIGN). Management of

patients with stroke: rehabilitation, prevention and management of compli-
cations, and discharge planning: a national clinical guideline. 2010. http:/
webcache.googleusercontent.com/search?q=cache:P2tDoA6Az30J:www.
sign.ac.uk/pdf/sign118.pdf+&cd=1&hl=en&ct=cInk&gl=us. Accessed
January 17, 2017.

. Glader EL, Stegmayr B, Asplund K. Poststroke fatigue: a 2-year follow-

up study of stroke patients in Sweden. Stroke. 2002;33:1327-1333.

17.

18.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Naess H, Lunde L, Brogger J. The effects of fatigue, pain, and depres-
sion on quality of life in ischemic stroke patients: the Bergen Stroke
Study. Vasc Health Risk Manag. 2012;8:407—413. doi: 10.2147/VHRM.
$32780.

van de Port IG, Kwakkel G, Bruin M, Lindeman E. Determinants of
depression in chronic stroke: a prospective cohort study. Disabil Rehabil.
2007;29:353-358.

. Pollock A, St George B, Fenton M, Firkins L. Top 10 research priori-

ties relating to life after stroke: consensus from stroke survivors, care-
givers, and health professionals. Int J Stroke. 2014;9:313-320. doi:
10.1111/5.1747-4949.2012.00942 x.

Schepers VP, Visser-Meily AM, Ketelaar M, Lindeman E. Poststroke
fatigue: course and its relation to personal and stroke-related factors. Arch
Phys Med Rehabil. 2006;87:184-188. doi: 10.1016/j.apmr.2005.10.005.
Naess H, Nyland HI, Thomassen L, Aarseth J, Myhr KM. Fatigue at long-
term follow-up in young adults with cerebral infarction. Cerebrovasc
Dis. 2005;20:245-250. doi: 10.1159/000087706.

Radman N, Staub F, Aboulafia-Brakha T, Berney A, Bogousslavsky
J, Annoni JM. Poststroke fatigue following minor infarcts: a pro-
spective study. Neurology. 2012;79:1422-1427. doi: 10.1212/WNL.
0b013e31826d5f3a.

Chestnut TJ. Fatigue in stroke rehabilitation patients: a pilot study.
Physiother Res Int. 2011;16:151-158. doi: 10.1002/pri.476.

Feigin VL, Barker-Collo S, Parag V, Hackett ML, Kerse N, Barber PA,
Theadom A, Krishnamurthi R; on behalf of the Auckland Regional
Community Stroke Study Group. Prevalence and predictors of
6-month fatigue in patients with ischemic stroke: a population-based
stroke incidence study in Auckland, New Zealand, 2002-2003. Stroke.
2012;43:2604-2609. doi: 10.1161/STROKEAHA.112.660886.

Mead GE, Graham C, Dorman P, Bruins SK, Lewis SC, Dennis MS,
Sandercock PA; UK Collaborators of IST. Fatigue after stroke: baseline
predictors and influence on survival: analysis of data from UK patients
recruited in the International Stroke Trial. PLoS One. 2011;6:¢16988.
doi: 10.1371/journal.pone.0016988.

Tang WK, Chen YK, Liang HJ, Chu WC, Mok VC, Ungvari GS,
Wong KS. Subcortical white matter infarcts predict I-year out-
come of fatigue in stroke. BMC Neurol. 2014;14:234. doi: 10.1186/
512883-014-0234-8.

Wang SS, Wang JJ, Wang PX, Chen R. Determinants of fatigue after
first-ever ischemic stroke during acute phase [published correction
appears in PLoS One. 2014;9:e116461]. PLoS One. 2014;9:e110037.
doi: 10.1371/journal.pone.0110037.

Zedlitz AM, Visser-Meily AJ, Schepers VP, Geurts AC, Fasotti L. Patients
with severe poststroke fatigue show a psychosocial profile comparable to
patients with other chronic disease: implications for diagnosis and treat-
ment. ISRN Neurol. 2011;2011:627081. doi: 10.5402/2011/627081.
Andersen G, Christensen D, Kirkevold M, Johnsen SP. Post-stroke
fatigue and return to work: a 2-year follow-up. Acta Neurol Scand.
2012;125:248-253. doi: 10.1111/j.1600-0404.2011.01557 .x.

Snaphaan L, van der Werf S, de Leeuw FE. Time course and risk fac-
tors of post-stroke fatigue: a prospective cohort study. Eur J Neurol.
2011;18:611-617. doi: 10.1111/j.1468-1331.2010.03217..x.


http://stroke.ahajournals.org/

/T0Z ‘vZ JequisnoN uo 1sanb Aq /6.10°seulno feyeaxouis//:dny woly papeojumoq

el68

31.

33.

34.

35.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Stroke July 2017

Lerdal A, Bakken LN, Rasmussen EF, Beiermann C, Ryen S, Pynten
S, Drefvelin AS, Dahl AM, Rognstad G, Finset A, Lee KA, Kim HS.
Physical impairment, depressive symptoms and pre-stroke fatigue
are related to fatigue in the acute phase after stroke. Disabil Rehabil.
2011;33:334-342. doi: 10.3109/09638288.2010.490867.

. Maaijwee NA, Arntz RM, Rutten-Jacobs LC, Schaapsmeerders P,

Schoonderwaldt HC, van Dijk EJ, de Leeuw FE. Post-stroke fatigue and
its association with poor functional outcome after stroke in young adults.
J Neurol Neurosurg Psychiatry. 2015;86:1120-1126. doi: 10.1136/
jnnp-2014-308784.

Miller KK, Combs SA, Van Puymbroeck M, Altenburger PA, Kean J,
Dierks TA, Schmid AA. Fatigue and pain: relationships with physi-
cal performance and patient beliefs after stroke. Top Stroke Rehabil.
2013;20:347-355. doi: 10.1310/tsr2004-347.

Pihlaja R, Uimonen J, Mustanoja S, Tatlisumak T, Poutiainen E. Post-
stroke fatigue is associated with impaired processing speed and memory
functions in first-ever stroke patients. J Psychosom Res. 2014;77:380—
384. doi: 10.1016/j.jpsychores.2014.08.011.

Appelros P. Prevalence and predictors of pain and fatigue after stroke:
a population-based study. Int J Rehabil Res. 2006;29:329-333. doi:
10.1097/MRR.0b013e328010c7b8.

. Christensen D, Johnsen SP, Watt T, Harder I, Kirkevold M, Andersen

G. Dimensions of post-stroke fatigue: a two-year follow-up study.
Cerebrovasc Dis. 2008;26:134-141. doi: 10.1159/000139660.

Harbison JA, Walsh S, Kenny RA. Hypertension and daytime hypoten-
sion found on ambulatory blood pressure is associated with fatigue fol-
lowing stroke and TIA. QJM. 2009;102:109-115. doi: 10.1093/qjmed/
henl146.

Becker K, Kohen R, Lee R, Tanzi P, Zierath D, Cain K, Mitchell
P, Weinstein J. Poststroke fatigue: hints to a biological mecha-
nism. J Stroke Cerebrovasc Dis. 2015;24:618-621. doi: 10.1016/j.
jstrokecerebrovasdis.2014.10.008.

Winward C, Sackley C, Metha Z, Rothwell PM. A population-based
study of the prevalence of fatigue after transient ischemic attack and
minor stroke. Stroke. 2009;40:757-761. doi: 10.1161/STROKEAHA.
108.527101.

van der Werf SP, van den Broek HL, Anten HW, Bleijenberg G.
Experience of severe fatigue long after stroke and its relation to depres-
sive symptoms and disease characteristics. Eur Neurol. 2001;45:28-33.
doi: 52085.

Tseng BY, Kluding P. The relationship between fatigue, aerobic fitness,
and motor control in people with chronic stroke: a pilot study. J Geriatr
Phys Ther. 2009;32:97-102.

Smith OR, van den Broek KC, Renkens M, Denollet J. Comparison of
fatigue levels in patients with stroke and patients with end-stage heart
failure: application of the fatigue assessment scale. J Am Geriatr Soc.
2008;56:1915-1919. doi: 10.1111/j.1532-5415.2008.01925 x.

Fritschi C, Quinn L. Fatigue in patients with diabetes: a review.
J Psychosom Res. 2010;69:33-41. doi: 10.1016/j.jpsychores.2010.
01.021.

Pfeffer MA, Burdmann EA, Chen CY, Cooper ME, de Zeeuw D, Eckardt
KU, Feyzi JM, Ivanovich P, Kewalramani R, Levey AS, Lewis EF,
McGill JB, McMurray JJ, Parfrey P, Parving HH, Remuzzi G, Singh
AK, Solomon SD, Toto R; TREAT Investigators. A trial of darbepo-
etin alfa in type 2 diabetes and chronic kidney disease. N Engl J Med.
2009:;361:2019-2032. doi: 10.1056/NEJM0a0907845.

Chen YK, Qu JF, Xiao WM, Li WY, Weng HY, Li W, Liu YL, Luo GP,
Fang XW, Ungvari GS, Xiang YT. Poststroke fatigue: risk factors and its
effect on functional status and health-related quality of life. Int J Stroke.
2015;10:506-512. doi: 10.1111/ijs.12409.

Duncan F, Lewis SJ, Greig CA, Dennis MS, Sharpe M, MacLullich
AM, Mead GE. Exploratory longitudinal cohort study of associa-
tions of fatigue after stroke. Stroke. 2015;46:1052-1058. doi: 10.1161/
STROKEAHA.114.008079.

Ormstad H, Aass HC, Amthor KF, Lund-Sgrensen N, Sandvik L.
Serum cytokine and glucose levels as predictors of poststroke fatigue
in acute ischemic stroke patients [published correction appears in J
Neurol. 2012;259:399]. J Neurol. 2011;258:670-676. doi: 10.1007/
500415-011-5962-8.

Wu D, Wang L, Teng W, Huang K, Shang X. Correlation of post-stroke
fatigue with glucose, homocysteine and functional disability. Acta
Neurol Scand. 2015;131:400-404. doi: 10.1111/ane.12300.

Crosby GA, Munshi S, Karat AS, Worthington E, Lincoln NB. Fatigue
after stroke: frequency and effect on daily life. Disabil Rehabil.
2012;34:633-637. doi: 10.3109/09638288.2011.613517.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

71.

72.

Wu D, Wang L, Teng W, Huang K, Shang X. Correlation of fatigue
during the acute stage of stroke with serum uric acid and glucose lev-
els, depression, and disability. Eur Neurol. 2014;72:223-227. doi:
10.1159/000364902.

Piasecki TM, Fiore MC, McCarthy DE, Baker TB. Have we lost our
way? The need for dynamic formulations of smoking relapse proneness.
Addiction. 2002;97:1093-1108.

Naess H, Lunde L, Brogger J. The triad of pain, fatigue and depression
in ischemic stroke patients: the Bergen Stroke Study. Cerebrovasc Dis.
2012;33:461-465. doi: 10.1159/000336760.

Jacobsson C, Axelsson K, Osterlind PO, Norberg A. How people with
stroke and healthy older people experience the eating process. J Clin
Nurs. 2000;9:255-264.

Westergren A, Karlsson S, Andersson P, Ohlsson O, Hallberg IR.
Eating difficulties, need for assisted eating, nutritional status and pres-
sure ulcers in patients admitted for stroke rehabilitation. J Clin Nurs.
2001;10:257-269.

Westergren A, Ohlsson O, Hallberg IR. Eating difficulties in relation
to gender, length of stay, and discharge to institutional care, among
patients in stroke rehabilitation. Disabil Rehabil. 2002;24:523-533. doi:
10.1080/09638280110113430.

Jonsson AC, Lindgren I, Norrving B, Lindgren A. Weight loss after
stroke: a population-based study from the Lund Stroke Register. Stroke.
2008;39:918-923. doi: 10.1161/STROKEAHA.107.497602.

Thomas DR, Zdrowski CD, Wilson MM, Conright KC, Lewis C,
Tariq S, Morley JE. Malnutrition in subacute care. Am J Clin Nutr.
2002;75:308-313.

Westergren A. Nutrition and its relation to mealtime prepara-
tion, eating, fatigue and mood among stroke survivors after dis-
charge from hospital: a pilot study. Open Nurs J. 2008;2:15-20. doi:
10.2174/1874434600802010015.

Hermann DM, Bassetti CL. Sleep-related breathing and sleep-wake
disturbances in ischemic stroke. Neurology. 2009;73:1313-1322. doi:
10.1212/WNL.0b013e3181bd137c.

Leppidvuori A, Pohjasvaara T, Vataja R, Kaste M, Erkinjuntti T. Insomnia
in ischemic stroke patients. Cerebrovasc Dis. 2002;14:90-97.

Sandberg O, Franklin KA, Bucht G, Gustafson Y. Sleep apnea, delirium,
depressed mood, cognition, and ADL ability after stroke. J Am Geriatr
Soc. 2001;49:391-397.

Park JY, Chun MH, Kang SH, Lee JA, Kim BR, Shin MJ. Functional
outcome in poststroke patients with or without fatigue. Am J Phys Med
Rehabil. 2009;88:554-558. doi: 10.1097/PHM.0b013e3181a0dae0.

Suh M, Choi-Kwon S, Kim JS. Sleep disturbances after cerebral
infarction: role of depression and fatigue. J Stroke Cerebrovasc Dis.
2014;23:1949-1955. doi: 10.1016/j.jstrokecerebrovasdis.2014.01.029.
Falconer M, Walsh S, Harbison JA. Estimated prevalence of fatigue fol-
lowing stroke and transient ischemic attack is dependent on terminology
used and patient gender. J Stroke Cerebrovasc Dis. 2010;19:431-434.
doi: 10.1016/j.jstrokecerebrovasdis.2009.07.017.

Sterr A, Herron K, Dijk DJ, Ellis J. Time to wake-up: sleep prob-
lems and daytime sleepiness in long-term stroke survivors. Brain Inj.
2008;22:575-579. doi: 10.1080/02699050802189727.

Choi-Kwon S, Choi JM, Kwon SU, Kang DW, Kim JS. Factors that
affect the quality of life at 3 years post-stroke. J Clin Neurol. 2006;2:34—
41. doi: 10.3988/jcn.2006.2.1.34.

Naess H, Lunde L, Brogger J, Waje-Andreassen U. Post-stroke pain on
long-term follow-up: the Bergen stroke study. J Neurol. 2010;257:1446—
1452. doi: 10.1007/s00415-010-5539-y.

Hoang CL, Salle JY, Mandigout S, Hamonet J, Macian-Montoro F,
Daviet JC. Physical factors associated with fatigue after stroke: an
exploratory study. Top Stroke Rehabil. 2012;19:369-376. doi: 10.1310/
tsr1905-369.

Choi-Kwon S, Choi SH, Suh M, Choi S, Cho KH, Nah HW, Song H, Kim
JS. Musculoskeletal and central pain at 1 year post-stroke: associated
factors and impact on quality of life. Acta Neurol Scand. 2017;135:419—
425. doi: 10.1111/ane.12617.

. Duncan F, Greig C, Lewis S, Dennis M, MacLullich A, Sharpe M,

Mead G. Clinically significant fatigue after stroke: a longitudinal
cohort study. J Psychosom Res. 2014;77:368-373. doi: 10.1016/j.
jpsychores.2014.06.013.

Schuitemaker GE, Dinant GJ, Van Der Pol GA, Verhelst AF, Appels
A. Vital exhaustion as a risk indicator for first stroke. Psychosomatics.
2004:45:114-118. doi: 10.1176/appi.psy.45.2.114.

Schwartz SW, Carlucci C, Chambless LE, Rosamond WD. Synergism
between smoking and vital exhaustion in the risk of ischemic stroke:


http://stroke.ahajournals.org/

/T0Z ‘vZ JequisnoN uo 1sanb Aq /6.10°seulno feyeaxouis//:dny woly papeojumoq

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

evidence from the ARIC study. Ann Epidemiol. 2004;14:416-424. doi:
10.1016/j.annepidem.2003.10.010.

Kornerup H, Marott JL, Schnohr P, Boysen G, Barefoot J, Prescott E.
Vital exhaustion increases the risk of ischemic stroke in women but not
in men: results from the Copenhagen City Heart Study. J Psychosom Res.
2010;68:131-137. doi: 10.1016/j.jpsychores.2009.08.009.

Tang WK, Chen YK, Mok V, Chu WC, Ungvari GS, Ahuja AT, Wong
KS. Acute basal ganglia infarcts in poststroke fatigue: an MRI study. J
Neurol. 2010;257:178-182. doi: 10.1007/s00415-009-5284-2.

de Coster L, Leentjens AF, Lodder J, Verhey FR. The sensitivity of
somatic symptoms in post-stroke depression: a discriminant analytic
approach. Int J Geriatr Psychiatry. 2005;20:358-362. doi: 10.1002/
£ps.1290.

Tseng BY, Billinger SA, Gajewski BJ, Kluding PM. Exertion fatigue and
chronic fatigue are two distinct constructs in people post-stroke. Stroke.
2010;41:2908-2912. doi: 10.1161/STROKEAHA.110.596064.
Kutlubaev MA, Shenkin SD, Farrall AJ, Duncan FH, Lewis SJ, Greig
CA, Dennis MS, Wardlaw JM, Maclullich AM, Mead GE. CT and
clinical predictors of fatigue at one month after stroke. Cerebrovasc Dis
Extra. 2013;3:26-34. doi: 10.1159/000347113.

van Eijsden HM, van de Port IG, Visser-Meily JM, Kwakkel G.
Poststroke fatigue: who is at risk for an increase in fatigue? Stroke Res
Treat. 2012;2012:863978. doi: 10.1155/2012/863978.

Jaracz K, Mielcarek L, Kozubski W. Clinical and psychological corre-
lates of poststroke fatigue: preliminary results. Neurol Neurochir Pol.
2007;41:36-43.

Choi-Kwon S, Choi J, Kwon SU, Kang DW, Kim JS. Fluoxetine is
not effective in the treatment of post-stroke fatigue: a double-blind,
placebo-controlled study. Cerebrovasc Dis. 2007;23:103-108. doi:
10.1159/000097045.

Karaiskos D, Tzavellas E, Spengos K, Vassilopoulou S, Paparrigopoulos
T. Duloxetine versus citalopram and sertraline in the treatment of post-
stroke depression, anxiety, and fatigue. J Neuropsychiatry Clin Neurosci.
2012;24:349-353. doi: 10.1176/appi.neuropsych.11110325.

Tombaugh TN, McIntyre NJ. The Mini-Mental State Examination: a
comprehensive review. J Am Geriatr Soc. 1992;40:922-935.

Hubacher M, Calabrese P, Bassetti C, Carota A, Stocklin M, Penner IK.
Assessment of post-stroke fatigue: the fatigue scale for motor and cogni-
tive functions. Eur Neurol. 2012;67:377-384. doi: 10.1159/000336736.
Johansson B, Ronnbick L. Mental fatigue and cognitive impair-
ment after an almost neurological recovered stroke. ISRN Psychiatry.
2012;2012:686425. doi: 10.5402/2012/686425.

Kuppuswamy A, Clark EV, Turner IF, Rothwell JC, Ward NS. Post-
stroke fatigue: a deficit in corticomotor excitability? Brain. 2015;138(pt
1):136-148. doi: 10.1093/brain/awu306.

Kutlubaev MA, Duncan FH, Mead GE. Biological correlates of post-
stroke fatigue: a systematic review. Acta Neurol Scand. 2012;125:219—
227. doi: 10.1111/j.1600-0404.2011.01618.x.

Wei C, Zhang F, Chen L, Ma X, Zhang N, Hao J. Factors associated with
post-stroke depression and fatigue: lesion location and coping styles. J
Neurol. 2016;263:269-276. doi: 10.1007/s00415-015-7958-2.

Tang WK, Liang HJ, Chen YK, Chu WC, Abrigo J, Mok VC, Ungvari
GS, Wong KS. Poststroke fatigue is associated with caudate infarcts. J
Neurol Sci. 2013;324:131-135. doi: 10.1016/j.jns.2012.10.022.

Harboe E, Tjensvoll AB, Vefring HK, Ggransson LG, Kvalgy JT, Omdal
R. Fatigue in primary Sjogren’s syndrome: a link to sickness behaviour
in animals? Brain Behav Immun. 2009;23:1104-1108. doi: 10.1016/j.
bbi.2009.06.151.

Newton JL. Fatigue in primary biliary cirrhosis. Clin Liver Dis.
2008;12:367-383, ix. doi: 10.1016/j.c1d.2008.02.010.

Krupp LB, Christodoulou C. Fatigue in multiple sclerosis. Curr Neurol
Neurosci Rep. 2001;1:294-298.

Ramsey-Goldman R, Rothrock N. Fatigue in systemic lupus erythema-
tosus and rheumatoid arthritis. PM R. 2010;2:384-392. doi: 10.1016/j.
pmrj.2010.03.026.

Abbas G, Jorgensen RA, Lindor KD. Fatigue in primary biliary cir-
rhosis. Nat Rev Gastroenterol Hepatol. 2010;7:313-319. doi: 10.1038/
nrgastro.2010.62.

Harrison NA, Brydon L, Walker C, Gray MA, Steptoe A, Dolan RJ,
Critchley HD. Neural origins of human sickness in interoceptive
responses to inflammation. Biol Psychiatry. 2009;66:415-422. doi:
10.1016/j.biopsych.2009.03.007.

Dantzer R, Kelley KW. Twenty years of research on cytokine-induced
sickness behavior. Brain Behav Immun. 2007;21:153-160. doi:
10.1016/j.bbi.2006.09.006.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

Hinkle et al Poststroke Fatigue el69

Tate J, Olencki T, Finke J, Kottke-Marchant K, Rybicki LA, Bukowski
RM. Phase I trial of simultaneously administered GM-CSF and IL-6 in
patients with renal-cell carcinoma: clinical and laboratory effects. Ann
Oncol. 2001;12:655-659.

Norheim KB, Harboe E, Ggransson LG, Omdal R. Interleukin-1 inhi-
bition and fatigue in primary Sjogren’s syndrome: a double blind, ran-
domised clinical trial. PLoS One. 2012;7:¢30123. doi: 10.1371/journal.
pone.0030123.

Tookman AJ, Jones CL, DeWitte M, Lodge PJ. Fatigue in patients with
advanced cancer: a pilot study of an intervention with infliximab. Support
Care Cancer. 2008;16:1131-1140. doi: 10.1007/s00520-008-0429-x.
Baranauskaite A, Raffayovd H, Kungurov NV, Kubanova A, Venalis
A, Helmle L, Srinivasan S, Nasonov E, Vastesaeger N; RESPOND
Investigators. Infliximab plus methotrexate is superior to methotrexate
alone in the treatment of psoriatic arthritis in methotrexate-naive pa-
tients: the RESPOND study. Ann Rheum Dis. 2012;71:541-548. doi:
10.1136/ard.2011.152223.

Matsuyama M, Suzuki T, Tsuboi H, Ito S, Mamura M, Goto D,
Matsumoto I, Tsutsumi A, Sumida T. Anti-interleukin-6 receptor anti-
body (tocilizumab) treatment of multicentric Castleman’s disease. Intern
Med. 2007;46:771-774.

Strand V, Burmester GR, Ogale S, Devenport J, John A, Emery P.
Improvements in health-related quality of life after treatment with to-
cilizumab in patients with rheumatoid arthritis refractory to tumour ne-
crosis factor inhibitors: results from the 24-week randomized controlled
RADIATE study. Rheumatology (Oxford). 2012;51:1860-1869. doi:
10.1093/rheumatology/kes131.

Burmester GR, Feist E, Kellner H, Braun J, Iking-Konert C, Rubbert-
Roth A. Effectiveness and safety of the interleukin 6-receptor antagonist
tocilizumab after 4 and 24 weeks in patients with active rheumatoid ar-
thritis: the first phase IIIb real-life study (TAMARA). Ann Rheum Dis.
2011;70:755-759. doi: 10.1136/ard.2010.139725.

McKechnie F, Lewis S, Mead G. A pilot observational study of the as-
sociation between fatigue after stroke and C-reactive protein. J R Coll
Physicians Edinb. 2010;40:9-12. doi: 10.4997/JRCPE.2010.103.
Becker KJ. Inflammation and the silent sequelae of stroke.
Neurotherapeutics. 2016;13:801-810. doi: 10.1007/s13311-016-0451-5.
Wu S, Duncan F, Anderson NH, Kuppuswamy A, Macloed MR, Mead
GE. Exploratory cohort study of associations between serum C-reactive
protein and fatigue after stroke. PLoS One. 2015;10:e0143784. doi:
10.1371/journal.pone.0143784.

Rafiq S, Stevens K, Hurst AJ, Murray A, Henley W, Weedon MN,
Bandinelli S, Corsi AM, Guralnik JM, Ferruci L, Melzer D, Frayling
TM. Common genetic variation in the gene encoding interleukin-
I-receptor antagonist (IL-1RA) is associated with altered circulat-
ing IL-1RA levels. Genes Immun. 2007;8:344-351. doi: 10.1038/
sj.gene.6364393.

Reiner AP, Wurfel MM, Lange LA, Carlson CS, Nord AS, Carty CL,
Rieder MJ, Desmarais C, Jenny NS, Iribarren C, Walston JD, Williams
OD, Nickerson DA, Jarvik GP. Polymorphisms of the IL1-receptor an-
tagonist gene (IL1IRN) are associated with multiple markers of systemic
inflammation. Arterioscler Thromb Vasc Biol. 2008;28:1407-1412. doi:
10.1161/ATVBAHA.108.167437.

Ronnbédck L, Hansson E. On the potential role of glutamate trans-
port in mental fatigue. J Neuroinflammation. 2004;1:22. doi:
10.1186/1742-2094-1-22.

Syed AB, Castell LM, Ng A, Winward C, Rothwell PM. Plasma glu-
tamate levels predict fatigue after TIA and minor stroke [abstract].
Cerebrovasc Dis. 2007;23(suppl 2):117.

Davalos A, Castillo J, Serena J, Noya M. Duration of glutamate release
after acute ischemic stroke. Stroke. 1997;28:708-710.

Fogal B, Hewett SJ. Interleukin-lbeta: a bridge between inflam-
mation and excitotoxicity? J Neurochem. 2008;106:1-23. doi:
10.1111/.1471-4159.2008.05315..x.

Vesce S, Rossi D, Brambilla L, Volterra A. Glutamate release from as-
trocytes in physiological conditions and in neurodegenerative disorders
characterized by neuroinflammation. Int Rev Neurobiol. 2007;82:57-71.
doi: 10.1016/S0074-7742(07)82003-4.

McNally L, Bhagwagar Z, Hannestad J. Inflammation, glutamate, and
glia in depression: a literature review. CNS Spectr. 2008;13:501-510.
Leonard BE, Myint A. Inflammation and depression: is there a causal
connection with dementia? Neurotox Res. 2006;10:149—-160.

Hopkins SJ. Central nervous system recognition of peripheral inflam-
mation: a neural, hormonal collaboration. Acta Biomed. 2007;78(suppl
1):231-247.


http://stroke.ahajournals.org/

/T0Z ‘vZ JequisnoN uo 1sanb Aq /6.10°seulno feyeaxouis//:dny woly papeojumoq

el70

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

Stroke July 2017

Jager A, Sleijfer S, van der Rijt CC. The pathogenesis of cancer related
fatigue: could increased activity of pro-inflammatory cytokines be the
common denominator? Eur J Cancer. 2008;44:175-181. doi: 10.1016/j.
ejca.2007.11.023.

Mead G, Lynch J, Greig C, Young A, Lewis S, Sharpe M. Evaluation
of fatigue scales in stroke patients. Stroke. 2007;38:2090-2095. doi:
10.1161/STROKEAHA.106.478941.

Ingles JL, Eskes GA, Phillips SJ. Fatigue after stroke. Arch Phys Med
Rehabil. 1999;80:173-178.

Whitehead L. The measurement of fatigue in chronic illness: a sys-
tematic review of unidimensional and multidimensional fatigue mea-
sures. J Pain Symptom Manage. 2009;37:107-128. doi: 10.1016/j.
Jjpainsymman.2007.08.019.

Lerdal A, Kottorp A. Psychometric properties of the Fatigue Severity
Scale-Rasch analyses of individual responses in a Norwegian
stroke cohort. Int J Nurs Stud. 2011;48:1258-1265. doi: 10.1016/j.
ijnurstu.2011.02.019.

Ogden JA, Mee EW, Utley T. Too little, too late: does tirilazad mesyl-
ate reduce fatigue after subarachnoid hemorrhage? Neurosurgery.
1998:43:782-787.

Wu S, Kutlubaev MA, Chun HY, Cowey E, Pollock A, Macleod MR,
Dennis M, Keane E, Sharpe M, Mead GE. Interventions for post-
stroke fatigue. Cochrane Database Syst. Rev. 2015:CD007030. doi:
10.1002/14651858.CD007030.pub3.

Brioschi A, Gramigna S, Werth E, Staub F, Ruffieux C, Bassetti C,
Schluep M, Annoni JM. Effect of modafinil on subjective fatigue in mul-
tiple sclerosis and stroke patients. Eur Neurol. 2009;62:243-249. doi:
10.1159/000232927.

Poulsen MB, Damgaard B, Zerahn B, Overgaard K, Rasmussen RS.
Modafinil may alleviate poststroke fatigue: a randomized, placebo-con-
trolled, double-blinded trial. Stroke. 2015;46:3470-3477. doi: 10.1161/
STROKEAHA.115.010860.

Johansson B, Carlsson A, Carlsson ML, Karlsson M, Nilsson MK,
Nordquist-Brandt E, Rénnbick L. Placebo-controlled cross-over study of
the monoaminergic stabiliser (-)-OSU6162 in mental fatigue following
stroke or traumatic brain injury. Acta Neuropsychiatr. 2012;24:266-274.
doi: 10.1111/5.1601-5215.2012.00678 .x.

Huijts M, Duits A, Staals J, van Oostenbrugge RJ. Association of vitamin
B12 deficiency with fatigue and depression after lacunar stroke. PLoS
One. 2012;7:¢30519. doi: 10.1371/journal.pone.0030519.

Gurak SV, Parfenov VA. Asthenia after stroke and myocardial infarction
and its treatment with Enerion. Clin Gerontol. 2005;8:9—12.

Costantini A, Pala MI, Catalano ML, Notarangelo C, Careddu P.
High-dose thiamine improves fatigue after stroke: a report of three

129.

130.

131.

132.

133.

134.

135.

136.

137.

cases. J Altern Complement Med. 2014;20:683-685. doi: 10.1089/
acm.2013.0461.

Boiko AN, Lebedeva AV, Shchukin IA, Soldatov MA, Petrov SV,
Khozova AA, Ismailov AM, Shikhkerimov RK. Emotional disorders
and quality of life in patients with post stroke asthenia [in Russian]. Zh
Nevrol Psikhiatr Im S S Korsakova. 2013;113:27-33.

ClinicalTrials.gov. Randomized, Double Blind, Placebo Control Trial to
Evaluate the Efficacy of Astragalus Membranaceus in the Patients After
Stroke With Fatigue. 2012. https://clinicaltrials.gov. Accessed June 22,
2015.

Li L, Hou X, Xu R, Liu C, Tu M. Research review on the pharmacologi-
cal effects of astragaloside IV. Fundam Clin Pharmacol. 2017;31:17-36.
doi:10.1111/fcp.12232

Billinger SA, Arena R, Bernhardt J, Eng JJ, Franklin BA, Johnson CM,
MacKay-Lyons M, Macko RF, Mead GE, Roth EJ, Shaughnessy M,
Tang A; on behalf of the American Heart Association Stroke Council;
Council on Cardiovascular and Stroke Nursing; Council on Lifestyle
and Cardiometabolic Health; Council on Epidemiology and Prevention;
Council on Clinical Cardiology. Physical activity and exercise recom-
mendations for stroke survivors: a statement for healthcare profession-
als from the American Heart Association/American Stroke Association.
Stroke. 2014;45:2532-2553. doi: 10.1161/STR.0000000000000022.
Winstein CJ, Stein J, Arena R, Bates B, Cherney LR, Cramer SC,
Deruyter F, Eng JJ, Fisher B, Harvey RL, Lang CE, MacKay-Lyons
M, Ottenbacher KJ, Pugh S, Reeves MJ, Richards LG, Stiers W,
Zorowitz RD; on behalf of the American Heart Association Stroke
Council, Council on Cardiovascular and Stroke Nursing, Council on
Clinical Cardiology, and Council on Quality of Care and Outcomes
Research. Guidelines for adult stroke rehabilitation and recovery:
a guideline for healthcare professionals from the American Heart
Association/American Stroke Association [published correction ap-
pears in Stroke. 2017;48:e78]. Stroke. 2016;47:¢98—e169. doi: 10.1161/
STR.0000000000000098.

National Stroke Foundation. Clinical guidelines for stroke management
2010. 2010. www.pedro.org.au/wp-content/uploads/CPG_stroke.pdf.
Accessed January 17, 2017.

American Heart Association/American Heart Association. Let’s talk
about stroke. www.StrokeAssociation.org/letstalkaboutstroke. Accessed
January 17, 2017.

National Stroke Association. Fatigue. http://www.stroke.org/we-can-help/
survivors/stroke-recovery/post-stroke-conditions/physical/fatigue. Accessed
January 17, 2017.

Stroke Association. Stroke Association website. www.stroke.org.uk.
Accessed January 17, 2017.


http://stroke.ahajournals.org/

/T0Z ‘vZ JequisnoN uo 1sanb Aq /6.10°seulno feyeaxouis//:dny woly papeojumoq

Stroke T

American American

Heart | Stroke

Association | Associatione.

Poststroke Fatigue: Emerging Evidence and Approachesto Management: A Scientific
Statement for Healthcar e Professionals From the American Heart Association
Janice L. Hinkle, Kyra J. Becker, Jong S. Kim, Smi Choi-Kwon, Karen L. Saban, Norma
McNair and Gillian E. Mead
on behalf of the American Heart Association Council on Cardiovascular and Stroke Nursing and
Stroke Council

Stroke. 2017;48:€159-e170; originally published online May 25, 2017,

doi: 10.1161/STR.0000000000000132
Srokeis published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231
Copyright © 2017 American Heart Association, Inc. All rights reserved.
Print ISSN: 0039-2499. Online ISSN: 1524-4628

The online version of this article, along with updated information and services, islocated on the
World Wide Web at:
http://stroke.ahajournal s.org/content/48/7/e159

Permissions: Requests for permissions to reproduce figures, tables, or portions of articles originaly published
in Stroke can be obtained via RightsLink, a service of the Copyright Clearance Center, not the Editorial Office.
Once the online version of the published article for which permission is being requested is located, click
Request Permissions in the middle column of the Web page under Services. Further information about this
processis available in the Permissions and Rights Question and Answer document.

Reprints: Information about reprints can be found online at:
http://www.lww.com/reprints

Subscriptions: Information about subscribing to Srokeis online at:
http://stroke.ahajournal s.org//subscriptions/



http://stroke.ahajournals.org/content/48/7/e159
http://www.ahajournals.org/site/rights/
http://www.lww.com/reprints
http://stroke.ahajournals.org//subscriptions/
http://stroke.ahajournals.org/



