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This literature review will discuss the research focused on stroke, post-traumatic stress disorder (PTSD), and post-stroke PTSD. A
stroke is when the blood supply to a part of the brain gets rapidly reduced or completely cut off. The two types of strokes are
ischemic and hemorrhagic strokes. There are also several signs of a stroke: numbness, weakness, paralysis, and more. Stroke is a
serious medical emergency that has an extensive list of side effects, such as motor, cognitive, and/or emotional impacts. One often
overlooked complication of stroke includes one’s development of post-traumatic stress disorder (PTSD). PTSD is a stress- and
trauma-related disorder that develops in some people who have encountered extreme amounts of trauma. The typical symptoms
of PTSD are anxiety, depression, being in fight or flight mode, and so much more. Research has shown that there is a positive
bidirectional relationship between a stroke and PTSD. However, technology is not advanced enough to detect PTSD, and even
post-stroke PTSD, in its early stages, making them both harder to treat. The suggested treatments range from using medications to
aggressive therapies in order to treat post-stroke, and regular, PTSD. The overall assessment shows that post-stroke PTSD is more
common than people think and that there needs to be more research, advancement in technology, and advancement in therapies in
order to combat it. Here, I will explore the overall relationship between stroke and PTSD and highlight work being done to assist

in patient recognition and recovery.

Introduction

Every 40 seconds, someone has a stroke, and every 4 minutes,
someone dies from a stroke. A stroke is a severe medical
complication that results in damage to the brain. The normal
human brain will look different than the brain of a person who
has suffered a stroke. A healthy human brain has blood flowing
in and out, distributing nutrients that are essential for the brain
and body to function. The human brain has neurons, glial cells,
astrocytes, and many other components that assist in healthy
brain function?. However, when someone suffers a stroke, an
area of the brain is damaged and the brain’s default functions
are disrupted. The area of stroke damage relates to the stroke
symptoms an individual might develop. A stroke occurs when
the blood supply to a part of the brain gets severely reduced
or blocked. There are two types of stroke: ischemic and hem-
orrhagic. An ischemic stroke is when the blood supply to the
brain gets blocked or cut off. A hemorrhagic stroke is when a
blood vessel in the brain leaks or bursts. Based on the area of
the brain that is damaged by a stroke, one can have different
symptoms. The motor side effects for post-stroke patients can
range from not being able to write to being severely paralyzed.
In addition to the physical and behavioral effects of a stroke,
there is also a serious impact on one’s mental health. One of the
severe complications of a stroke is post-traumatic stress disorder
(PTSD). Studies show that roughly 25% of stroke patients will

develop PTSD as a result of their stroke. This paper will discuss
stroke, PTSD, and the relationship between the two-.

Stroke

A stroke is when the blood supply to a part of the brain gets
severely reduced or blocked, of which there are two types: is-
chemic and hemorrhagic®. An ischemic stroke is when the
blood supply to a part of the brain gets reduced or blocked. As a
result, this prevents the tissues in the brain from getting oxygen
and other nutrients that are necessary for the tissues to function.
So, the brain cells in these tissues get damaged immediately and
start to die. The other type of stroke is hemorrhagic=. This is
when a blood vessel in the brain bursts or leaks. This causes
a bleed in the brain. The blood puts a lot of pressure on the
brain cells. And, as a result, the brain cells begin to rapidly
die. There are a couple of causes of strokes. The cause of an
ischemic stroke is when an artery is clogged or blocked in the
brain. Blocked arteries and/or blood vessels can be caused by
the build-up of fatty deposits, blood clots, and/or other debris.
Most of the debris that causes blocked blood vessels comes from
the heart. The cause of a hemorrhagic stroke is when a blood
vessel leaks or bursts in the brain. There are many causes of a
ruptured blood vessel. One is high blood pressure that is not
under control. Bulges at weak spots in the blood vessels are
called an aneurysm. Any head trauma, such as a car accident,
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makes blood vessels susceptible to rupture. And, an ischemic
stroke can even lead to a hemorrhagic stroke. Between the two
types of strokes, an ischemic stroke is more common than a
hemorrhagic stroke®.

Influences, Symptoms, and Complications of Stroke

There are many physical influences of stroke. However, there
can be cultural, socioeconomic, and demographic causes behind
a person suffering from a stroke. Physical aspects such as age,
health, and mental capability play crucial roles in whether a
person is at risk of having a stroke. Nonetheless, different
demographics such as ethnicity, religion, income, sex, education,
location, etc., can also make a person more prone to stroke.
Firstly, one study sought to see whether socioeconomic status
could be a factor in influencing stroke®. This was a relatively
large study, consisting of 86,316 patients, all of whom were
diagnosed with an ischemic stroke and were from a wide variety
of different demographics. Patients’ education level (primary,
secondary, undergraduate, and postgraduate) was used as the
metric for socioeconomic status. This study used the Reaction

Level Scale to measure the severity of stroke in all the patients.

The results showed that patients with a low socioeconomic status
were associated with a high risk of severe stroke. In contrast,
the patients with a medium to high socioeconomic status were
not at as high a risk of stroke as the low socioeconomic status
patients were. This study revealed that about one-third of the
reason for the strong association between low socioeconomic
status and high risk for severe stroke was due to people with low
socioeconomic status having unique risk factors. These unique
risk factors led to a high risk for severe stroke®. Nevertheless,
demographic influencers can also play a part in how patients are
treated in post-stroke care. For example, one study focused on
how socioeconomic status could affect patients with stroke and
the post-stroke care that patients from different socioeconomic
statuses received. Most of the evidence on how socioeconomic
status affects stroke, and post-stroke care, demonstrates that
people who have low socioeconomic status are more prone
to having high levels of hypertension (high blood pressure),
hyperlipidemia (high levels of lipids in the blood, which can lead
to a high risk for stroke), drinking problems, smoking, obesity,

and a sedentary lifestyle (a lifestyle without adequate exercise).

This study also found that people with low socioeconomic status
are less likely to receive proper post-stroke care. This means
they can experience inadequate rehab, unfit treatments, poor
management of risk factors post-stroke, and restrictive access to
high-quality post-stroke care. All of these subpar experiences
in post-stroke care create inequality in the healthcare industry,
making it harder for people of low socioeconomic status to

get the treatment they deserve in their post-stroke care plan.

Overall, people of low socioeconomic status are less likely to
get proper treatment post-stroke. As a result, low socioeconomic

people can be in danger of a wide variety of complications,
such as post-stroke PTSD, that could emerge post-stroke due to
their insufficient post-stroke care”. Through these studies, it is
apparent that post-stroke patients of low socioeconomic class
are most likely to receive insufficient care; therefore, they can
face a wider variety of complications post-stroke and have a
higher potential to suffer more.

Undeniably, a stroke can cause serious brain injury; therefore,
there are some symptoms and complications that doctors look
out for. Some of the most obvious signs of a stroke are numb-
ness, weakness, and/or paralysis in the body. For example, if
someone’s smile is lopsided or if their arms are falling down,
this person is potentially having a stroke. Another symptom of
a stroke is when someone cannot speak properly, evidenced by
slurring or an inability to understand a simple sentence another
person is saying. Other symptoms include difficulty walking,
vision problems, and a severe headache. Since a stroke is a
severe brain injury, it will have some harmful complications.
After an individual has a stroke, they may become paralyzed.
They may have trouble talking, swallowing, and eating. Further,
they may have trouble with speaking, understanding speech,
writing, and/or reading, which is dependent on the area of the
brain that is damaged from the stroke. Other obvious compli-
cations of strokes include memory loss, trouble thinking, and
trouble forming clear thoughts. Two other severe complications
of a stroke are Dementia and Alzheimer’s Disease. All of these
complications are indicators of how severe a person’s stroke
was. However, the NIH Stroke Scale, a type of Reaction Level
Scale, is used to determine how serious one’s stroke was. The
NIH Stroke Scale asks an individual to perform physical and
mental tasks in order to evaluate how severe their stroke was.
The NIH Stroke Scale can also help medical professionals deter-
mine a patient’s neurological function and stroke severity®. The
two complications of strokes that overlap the most with mental
health are emotional symptoms and changes in behavior. After
a stroke, a person may have trouble controlling their emotions.
An individual could also become more withdrawn and might
develop depression after suffering a stroke. The behavioral and
emotional symptoms that can develop after a stroke can be the
cause of post-traumatic stress disorder (PTSD) that a person
might have. Studies have shown that women are more subject
to strokes than men with one in four women having a chance of
stroke after the age of twenty-five".

One complication of stroke is post-stroke PTSD, which is a
topic that has been researched and is probable to continue to be
a topic of research for a long time to come. Usually, there are
signs of post-stroke PTSD and PTSD in general. Common side
effects of post-stroke PTSD are post-stroke depression (PSD),
anxiety, and fatigue””. These three complications need to be
diagnosed early on in post-stroke patients to prevent any of
these symptoms from worsening. Two of the most detrimental
diseases a person can get after having a stroke are Dementia
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Table 1 Comparison of stroke complications and their associated
PTSD connection. Stroke complications such as anxiety, dementia,
depression, memory loss, Alzheimer’s Disease, poor emotional
regulation, and trouble thinking and forming clear thoughts are all
symptoms of PTSD. Legend: 1 = Associated with PTSD | = Not
associated with PTSD <+ = A symptom of PTSD <— = PTSD can lead
to dementia — = PTSD can lead to AD

Stroke complications PTSD connections

Anxiety T, ¢
Seizures 1

Paralysis +

Dementia T,
Depression T, <
Memory loss T,
Alzheimer’s Disease (AD) T
Poor emotional regulation T,

Trouble with talking and eat- | |
ing

Trouble thinking and form-
ing clear thoughts

and Alzheimer’s Disease (AD). This study has also outlined
that there is a 20% chance for the development of early-onset
dementia to develop in post-stroke patients within the first 6
months after a stroke. 50% of post-stroke patients were diag-
nosed with epilepsy who are over the age of 60-years-old. Other
complications can be falls and any other injuries, all of which
can land post-stroke patients back in the hospital for further
treatments. Almost 50% of post-stroke patients develop chronic
pain, but chronic pain is often not caught in time for there to be
any prevention of it. There are countless other complications
for post-stroke patients that cannot be identified early on in their
recovery, making it more likely these post-stroke patients will
develop one or more of these awful complications”. Another
serious complication of a stroke is seizures. Recent studies have
shown that post-stroke seizures have become more and more
prevalent in post-stroke patients. Post-stroke seizures can be
caused by long-term hospitalization and can lead to an increased
mortality rate. However, long-term hospitalization is often nec-
essary as some post-stroke patients have to stay in the hospital
for treatments and screenings. So, although long-term hospital-
ization is useful, it can often lead to unintended negative side
effects, such as a dwindling social support system. The standard
way to treat seizures is through anti-epileptic drugs (AEDs),
however, research is lacking on the side effects of these drugs
for post-stroke patients. However, there are no proven studies
or theories that allow post-stroke patients specifically to take
AED:s for their post-stroke seizures, due to a lack of research
support in this area. In order to determine the best treatment
for post-stroke seizures, there needs to be more studies on this

specific subject. Since seizures are one of the most detrimental
complications in post-stroke patients, putting this topic at the
forefront of post-stroke research is a must in order to prevent

post-stroke seizures®.

Therapeutics and Medications for Stroke

As stroke impacts more than 795,000 people in the United States
yearly, many resources and research dollars have been funneled
to develop therapeutics and medications used to treat post-stroke
patients”. Endovascular therapy is a procedure used to treat is-
chemic stroke, wherein a doctor places a catheter into the brain
that removes the clot that is causing the stroke. Endovascular
therapy has high success rates. However, it is very invasive,
which means there are a host of complications that go along
with the procedure. Studies have shown that the top three com-
plications of endovascular therapy are pneumonia, cardiac in-
sufficiency, and myocardial infarction. However, if doctors can
identify any of these complications in their early stages, it is
possible to prevent or lessen their brunt'. Another type of ther-
apy used for post-stroke patients is underwater exercise training.
Underwater exercise training is when post-stroke patients ex-
ercise underwater and receive the routine treatment plan for a
stroke. Studies show that underwater exercise training improves
walking ability, balance, and overall mobility in post-stroke
patients which can lead to fewer physical complications of a
stroke!ll. This type of training is crucial in order for a post-
stroke patient’s mobility because of the complications someone
can experience after suffering a stroke. Paralysis, trouble walk-
ing, and trouble moving limbs are all common complications
in post-stroke patients. Using underwater exercise training can
decrease, or completely avoid, the effect of any of these com-
plications. Other, more serious, complications in post-stroke
patients are seizures and epilepsy. There have been some studies
done to show that the drug diazepam can reduce or prevent the
seizure rate in post-stroke patients. In one study, patients who
were given diazepam for three days did not have any seizures in
the first three months after a stroke. So, diazepam is verified to
work for that time period, but there is a lack of research focused
on how diazepam can affect someone after long-term usage.
However, there need to be more studies done on the prevention
and overall treatments for post-stroke seizures!,

Another treatment used for post-stroke complications related
to mobility is constraint-induced movement therapy (CIMT).
CIMT is the most studied treatment for mobility problems re-
lated to post-stroke PTSD, therefore it is the most reliable treat-
ment overall for post-stroke patients. CIMT is mainly used for
upper limb impairments. The therapy consists of the patient’s
non-affected limb being tied up to force the patient to use the
affected limb to complete tasks such as picking up an object or
flipping a switch. The repetition and consistency of this ther-
apy can significantly regenerate the ability of the affected limb.
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The results of CIMT show that it improves and benefits motor
function, arm/hand activities, and overall function in daily life.
However, the mechanisms of CIMT are still poorly understood
by doctors and physicians. As such more studies and clinical
trials are needed to thoroughly understand how CIMT helps
patients>. Another complication of a stroke is post-stroke cog-
nitive impairment (PSCI). PSCI is treated with many medical
screenings and routine post-stroke therapy. However, PSCI can
lead to two more detrimental complications of a stroke: Demen-
tia and Alzheimer’s Disease, both of which take a heavy toll on a
person’s quality of lifel®. Lastly, there is the common complica-
tion of post-stroke post-traumatic stress disorder (PTSD), which
researchers have aimed to investigate. One way to treat post-
stroke PTSD is through preventative therapy. The crux of this
treatment is to use different ways to prevent post-stroke PTSD.
In contrast, supportive therapy is also used to treat post-stroke
PTSD. Supportive therapy is a way to support or aid someone
who has post-stroke PTSD rather than prevent it

PTSD

One in four stroke patients suffers from post-traumatic stress
disorder (PTSD). Although many people endure trauma at some
point in their lives, the development of PTSD is quite rare, which
explains why there is a gap in research in regard to PTSD!.
PTSD is a stress-related disorder that develops in some people
who have experienced excessive amounts of trauma. As such, it
is clear that PTSD is a severe disorder that can affect the mental
health of the person dealing with it.

Symptoms and Ranking of PTSD

As previously mentioned, PTSD is a stress-related disorder that
develops in some individuals who have experienced a lot of
trauma. Early on, PTSD was dubbed as an anxiety-related dis-
order”. But, after many studies were conducted, it was shown
that PTSD is a trauma- and stress-related disorder. Some com-
mon symptoms of PTSD are anxiety and depression. Other
symptoms that are unique to PTSD are intrusive experiences,
avoidance, mood swings/changes, and arousal. Studies show
that people with PTSD, and anxiety, have a hard time separat-
ing safety from danger and are still fearful or on fight or flight
mode in safe situations'”. Fight or flight mode is a stress re-
sponse. The fight or flight response is when many hormones
are released and tell the body to either stay and fight or to run
and get out of harm’s way. During fight or flight, the body’s
number one priority is to keep itself safe from any precarious
situations'®, There have been studies done on the behaviors of
people with PTSD and the consequences of them. Studies on
war veterans show that people with PTSD have different and
difficult behaviors but they do not show any signs of increased
levels of aggression to the point where they could physically

hurt people’. Other emotions associated with PTSD are the
following: negativity, neuroticism (impaired emotional stabil-
ity), harm avoidance, novelty-seeking (impulsivity and loss of
temper), hostility, anger, and anxiety'®

Other symptoms of PTSD that have been studied are avoid-
ance and numbing. Studies have shown though that both of
these symptoms are associated with PTSD, but they are par-
ticularly hard to treat as many treatments could help one and
worsen the other symptom. The data gathered in randomized
trials suggests that (a) different treatments have effects on reduc-
ing avoidance but not numbing, (b) patients with more severe
numbing have worse treatment outcomes than patients who have
the symptom of avoidance, (c) avoidance and numbing have
different patterns with depression which are why they are hard
to treat at the same time, and (d) avoidance and numbing also
have different correlations with physiological aspects. However,
there have not been comprehensive studies conducted on the
various symptoms of PTSD, hence why there are only a selective
number of treatments that yield positive results. There needs to
be more studies done on the numerous symptoms of PTSD in
order to develop more advanced treatments to treat the variety
of PTSD symptoms?. Furthermore, if a person is suspected
of suffering from PTSD, they would go through a test to be
clinically diagnosed with PTSD. There is a ranking scale, the
Clinician-Administered PTSD Scale (CAPS), used to determine
if a person has PTSD. If a person has PTSD, then this ranking
scale can determine the severity of the PTSD as well. A unique
feature of CAPS is the ability to provide specific questions that
correspond with the specific types of PTSD that were diagnosed.
CAPS is the most used test to diagnose PTSD and consists of
30 questions that take about 45-60 minutes to fill out. 20 of
these questions ask about PTSD symptoms, while the other 10
questions ask about the response, severity, frequency, etc. of
these symptoms. Those 10 questions are answered on a scale
from 0-5, 0 being the question is irrelevant for the person taking
the CAPS, and 5 being the question greatly affects the person
taking the CAPS. The CAPS can be used to make a current
diagnosis of PTSD, a lifetime diagnosis of PTSD, and assess
the symptoms of PTSD?L.

Subtypes of PTSD

Research shows that there are three subtypes of PTSD: internal-
izing, externalizing, and low pathology. Internalizing PTSD is
usually keeping to oneself, being depressed, and having high
levels of anxiety. Studies showed that internalizers dealt with
severe depression, hypochondriasis (an obsession with the idea
of having a serious yet undiagnosed medical condition), and
low positive affections. Externalizing PTSD is the exact oppo-
site. This is when someone with PTSD lashes out, physically
hurts people, and has aggression problems. Studies showed
that externalizers were found to have high levels of aggression,
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hostility, and even harmful substance abuse. Low pathology
PTSD is when a person with PTSD has stable emotions and
can function relatively normally despite being diagnosed with
PTSD. Out of the three subtypes of PTSD, low pathology PTSD
is definitely the subtype that is the most controlled. Internalizing
and externalizing PTSD people are at a higher risk for mortality
than people with low pathology PTSD because internalizers and
externalizers present more severe psychiatric and behavioral
aggravations. Therefore, it is reasonable that internalizers and
externalizers deviate in more extreme directions and result in
further distress?.

Another subtype of PTSD is Dissociative PTSD (D-PTSD). D-
PTSD is associated with depersonalization (when an individual
senses that circumstances are not real) and derealization (feeling
detached from one’s surroundings). The complex and damaging
component of D-PTSD is that it can interfere with the treatment
course and outcome. Few studies have been conducted that
have shown there are subtypes of D-PTSD, but the research is
conflicting. Some studies say there are only three subtypes of
PTSD (internalizing, externalizing, and low pathology; Flood
et. al, 2010), whereas other studies claim there are subtypes of
D-PTSD. However, the studies that have been done on D-PTSD
have shown that clear-cut signs of D-PTSD are over-activation
of frontal cortical activity which can lead to the overexcitement
of the limbic system (the hippocampus and amygdala). These
signs in D-PTSD support the evidence gathered for regular
PTSD which shows hyper, and unrestrained, activity in the
limbic system. There have also been studies done on the genetic
component, or variable, that could be at play and cause D-PTSD.
For example, one study showed that twins have a 50% chance
of getting D-PTSD, and twins have an even higher chance than

50% of getting D-PTSD if they are in an adoption program>3.

Genetic Factors in PTSD

Studies show that both PTSD and lifetime trauma exposure
(LTE) can be genetically inherited. Several alleles and genes
can cause a person to be more likely to get PTSD, or even LTE,
in their life. Research has also focused on neuroanatomical
changes (i.e. changes in brain structure or connectivity) in re-
sponse to having PTSD. Studies have shown that people who
have PTSD have an abnormal morphology of their hippocampus.
The hippocampus is involved in short-term memory regulation,
learning, and emotion. People with PTSD are known to have
trouble controlling their emotions. The cause of irregular emo-
tions in people with PTSD could be an abnormal morphology
such as in one’s hippocampus. However, many studies have
reported that there needs to be more research surrounding the
relationship between neuroanatomy and PTSD in order to deter-
mine preventatives and treatments for abnormal hippocampal
morphology. In the future, studying individuals who are at high
risk for trauma (i.e. soldiers, veterans, firefighters, etc) could

yield more conclusive results in this field. The research could
involve these high-risk individuals getting brain scans, to ob-
serve the different brain regions, before and after they endure
traumatic events. This can show whether there is an abnormal
neural morphology in individuals with PTSD. It also would not
be surprising to find that other regions of the brain, in addition to
or instead of the hippocampus, are altered due to PTSD%. Other
studies have also been conducted on the genetic components
related to PTSD. Studies show that people who have PTSD also
have abnormal qualities in the hypothalamus region. Some stud-
ies have shown that there is a relationship between Neuropeptide
Y (NPY) and PTSD. NPY is primarily a fear reductive, meaning
it calms the mind down. So, since people with PTSD usually
have a hard time controlling their emotions, there could be low
levels of NPY in the hypothalamus region>.

Cultural Influence on PTSD

There are many contributing factors when a person develops
PTSD. The most obvious one is the environment around them.
However, different demographics and cultural aspects can also
play a role in influencing different people’s chances of devel-
oping PTSD. One study examined how prevalent PTSD was
across different types of trauma exposures and different cultures.
This study searched for papers that fit their criteria of research
and found that refugees who were displaced into cultures that
were similar to their own were at a higher risk of developing
PTSD2°. Similarly, another study synthesized evidence of how
prevalent PTSD was in the United States. This study used data
from 38 articles. The results showed that PTSD prevalence in
civilians ranged from 8-56.7%, 2.3-9% in 1-year prevalence,
and a lifetime prevalence of 3.4-26.9%. PTSD prevalence in
people from the military ranged from 1.2-87.5%, 6.7-50.2% in
1-year PTSD prevalence, and a lifetime prevalence of 7.7-17%.
According to the study, PTSD prevalence was more common
in emergency responders, refugees, American Indians, Alaska
Natives, individuals with heavy substance use, individuals with
a past suicide attempt, trans-masculine individuals, and women
with past military sexual trauma. Being female, having a lower
income, being younger in age, and having behavioral health con-
ditions were all identified as risk factors for PTSD*. Through
some studies, evidence has been revealed that some subpopula-
tions are at a higher risk of developing PTSD. However, there
should be more research done on this specific topic to help the
PTSD-vulnerable subpopulations in the future.

Therapeutics for PTSD

The therapies used to treat PTSD are different and more ag-
gressive than therapies used to treat anxiety or anxiety-related
disorders. The most popular, and most-studied, therapy for
PTSD is psychotherapy'!”. Psychotherapy is when individuals
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with PTSD are forced to learn not to be fearful of everyone or
every situation. The main goal of using psychotherapy is to
reduce the patient’s reactivity to circumstances that trigger their
PTSD episodes (i.e. fear extinction). This introduction to fear
extinction in the patient is very helpful since fear is one of the
most present symptoms of PTSD. There have also been sleep
therapies or treatments used to help sleep disruption in PTSD pa-
tients. Treating sleep apnea (through continuous positive airway
pressure [CPAP]), insomnia (usually through psychotherapy),
and nightmares improves the symptoms of PTSD patients. In
contrast, cognitive-behavioral therapies are used for anxiety-
related disorders. There is also a pharmaceutical therapeutic
approach of using selective serotonin reuptake inhibitors (SS-
RIs) and serotonin-norepinephrine reuptake inhibitors (SNRIs)
to treat PTSD as well as anxiety-related disorders'”. There is
another type of therapy, exposure therapy, that is used to treat
PTSD symptoms. Again, this is another aggressive, yet reli-
able, approach to treating and hopefully getting rid of PTSD.
Exposure therapy is when the patients have to confront uncom-
fortable, yet realistic, stimuli that replicate what caused their
PTSD until their PTSD symptoms are reduced or gone. There
have been many studies done on exposure therapy and the results
have shown that PTSD symptoms have decreased as a result
of this therapy?®. Studies show that exposure therapy is a safe
option for treating PTSD as long as it is being administered by
experienced therapists?®. Nevertheless, since developing PTSD
is rare, as mentioned earlier, there is limited research in this
area. For example, research is lacking on how emotions relate
PTSD to dementia and other diseases ( Table 1)!2. Further, it
is unknown how personality traits relate to or may manifest
into PTSD1C. As such, it is clear that more work is needed to
uncover the possible causes, preventatives, and treatments for
PTSD.

Stroke and PTSD

PTSD is an illness that can arise due to many neurological dis-
orders, including a stroke. There have been many studies done
on the bidirectional relationship between PTSD and stroke®”.
The two questions asked to further understand this relationship
are: “Can having a stroke make a person more likely to develop
PTSD?” and “Does having PTSD make it more likely for a per-
son to have a stroke?”. Research has been conducted to explore
these questions.

Many studies have been conducted to answer the first ques-
tion: “Can having a stroke make a person more likely to develop
PTSD?”. One study shows that 3% - 31% of post-stroke patients
develop PTSD with a median of 16.5%%°. Studies across the
world have demonstrated that 1 in 4 post-stroke patients will de-
velop PTSD, regardless of the severity of the stroke. That means
25% of post-stroke patients will develop PTSD, which is a large
percentage of post-stroke patients. This explains why there has

been a lot of research conducted on PTSD that can develop after
a person suffers from a stroke. Post-stroke PTSD is typically
associated with premorbid neuroticism (the existence of poor
emotional stability before the occurrence of a physical or emo-
tional disease; Tang et. al, 2022). If post-stroke patients develop
anxiety or depression after their stroke, then it is very likely
they will also develop PTSD as a result of their anxiety and
depression (Table 1). Evidently, PTSD is associated with a host
of symptoms such as trouble controlling emotions, withdrawal,
hostility, anger, anxiety, etc., that can decrease the quality of
life a person might have. In the present day, the treatments
available for post-stroke PTSD are randomized treatment trials,
counseling, and therapy, which have varied success rates. This
is all the more reason why there should be more research on the
relationship between PTSD and strokes so that there can be new
discoveries in preventatives, cautionary screenings, treatments,

and so much more2?,

Post-stroke PTSD

Further research explored the prevalence of post-stroke PTSD
in post-stroke patients. This study was specifically done with
patients who had a stroke within a 5-year period. Researchers
examined if the following factors had any effect on post-stroke
patients developing post-stroke PTSD: different demographics
(different ages, genders, etc), stroke history, disability, medical
comorbidities (several medical diseases at the same time), de-
pression, emotional support, physical health, and mental health.
These researchers found that 18% of the post-stroke patients
developed PTSD after their stroke. Being young in age, having
recurring strokes, greater disability, and comorbidities increased
these patients’ chances of developing post-stroke PTSD. How-
ever, being old in age, being married/having a partnership, and
having emotional support decreased these patients’ chances of
developing post-stroke PTSD. The patients who did develop
post-stroke PTSD, not surprisingly, also developed poor mental
and physical health, and their quality of life decreased substan-
tially=Y.,

Since PTSD is a trauma and stress-related disorder, it is no
surprise that there have been studies on whether stress relates
to post-stroke PTSD. This specific study focused on whether
Acute Stress Disorder (ASD) can cause post-stroke PTSD. ASD
is a mental health problem where a person can have excessive
amounts of stress after enduring a traumatic event. However, if
the stress symptoms of ASD last for more than a month, then it
is clinically diagnosed as PTSD. The study organized two visits
for their patients: the first one was 1-2 weeks after their stroke,
and the second one was 6-12 weeks after their stroke. As such,
the latest visit in this trial was about 3 months post-stroke. At
both of these visits, the patients had to describe their symptoms,
and, of course, there were tests at both of these visits measuring
whether these patients had ASD, post-stroke PTSD, or both.
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The results of this study showed that 22% of the patients met
the criteria for ASD in the first visit post-stroke. It also showed
that 62.5% of the patients who showed signs of ASD on the
first visit developed PTSD in the second visit. However, 28.6%
of the patients who showed symptoms of PTSD in the second
visit did not have any symptoms of ASD in the first visit. The
results of this study show that without proper treatment for ASD
symptoms, post-stroke PTSD can develop. This study shows
that it is very important to diagnose ASD and post-stroke PTSD
symptoms quickly so that there can be action taken on them
(treatments, therapies, etc) 31

Early Intervention for Post-stroke PTSD

Since post-stroke PTSD is a devastating complication of a stroke,
some propositions can be used as early interventions to either
stop the manifestation of PTSD or severely reduce the symp-
toms of post-stroke PTSD. One study aimed to see whether early
intervention, using supportive psychological therapy, would pre-
vent PTSD from progressing in post-stroke patients. This study
consisted of 170 stroke patients, all of whom had some symp-
toms of post-stroke PTSD. The patients in this study only had 1
stroke. These patients were split into 2 groups: psycho-therapy
group 1 (received supportive psychological therapy) and con-
trol group 1 (did not receive supportive psychological therapy).
After a 2-month follow-up, any patients who were diagnosed
with post-stroke PTSD were then separated further into 2 more
groups: psycho-therapy group 2 (received supportive psycho-
logical therapy) and control group 2 (did not receive supportive
psychological therapy). After another 2-month follow-up, the
researchers believed that the early intervention, using supportive
psychological therapy, was not better than the standard care
used to treat post-stroke PTSD. However, 6 months after this
study started, the study showed that the early intervention, us-
ing supportive psychological therapy, was effective in treating
post-stroke PTSD'2. The conclusion that can be drawn from
this study is that if early intervention is used to treat post-stroke
PTSD or developing symptoms of post-stroke PTSD, then the
results will take time to be seen. This means the results will
most likely not be seen until around the 6-month mark or even
further down the line of the recovery process. However, the
main focus is that supportive psychological therapy, when used
as a tool for early intervention, can be successful in treating
post-stroke PTSD in its early stages. Since post-stroke PTSD
is a complex disorder, it is difficult to catch it in its early stages
without mistaking it for another disorder. Therefore, there have
not been many early intervention treatments used and/or tested
to treat post-stroke PTSD.

Comparing PTSD from Other Causes to Post-stroke PTSD

PTSD can come from a stroke and many other causes. One
common way people develop PTSD is through traumatic ex-
periences from war. Firstly, one study focused on the topic of
whether psychological inflexibility (PIF) is a factor in PTSD and
whether PIF could create a unique variance in PTSD. All of the
236 people used in this study were war veterans from Iraq and
Afghanistan. The findings in this study showed that PIF created
a unique variance of PTSD. PIF is when a person has a rigid
response to unpleasant thoughts and feelings that interfere with
their peace of mind or well-being. Some predictors of PIF are
serving in the army, rank in the army, trauma severity, perceived
threats, peritraumatic dissociation (a complex combination of
trauma responses that include depersonalization, derealization,
and emotional numbness), recent life stress, and degree of social
support around oneself. These predictors of PIF had a medium
effect in creating the unique variance of PTSD in war veterans
of this study. Other factors of PIF include personality disorders
such as neuroticism (negative emotions, poor self-regulation,
trouble dealing with stress, overreaction to perceived threats,
and tendencies to complain), extroversion (outgoing and high
energy), openness to new experiences, agreeableness, and con-
scientiousness. These factors had a small effect on the unique
variance created in PTSD of these war veterans. The results
of this study demonstrate that there is a strong association be-
tween PIF and PTSD symptom severity in war veterans from
this study=2. This study shows that PIF has the potential to
create a variance of PTSD in combat veterans, something that
has not been seen in people with post-stroke PTSD specifically.

Another study aimed to see whether mild traumatic brain
injury (mTBI) and PTSD would cause abnormal neuropsycho-
logical results in Operation Iraqi Freedom (OIF) and Operation
Enduring Freedom (OEF) veterans. In this study, these veterans
were placed into 3 groups: healthy controls (veterans who did
not have mTBI or PTSD, n = 43), PTSD only (n = 48), and
comorbid blast-induced mTBI and PTSD (n = 47). Specifically,
the veterans in the third group most likely developed their mTBI
from head trauma through bombs and explosions wherever they
were deployed. Three factors were apparent in the veterans in
this study: perceived cognitive complications (PCC), perceived
emotional distress (PED), and processing speed (PS). The anal-
yses revealed that there was a significant difference in the PS
category between the comorbid group and the other two groups.
The comorbid group also has the highest levels of PCC and PED,
likely because the veterans in the comorbid group underwent
the most head trauma and traumatic experiences in general. The
results showed that the OIF/OEF veterans who had both mTBI
and PTSD had higher levels of emotional distress and cognitive
complications, both of which can negatively impact their lives.
Another important finding was that the huge discrepancy in PS
between the comorbid group and the other two groups was due

© The National High School Journal of Science 2025

NHSJS Reports |7



to the high levels of PTSD in the comorbid group, not due to the
mTBI®. This study shows that traumatic brain injury increases
a person’s chances of not only having PTSD but also poses a

greater variety of effects that can harm a person’s life immensely.

Another important fact to note is that both combat-related PTSD
and post-stroke PTSD involve traumatic brain injury to an extent,
which is one similarity between the two.

Through many studies, it is clear that post-stroke PTSD and

PTSD from other causes have their similarities and differences.

For instance, the comparison of emotional regulation between
the two types of PTSD reveals that both types of PTSD include
poor emotional regulation (Table 1). One difference between
the two types of PTSD is how the severity of trauma affects
the severity of PTSD symptoms. With post-stroke PTSD, the
trauma comes from the stroke, which is induced by the function
of the blood vessels in the brain going awry. In contrast, the
trauma with PTSD in combat veterans comes from the distress
on the battlefield during wartime. Since the degrees of trauma
are different for these types of PTSD, the severity of PTSD will
be different as well. In post-stroke PTSD, the trauma comes in
one wave, only when the stroke occurs, and the stroke is usually
stopped in a small time frame. This leaves less time for there to
be more trauma induced upon a person. However, war does not

have a set time frame for when it will end, as compared to stroke.

This leaves an indefinite time frame where there is an enormous
amount of time during which war veterans can develop PTSD
due to explosions, bombings, combat, etc. Due to the longer
period of time for trauma to be induced in war veterans, the
severity of PTSD from stroke, potentially, could be less severe
than PTSD from combat. Overall, PTSD in combat veterans
and post-stroke PTSD have some similarities as well as some
key differences.

Ischemic Stroke, Transient Ischemic Attack, and PTSD

There have been studies done on the bidirectional relationship
between ischemic strokes and PTSD. This study examined what
percentage of post-ischemic stroke patients developed PTSD
and what factors triggered this PTSD. Some of the hypothesized
factors were lesion location (where the stroke happened in the
brain), degree of disability (how disabled someone was after
their stroke), age, gender, and marital status. The patients in this
study had a stroke in the right cerebral hemisphere, left cerebral
hemisphere, brainstem, or cerebellum. The results of this study

showed that 12.9% of the post-stroke patients developed PTSD.

Patients with a higher level of disability were more likely to
develop post-stroke PTSD. The study also showed that the lesion
location played a part in developing post-stroke PTSD. Patients
who had a stroke in the right cerebral hemisphere and brainstem
were more likely to develop post-stroke PTSD. This study found
that post-stroke PTSD had no relation to age, gender, or marital
status. More research is needed on the factors of post-stroke

PTSD in order to diagnose it quickly and hopefully treat it so that
it cannot progress or worsen>%. Another study was conducted
to observe the relationship between anxiety, depression, and
PTSD. This study, just like the previous one, involved patients
who specifically had an ischemic stroke. None of the patients
had psychiatric concerns prior to their stroke. The purpose of
this study was to capture the frequency of anxiety, depression,
and PTSD in post-ischemic stroke patients. The results showed
that 11% of the patients had developed post-stroke PTSD, 13%
developed anxiety, and 20% developed depression. However,
many patients had more than one of these symptoms, meaning
these three symptoms likely have a relationship with each other.
Regardless, anxiety, depression, and post-stroke PTSD are all
common complications of a stroke=>.

Table 2 Symptoms of PTSD and their connections to stroke. Anxiety,
depression, memory loss, poor emotional regulation, and trouble
thinking and forming clear thoughts are all associated with PTSD and
are complications of stroke. Legend: || = Associated with stroke; 1} =
A complication of stroke

PTSD symptoms Stroke connections
Anxiety $
Depression ,

41
Memory loss U,
Poor emotional regulation 4,7
Trouble thinking and form- | |,
ing clear thoughts

Some studies have been done on a more specific subject, such
as how patients who have Transient Ischemic Attack (TIA) can
develop post-TIA PTSD. A transient ischemic attack is a mini-
stroke, wherein a person gets temporary symptoms of a stroke
for a short period of time. A TIA is caused by blood clots, or
fatty deposits, that decrease blood flow to a part of the brain. Un-
like a stroke, though, a TIA does not cause permanent damage to
any part of the brain. This specific study showed that 29.6% of
the patients developed post-TIA PTSD. The study also reported
that post-TIA patients who develop PTSD are also more likely
to develop anxiety and depression as a result of their post-TIA
PTSD (Table 2). One of the biggest symptoms or signs of post-
TIA PTSD is poor coping strategies, for example, self-isolation
or abusing substances. More research into post-TIA PTSD
could be focused on education about proper coping strategies
and what a transient ischemic attack is, as it is not well-known=.
There was another study done on post-stroke and post-TIA pa-
tients. The goal of this study was, again, to see the prevalence of
post-stroke/post-TIA PTSD in these patients. However, here re-
searchers divided the patients into two groups: patients who had
a stroke/TTA within a year and patients who had a stroke/TTA
more than a year later. The results showed that 23% of post-
stroke/post-TIA patients developed post-stroke/post-TIA PTSD
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within a year of their stroke/TIA. 11% of the post-stroke/post-
TIA patients developed post-stroke/post-TIA PTSD more than a
year after their stroke/TIA. This study demonstrates that about 1
in 4 post-stroke/post-TIA patients will develop PTSD symptoms
within a year after their stroke/TTA. This is yet another reason
why new screenings, preventatives, and treatments need to be
developed for post-stroke/post-TIA patients, as it is clear that
post-stroke/post-TIA PTSD develops quickly=Z. Another study
was done on the relationship between stroke symptoms and
PTSD in patients who had a TIA. The patients involved in this
study self-reported symptoms of Acute Stress Disorder (ASD)
as early as 3 days post-TIA. These patients also self-reported
symptoms of PTSD as early as 1 month after they had their
TIA. The results of this study showed that there was a positive
relationship between TIA and ASD. The researchers believed
that the combination of a TIA and ASD symptoms can develop
into PTSD symptoms if the ASD symptoms are not recognized
soon and there is no action taken on the ASD symptoms®.

Table 3 Comparison of stroke types and their associated risk of
developing PTSD. Those who have a hemorrhagic stroke have the
highest risk of developing PTSD. Legend: |} = low risk; {} = high risk

Stroke type Associated PTSD risk
Ischemic Stroke (3

Hemorrhagic Stroke T

Transient Ischemic Attack | |}

(TIA)

Hemorrhagic Stroke and PTSD

Another study dives more into depth about how PTSD could
cause a hemorrhagic stroke specifically. One of the ways to treat
PTSD is through antidepressants, but antidepressants can also
cause excessive bleeding, specifically a hemorrhagic stroke.
In this study, there were over 1 million veterans examined
for PTSD. Unsurprisingly, all of these veterans had developed
PTSD. This study lasted 13 years, and all of these veterans made
several visits on average every 2 years. The results showed that
507 of these patients suffered a hemorrhagic stroke. The factors
that made any of these veterans more likely to have a hemor-
rhagic stroke were the following: PTSD, selective serotonin
reuptake inhibitors (SSRIs), and selective norepinephrine re-
uptake inhibitors (SNRIs). PTSD was associated with an 82%
greater risk of hemorrhagic stroke (Table 3). The use of SSRIs
resulted in two-fold the risk of hemorrhagic stroke, and the use
of SNRIs increased the risk for hemorrhagic stroke by 52%. So,
between SSRIs and SNRIs, the safer option to treat PTSD is
SNRIs because they have a lower risk of causing hemorrhagic
stroke, whereas SSRIs have a very high risk of causing a hem-
orrhagic stroke. However, there have not been many studies

focused on whether a hemorrhagic stroke specifically could
cause PTSD. Ischemic strokes are more common than hemor-
rhagic strokes, and ischemic stroke has received the majority of
the research focus in the past=5.

Can PTSD Cause a Stroke?

The following studies provide support for the second question
about the bidirectional relationship between a stroke and PTSD:
“Does having PTSD make it more likely for a person to have a
stroke?”. This first study involved patients who all survived 9/11.
The purpose of this study was to determine if these patients,
who experienced dust inhalation and have PTSD, would be at a
higher risk for stroke. The results of this study showed that those
with PTSD had a higher likelihood of developing an ischemic
or hemorrhagic stroke (Table 3). However, those who inhaled
large amounts of dust from 9/11 would be more at risk for
hemorrhagic strokes specifically and recurring strokes as well=”.
Another study also examined whether having PTSD would make
a person more likely to have a stroke. The patients involved
in this study all have PTSD, no prior history of stroke, and are
either 18 or older (n = 5,217). The rest of the participants in the
study were part of the control group (n = 20,868). The results of
this study showed that people who have PTSD are more likely
to have a stroke, and are more likely to have an ischemic stroke
than a hemorrhagic stroke (Table 2). However, many papers
that have explored the topic of how PTSD affects stroke call for
more research to be done to solidify the argument that PTSD
can affect strokeV.

Another study discusses how PTSD can influence stroke risk
factors and how PTSD can be an independent factor related to
stroke. This paper divided its evidence into two categories: 1.
How can PTSD influence stroke risk factors? and 2. How can
PTSD be an independent factor that relates to stroke? This paper
collected its evidence by indexing the literature to find that PTSD
alone is related to several stroke risk factors and can also be an
independent indicator of stroke (Table 2). The paper goes on to
say that screening and identification of traumatic experiences
would be helpful in getting stroke patients the psychological
and physical help they need in order to reduce the risk of stroke
significantly worldwide“!.

Changes in Brain Morphology Due to PTSD

In general, PTSD is associated with structural, metabolic, and
molecular changes in many regions of the brain. The areas of
the brain that are typically impacted by PTSD are the amygdala,
hippocampus, and prefrontal cortex, all of which are important
for learning and storing memories. As shown in several studies,
abnormalities in these regions of the brain in humans are a good
indication of PTSD. The way doctors and scientists can iden-
tify PTSD in the brain, excluding other symptoms, is through
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neuroimaging. Over the past couple of years, neuroimaging has
advanced to the point that it can be used to detect structural and
metabolic changes in the brain. The specific brain scan that can
do this is a Magnetic Resonance Imaging (MRI). MRIs will be
able to detect the structural and metabolic changes in the human
brain. This means MRIs have the capability to detect the early
stages of PTSD since one of the ways of detecting PTSD is by
catching physical abnormalities in the brain. In another study,
there were patients who had strokes and TIAs. The purpose of
analyzing neuroimaging in this study was to see if brain scans
would capture physical abnormalities in the brain that could
be an indication for post-stroke, or even post-TIA, PTSD. The
patients in this study underwent neuroimaging at the very begin-
ning of the study and then went for visits 6, 12, and 24 months
later. The results showed that 11% of the patients developed
probable PTSD from their stroke or TIA. However, the study
found that patients who had a stroke were more likely to develop
PTSD than patients who had a TIA (Table 3). Stroke severity,
large lesions, and reduced hippocampal activity made patients
more prone to develop post-stroke/post-TIA PTSD. When it
comes to coping mechanisms, the study found that high anxious
and defensive coping styles made it more likely, and were signs
of, for these patients to develop PTSD. However, the best way
to prevent post-stroke/post-TIA is to identify and treat early on

in post-stroke/post-TIA patients to prevent progression2.

MRI scans have also identified other regions of the brain,
such as the prefrontal cortex and limbic system, that experience
changes due to PTSD. Changes in brain morphology due to
PTSD, as mentioned above, can lead to post-stroke PTSD. The
brain regions affected by post-stroke PTSD are the limbic system
(consists of the hypothalamus, thalamus, hippocampus, and
amygdala) and the prefrontal cortex. Abnormalities in these
parts of the brain can be a result of a person who is recovering
from a stroke. As a result, these abnormalities cause these
parts of the brain to function abnormally. Changes in brain
morphology post-stroke are very important in order to track the
relationship between a stroke and the potential presentation of
post-stroke PTSD. These changes are indicators of early-stage
post-stroke PTSD, or that post-stroke PTSD could manifest
without treatment. So, changes in brain morphology can cause
post-stroke PTSD, especially when the damage is associated
with the limbic system and the prefrontal cortex. The limbic
system and the prefrontal cortex are important for learning,
memory storage, and emotional regulation. As these regions are
involved in such vast functions, it is clear how harmful damage
to the areas can be. Patients can experience difficulty learning,
problems with speech (speaking or comprehension), short-term
memory retention, regulation of emotions, etc. Most of these
changes in behavior in people with damage to the limbic system
and prefrontal cortex, due to stroke, are indicators of post-stroke
PTSD%.

Importance of Community for Post-stroke Patients’ Recov-
ery

As mentioned above, many factors contribute to a post-stroke
patient’s recovery: medications, therapy, as well as a support
system. Medications and therapy are what people think are the
most important factors for any person going through the recovery
stage after a life-altering injury. However, it is crucial not to
overlook the importance of a support system when a patient is
in recovery. It is true that medications and therapy greatly help
a patient in their recovery process. But having a support system
will provide mental stability for the patient recovering. This
is very important because while the patient is recovering, the
doctors and families do not want anything to go awry mentally.
Having a support system can help with this goal.

One study examined how big a role caregivers had in the
post-stroke patients’ recovery process. This study involved 26
stroke patients and 35 caregivers, all of whom were family. The
main purpose of the caregivers in this study was that they were
supposed to be multidimensional, meaning they played different
roles in the post-stroke patient’s recovery to make the patient’s
recovery easier. In this study, the caregivers were crucial in
healthcare decision-making for these stroke survivors, who were
not mentally and/or physically fit to make these decisions. There
were two types of caregiver relationships in this study: adult-
child type and spousal-type caregivers. The caregivers in an
adult-child type relationship were engaged in being collabora-
tive in decision-making with their patient(s). In contrast, the
caregivers in a spousal-type relationship were more focused
on making decisions for their partner, the patient, that would
preserve their relationship. Their research recommended that
best ways to create a capable and equipped caregiver for post-
stroke patients are to give them the proper skillset to make deci-
sions, provide a supportive decision-making environment, and
reinforce communication with healthcare professionals and the
patient to make the best decision possible*3. Similarly, another
study aimed to see how important it was for stroke survivors to
have a community/support system around them while they were
in the hospital, recovering, and when they were discharged from
the hospital. This study took place under a German healthcare
system, which has different rules and regulations as compared
to those in the United States. In the German healthcare system,
after patients are discharged from the hospital, there are no stan-
dard care programs for the patients. This leaves the patients
responsible for their own care, according to their judgment, af-
ter they leave the hospital. This study included patients who
had a stroke and a transient ischemic attack (TIA). There was
a control group and an intervention group. The intervention
group received care through the phone or face-to-face for up to
a year after the start of the study. However, the control group
received the standard German care. The results of the study
showed that the patients who were part of the intervention group
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went to see their neurologists more often and were readmitted
to the hospital less frequently. This caused the patients in the
intervention group to not only save money on hospital visits but
also confirm with multiple doctors that their healing process
was progressing. This demonstrates how beneficial a support
system is for post-stroke patients because if post-stroke patients
have proper care, both mentally and physically, then they are
likely to have a smoother and successful recovery compared to
post-stroke patients who do not have an adequate support system
around them*#, Overall, through these studies, there is evidence
that having a solid support system around post-stroke patients
can lead to a more successful recovery process.

Through several studies, it has become apparent that if post-
stroke patients have a community and/or support system around
them during their recovery, then they are highly likely to have a
more successful recovery than post-stroke patients who do not
have a support system around them. This is because post-stroke
patients not only have to heal physically, through medications
and therapies, but they need to heal mentally as well. A support
system allows post-stroke patients to know that they are not
alone in their recovery journey as well. Having a support system
will help the mental stability of a post-stroke patient greatly

Therapeutics for Post-stroke PTSD

The ways to treat post-stroke PTSD are medications and thera-
pies. As mentioned above, SSRIs and SNRIs are just one of the
ways PTSD can be treated. However, the biggest side effect of
using SSRIs and SNRIs is that they both increase the chances
of having a hemorrhagic stroke, which can cause further post-
stroke and regular PTSD (Table 3) 38 However, there are other
ways to treat post-stroke PTSD specifically. Repetitive tran-
scranial magnetic stimulation (r'TMS) is a type of rehabilitation
method that can be used to treat post-stroke and regular PTSD.
In one study, post-stroke patients, all of whom have post-stroke
PTSD, received 10 sessions of rTMS treatment over the course
of 2 weeks. There were PTSD tests before the treatment, one
week into the treatment, and at the end of the treatment. There
was also a 3-month follow-up visit to measure the PTSD symp-
toms again. The results showed that the repeated use of rTMS
had decreased PTSD in these patients. However, this study
suggests that rTMS should be coupled with other post-stroke
therapies in order to see more significant results*>. There are
also psychological therapies used to treat post-stroke PTSD. In
one study, the types of therapy used were preventive and sup-
portive therapy. All the patients in this study had a stroke, either
ischemic or hemorrhagic. Preventative therapy was used on a
portion of the patients to prevent post-stroke PTSD, and regular
counseling was used on the rest of the patients. Then, there was
a 2-month follow-up visit. Any of the patients who developed
post-stroke PTSD would then get supportive therapy to ease and
hopefully treat the post-stroke PTSD, and the rest of the patients

who did not develop post-stroke PTSD would get regular coun-
seling. The results of this study showed that between the two
therapies, supportive therapy was more successful in treating
post-stroke PTSD than preventative therapy. However, the study
reported that early supportive therapy for post-stroke patients
would have the best outcomes'.

Another type of therapy used for treating post-stroke PTSD
is Acceptance and Commitment Therapy (ACT). ACT is a type
of psychotherapy that is used to help patients with post-stroke
PTSD decrease their psychological inflexibility (PIF) and in-
crease their psychological flexibility (PF) so that they can handle
spontaneous and unavoidable situations. ACT is also a way to
determine if a person is psychologically inflexible through six
main categories: cognitive defusion (looking at thoughts rather
than from them), acceptance, being present, values, committed
action, and self as context. ACT is usually administered by
a therapist who gives a patient scenarios/experiences and the
patient would have to use their skillset from ACT to navigate
through these scenarios“®. One study conducted a trial to see
whether ACT can decrease PIF and increase PF. This study con-
sisted of 1,750 people, all of whom had a low PF and a high
PIF. The results showed that ACT is a treatment option that is
successful in increasing PF levels and decreasing PIF levels®Z.
Another study aimed to see whether ACT could decrease PIF
and increase PF as well. The findings showed that ACT can
help improve PF and decrease PIF. In addition to increasing PF
and decreasing PIF, ACT can also treat a variety of disorders
such as psychosis, depression, obsessive-compulsive disorder
(OCD), trichotillomania (an irresistible urge to pull out ones
hair), anxiety disorders, and even PTSD/post-stroke PTSD. PIF
has a strong association with PTSD in general, which can in-
clude post-stroke PTSD, meaning that PIF is an indicator of
PTSD. If ACT can help improve PF and decrease PIF, then ACT
can possibly prevent PTSD, and its symptoms, from manifesting
in post-stroke patients and other people with disorders that can
be treated with ACTH©.

As mentioned before, several medications such as SSRIs,
SNRIs, and antidepressants are used to treat post-stroke/post-
TIA PTSD=#, However, medications can also serve as traumatic
reminders of patients’ stroke/TTA. Researchers studying this
topic hypothesized that post-stroke patients would not want
to take their post-stroke or post-TIA medications due to be-
ing reminded about the trauma they went through with their
stroke/TIA. The patients involved in this study already had post-
stroke/post-TTIA PTSD, but the aim of this study was to see
if taking post-stroke/post-TTIA medications could elevate pa-
tients’ post-stroke/post-TIA PTSD. The patients in this study
were asked a series of questions: 1. Did thinking about your
stroke medications make you feel nervous or anxious? ; 2. Did
thinking about your stroke medications make you think about
your risk for future strokes? ; and 3. Did you skip or avoid
taking your stroke medications so you would not have to think
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about your stroke? The results of this study showed that 11%
of the patients have elevated post-stroke PTSD. These same
patients were also more likely to answer “yes” to the 3 questions
they were asked. Unsurprisingly, the elevated PTSD symptoms
also brought up symptoms of anxiety and nervousness. This
study showed that post-stroke/post-TIA medications can serve
as traumatic reminders of a patient’s stroke, therefore, post-
stroke patients are less inclined to take the medications. The
overall results of this study showed that the elevated levels of
post-stroke/post-TIA PTSD were due to the patients not taking

their post-stroke/post-TIA medications'>.

There are several different treatments and therapies used to
treat post-stroke PTSD. One of them is repetitive transcranial
magnetic stimulation (rTMS). rTMS is a rehabilitation method
used to treat post-stroke PTSD. One study, mentioned above,
found that their patients had responded well to rTMS and that
rTMS was able to reduce the symptoms of post-stroke PTSD.
So, r'TMS is effective in treating post-stroke PTSD. Regardless,
some studies have reported that rTMS should be coupled with
other post-stroke treatments to reduce symptoms of post-stroke
PTSD*). Another way to treat post-stroke PTSD is through
different types of psychological therapies. The two most popu-
lar psychological therapies used to treat post-stroke PTSD are
supportive and preventative therapy. In one study, supportive
therapy was able to reduce and treat post-stroke PTSD. In this
same study, preventative therapy was also used to treat post-
stroke PTSD. Preventative therapy was used at the beginning of
this study to see if it could prevent PTSD symptoms from devel-
oping in the early stages of recovery from a stroke. The results
showed that supportive therapy was better at treating post-stroke
PTSD than preventative therapy, but preventative therapy did
help with reducing post-stroke PTSD symptoms. However, this
study went on to mention that supportive therapy should be used
in early post-op in post-stroke patients to maximize the effect of
reducing post-stroke PTSD symptoms' ™. Furthermore, SSRIs
and SNRIs are medications used to treat post-stroke PTSD, and
they can also prevent early-stage symptoms of post-stroke PTSD
from manifesting as well. The downside of using SSRIs and/or
SNRIs is that they can also cause hemorrhagic strokes. This
can lead to further damage to the brain regions and possibly a
higher severity of post-stroke PTSD=%. Out of all these potential
treatments, rTMS is likely the best treatment, as it has little to
no known side effects that could potentially harm patients using
1t.

On the other hand, post-stroke PTSD can be treated by cou-
pling different types of therapies to maximize the desired result:
reducing and/or preventing symptoms of post-stroke PTSD. The
first proposition is to use supportive therapy and SSRIs/SNRIs
together to treat post-stroke PTSD. Although SSRIs and SNRIs
can cause hemorrhagic stroke, they are effective in treating post-
stroke PTSD. Therefore, it makes sense to use SSRIs and SNRIs
to treat post-stroke PTSD, but in moderation to avoid this risk.

One treatment idea for post-stroke PTSD is to start off with
supportive therapy to treat indicators of PTSD, so that these
indicators do not fully develop into post-stroke PTSD. Then,
after supportive therapy is used in the beginning, if some in-
dicators of post-stroke PTSD are still lingering, patients can
use SSRIs/SNRISs to eliminate the remaining symptoms. The
supportive therapy goes in at the beginning of this course of
treatment and does the grunt work of eradicating as many symp-
toms of post-stroke PTSD as possible. Then, if any symptoms
persist, SSRIs and SNRIs can be used, hopefully for a short
period of time, to reduce or eliminate any lingering symptoms.
The important part of this course of treatment is that SSRIs and
SNRIs will not have to be used for a long period of time, since
most of the work to get rid of the symptoms was done via sup-
portive therapy. This allows the SSRIs and SNRIs to be highly
effective in getting rid of post-stroke PTSD symptoms without
putting the patient at risk for a hemorrhagic stroke. The view
behind this proposition is that supportive therapy should be able
to get rid of the majority of the symptoms of post-stroke PTSD
in the beginning, and the SSRIs and SNRIs would be used, for
a short period of time, to eradicate any remaining symptoms
of post-stroke PTSD should be successful. Another possibil-
ity of therapies that can be coupled together is preventative
therapy and rTMS. This treatment plan can start off with pre-
ventative therapy, which has been shown to reduce post-stroke
PTSD symptoms, and can be used aggressively to reduce post-
stroke PTSD symptoms. The second step in this treatment plan
would be to use rTMS, which would be a rehabilitation-style
approach to eliminate any remaining symptoms of post-stroke
PTSD. Between these two types of treatments, rTMS is less
aggressive; therefore, it would be favorable to end a treatment
plan and a good option to contrast with the aggressive preventa-
tive therapy. The thought process with this treatment plan is to
start off aggressively with preventative therapy and end with a
rehabilitative-style treatment such as rTMS.

Overall, post-stroke PTSD and PTSD in general are hard
to spot and diagnose in their early stages due to much-needed
technological advancements. Therefore, there are not many
treatment options, as of right now, that are successful in treat-
ing post-stroke PTSD. The treatments mentioned above have
been researched the most, and have worked with many patients;
therefore, they are part of the very few treatments used to treat
post-stroke PTSD.

Proposals for Gaps in Literature

The topics of stroke and PTSD are being heavily researched
to this day because there is still a lot of information that is
unknown to researchers in these areas. Specifically with stroke,
researchers should focus more on the complications of stroke,
such as post-stroke seizures, post-stroke PTSD, etc., rather than
on how to prevent it. In contrast, with PTSD, researchers should
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focus on the indicators and factors of PTSD, such as anxiety,
depression, personality disorders, etc., rather than PTSD as a
whole.

Firstly, with stroke, one study aimed to see whether anti-
epileptic drugs (AEDs), such as diazepam, and primary prophy-
laxis could prevent post-stroke seizures in post-stroke patients.
As mentioned before, seizures in post-stroke patients are one of
the most fatal risks during recovery. Several studies before this
specific one have concluded that diazepam might help prevent
post-stroke seizures. However, these same studies have reported
that more research needs to be done in order to prove this state-
ment to be true. In this study, a total of 856 post-stroke patients
were involved. The study divided these patients into two groups:
post-stroke patients with no seizures and post-stroke patients
with at least 1 seizure post-stroke. The results of this study
showed that when diazepam and primary prophylaxis were used
individually, there was not any concrete evidence to show that ei-
ther of them was able to decrease the risk of post-stroke seizures.
However, this study also concluded that when diazepam and pri-
mary prophylaxis were used together, they were both beneficial
in reducing the chances of post-stroke seizure in post-stroke pa-
tients*8, This study has moved closer to answering the following
question: Can AEDs, such as diazepam, be effective in reducing
the risk for post-stroke seizures in post-stroke patients? Further-
more, this study has called for more research to be done in order
to prove this question to be true. One research proposal for this
field of study could start by gathering post-stroke patients, all of
whom have had at least 2 seizures post-stroke. The requirements
for the people involved in this study would be that they have to
have had their stroke more than 5 years ago, with at least 2 or
more seizures happening post-stroke. Then, the people involved
in this study would be separated into two groups: the control
group (the group that will not receive diazepam as a treatment
for their seizures) and the intervention group (the group that
will receive diazepam as a treatment for their seizures). For the
intervention group, the patients will get their diazepam via IVs
once a week for 6 weeks. Based on the previous studies on the
effectiveness of diazepam, the outcome would hopefully be that
the participants have enough diazepam in their bodies to prevent
post-stroke seizures for a long period of time.

Moving ahead, there needs to be additional studies done on
how effective Acceptance and Commitment Therapy (ACT) is
in decreasing the symptoms of PTSD and to what extent ACT
can be utilized to improve other disorders. As mentioned above,
ACT is a type of psychotherapy that can be used to increase
psychological flexibility (PF) and decrease psychological in-
flexibility (PIF). PIF is an indicator of PTSD; therefore, ACT
can help in preventing PTSD or reducing the severity of PTSD
in patients“®. Some of the papers that have researched ACT
have reported that although their research has shown ACT can
decrease PIF, and by correlation decrease PTSD severity, more
research is needed to solidify this argument. One research sug-

gestion is the following: researchers can conduct a study that
includes patients with low PF and high PIF in order to see how
effective ACT is in decreasing PIF and increasing PF. These
patients will be separated into two groups: the control group
(will not receive ACT) and the intervention group (will receive
ACT). The ACT will be administered on a weekly basis to the
intervention group, and there will be follow-up visits every 2
weeks for 12 months. The trial will last 12 months so that there
is adequate time given for the ACT to have an effect on decreas-
ing the PIF and increasing the PF. Given the results of previous
studies on ACT, it is hypothesized that through this research
proposal, ACT will diminish PIF and, by association, PTSD,
and increase PF.

In addition to the research proposals above, many researchers
have called for more studies on how PTSD affects stroke and its
risk factors. As mentioned above, it is easier to research PTSD
when it is researched by its symptoms/indicators rather than as
a whole. The symptoms of PTSD are the following: anxiety
disorders, depression, personality disorders, etc. These symp-
toms of PTSD are all related to stroke in one way or another
(Table 2). PTSD is commonly characterized by emotional shifts
(depression and personality disorders) as a result of the trauma
(anxiety disorders). One proposition of a study or trial for this
topic could be to gather people who are eligible for this study.
The requirements would be the following: people who have
had PTSD for more than 5 years and people who do not have
PTSD. Next, the participants could be divided into two groups:
the control group (people with no PTSD) and the PTSD group
(people who have had PTSD for more than 5 years). The next
step would be to acquire brain scans on both the control and
PTSD groups. Then, those scans could be analyzed to capture
differences in activation patterns across the brain. While the
participants undergo their MRIs, they will simultaneously go
through visual, auditory, and olfactory stressors. Examples of
these stressors are the following: pictures, sounds of guns ex-
plosions, planes, etc., and odors linked to trauma. In the brain
scans of both groups, the researchers should pay close atten-
tion to the limbic system, which consists of the hypothalamus,
thalamus, hippocampus, and amygdala. The limbic system is
responsible for emotional regulation. So, the limbic system
would look different in people with PTSD (symptoms of anxi-
ety, depression, personality disorders, etc.) than in people who
do not have PTSD. Based on previous studies, the people with
PTSD in this research proposal should have an abnormal lim-
bic system, whether one part is abnormal or the whole limbic
system is abnormal, due to the trauma they have endured. The
abnormalities in the limbic system would potentially show up
on the brain scans. The researchers should be able to see that
the people in the PTSD group have abnormal limbic systems
compared to the people in the control group. The purpose of
using visual, auditory, and olfactory stressors on the participants
is to see the individuals’ responses as well as how one’s response
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affects their brain scans. Since several studies have found that
there are positive associations between the symptoms of PTSD
and the symptoms of stroke, the people in the PTSD group in
this proposed study would have symptoms that have positive
correlations with stroke and its symptoms (Tables 1 and 2). The
purpose of this proposed trial is to utilize the symptoms of PTSD
and the changes in the brain due to PTSD, to see how they affect
the risk factors and/or symptoms of stroke.

Discussion and Future Directions

As mentioned above, many researchers have investigated the
bidirectional relationship between stroke and post-traumatic
stress disorder (PTSD). Many researchers predicted that hav-
ing a stroke could make one more prone to developing PTSD,
and vice versa, and the data was able to support these two hy-
potheses®”. Many hypotheses were debated regarding the treat-
ments that could be used to treat the general complications of a
stroke''2. Other hypotheses were debating the reliable treatments
for stroke, PTSD, and post-stroke PTSD. The studies found that
there are only a few reliable therapeutics and treatments that can
be used for these illnesses. Some studies hypothesized that there
would be a variety of medications used for treating post-stroke
PTSD, when in reality, there were very few medications that
were tested and allowed to be used to treat post-stroke PTSD"S,
In contrast, there were very few hypotheses debating the thera-
peutics used to treat PTSD*?. This is because there is already
awareness and research that has shown the valid therapies that
can be used to treat PTSD. Once a diagnosis has been made,
another tool that could be used to characterize the brains of
those with PTSD is advanced screenings. As of right now, MRIs
are one of the best ways to detect abnormal brain morphology,
which is associated with PTSD*2. However, some of the studies
discussing stroke and PTSD have a small sample of people who
participate in these studies, meaning the results might be broader
or have more variation. One reason some studies have a small
number of participants is that any history of illness makes it
harder for many people to match the qualifications to participate
in these studies. The biggest limitation of any study research-
ing stroke and PTSD is the technology available to conduct the
studies. Many studies that have obtained their results have also
emphasized that there needs to be a development of technology
to thoroughly study both stroke and PTSD complications. The
only way, though, to be able to further develop technology for
these respective topics is for there to be many more studies done
on both of them.

One way to be able to treat post-stroke PTSD better is if doc-
tors can catch it in its early stages. The only way to be able
to do this is if there is an advancement in technology, specifi-
cally, in screenings and imaging. If there were more advanced
screening, then it would be possible to detect abnormal brain
morphology earlier in post-stroke patients or in a less invasive

way“2. Two of the medications used to treat post-stroke PTSD
are selective serotonin reuptake inhibitors (SSRIs) and selec-
tive norepinephrine reuptake inhibitors (SNRIs). SSRIs and
SNRIs work very well when it comes to treating post-stroke
PTSD, but they can also lead to a hemorrhagic stroke=5. As
for therapies, there are psychological and repetitive transcranial
magnetic stimulation (rTMS) therapies. Both of these therapies
aim to prevent and treat post-stroke PTSD!>. One direction
any type of medical advancements should go in is in the post-
stroke area. Instead of putting post-stroke patients, who have
post-stroke PTSD, into many different types of therapies, there
should be medical advancements when it comes to post-stroke
medications. Post-stroke medications, and medications in gen-
eral, are easier to take and are an option far less time-consuming
than therapy. In the future, there needs to be an advancement
in the technology used to detect abnormal brain morphology.
This should be an advancement of the machines used for brain
imaging, screenings, etc. MRIs are the best way, as of right
now, to detect abnormal brain morphology®Z. In the future,
there needs to be further advancement of the technology used
for brain scans in order to catch, prevent, and treat post-stroke
PTSD. Overall, there is certainly room for development when it
comes to identifying and treating stroke, PTSD, and post-stroke
PTSD.

The biggest advantage to have when it comes to treating
stroke and its complications is time. The more time you have,
the more options (i.e. therapies, medications, brain scans) that
are available for treating post-stroke complications, such as post-
stroke PTSD. In the future, the trajectory of therapies could be
adjusted to specific post-stroke patients. Another approach is
utilizing brain scans, such as MRIs, as a diagnostic tool for post-
stroke patients with complications such as post-stroke PTSD.
MRIs could also be used more frequently on post-stroke patients
to not only track a patient’s progress in their recovery but also
as a way for doctors to gather data on how effective certain
post-stroke therapies are. Using MRIs more often can also
allow doctors to correlate specific symptoms, in post-stroke
patients, to which therapies are the most successful for these
symptoms. Another factor in determining how well a post-stroke
patient’s recovery goes is whether they have a support system
or a community around them. A support system is crucial for
the recovery phase because it can prevent the patient’s mental
health from declining, as recovery is a daunting bridge to cross
in order to become healthy and well again. However, there are
many post-stroke patients who go through the recovery journey
by themselves as they do not have a proper support system,
therefore their recovery might be more difficult or slower. One
treatment to consider for patients in this situation is to provide
them with physical therapy (PT) or general therapy, which can
act as a support system for lonely patients. This therapeutic
support system can create a sense of community and potentially
prevent the patient from further mental suffering and increase
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health outcomes.

Overall, researchers have attempted to cover the many factors
associated with the bidirectional relationship between stroke
and PTSD. However, many studies have made it clear that more
research needs to be conducted in order to get to the crux of
preventatives, treatments, therapies, etc. that can be used to
combat both of these conditions. All things considered, many
studies have begun to show results to indicate the following
questions as truthful: “Can having a stroke make a person more
likely to develop PTSD?” and “Does PTSD make it more likely
for a person to have a stroke?”.

Methods

Several databases were searched, including PubMed and the
National Library of Medicine, to retrieve information relevant to
this literature review’s topics (Figure 1). The databases PubMed
(records identified, n = 41) and the National Library of Medicine
(records identified, n = 6) include randomized trials and system-
atic reviews. The reference lists in several of the papers used
were also checked. A comprehensive summary of all references
is provided below (Table 4). Searches for articles were also
conducted on the internet; some of the references were from
respectable websites and books as well. The main keywords that
were used to conduct searches for articles were the following:
stroke, post-traumatic stress disorder (PTSD), ischemic stroke,
hemorrhagic stroke, and post-stroke PTSD.
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Fig. 1 PRIMSA diagram detailing identification and screening of
studies referenced to in this literature review.
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Table 4 Summary of conducted studies referenced in this literature review.

Name of study Authors Year of publica- | Method Findings Variables Sample
tion size
Posttraumatic Stress Assayaget. al, | 2022 All participants went Post-stroke PTSD risk PTSD, symp- | 436
Symptoms After Stroke: 2022 through MRIs and were | can be influenced by toms,  post-
The Effects of Anatomy and examined 6, 12, and 24 stroke location, severity, stroke
Coping Style months after the MRIs. and future coping
mechanisms
Effect of Water exercise Bei et, al. 2023 Patients received Early water exercise Rehabilitation, | 160
Therapy on Lower Limb rehabilitation treatment | therapy intervention is water  exer-
Function Rehabilitation in and were split into a most efficacious for cises, first
Hemiplegic Patients with the control group and a first-time stroke stroke only.
First Stroke hydrotherapy group survivors
What is the Fight, Flight, Cleveland 2024 Information about stress | Outlines stress N/A N/A
Freeze, or Fawn Response? Clinic™® responses. management and trauma
prevention
How many people are Office of Com- | 2022 Information about Influences of stroke N/A N/A
affected by/at risk for munications? different risks for
stroke? stroke.
Community care Johannes 2020 Care through telephone Care coordination is Survivor  of | 361
coordination for stroke Deutschbein, or face-to-face. A crucial for stroke stroke/TIA,
survivors: results of a Ulrike  Grit- control group receiving Survivor recovery. care  coordi-
complex intervention study tner, Alice standard care. nation, costs,
Schnei- Germany,
der, Liane Health  care
Schenk™ utilization,
readmissions,
stroke.
Incidence, Implications, and | Doria et, al B 2019 N/A Incidence of post-stroke Treatment of | N/A
Management of Seizures seizure and treatment seizures,  is-
Following Ischemic and outcomes. chemic stroke,
Hemorrhagic Stroke hemorrhagic
stroke.
[Acceptance and D Ducasse, G | 2015 Systematic ACT is a multi-use as it Acceptance 40 articles
commitment therapy] Fond®dl review/meta-analysis can treat a variety of and commit-
disorders. ment therapy,
randomized
controlled
trial.
Prevalence of PTSD in Edmondson et, | 2013 Examined patients who 1 in 4 post-stroke Stroke, tran- | 1,138
Survivors of Stroke and al ¥l had a stroke/TIA after patients will develop sient ischemic
Transient Ischemic Attack > one year. rapid-onset PTSD attack.
symptoms
Acute stress symptoms 1-2 Feely et, al. 2! | 2023 Measuring of ASD 1-2 Early intervention for Stroke sever- | 54
weeks after stroke predict weeks (time 1) and then | those showing ity, functional
the subsequent development 6-12 weeks (time 2) post-stroke ASD results impairment,
of post-traumatic stress later. in better treatment cognitive
symptoms: A prospective outcomes. impairment,
cohort study depression,
anxiety,
premorbid in-
telligence, and
pain between
the 2 time
points.
Stroke facts & statistics Stroke Aware- | 2023 Information about Outlines stroke types Ischemic N/A
ness Founda- stroke in general and associated statistics stroke and
tion™ hemorrhagic
stroke

Continued on next page
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Table 4 — continued from previous page

distress (PED),
and processing
speed (PS)

Name of study Authors Year of publica- | Method Findings Variables Sample
tion size
Posttraumatic Stress Gaffey et, | 2021 Examined effects of SNRIs are effective for Hemorrhagic HEHHEH
Disorder, Antidepressant a1.38 PTSD, use of SSRIs & treating PTSD and stroke, SSRIs,
Use, and Hemorrhagic SNRIs, and stroke risk comorbidities SNRIs, PTSD,
Stroke in Young Men and as a result through Cox Cox models,
Women: A 13-year Cohort models. demographics,
Study psychiatric
comorbidities
Correlates of Post-traumatic | Goldfinger et, | 2014 Measured prevalence of | Stroke-induced PTSD is Stroke- 535
Stress Disorder in Stroke al 30 stroke-induced PTSD associated with young induced
Survivors through the PTSD age, recurrent stroke, PTSD, TIA,
Checklist Specific for disabilities, and PCL-S greater
stroke (PCL-S) comorbidities than 50, de-
mographics,
stroke history,
disability,
medical  co-
morbidities,
depression,
and emotional
support
Evidence of the dissociative | Maj Hansen, | 2017 Systematic review Evidence advocating for | D-PTSD, N/A
PTSD subtype: A systematic | Jana Ross, paper; six databases D-PTSD subtype PubMed,
literature review of latent Cherie Ar- were used to collect classification Web of Sci-
class and profile analytic mour.®J information for this ence, Scopus,
studies of PTSD literature review PILOTSD,
PsychlInfo,
and Embase
The effect of acceptance and | Ti Hsu, Jenna | 2023 Meta- ACT is an efficacious N/A 1,750
commitment therapy on the L. Adamow- analysis/systematic intervention as it relates
psychological flexibility and | icz, Emily B review: Information to psychological
inflexibility of K Thomas. %7 from 20 studies was flexibility
undergraduate students: A used in the systematic
systematic review and review
three-level meta-analysis
Supportive psychological Jiang et, a2/ 2022 Randomized Early supportive therapy | Post-stroke 170
therapy can effectively treat psycho-therapy vs was effective for positive | PTSD
post-stroke post-traumatic control groups at 2 time | post-stroke PTSD
stress disorder at the early points outcomes
stage
Effectiveness of repetitive Jiang et, al =2 | 2023 Participants were rTMS and brief exposure | rTMS and | 60
transcranial magnetic randomly assigned to 3 therapy yield the best post-stroke
stimulation combined with a groups, and after outcomes for post-stroke | PTSD
brief exposure procedure for treatment, they had PTSD patients
post-stroke posttraumatic short-term and
stress disorder long-term evaluations.
Medical complications and Junttola  et, | 2021 A retrospective Avoiding medical Pneumonia, 380
outcome after endovascular al 10 singular-center study of | complications during acute cardiac
therapy for acute ischemic patients who received EVT is crucial to patient | insufficiency,
stroke EVT. health and myocar-
dial infarction
Examining posttraumatic Kim et, al. 2020 Included 3 groups: The discrepancy in PS Perceived 138
stress disorder as a key healthy controls, PTSD between the healthy cognitive
postinjury risk factor in only, and comorbid controls and the complica-
OIF/OEF veterans with blast-induced MTBI and | comorbid group is due to | tions (PCC),
blad-induced mild traumatic PTSD. PTSD and not to mTBI. perceived
brain injury emotional

Continued on next page
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Table 4 — continued from previous page

Name of study Authors Year of publica- | Method Findings Variables Sample
tion size
Increased prevalence of Kiphuth et, | 2014 Patients with TIA were TIA increases the risk TIA, PTSD, | 108
posttraumatic stress disorder | al. studied and assessed for PTSD, anxiety, and anxiety, de-
in patients after transient after 3 months depression pression, and
ischemic attack maladap-
tive  coping
strategies
Constraint-induced Kwakkel et, | 2015 N/A CIMT helps post-stroke Constraint- N/A
movement therapy after a3 patients improve upper induced move-
stroke limb mobility ment therapy
(CIMT)
Socioeconomic status and Anite  Lind- | 2022 Analysis of data Low education level Ischemic 86,316
stroke severity: mark, Marie collected through the increased the chances for | stroke, SO-
Understanding indirect Eriksson, Longitudinal integrated stroke cioeconomic
effects via risk factors and and David database for health status, and
stroke prevention using Darehed? insurance and labor stroke
innovative statistical market studies (LISA).
methods for mediation
analysis
Medications as Traumatic Jiang et, al 2021 Patients with a Medications can serve as | Post-stroke, 408
Reminders in Patients with suspected stroke/TTA a traumatic reminder of post-TIA, and
Stroke/Transient Ischemic were evaluated post-stroke/post-TIA PTSD.
Attack-Induced post-hospitalization PTSD
Posttraumatic Stress
Disorder
Psychological inflexibility Meyeret, al.®2 [ 2019 1-year psychological Psychological Psychological | 236
predicts PTSD symptom follow-up in Iraq and inflexibility and PTSD inflexibility,
severity in war veterans after Afghanistan veterans symptoms severity are PTSD, and
accounting for established associated veterans
PTSD risk factors and
personality
Meta-Analysis of Cultural Linda Denise | 2021 Meta-analysis of factors | Refugees displaced in PTSD, cul- | 3,403
Influences in Trauma Oakley, Wan- associated with PTSD similar cultures had ture, gender,
Exposure and PTSD Chin Kuo, higher rates of PTSD refugees, and
Prevalence Rates Jennifer A trauma.
Kowalkowski,
and  Wanju
ParkiZ8
Relationship between NIH Pedowitz et, | 2021 Patients self-reported Stroke disability is Post-stroke, 300
stroke symptoms and all ASD symptoms positively associated post-TIA,
post-traumatic stress post-stroke/post-TIA with ASD and PTSD PTSD, and
disorder in patients shortly after then after | | symptoms early in ASD
evaluated for transient month; stroke recovery
ischemic attack/stroke symptoms were
evaluated prior to
hospital discharge.
Prevalence and correlates of | Rutovic et, | 2021 PCL-S was used to PTSD and disability Ischemic 85
post-traumatic stress al 3 diagnose PTSD, HADS severity are positively stroke, PTSD,
disorder after ischaemic was used to assess correlated and brain
stroke depression and anxiety, regions
and stroke severity was
assessed using mRS
Prevalence of post-traumatic | Schein et, | 2021 Systematic literature Prevalence of PTSD was | Post-traumatic | N/A
stress disorder in the United | alZJ review: articles from elevated in vulnerable stress disorder,
States: a systematic MEDLINE, EMBASE, populations and prevalence,
literature review and PsycINFO were minorities risk  factors,
used and systematic
literature
review

Continued on next page
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Table 4 — continued from previous page

World Trade Center Health
Registry

Name of study Authors Year of publica- | Method Findings Variables Sample
tion size
Stroke Neurology Michael Sch- | 2016 Book An introduction to the Stroke, is- | N/A
neck, Karen basics of stroke. chemic stroke,
Orjuela, and and hemor-
Clio Rubinos? rhagic stroke
Association Between Stein et, al.2> 2018 A telephone survey was | Anxiety, depression, and | Ischemic 55
Anxiety, Depression, and conducted to assess PTSD are common stroke, anxiety,
Post-traumatic Stress depression, anxiety, and | post-stroke depression,
Disorder and Outcomes PTSD 6-12 months after | complications and have and PTSD.
After Ischemic Stroke ischemic stroke high rates of
co-occurrence
Post-Traumatic Stress Tang et, al.=? 2022 Systematic review: Results showed that Stroke  and | 1,785
Disorder After Stroke PubMed, EMBASE, PTSD is common PTSD
PsycINFO, and Ovid post-stroke.
Nursing were searched
for studies related to
post-stroke PTSD
Treatment with Diazepam in | van Tuijl et, | 2022 Acute stroke patients Diazepam was effective Post-stroke 784
Acute Stroke Prevents a2 were treated with in preventing seizures in | seizures and
Postsroke Seizures: A diazepam or placebo for | the first 3 months diazepam
Substudy of the EGASIS 3 days; follow-ups were | following stroke
Trial 2 weeks and 3 months
later
Seeking healthcare services Tyagi et, al® 2021 Interviews with stroke Caregivers have Stroke, health- | 61
post-stroke: a qualitative survivors and family multidimensional roles care, and care-
descriptive study exploring caregivers in caring for stroke givers
family caregiver and stroke survivors
survivor perspectives in an
asian setting
Posttraumatic Stress John B. | 2021 Synopsis of current PTSD is more related to | PTSD, treat- | N/A
Disorder and Williamson, treatments and trauma than to anxiety ments,  and
Anxiety-Related Conditions | Michael S. assessments for PTSD disorders anxiety disor-
Jaffee, and and anxiety disorders. ders
Ricardo E.
Jorge
Neurobiological and genetic | Wolf et, al.2% 2023 Psychological, Biological structures, Dissociated 374
correlates of the dissociative neuroimaging, and neural representation, PTSD, neu-
subtype of posttraumatic biomarker assessments spatial awareness, and roimaging,
stress disorder in post-9/11 veterans spatial learning and and biomark-
memory are positively ers
associated with
D-PTSD.
Stroke hospitalizations, Yu et, al.® 2021 Stroke cases were PTSD is arisk factor for | 9/11, stroke, | 29,012
posttraumatic stress disorder, obtained through the ischemic and hospitaliza-
and 9/11-related dust World Trade Center hemorrhagic stroke tion, and
exposure: Results from the Health Registry PTSD
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