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Abstract

The article is important as the article has not only discussed the causes of “ischemic stroke and haemorrhagic strokes” yet it has also
discussed causes related to cardioembolic stroke, cryptogenic stroke and others within the scope of this article. The findings show that the
presence of different types of diseases and medical conditions such as "Sickle cell disease", "Chagas disease", "hypertension, diabetes and
others are underlying causes of stroke within the individuals. In case these diseases have been controlled then it will lead to control over
strokes. The findings also illustrate that oral coagulation will not provide desired results as per averting strokes while t-PA thrombolysis has

fetched positive results.
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INTRODUCTION

The article will discuss stroke which is widely prevalent
and occurs among most people in different countries.
Specifically, the article will point out the different causes
associated with stroke to make the readers accustomed to
those causes and the brain attack. Conversely, the article will
also discuss the remedies that have been prevalent to avert the
attack. The article will conduct a review on this topic from
different journal articles. The article aims to conduct a review
of the different causes and remedies for stroke. There are
around 91 patients who have been diagnosed with recurrent
strokes whereas 85.7% have been unaware of the essential
symptoms of stroke [1]. Stroke has been the leading reason
for death and also functional impairment.

Kerala has been considered to be a state with an increasing
literacy rate where around 87.5% of the population have been
seen to be unaware of the symptoms of stroke which has
further resulted in an increasing number of morbidity and
also mortality [2]. Therefore, it is proved that stroke is one of
the diseases that people have been unaware of. India is a
country where the occurrence rate of stroke within the young
population has been higher in comparison with Western
population. However, brain stroke has always been a matter
of concern among the elderly population. The young
population has been impacted by "depression”, “physical
disability”, “cognitive impairment” and others. 15-30% of
the young population have been witnessed to be affected by
stroke [2]. “Hyperhomocysteinemia™ is considered to be an
essential medical condition that causes an increase in
homocysteine level within the blood as prevalent among
people possessing deficiency in Vitamin b12.

According to hospital records in India, "cerebral venous

thrombosis" (CVT) is a distinctive type of stroke that is
common in the country. It has been further reported that 12
times the young population has been affected by CVT as
compared with the Western population. There are around
16.3% of strokes witnessed among the younger population
which is further estimated to be much higher around the
world [3]. As per the reports of "Indian Stroke Association"
there are around 1.8 million of the population in India are
affected by strokes [3]. Stroke is a non-communicable
disease however, it has evolved as a threatening disease in the
country that has been reducing both morbidity and also
mortality. People in India do not possess enough knowledge
of the risk factors of stroke which is the reason that
prevalence rate across the country has increased.

LITERATURE REVIEW

Pathophysiology of Stroke

Stroke can be described as a "focal neurological deficit" in
the association of a sudden onset whose symptoms last for
around 24 hours. It can be better defined as the neurological
outburst that has been caused by impaired perfusion with the
help of the blood vessels towards the brain. [4] opined that
the neurovascular anatomy is required to be understood to
further study the clinical manifestation of stroke. The blood
flow within the brain is managed through internal carotids as
well as vertebral arteries. Ischemic stroke has been caused by
deficient blood and also through oxygen supply to the brain.
However, the occurrence of hemorrhagic stroke has been
caused by bleeding or leaky vessels. Ischemic occlusions
contribute to around 85% associated casualties within stroke
patients while Ischemic occlusion also generates both
"thrombotic and embolic conditions” within the brain.
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Figure 1. Molecular Mechanism associated with stroke
(Source: [4])

Thrombosis is such a condition when the blood flow gets
affected due to narrowing of the vessels in the wake of
“atherosclerosis”. In case of embolic stroke, the blood flow
gets decreased within the region of the brain that causes
“embolism”. [4] argued embolism is such a condition when
the blood flow eventually decreases in the brain and hence
causes certain stresses as well as cell death named "necrosis".
However, haemorrhagic stroke accounts for around 10-15%
of strokes among individuals.

Ischemic stroke and Haemorrhagic stroke

Ischemic stroke takes place when the blood supply within
the brain has been interrupted and reduced that has been
causing a prevention in the brain tissue while receiving
oxygen and also nutrients. [5] opined that
"neutrophil-to-lymphocyte ratio" (NLR) has been correlated
with the increased risk related to ischemic stroke. NLR is
considered to be present within the peripheral blood
reflecting certain balance among systemic inflammation and
also immunity. The brain cells die within a few minutes in
terms of occurrence of ischemic stroke. This type of stroke is
due to blockage that eventually restricts the blood supply
within the brain. Ischaemic strokes have been a consequence
of "cerebral small vessel disease” (CSVD), “large artery
disease” (atheroscleroisis) and also “cardioembolism”.
CSVD involves “deep perforator arteriopathy” as well as
“cerebral amyloid angiopathy” (CAA).

“Cardioembolic stroke™ is caused by cardioembolic
disease (caused by atrial fibrillation) while large artery
disease has been caused by ruptures within arteriosclerotic
plaques that lead to formation of in situ thrombus. There are
no specific causes found for cryptogenic stroke.
Haemorrhagic stroke is a life-threatening condition that
occurs when the blood vessels within the brain rupture and
also bleed. [6] argued through the help of human data that
plasma catecholamines and cortisol levels increase during the
time of the onset of the stroke. Catecholamines are usually
released within the blood where an individual is seen to be

suffering from either physical or emotional stress whereas
cortisol  level indicates certain adrenal disorders.
Haemorrhagic stroke can cause a disruption in the normal
circulation of the blood within the brain that eventually
starves certain areas from oxygen. The occurrence of
haemorrhagic stroke is due to the weakening of the blood
vessels.

Epidemiology and aetiology of stroke from global
perspectives
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Figure 2. Prevalence of vascular risk factors within young
patients categorised by age and also sex
(Source: [7])

The stroke among the younger population has been found
to be different where it has been reported that around "5 to 15
per 100000 person-years” within the European studies to
around “20 per 100000 person years” within other countries
such as Northern-American, Australian and

Asian studies and others. [7] stated that a maximum
number of incidences have been found in low-income
countries as compared with high-income countries. “Sickle
cell disease” is considered to be a “genetic haematological
disorder” that has been caused through “sickle mutation”
upon those haemoglobin genes. There is an important form
namely, “homozygous haemoglobin S" (HbSS) has an
association with "ischaemic stroke". People with sickle cell
disease have higher rates of "ischaemic stroke" that increases
with age. The mild form is named "heterozygous sickle cell
trait". "Sickle cell disease™ has been assumed to be
"monogenic disorder" accompanied by stroke, which is a
primary manifestation.

The “rheumatic heart disease” is prevalent among
ischaemic patients differs from around 1.8% to 2.0%. Chagas
disease is assumed to be a “parasitic disease" and there are
stroke incidences among patients possessing this parasitic
disease. [8] argued that hypertension is witnessed among
people encountering strokes and is considered to be a
modifiable risk factor. For example, "Preeclampsia” is a
relevant hypertensive disorder associated with pregnancy that
eventually increases the stroke risk by around 4 to 5 folds in
comparison with conditions of normal pregnancy. It is
important to notice that the prevalence of ischemic stroke is
much higher as compared with haemorrhagic stroke. It has
been further found that there is a high risk of occurrence of
this stroke with “HIV”, “tuberculosis” and also
“neurocysticercosis”. "Neurocysticercosis” is a parasitic
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disease that has been caused by tapeworm's cerebral cysts
where patients with this disease encounter stroke.

Relevant causes of stroke

In case of ischaemic strokes, blood clots occur in different
areas where some of the arteries have narrowed over time
through fatty deposits and this process is termed
atherosclerosis. The arteries may become narrower with age
while possible causes are assumed to be smoking, obesity,
high blood pressure, diabetes and others. The most important
cause of ischaemic strokes is irregular heartbeat namely,
atrial fibrillation. The irregular heartbeat may result in blood
clots within the heart which eventually break apart and
eventually end up within the blood vessels supplying the
brain. [9] stated that the cases of “ischemic stroke™ have been
categorised into “large artery atherosclerosis” (LAA)
(occurs in the head and also in the neck), “small artery
occlusion” (SAO) (subcortical infarcts), “stroke of
undetermined cause” (SUD) and others.

The relevant causes of haemorrhagic stroke have been
high blood pressure, which weakens the arteries within the
brain and eventually causes a rupture and split. As the risk
related to blood pressure increases, therefore, it causes
overweight, smoking, stress and others. However,
haemorrhagic stroke is assumed to have been caused by
expansion of the blood vessels or through abnormal
expansion of the vessels within the brain. The causes of
strokes concerning the two categories have been identified to
understand the causes associated with them. [10] argued that
there are two types of haemorrhagic stroke that are

intracerebral haemorrhage as well as subarachnoid
haemorrhage. Intracerebral haemorrhage is caused by
bleeding in the brain tissue whereas subarachnoid

hemorrhage occurs due to bursting of blood vessels in the
brain therefore, "brain aneurysm™ (bulge) that occurs within
the blood vessel that has been caused by weakness in those
walls of vessels.

Genetic factors
Small vessel disease
Cardiac disease

Risk factors |:‘\/ Mechanisms
* Hypertension * Large artery-1o-artery
* Diabetes embolsm
* Smoking * Small vessel ccclusion
* Obesity or rupture
* Lipid profile * Cardiac emboksm
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* Others * Other

Figure 3. Identification of risk factors and mechanisms for
Ischaemic and Haemorrhagic strokes
(Source: [11])

There are around 35% of young patients suffering from
ischaemic stroke therefore, hypertension is a risk factor.
Diabetes Mellitus has been seen in people suffering from
stroke which has been encountered within 10% of patients.
[11] opined that different prolonged diseases lead to
occurrence of strokes. It has been seen that 50% to 60% of
the patients both men and women possess dyslipidaemia.
50% of the young patients have reported that they are
smokers while obesity as defined by "Body Mass Index”
(BMI) is 30 or more than that have been witnessed among
10% of the individuals possessing stroke. Air pollution is
another pertinent cause of stroke where rapid growth of the
economy may lead to transformation of air quality. The
geographical differences are associated with
stroke-associated mortality in the wake of air pollution.

Remedy and Stroke treatment
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Figure 4. Prevention of Stroke
(Source: [12])

The first stroke can be prevented followed by recurrence of
the second stroke within an individual. Primary prevention in
respect of “ischemic stroke” involves modification of
lifestyle and diet. Treatment of the risk factors (diseases such
as hypertension, diabetes mellitus and others) along with
offering antiplatelet therapy for those patients with high
vascular risks followed by anticoagulation for atrial
fibrillation. However, secondary prevention includes
stenting in some symptomatic patients, carotid surgery,
treatment for insulin resistance and also best treatment in
the form of “intracranial stenosis” [12]. The most eminent
remedy for cerebral hemorrhage (Haemorrhagic stroke)
revolves around treating “hypertension”, “occlusion with the
left atrial appendage”, “reduction in alcohol intake”,
“permanent contraindications for oral anticoagulation”
and others.

Additionally, anticoagulation treatment is found to be
highly effective in reducing stroke risks within individuals
who have been detected with atrial fibrillation [12]. The
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challenging area is that in most the cases, patients possessing
atrial fibrillation remain asymptomatic and thus this disease
atrial fibrillation does not get diagnosed on time. In case risk
factors have been addressed then it will lead to prevention of
the strokes even before the occurrences of the strokes within
individuals.

METHODOLOGY

Atrial Fibrillation has been detected through “Continuous
ECG Monitoring Using Implantable Loop Recorder" which
will help in prevention of strokes within people with high
risks. A randomised controlled trial (RCT) has been
conducted where the eligible participants have been assumed
to be between 70-90 years and have been eventually
diagnosed with one out of the four conditions such as
"hypertension”, “heart failure”, “diabetes”, and others.
There is another important condition that has been considered
where these patients have not encountered atrial

Fibrillation in the past. The patients have never been
implemented with pacemaker, neither have consumed
anticoagulation  medicine  nor  have  encountered
contraindication towards anticoagulation. The inclusion
criteria for including these patients have been considered
through RCT. The 12-lead ECG has been considered for
evaluating atrial fibrillation [13]. The trial has been designed
as well as overseen with the help of the steering committee.

The participants have been randomly assigned in a ratio of
1:3 to two different groups that are an “implantable loop
recorder” (ILR) group and also a controlled group. The
online system has been utilised for conducting this study on
these groups. There are around 4 to 8 participants who have
been stratified. Therefore, it is clear that stratified sampling
techniques have been adopted for the study. Stratified
sampling technique is about division of the population into
different subpopulations based on various characteristics
including age, income, job role and others [14]. The eligible
participants have been assigned to certain nurses who have
been considered only after enrollment. Thus, the participants
have fair knowledge in understanding of the causes of the
strokes due to atrial fibrillation as these nurses have been
attending to the patients who have been suffering from
strokes according to age groups. The baseline assessment has
prioritised receiving the details related to medical history,
assessment of vital signs, blood samples and others. Both the
blood pressure and also the pulse rates of the participants
have been recorded followed by supine rest that contains the
automated measurements

6205 individuals assessed for cligibility

' ¥

I 1501 assigned to ILR

Figure 5. Trial Profile
(Source: [14])

ILR implantation has been planned within 4 weeks where
ECG has been monitored in respect of every patient. In case
atrial fibrillation has been found to have lasted for around 6
min then that participant has been recommended with oral
anticoagulation [14]. The option for deciding on
anticoagulation along with the clinical tests has been given to
the physicians and also to the patients. The primary outcome
has been a combination of "endpoint of stroke" or rather
""systemic arterial embolism" whereas the secondary outcome
has been revolving around "combined endpoint of ischaemic
stroke", "systemic arterial embolism"”, or "cardiovascular
death” and others. The remaining results are important and
include "initiation of anticoagulation", "Thrombosis”,
“Haemostasis” and also “haemorrhagic stroke”. The
episodes associated with “new onset ILR-detected atrial
fibrillation" have lasted for around 6 minutes that would be
adjudicated by two cardiologists. The assumption that has
been made before sample size is "1:00 per 100 person-years”
within the control group while “0-65 per 100 person-years”
within the ILR group.

FINDINGS AND DISCUSSION

Findings

The result shows that around 6205 individuals have been
screened and around 6004 are included. The exclusion
criteria are that participants diagnosed with atrial fibrillation
in the past have been excluded during the initial stage when
those participants have been screened through the ECG. 1501
have been assigned within the ILR group while around 4503
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have been assigned within the control group as per the
sample size. The mean age of those participants has been
estimated to be around 74-7 years while 2837 are women.
There have been around 1420 participants who have been
engaged in receiving ILR within the ILR group whereas the
period considered for implantation has been around 24 days.
However, there have been no participants who have been
involved from the control group. Atrial fibrillation has been
diagnosed among 477 out of those 1501 participants within
that ILR group while around 550 participants out of 4503
from the control group have been diagnosed with the same
disease [14].

Further results show that 426 participants out of those 477
participants have been diagnosed with atrial fibrillation
within 3 years. Therefore, the number of participants tending
atrial fibrillation has increased in 3 years [14]. Oral
anticoagulation has been provided to 445 patients within
those ILR groups while around 591 within the control group.
375 participants possessing atrial fibrillation who have been
initiated with oral anticoagulation in the first month only after
its diagnosis followed by 434 at every time as per the
requirement.

Additionally, within the control group, there are almost
393 participants who have been initiated with oral
anticoagulation suffering from atrial fibrillation after its
diagnosis. There has been a discontinuation of oral
anticoagulation when 42 patients have been confirmed to
possess atrial fibrillation in the ILR group while 17
participants from the control group also discontinued oral
anticoagulation [14]. The stroke has occurred among 318
participants within the ILR group while 251 participants in
that control group have encountered stroke. Cardiovascular
death has also been seen to have occurred among 43
participants in the ILR group and 157 participants in the
control group.

The results of the administration of thrombolysis have
been revolving around found in the aftermath of ischemia
onset. Thrombin injections have led to occlusion towards the
"middle cerebral artery” (MCA) (a different type of stroke).
There has been an observation time that has been assumed to
be around 2 hours where complete recanalisation has been
seen to be attained t-PA within treated mice. There has been
no clot dissolution seen within those mice while partial
recanalisation has been found to have occurred. It has been
further found that t-PA treatment has resulted in an increase
of reperfusion level that becomes around “61% + 4.9%” in
comparison with around “44% + 3.5%” as well as “71% =+
7.9%” that has been compared with “47% + 2.7%" within the
"penumbra". There has been a reduction of red blood cells
accompanied by "vasoconstriction" [15]. "Neutrophils
stalling capillaries” have contributed towards “no-reflow
phenomenon” where the application of “monoclonal
anti-Ly6G antibody" has resulted in depleting "neutrophils”.
There have been capillary stall points and also penumbra that
has been diagnosed among those mice after the occurrence of
the stroke.

Discussion

Adoption of STROKESTORP trial

The participants tending occurrence of strokes have been
provided with anticoagulation has not resulted in reducing
the stroke risks. The result has somehow proved that high
acceptance of anticoagulation therapy has been wrong in
providing treatment to patients with a tendency to stroke
risks. The screening strategy has been witnessed to help
detect the disease among the patients followed by adoption of
an intervention that will eventually reduce the risks of strokes
among those participants who already tend to the risks for
strokes. STROKESTOP trial has been utilised as the
screening method which has provided effective results as
there is a reduction of "ischaemic stroke", "haemorrhagic
stroke", "systemic embolism™ and others [14].

In terms of random selection, there is one aspect that has
been prioritised where it has been seen that those participants
always have hypertension which has led to stroke risks. The
primary outcome has fetched results as there has been a
reduction of around 35% among people with stroke risks
[14]. The risk reduction after initiating oral coagulation is
20% where around 91% of the participants have been
witnessed to be provided with oral coagulation. There is a
minimal reduction in stroke occurrences among those
participants. Therefore, remedy in the form of oral
coagulation will not be helpful for patients having high risks
of stroke and thus, there is a requirement for an enhanced
remedy as found in the above results. Oral anticoagulants
have previously been thought as effective to prevent
unwanted clots of blood.

Thrombin Model of Stroke

The “distal capillary flow” has been measured through
recanalisation within the mice encountering strokes for
identification of underlying mechanisms within no-reflow
phenomenon. The “Thrombin Model of Stroke" where has
been illustrated that "cortical perfusion" has been monitored
through utilisation of "laser speckle contrast imaging" (LSI)
at the time of the onset of the stroke [15]. The treatment with
the help of "anti-Ly6G antibody" and "t-PA thrombolysis"
have fetched certain positive outcomes where the results have
shown an increase in tissue reperfusion which indicates a link
among "capillary stall and no-reflow” [15]. RBC velocity
has enhanced the distal branches within the MCA.
Simultaneously, there has been reduction in the damage of
the ischemic tissue after the stroke occurrences within the
mice after around 7 days.

Every animal that has been treated through t-PA has
eventually shown evidence in the form of “hemorrhagic
infarct transformation™ within the brains of the mice. The
systematic effect of antibody as per evaluating the severity of
the stroke without the utilisation of the "thrombolysis" shows
an enhancement within the “cerebral blood flow” and also
provides a neurological outcome. The “no-reflow of brain
microvascular networks” has always been popular since
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1968. Multiple mechanisms have contributed towards the
“microvascular no-reflow phenomenon”. Clinical studies in
recent times have provided certain evidence in the form of
elevation in the "blood neutrophil count” that has been
administered as a biomarker that has provided an unfavorable
outcome within stroke patients who have been getting
thrombolysis. Neutrophil depletion provides facilitation in
terms of recovering from stroke through facilitating capillary
reperfusion.
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Figure 6. Pharmacological treatment for stroke
(Source: [16])

Minimilisation of the neuronal cell damage and also death
that has been triggered through ischemia and also metabolic
cascade have been caused through abrupt reperfusion. The
treatment involves retardation and rehabilitation of the
progress of the vascular disease for preventing additional
strokes. The pharmacological agents can be utilised for
treating the stroke whereas on the other hand, insufficient
levels of oxygen cause energy deprivation while “arterial
thromboembolic episode” is considered to be ischemic
cascade [16]. The current trails before ‘“acute ischemic
stroke” aims at liberating and reinstating the ischemic
penumbra for the particular treatment rather “energy
abrogation" which will cause a deterioration in ion
homeostasis and will trigger certain increase within the
extracellular concentration of the potassium ions while a
reduction within the chloride and sodium ions.

Thrombolysis revolves around pharmacological drugs
causing a breakdown of blood clots to enhance blood flow.
Thrombotic drugs have already gone through human trials
and it has begun around 1960s and 1970s. The drugs have
been helpful for clot formation and have provided results of
faster recovery in the aftermath of strokes. rtPA has been
administered through infusion where the resultant PAI-1
levels are not liable for controlling tPA action that has been

causing the body to possess insufficient quantities to break
the fibrin clots [17]. Food and Drug Administration (FDA)
has already approved alteplase-rtPA thrombotic for averting
the risks of stroke. An effective drug contains the
combination of “rtPA”, “p-anisolylated”, “urokinase” and
others.

Intravenous Thrombolysis (IVT) is assumed to be a
primary treatment for patients who have encountered
ischemic stroke. IVT in association with alteplase has
provided clinical results and has revived inflammatory
response within patients suffering from cerebral ischemia
[18]. Conversely, Mechanical thrombectomy is appropriate
for patients possessing acute cases related to ischemic stroke
as it includes large arterial occlusion along with anterior
circulation. “IAT Intra-Arterial Thrombolysis Therapy” is
about administering several agents in the artery for dissolving
thrombosis however, “plasminogen activators” have been
used in respect of “intra-arterial thrombolysis”.

CONCLUSION

The article has discussed the different types of strokes and
its causes especially ischemic and haemorrhagic strokes.
There is a neurological deficit that has been caused due to
stroke which is the most important definition of stroke as
discussed in this article. Both the type of strokes somehow
causes a disruption in the blood supply and blood circulations
in the human body. Carotid surgery, antiplatelet therapy and
others have been assumed to be some relevant methods to
abstain from the occurrences of the onset of strokes. Health
condition such as diabetes, hypertension and others are
required to be controlled to avert the onset of stroke.
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