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ABSTRACT

Introduction: Cerebrovascular accidents (CVASs) represent a sigmf global health
burden, with dyslipidemia emerging as a crucial ifi@ole risk factor. While the
relationship between low-density lipoprotein (LDLgnd stroke risk is well-
established, the role of high-density lipoprotditfD() remains less clearly defined,
particularly regarding its differential associatiovith stroke subtypes. This study
aimed to investigate the role of HDL in cerebrovdacaccidents and compare HDL

levels between ischemic and hemorrhagic strokeypabt

Methods: This observational study included 98 stroke pasi@umitted to KLES Dr.
Prabhakar Kore Hospital, Belagavi, over a one-ygmriod. Demographic
characteristics, risk factor profiles, lipid parasers, and stroke characteristics were
documented. Stroke severity was assessed using\dtienal Institutes of Health
Stroke Scale (NIHSS), and functional outcomes vesf@uated using the Modified
Rankin Scale (MRS). Statistical analysis includedsaliptive statistics and

comparison between stroke subtypes using appreqsgats.

Results: The study population had a mean age of 55.8 yedts slight female
predominance (53.1%). Hypertension (65.3%), diabetd41.8%), and
overweight/obesity (76.6%) were prevalent risk dast Ischemic strokes (83.7%)
were more common than hemorrhagic strokes (16.8%). HDL cholesterol (<50
mg/dL) was observed in 90.8% of patients. Signiftba higher HDL levels were
found in hemorrhagic stroke patients (44.3+7.5 rmpbmpared to ischemic stroke
patients (35.3+7.7 mg/dL) (p<0.001). No significadifferences were observed
between stroke subtypes regarding other lipid peatars, comorbidities, stroke

severity, or functional outcomes.
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Conclusion: This study demonstrates a high prevalence of lowL Hibolesterol
among stroke patients and identifies a signifiadifierence in HDL levels between
ischemic and hemorrhagic stroke subtypes. Thesdinfis suggest that HDL
cholesterol might play a differential role in thatipogenesis of stroke subtypes and
could potentially serve as a biomarker for strolessification. Future research should
focus on elucidating the mechanistic links betwé&HdL and stroke subtypes and

developing targeted interventions to address dg&lipia in stroke prevention.

Keywords: Cerebrovascular accident, stroke, high-density pliptein, ischemic

stroke, hemorrhagic stroke, dyslipidemia, risk éast stroke outcomes.
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I ntroduction

INTRODUCTION

Cerebrovascular accidents (CVA), commonly known sisokes, represent a
significant global health burden, ranking as theosd leading cause of death
worldwide and a major cause of disabifitiffhe intricate relationship between lipid
metabolism and stroke pathophysiology has emerged erucial area of research,
with particular attention being drawn to the rofeHigh-Density Lipoprotein (HDLY

While traditional perspectives have primarily foedson HDL's atheroprotective
functions in cardiovascular disease, its potensi@nificance in cerebrovascular

events presents a compelling avenue for investigati

HDL, often referred to as "good cholesterol,” exisibmultiple physiological
functions beyond reverse cholesterol transport,luging anti-inflammatory,
antioxidant, and endothelial protective properfieRecent evidence suggests that
HDL's pleiotropic effects may play a crucial role both the pathogenesis and
outcomes of different stroke subtype$he relationship between HDL levels and
stroke risk has been observed to follow a complaiepn, with some studies

indicating that the association may differ betwisehemic and hemorrhagic stroles.

The differentiation between ischemic and hemormhagdiokes is fundamental not
only for therapeutic decision-making but also famderstanding the underlying
pathophysiological mechanismslschemic strokes, accounting for approximately
87% of all strokes, occur due to vessel occlusianile hemorrhagic strokes result
from vessel rupture. The role of HDL in these distipathological processes may
vary significantly, potentially influencing both sk assessment and therapeutic

approache8.
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I ntroduction

In the Indian context, the burden of stroke isipalarly concerning, with estimates
suggesting a prevalence rate of 84-262/100,000 latpu in rural areas and 334-
424/100,000 population in urban aréasThe unique genetic, dietary, and
environmental factors in the Indian population niauence lipid profiles and their

association with stroke outcomes, necessitatinipmespecific research.

Despite growing evidence supporting HDL's involveini cerebrovascular health,
there remains a significant gap in our understapdif its differential roles in
ischemic versus hemorrhagic strok®3his observational study, conducted at KLES
Dr. Prabhakar Kore Hospital, Belagavi, aims to elate these relationships by
comparing HDL levels across stroke subtypes andmexag their potential

implications for risk stratification and patienttoames.

Understanding these associations could have sdiadtaciinical implications,
potentially influencing preventive strategies ammrapeutic approaches in stroke
management. This study's findings may contribute to the depetent of more
targeted interventions and improved risk assessmeols for different stroke

subtypes in the Indian population.

Page 2



Aims & Objectives

AIMS AND OBJECTIVES

Objectives:

1. To study serum HDL level in patient with cerebrauaar accident

2. To compare the levels of serum HDL between two gmtes of

stroke.

3. Percentage of site involvement in ischemic and emagic stroke.
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Review of literature

REVIEW OF LITERATURE

CEREBROVASCULAR DISEASES OF BRAIN™

Cerebrovascular disorders encompass some of thé¢ pne@galent and devastating
conditions: ischemic stroke, hemorrhagic stroked amerebrovascular anomalies
including intracranial aneurysms and arteriovenmadformations (AVMs):' These

conditions cause approximately 200,000 deaths dgnumthe United States and
represent a significant source of disability. Theqfiency of cerebrovascular
disorders increases with age, and as the eldedylation grows, stroke deaths in the
United States are projected to double by 2030. Mmmebrovascular diseases
manifest through the sudden onset of a focal negioldeficit, as though the patient

was unexpectedly struck.
STROKE™

Definition: This abrupt beginning of a neurologic deficit cadisby a localised

vascular origin is what defines a stroke, also kmaw a cerebrovascular accidént.
Acute Ischemic Stroke

Although an acute stroke is sometimes called acevascular accident, it's crucial to
understand that a stroke is not an accident. mase accurately and meaningfully
referred to as "brain attack,"” which has a simifeaning to "heart attack." Acute
stroke occurs when underlying cerebrovascular dexsr cause acute neurological
impairments to arise suddenly in a vascular arabafiects the brain, retina, or spinal
cord!? Stroke has a substantial impact on morbidity armttality and affects a

variety of patient demographics. There are twoesypf strokes: ischaemic and

hemorrhagic. Intracerebral and subarachnoid hatiages are two further subtypes
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of hemorrhagic strokes. The Trial Org 10172 in tkcBtroke Treatment (TOAST)

classification system distinguishes multiple cat&goamong ischaemic stroks:
+ “Cardioembolism
« Small vessel occlusion
+ Large artery atherosclerosis
« Stroke of undetermined etiology

+ Stroke of other determined etiology (possible oobaible depending on

ancillary study results*}

The capacity of the doctor to classify a particidabtype diagnosis as probable or
plausible based on the degree of certainty is ei@rgomponent of classification.

A diagnosis is deemed "probable” whenever alteragtiossible explanations have
been ruled out and clinical symptoms, neuroimagiaig, and diagnostic study results
match a specific subtyg@. On the other hand, a diagnosis is marked as ilge%s
when neuroimaging evidence and clinical findinggnpto a particular subtype but
further research has not been done. The probatiefeasible categories enable
doctors to choose the most accurate subgroup di&gbecause many patients only

receive a few diagnostic tests.
Epidemiology**

“Stroke was responsible for 1 in 6 cardiovasculisease-related deaths in 2021; in
the United States, a stroke occurs every 40 secandaning that a stroke-related
death occurs roughly every 3 minutes and 14 sectin@ser 795,000 Americans
experience a stroke each year, with roughly 610,000hose being first-time

incidentst* About 185,000 of these strokes, or about oneowft all instances,
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happen to people who have had strokes béforebout 87% of all strokes are
ischaemic strokes, which stop blood flow to therbrdhe Framingham Heart Study
reports a decrease in the incidence of stroke. Mexyéhe majority of the cohort was

made up of White peoplé®.

“Between 2018 and 2019, the cost of stroke in tinédd States was close to $56.5
billion, which included lost productivity from mied workdays, medication, and
medical bills. More than half of stroke survivors &énd older have mobility issues,

making stroke a major cause of severe long-ternaiment.™

Racial and ethnic differences in stroke incidenod autcomes are evident; non-
Hispanic Black adults are almost twice as likelyVahkite adults to have their first

stroke, and both non-Hispanic Black and Pacifiarider adults have the highest rates
of stroke-related death. Additionally, the numbérstioke-related deaths rose from

38.8 per 100,000 in 2020 to 41.1 per 100,000 ir.262
Etiology

“A thrombotic or embolic event that reduces bloagy to a part of the brain is the
cause of an ischaemic stroke. A thrombus (clothiwithe vascular itself, usually as a
result of atherosclerotic disease, arterial dissectfiboromuscular dysplasia, or
inflammatory diseases, obstructs blood flow to Hmain in a thrombotic event.
Debris from other parts of the body obstructs bldlogv via the damaged vessel
during an embolic event. An artery-to-artery embgaiiroke can occur distally from
any proximal source, usually the heart, and cacabsed by an embolism source that
is proximal, such as an atherosclerotic plaqudvéninternal carotid artery.On rare

occasions, the source could come from the righg efdhe circulation and proceed to
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the cerebral vascular system via a right-to-lettrghlike a patent foramen ovale. The

cause of the stroke has an impact on the progaasisesults™®

Cardioembolism: Patients in this category have arterial obstrustithat are most
likely the result of a heart-related embolism. Bhea their propensity for embolism,
cardiac sources are divided into high-risk and meeiisk groups? A possible or

likely diagnosis of cardioembolic stroke requirée tidentification of at least one
cardiac embolism source. The results of brain imggind clinical examinations are
similar to those reported for large-artery athel@ssis®® A clinical diagnosis of

cardiogenic stroke is supported by evidence of iar gransient ischaemic attack
(TIA), stroke in numerous vascular areas, or sy&tembolisms? It is important to

rule out any big artery atherosclerotic causesnabaism or thrombosis. A probable
cardioembolic stroke occurs when a patient has diunerisk cardiac embolism

source and no other evident cause for the stroke.

Large artery atherosclerosis:Atherosclerosis is most likely the cause of thrical
and brain imaging findings in these patients, whatfow either severe (> 50%)
narrowing or total blockage of a major brain arterybranch cortical artery. Clinical
manifestations can include brainstem or cerebelesfunction or signs of cerebral
cortical damage (e.g., aphasia, neglect, or redusetbr functionf° The clinical
diagnosis can be supported by the presence ofbticéruit, a history of intermittent
claudication, TIAs in the same vascular regionwaak pulses. A possible major
artery atherosclerotic origin is suggested by lesion the brainstem, cortex,
cerebellum, or subcortical hemisphere that aretgre¢han 1.5 cm in diameter and
show up on computed tomography (CT) or magnetiomasce imaging (MR
More proof that a significant intracranial or extranial artery has more than 50%

stenosis must be provided by duplex imaging orriageaphy. Potential causes of
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cardiogenic embolism should be ruled out duringyaastic testinﬁfJ It is impossible
to diagnose a stroke caused by major artery attlerosis if duplex or arteriographic

investigations seem normal or exhibit very sligherations?°

Small vessel occlusionPatients with strokes that are often categorisethaunar

infarcts in other systems fall under this grouptid?as shouldn't show symptoms of
cerebral cortical dysfunction; instead, they shgoidsent with one of the common
clinical lacunar syndromés. The clinical diagnosis is supported by a histofy o
hypertension or diabetes mellitus. Patients shalgdd show a significant brainstem or
subcortical hemisphere lesion with a diameter s$ llnan 1.5 cm, or have normal CT
or MRI results?? It is anticipated that there will be no possibeuses of cardiac

embolism, and an examination of the main extraatanrteries shouldn't show

stenosis greater than 50% in an artery on the sigeé*

Stroke of undetermined etiology: Determining the cause of a stroke is often
difficult. Even after a thorough evaluation, sonmegignts have no probable cause.
Others just get a quick assessment, leaving theecanknowrf? Patients with two or
more possible stroke causes are also included igh ditegory, which makes it
challenging for doctors to make a conclusive diaigfé For example, a stroke of
unknown aetiology would be diagnosed in a patiemb wresents with a medium-risk
cardiac embolism source in addition to another iptsscause of the strokd.
Likewise, a patient with 50% ipsilateral carotiérsdsis and atrial fibrillation or 50%
ipsilateral carotid stenosis and conventional lacusyndrome would be included in

this group®

Stroke of other determined etiology:“Patients with rare stroke aetiology, such as
nonatherosclerotic vasculopathies, hypercoagulaiseditions, or haematologic

illnesses, make up this group. Regardless of #eai location of the lesion, patients
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should present with clinical symptoms and CT or MiRtlings suggestive of acute
ischaemic strok& One of these uncommon stroke causes should béifiderby
diagnostic procedures like arteriography or bloests®*To rule out the causes of

cardiac embolism and big artery atherosclerosisemesearch should be dorfé”.
Risk factors for stroke®*

Nonmodifiable risk factors

« Age

« Gender
+ Race

« Ethnicity
- Genes

Modifiable risk factors
+ Smoking
« Physical inactivity
+ Dietary Habits
+ Obesity
« High blood pressure (BP)
+ Cardiac Diseases
«  Atrial fibrillation
+ Carotid Stenosis

- Diabetes
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Ischemic Stroke Pathogenesis

Energy failure, loss of cell ion homeostasis, asisloelevated intracellular calcium
levels, excitotoxicity, free radical-mediated tawc production of arachidonic acid
products, cytokine-mediated cytotoxicity, complemantivation, disruption of the
blood-brain barrier (BBB), glial cell activationna@ leukocyte infiltration are just a
few of the many processes that contribute to tmeptex pathophysiology of stroké.

In the severely impacted ischemic-core regionssdhmordinated and interconnected
actions may result in ischaemic necrosis. The eepfr the brain tissue that is
subjected to the most severe reduction in blood #xperiences fatal damage and
necrotic cell death within minutes of cerebral memia>* There is a zone of less
damaged tissue surrounding this necrotic core ithatill metabolically active but
functionally silent due to decreased blood suppiytial cellular and organelle
enlargement, followed by nuclear, organelle, andsmpla membrane breakdown,
nuclear structure and cytoplasmic organelle digratiion, and the release of cell
contents into the extracellular environment are rii@phological characteristics of
necrosis?® ?® The area where salvaging through post-stroke plyeisafeasible is the
ischaemic penumbra, which borders the infarct eme makes up as much as 50% of
the total lesion volume during the early phaseisafaemia®’ The penumbra zone of
a focused ischaemic infarct is an example of lesere ischaemia, which develops
more slowly, is dependent on particular gene agtivand may eventually lead to
apoptosi§.8 According to recent studies, many neurones irp#reinfarct zone, also
known as the ischaemic penumbra, may not undergptagis for several hours or
days, which may allow them to recover for a whilkem the stroke begirfs.
Apoptosis, which eliminates redundant cells throeglergy-dependent programmed

cell death, seems to be a more orderly process niarosis. Apoptotic cells are
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disassembled from the inside out in a systematic twaeduce harm and disturbance
to nearby cell$® The intrinsic and extrinsic routes are the two muaiays that
apoptosis is triggered. Experiments conducted enphst ten years have yielded a
wealth of fresh data describing the apoptotic pagsvthat follow an ischaemic

stroke?®

Figure 1: Major Cellular Patho-Physiological Mecharisms of Ischemic Stroke.
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Glutamate excitotoxicity

Excessive accumulation of excitatory amino acidasea hazardous elevations in
intracellular calcium, which in turn mediates agkramount of ischemia-induced
neuronal damagé’ Paradoxically, this rise in intracellular calciuniggers several

signalling pathways that ultimately result in cédlath, even though it is an inherent
defensive response to prevent ischaemia by imgaa reaction to extreme cell

stres<® Numerous ionic species enter the cell as a reselhergy-dependent cellular
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pumps failing shortly after cerebral blood floweésluced or stopped because glucose-
dependent ATP synthesis is redué‘éﬁhrough osmosis, this results in cellular
depolarisation and swelling. Via ligand-gated arudtage-dependent ion channels,
calcium ions (Ca+2) enter the cell and activatamety of lipases, kinases, proteases,
and endonucleases, which sets off the intrinsicptgtic cascade and ultimately
results in cell deatff After ischaemia, glutamate, the brain's primargitetory
neurotransmitter, builds up in the extracellulaacs and activates its receptots.
Changes in intracellular ion concentrations, eslgcihose of Ca2+ and sodium ions
(Na+), are brought about by glutamate receptowvatitin. Neuronal survival may be
negatively impacted at earlier post-ischemia tingggdoy elevated intracellular Na+.
%2 The unique sensitivity of CNS neurones to abrugyigen and glucose deprivation
exacerbates the inflammatory paradox of cellulaf-ispiry; the catastrophic
temporal and anatomical nature of stroke combinéh whese facts to create
consequences that are hard to treat medicallyngasichallenge beyond the current

capabilities of modern medicire.
Oxidative stress

There is mounting evidence that the pathogenesisatfaemic stroke involves a
strong relationship between oxidative stress ampsis> Like other bodily cells,
neurones are often subject to baseline oxidativesstfrom both endogenous and
external cause$.Highly reactive compounds with one or more unghitectrons are
known as free radicals. Free radicals have théyalol react with proteins, lipids, and
DNA, resulting in varied degrees of malfunction ammagé® Nitric oxide (NO),
hydroxyl radicals, and superoxide anion radicals among the free radicals that
contribute to stroke-induced brain damage. Antiaridenzymes and free radical

scavengers typically prevent or lessen the harraftdcts of free radicaf¥. The
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mitochondria, which generate superoxide anion edsliduring electron transport, are
the main source of oxygen-derived free radicalsnfoonly referred to as "reactive
oxygen species") during ischemic-stroke injury. dugh the cyclooxygenase and
lipooxygenase pathways, arachidonic acid metabolism another potentially
significant generator of superoxide in post-ischemeurones’® After ischaemic
tissue reperfusion, active microglia and periphtrakocytes that have infiltrated can
also produce oxygen free radicals through the NAD®itlase system. 36 This
oxidation is thought to be a significant apoptatigger following an ischaemic stroke
and results in further tissue damage.

One of the many NO synthase (NOS) isoforms convesginine into NO. The
brain's neurone subpopulations express the neuromal (NNOS), which needs
calcium/calmodulin to activat¥. Inflammatory cells including monocytes and
microglia exhibit inducible NOS (iNOS). In generttiese two isoforms cause brain
damage when ischaemia occtir&ndothelial cells (eNOS) include a third isoform
that has vasodilatory properties and probably heljpsnhancing local blood flow. It
has been demonstrated that NMDA receptor stimulatioreases nNOS's production
of nitric oxide (NO) and may contribute to exciwimmediated damage in ischaemic
stroke. NO can combine with superoxide at its patida point to form peroxynitrite
(ONOQ), another extremely reactive oxygen species, amliffuses readily across
membraned’ After a stroke, reactive nitrogen species and eryderived free
radicals both trigger a number of cell death patmsyancluding inflammation and
apoptosis. Additionally, decreased oxygen availgbitauses lactate to build up

through anaerobic glycolysis, which causes acid8sis

Lipid peroxidation 3%4°
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Acidosis disrupts intracellular protein synthesis addition to generating various
oxygen radical speci€s.The pathophysiology of stroke seems to be siganitiy
influenced by lipid peroxidation. Membrane lipidrpeidation causes neuronal death
by producing 4-hydroxynonenal (4-HNE), an aldehybet covalently alters and
impairs the function of membrane transporters,udiclg “Na+/K+ ATPase, glucose
transporters, and glutamate transporier€a2+ and free radicals can activate
neuroprotective transcription factors, such as earcfactorsB (NF«B), hypoxia-
inducible factor 1, and interferon regulatory factd although they can also be
harmful by direct effects. Certain transcriptiorcttas trigger the production of
proinflammatory genes (like interferon-inducibleomin-10) and endothelial cell
adhesion molecules (like selectins, ICAM-1, and \WEGA), as well as inflammatory

cytokines (like IL-1, IL-6, and TNF) and chemokines (like IL-8 and MCP%4)

Inflammation #*42

Following an ischaemic insult, proinflammatory meddrs can be secreted by a
number of resident cell types within brain tissuéhese consist of neurones,
microglia, astrocytes, and endothelial cells. Istpgiroke brain tissue, transcription
factor activation leads to elevated cytokine proteivels and improved expression of
endothelial cell adhesion molecules (CAMSMicroglia, particularly in the area of
penumbral injury, are thought to play a significaart in the inflammation that
occurs in the brain after a strokeNumerous proinflammatory cytokines, as well as
harmful metabolites and enzymes, are produced toyaéed microglia. In addition to
microglial cells, astrocytes also contribute sigaintly to the inflammation of the
brain following a stroke. These cells have theigbilo produce neuroprotective
substances including metallothionein-2, TP&F and erythropoietin as well as

proinflammatory cytokine& The overall glial role may vary at different pastoke
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timepoints due to the mixed nature of microglialdaastrocyte products (both
protective and destructive factors), with regeneeabr protective activities taking
place days to weeks after the onset of ischaémlhen figuring out their
pathophysiological involvement in stroke and cregtnovel stroke treatments, these

factors add layers of complexit§.
Blood Brain Barrier (BBB) dysfunction*®

The blood brain barrier (BBB) is proof that the inrendothelium is very different
from other organs. Like other organs following @emic injury, it reacts to stroke
injury by becoming more permeable, losing its arfunction, and degrading the
basal lamina of the vessel wallSimilar to this, there is strong evidence thattacu
ischaemic stroke contributes to the damage prdegssiproving the contacts of the
brain endothelium with intravascular cells (plateldeukocytes) and extravascular
CNS cells (astrocytes, microglia, neurors)s a result of all these stroke reactions,

the cerebral vasculature develops the followingatteristics®
1) “reduced endothelial barrier function,

2) pro-adhesive for circulating cells,

3) pro-inflammatory,

4) pro-thrombogenic, and

5) inadequate capillary perfusion of brain tissue”.

Each inflammatory reaction tilts in the same haindfivection, compounding these
normal physiological function abnormalities, uritie host CNS cells and tissues are
harmed. In fact, this is the main issue preventprigmpt and efficient stroke

therapy™®
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Leukocyte infiltration

There is strong evidence linking leukocytes toghthophysiology of stroke damage.
Three main lines of evidence support the idea lthatocytes mediate tissue damage

and microvascular dysfunction brought on by repsdio**
1) Leukocytes build up in post-ischemic tissud®igetissue damage occurs,

2) animals that are rendered neutropenic show w@ceetinjury response to ischaemic

stroke, and

3) using monoclonal antibodies (mAbs) that tapgticular leukocyte or endothelial
CAMs to prevent leukocyte-endothelial cell adhesitso offers significant protection
against stroke injurf® Therefore, polymorphonuclear leukocytes—mostly
neutrophils—are strongly linked to a poor strokécome. In the acute post-stroke
phase, neutrophils penetrate the brain parenchymastick to endothelial ischaemic
brain vasculaturé® On the other hand, it is yet unclear what pathsjufiggical
importance lymphocyte recruitment into the brailofeing ischaemic stroke has. T-
lymphocytes, however, have been implicated in nedjaeperfusion injury in post-
ischemic brain tissue in recent investigatithk.is currently unclear how neutrophils

and lymphocytes may interact in the pathogenesi¢roke.*
Apoptosis

In order to create apoptotic bodies, apoptosisilsnéasequence of internal and/or
external processes that cause neurones to shrih&yaoplasm to condense before the
nuclear membrane is broken. In the intrinsic pathwhe usual glycolytic oxidative
phosphorylation pathway that produces ATP is digdby a diminished availability

of nutrients and oxygen to the c&llAs a result, the anaerobic route prevails and the
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amount of ATP generated is not enough to sustaiul@e functions® An
overabundance of excitatory amino acid neurotratteraj particularly glutamate, are
released into the extracellular space as a re$uttlgium ion buildup in the cell,
which causes an ionic imbalance (Na+/Ca2+ influd &+ efflux). Following this
procedure, a series of cytotoxic events occur endytoplasm and nucleus, such as
DNA breakage (caused by DNA damage), reactive axygpecies (ROS) produced
by mitochondrial metabolism that damages cellulaentbranes, and calpain
activation (caused by calpaif).The activity of inflammatory signalling factors
generated by astrocytes, microglia, and oligodesydes as a result of
cerebrovascular damage is part of the extrinsibveay, which frequently happens
either alone or in concert with the intrinsic pa#tywProinflammatory cytokines and
receptors such as TNHB, chemokines, interleukin 1 TNF-related apoptosis-
inducing ligand receptor (TRAIL-R), and Fas ligaffehsL) are examples of these
inflammatory signalling factor$. By activating the downstream effector caspase-3 or
BID, which mediates apoptosis through the mitochiadlependent route, these
receptors at the neuronal cell membrane set odipaptotic process.

Five other pathways, in addition to apoptosis, canse cell death after an ischaemic
stroke: ferroptosis, phagoptosis, parthanatosisfogtgsis, and necroptosTs.
Developing focused therapeutic strategies requresinderstanding of the complex
interactions between these many cell death proseiss¢he context of ischaemic
stroke. Combining knowledge from these processeg raault in better ways to

reduce neuronal damage and enhance the progndsihaémic stroke patierits.
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Figure 2: Different Forms of Cell Death Associatedvith Ischemic Stroke.
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Cerebral Autoregulation

Under physiological settings, cerebral blood vegsaistance—which is directly
correlated with their diameter—is the primary regat of cerebral blood flow.

Vasoconstriction has the opposite effect from vdatdn, which increases cerebral
blood flow and brain blood volume. Furthermore,ia@ons in cerebral perfusion
pressure affect cerebral blood fl4fv.

The capacity to sustain comparatively constantiratdédlood flow in the face of mild

variations in perfusion pressure is known as catedutoregulation. Autoregulation's
precise mechanisms are still not fully understdmd,they most likely involve several
pathways?® “Research indicates that the smooth muscle of cebral vessels

responds directly to variations in perfusion presday contracting when the pressure
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is raised and relaxing when the pressure is lowdradhermore, although the precise
molecules involved are still unknown, declines erebral blood flow may cause
blood vessel dilatation by releasing vasoactiverabals. Additionally, endothelial
cells' release of nitric oxide seems to supporrgulation™®

Although there are individual variances in the top lower limits, cerebral blood
flow management by autoregulation typically funosowithin the mean arterial
pressure (MAP) range of 60 to 150 mm H@Cerebral blood flow increases or
decreases passively in response to pressure vadaieyond this range because the
brain's capacity to adjust for variations in peiduaspressure is reduced. At low
pressures, this passive reaction can cause ischagmile at high pressures, it can
cause oedenia.

Cerebral autoregulation is compromised in some gbagjfical situations, including
ischaemic stroke. Cerebral blood arteries widerribance cerebral blood flow as
cerebral perfusion pressure dréperebral blood flow, however, decreases if the
drop in perfusion pressure is greater than thenlsraability to compensate. To
maintain brain oxygen supply, the oxygen extractiomction first rises. Other
mechanisms then come into play as cerebral blawd dontinues to declin®.

Under 50 mL/100 g/min of cerebral blood flow, piatsynthesis is reduced. At 35
mL/100 g/min, protein synthesis entirely stops, le/glucose utilisation momentarily
rises. Anaerobic glycolysis starts and glucosesation drastically decreases when
cerebral blood flow falls to 25 mL/100 g/min, whichuses lactic acid buildup and
tissue acidosi® At 16 to 18 mL/100 g/min cerebral blood flow, nalelectrical
failure takes place, and at 10 to 12 mL/100 g/miembrane ion homeostasis failure
follows. 23 Usually, this threshold signals thertstd an infarctior*®

Autoregulation adjusts to function at elevated raatepressures in hypertensive
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people. Restoring normal blood pressure in theseplpe may exacerbate

autoregulation dysfunction after a stroke, furttiecreasing cerebral blood flo\y.
Concept of the Ischemic Penumbra

The infarct core is formed when brain tissue theppehds solely on one artery for
blood supply has an infarct during an acute ischaestroke?’ The ischaemic

penumbra, which surrounds this core, sustains tainetevel of blood flow by

collateral circulation. On the other hand, the pehta shrinks and the infarct core
enlarges as infarction swelling increadeg&erebral perfusion is roughly 50 mL/100
g/min under normal circumstances. When perfusidis felow 30%, or less than 15
mL/100 g/min, brain cells start to die. Thus, thaib tissue is ischaemic but not
infarcted when blood flow is decreased but stilteeds 30% of the normal rate,
underscoring the crucial idea that "time is brai@iven the different intervention
time windows based on these physiological insigthss theory emphasises the

significance of prompt revascularisation therapgénte ischaemic strokg.
History and Physicaf*®

Determining the onset of symptoms is crucial sinsehaemic strokes happen
abruptly. Clinicians utilise the time the patienasvast seen in their normal state of
health, free of new neurological symptoms, as eresgice point if the precise minute
the symptoms began is unknown. When assessing erhatiiravenous (1V)
thrombolytics should be administered, this predeieed timeline is essenti#.
Examining possible underlying reasons is anotharcial clinical assessment
component that helps predict the mechanism of ttekes Common vascular risk
factors include diabetes, smoking, hypertensiod,ahistory of stroke or TIA should

be taken into account. The treating physician sh@léo determine the history of
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heart conditions, including cardiomyopathy, recenocardial infarction, and atrial
fibrillation.”® The examination is also greatly influenced by aklés such as
symptoms of hypercoagulopathy, recent chiropraadicstments, and history of neck
injuries.

For any patient suspected of having a stroke, aofegical examination is essential.
Listening for a neck bruit, which could be an iration of vascular irregularities, is
crucial, as is keeping an eye on vital signs aratthenythms'® with 11 categories
and scores ranging from 0 to 42, the National tlutgs of Health Stroke Scale
(NIHSS) is the industry standard for determining tbeverity of strokes. These
include gaze direction, vision, face symmetry, aamd leg motor skills, limb
coordination, sensory perception, linguistic algiit speech clarity, level of
consciousness (LOC) instructions, LOC queries, L&@mands, and attention to
both sides of the bod.Each score on the stroke scale is determinedéypakient's
assessment performance rather than their anticipakglities, and it should be

completed in a certain order.
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Table 1: National Institutes of Health Stroke Scale

Category Score Meaning Score
la -- LOC Instructions O:Fully alert, 1:Not Fully Alert, but not drowsy;@btunded
or requires minor stimulation to stay alert, 3:Uspensive
or requires repeated stimulation
1b. LOC Questions | 0: Answers both questions correctly, 1: Answersidstjon
correctly, 2: Answers neither question correctly
1c. LOC Commands 0: Performs both tasks correctly, 1: Performs k tas
correctly, 2: Performs neither task correctly
2. Best Gaze 0: Normal; 1: Partial gaze palsy; 2: Forced dewrati
3. Visual Field 0: No visual loss; 1: Partial hemianopia; 2: Cortgple
Testing hemianopia; 3: Bilateral hemianopia (blind incluglin
cortical blindness)
4. Facial Palsy 0: Normal symmetrical movements; 1: Minor paraly&is
Partial paralysis; 3: Complete paralysis of 1 ahlsides
5. Motor Arm (score | 0: No drift; 1: Drifts down; 2: Some effort agairggavity; 3:
both left and right) No effort against gravity; 4: No movement
6. Motor Leg (score | 0: No drift; 1: Drifts down; 2: Some effort againgtvity; 3:
both left and right) No effort against gravity; 4: No movement
7. Limb Ataxia 0: Absent; 1: Present in 1 limb; 2: Present imibk
8. Sensory 0: Normal; 1: Mild to moderate sensory loss; 2:e8euo
total sensory loss
9. Best Language | 0: Normal; 1: Mild to moderate aphasia; 2: Severieasia;
3: Mute or global aphasia
10. Dysarthria 0: Normal; 1: Mild to moderate dysarthria; 2: Sever
dysarthria or anarthria
11. Extinction and 0: No abnormality; 1: Visual, tactile, auditory asial, or
Inattention personal inattention; 2: Profound hemi-inattentomeglect
to more than 1 modality
Total
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Evaluation

It is strongly advised to follow a structured s&ogrocedure in order to speed up
examination. Patients who qualify for thrombolytidee to acute ischaemic stroke
should have a door-to-needle time of 60 minfies.

The following are the objectives of the first phdse

* Maintaining medical stability, with an emphasia breathing, circulation, and

airway

Reversing any problems that are causing the patissue as soon as possible
Assessing if the patient qualifies for endovascthaombectomy or 1V thrombolytic
treatment

» Attempting to identify the pathophysiologic causet the patient's neurological
symptoms

Vital signs, respiration, circulation, and airwag all assessed at the earliest stage of
the patient's care. Patients run the risk of aspireand asphyxiation and may have
respiratory problems due to high intracranial presgICP)*® To guarantee proper
breathing and oxygenation, endotracheal intubationbe required’

Given that hypoglycemia is easily ruled out as aseaof neurological abnormalities,
a fingerstick glucose check should be conduéted.

Within 20 minutes of presentation, a plain CT he&addvised for patients in order to
rule out haemorrhage. Vascular imaging should bertainto consideration for
potential endovascular intervention in hospitalstooke centres that offer emergency
care®Endovascular therapy shouldn't postpone the dglivef thrombolytics,
nevertheles§’

A specialised MRI method called diffusion-weightedaging (DWI) gauges the

transport of water molecules within tissue. Becald®| can identify cytotoxic
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oedema, a characteristic of early infarction, nmesuafter the stroke begins, it is
especially sensitive for identifying acute ischaestrokes? Compared to other MRI
sequences like Fluid-Attenuated Inversion RecoyERAIR), DWI can detect brain
infarction significantly earlier. It may take up 405 hours for a FLAIR sequence to
reveal symptoms of a brain infarction, but a DWarsacan identify abnormalities
within minutes of a strok&. It indicates that the ischaemic stroke happenss! tlean
4.5 hours ago if the DWI exhibits stroke symptorasthe FLAIR sequence does not.
Because individuals who have had a stroke lessftharand a half hours ago may be
eligible for early IV thrombolysis, which could rense neurological impairments, this
period is criticaP’

“An ECG, troponin levels, complete blood count (QBElectrolytes, blood urea
nitrogen (BUN), creatinine (Cr), and coagulationtéas are further diagnostic tests.
Given that coronary artery disease is frequenthkdd to stroke, the medical
professional should assess an ECG and troponin”infettion or anaemia may be
revealed by a CB Electrolyte imbalances should be corrected by oadi
professionals since they can affect mental stahd rmake diagnosing ischaemic
stroke more difficult. Because contrast tests cateribrate renal function, BUN and
Cr should be followed® Increased levels of coagulation factors, suchlgsPF T, and
INR, may indicate a hemorrhagic stroke aetiologgnde they should also be
obtained?’

“The US Food and Drug Administration (FDA) highlydvasses employing a
teleradiology system for image interpretation farsmected stroke patients in
institutions lacking professional imaging inter@itin”>! The choice to administer
IV alteplase is aided by the interpretation of dapnaging. It is very advised that
radiologists and telestroke neurologists consultl arach a consenstls.For

thrombolytic administration, a telephone consultati might be taken into
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consideration in places lacking an internal stri@em or telestroke protocol. There is

not much data to support this recommendation.
Hemorrhagic Stroke

When blood vessels burst, blood flows into the myraausing hemorrhagic stroke.
Subarachnoid haemorrhage (SAH) and intracerebramberhage (ICH) are two

additional subtypes of hemorrhagic stréke.
Epidemiology

Ten to twenty percent of strokes each year are mbiagic strokes. In the US, UK,
and Australia, the haemorrhage rate for stroke-680, but in Japan and Korea, it is
18-24%. The annual incidence is between 12 anda%é&scper 100,000. Asians and
those in low- and middle-income nations have a digimcidence® It is more
common in men and gets worse as peopleagke incidence is increasing globally,
primarily in Asian and African nations. According fapanese studies, controlling
hypertension lowers the incidence of ICH. High-im&countries have a case fatality
rate of 25-30%, but low- to middle-income countries/e a rate of 30-48%. The

effectiveness of critical care determines the |@tality rate>®
Etiology
Hypertension is the most common hemorrhagic stroke cafise.

* Long-term hypertension results in smooth musclegrfrentation, arterial
media degeneration, and elastic lamina rupture. ditterioles also develop
lipohyalinosis, fibrinoid necrosis of the subenddilhm, microaneurysms, and
localised dilatations. Charcot-Bouchard aneurysrastlze name given to the

microaneurysms’
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« The small penetrating arteries that emerge from ahterior, middle, or
posterior cerebral arteries or the basilar artaaresfrequently the locations of
intracerebral haemorrhage caused by hyperteriion.

* Non-lobar intracranial haemorrhage (ICH) is causkey hypertensive
alteration, and small artery branches with a diamet 50—70Qum frequently
have many rupture sites linked to platelet andirfibmggregation layers.
Postpartum ICH, another name for ICH, can also fwidht on by acute

hypertension, as in eclampsfa.

“In older individuals,cerebral amyloid angiopathy (CAA)is a significant primary

cause of lobar intracerebral haemorrhge.

* This condition, which is frequently linked to chasgin the gene producing
apolipoprotein E, produces ICH in older adults asdcharacterised by
amyloidfy peptide accumulation in capillaries, arteriolesd asmall and
medium-sized arteries in the cerebral cortex, imgtainges, and cerebelluth.

* Young individuals may develop a familial conditiomhich is usually linked
to abnormalities in the gene that codes for thelaishprecursor proteif?

* The incidence of CAA rises with age; almost 50%hafse over 70 have CAA.

CAA may result in recurrent bleeding”.
Other Important Risk Factors

e “Chronic alcoholism, moderate to heavy alcohol ws&] cigarette smoking
are important risk factors.
* Because chronic liver illness causes thrombocyt@pand coagulopathy, it

also raises the risk of ICH.
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* Low triglycerides and decreased low-density lipégio cholesterol are
additional risk factors®®
» Compared to monotherapy, dual antiplatelet medioatias a greater risk of
ICH.
* The risk of cerebral haemorrhage is increased lmpsyhomimetics such
cocaine, heroin, amphetamine, ephedrine, and ppepanolaminé®
 The risk of ICH is increased by cerebral microbed@MBs) linked to
diabetes mellitus, hypertension, and cigarette smgoR°
* Male sex and advanced age. After age 55, the incalef ICH rises. After 70
years, the relative risk is*f.
* Glioblastoma, lymphoma, metastasis, meningiomayitpity adenoma, and
hemangioblastoma are among the tumours that are fikely to bleed?®
“A ruptured aneurysm, arteriovenous malformatioasaoulitis, cerebral artery
dissection, dural sinus thrombosis, and pituitgpppexy are among the common
causes of spontaneous subarachnoid haemorrhage).(SAkEgnancy, substance
addiction, oral contraceptive pills, and hypertensare risk factors®
Because of the lack of cerebrovascular autoreigulag¢clampsia is associated
with intracranial haemorrhage of pregnancy (ICHCH3p known as intracerebral or

subarachnoid haemorrhagé.
Pathophysiology

The thalamus (15%), cerebral lobes (10-20%), pams larain stem (10-20%),
cerebellum (10%), and basal ganglia (50%) are antlemgften bleeding ared5Glia

and neurones are disrupted by the haematoma. Qageraurotransmitter release,
mitochondrial malfunction, and cellular oedema e outcomes of this. Thrombin

induces oedema and inflammation by activating ngjiiac’®
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The hematoma's compression of brain tissue andtel@untracranial pressure (ICP)
cause the main damagé.

Glutamate-induced excitotoxicity, oedema, inflamiomat disruption of the blood-
brain barrier (BBB), haemoglobin and iron releasent the clot, and the
overproduction of free radicals such reactive oxygpecies (ROS) are the causes of
secondary damag@é.

The haematoma often becomes larger in three tovéwburs. In one-third of cases,
haematoma expansion happens within three hour$im24 hours, perihematomal
oedema rises, peaks in 5-6 days, and lasts fop upttdays? The haematoma is
surrounded by a region of hypoperfusion. Haemataymawth, intraventricular
haemorrhage, perihematomal oedema, and inflammat®isome of the factors that
contribute to the worsening of ICP? Early on, a cerebellar haematoma compresses
the fourth ventricle, resulting in hydrocephalifs.

Both perimesencephalic and non-perimesencephalientapeous subarachnoid
haemorrhages can occur in non-aneurysmal SAH. Tterpeduncular cistern is
where bleeding mainly happens in perimesenceph@id¢i. Perimesencephalic
nonaneurysmal SAH (PM-SAH) is predisposed to bysptaf activity, such as the
Valsalva manoeuvre, which raises intrathoracic eedcebral venous pressure. The

blood distribution in non-perimesencephalic SAH INBAH) is diffuse®®
History and Physical

Facial palsy, hemiparesis, aphasia, and headaeheoanmon stroke manifestations.
The appearance of hemorrhagic stroke is usually ediate and progressive.
Symptoms of hemorrhagic stroke often include aauteet headache, nausea, stiff
neck, elevated blood pressure, and fast progresséugological symptoms. The

location and extent of the haemorrhage are retatéuke symptomé?
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« Large haematomas are more likely to cause headath

* Vomiting is a common symptom of cerebellar haemmst and implies elevated
intracranial pressur®.

» Lobar haemorrhage manifests as seizures, aplasiahemianopia; coma is caused
by involvement of the brainstem's reticular aciivgtsystem. Numbness, tingling,
and weakness can potentially be a prodrome of loeemorrhagé’

» Basal ganglia and thalamic haemorrhage are clegised by contralateral
sensorimotor impairments.

e The primary characteristic of thalamic haemoréhag the loss of all sensory
modality®°

* Cranial nerve dysfunction with contralateral weeés implies brainstem

haematoma,;
« Pontine haematoma usually results in coma andripaesis®

» Thalamic haematoma extension into the midbraim icaluce vertical gaze palsy,
ptosis, and unreactive pupfl.

Elevated ICP symptoms, including bradycardia, vomgjtand lethargy, are caused by
cerebellar haemorrhage. Haematoma enlargement @eniog oedema is indicated
by progressive neurological decliffe.

Clinical manifestations of subarachnoid haemorrhaggude vomiting, syncope,
photophobia, nuchal stiffness, convulsions, a strthunderclap” headache, and a
lowered state of consciousness. Positive meningismymptoms include the
Brudzinski sign (involuntary hip flexion when exténg the patient's neck) and the

Kernig sign (pain when straightening the knee whth leg flexed 90 degree®).

Evaluation®'%?
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The first test is usually computerised tomograp8y)( Over the course of hours,
haemorrhage attenuation rises from 30 to 60 Hoelasfunits (HU) during the
hyperacute phase to 80 to 100 HU. Anaemia and dopaiiny may cause attenuation
to diminish®® For up to two weeks, the vasogenic oedema suringride haematoma
may worsen. Because of its sensitivity, CT is rdgdras the "gold standard" for
detecting acute haemorrhages. For the identificatibacute haemorrhage, gradient
echo and T2* susceptibility-weighted magnetic resme imaging (MRI) provide
sensitivity comparable to CT. When it comes to ckiatg previous bleeding, these
sequences are more sensitive tharPtT.

The haematoma may seem isodense to brain tissuegdtire subacute period,
necessitating magnetic resonance imaging (MRI). fohaula AxBxC/2 can be used
to determine the haematoma volume, where A andaBdsfor the greatest and
perpendicular diameters, respectivyThe vertical height of the haematoma is
denoted by C. High mortality is linked to intrader@ haemorrhages larger than 60
millilitres. Haematoma expansion, intraventriculdraemorrhage, infratentorial
location, and contrast extravasation on CT scanot(sEign) are additional
unfavourable prognostic variables. Early MRI haeimage detection is made
possible by the paramagnetic characteristics okyteamoglobin®®> When it comes to
identifying acute bleeding, gradient echo (GRE) ding is comparable to CY¥.
Primary haemorrhage and hemorrhagic infarct transition can be distinguished by
MRI. Vascular abnormalities, such as tumours, aatelvein thrombosis, and
cavernomas, are among the underlying causes ohdagohaemorrhage that can be
identified by MR1.5-62

Ongoing bleeding linked to death is indicated byntcast extravasation in CT
angiograms (CTAs). Arteriovenous malformation (AVMliptured aneurysm, dural

venous sinus (or cerebral vein) thrombosis (DVSTIE Wasculitis, and Moya-Moya
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syndrome are among the secondary hemorrhagic sta@kses that can be ruled out

with multidetector CT angiography (MDCTA).
Some features of imaging aid in the differentiatidmunderlying disease$-®

* Multiple parieto-occipital lobe haemorrhages ofyiag ages are indicative of
cerebral amyloid antipatHy.

* A hemorrhagic infarction is suggested by bleedmgn arterial region.
Anticoagulation-induced haemorrhages exhibit maiged stages inside a
single haematoma with fluid level; vasculitis iglivated by small ischaemic
and hemorrhagic lesion combinatidfis.

* Moyamoya disease is characterised by haemorrhabeavterial obstruction.
For SAH, digital subtraction angiography (DSA) mding four vessels is
required. To confirm a negative DSA for aneurysuantifer testing is required.
At 1-week and 6-week intervals, repeat angiographgcommendetf:

These simple CT scan results should raise susgiciapout vascular
abnormalities:

« Haemorrhage under the spihe
A cortical vein along the assumed venous draindgamel; enlarged arteries
or calcifications along the ICH boundaries; hyperation within a dural
venous sinus; an unusual haematoma shape; oeddnoé moportion to the
assumed ICH time; an unusual haemorrhage lo¢ation

» Additional aberrant brain anatomy (such as a mass)

In certain situations, further MRI is helpful in tdemining the secondary
causes of ICH:

» The site of the lobar haemorrhage

* Under 55 years old, and
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* No prior history of hypertension
Conditions that suggest cerebral venous thrombwessrant the use of
magnetic resonance venography, often known as @dgraphy:

* Location of the haemorrhage;

* Volume of relative oedema;

* Abnormal signal in the cerebral sinuses
Blood tests that identify bleeding or coagulatiofon@rmalities and
haematological illnesses that cause haemorrhagkidmcbleeding time,
clotting time, platelet count, peripheral smeamgtprombin time (PT), and
activated partial thromboplastin time (aPT¥$* To rule out hepatic or renal
failure as reasons, liver and renal function tests required. “Antinuclear
antibodies (ANA), anti-double-stranded DNA (ds-DNAgantibodies,
complement, anti-Ro [SS-A] and anti-La [SS-B] aatles, cytoplasmic
staining and perinuclear staining, antineutroplyiloplasmic antibodies (c-
and pANCA), thyroid antibodies, rheumatoid factoanti-endothelial
antibodies, and quantitative immunoglobulin evabratare among the tests

for vasculitis”.5162

HDL AND STROKE
HDL: Structure and Function

Proteins, phospholipids, and cholesterol combineforon lipoprotein complexes.

HDL's high protein content makes it the densest amdallest lipoprotein.

Apolipoprotein A-l (apoA-I) makes up 70% of the f®im component, which makes
up around 50% of its ma&s.

The 243-amino acid protein ApoA-I is produced ia tut (30%) and liver (70%) and

released into the serum in a lipid-free form. Lipiaor pref-HDL is created when
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individual apoA-I molecules combine with cholesteroembrane phospholipids, and
other apoA-lI molecules. With maturation and thei@ald of cholesterol, lipid-poor
HDL takes on a double-belt-like shape that evehtumcomes sphericif.

Lipid-poor B-HDL can use the ATP-binding cassette A-1 (ABCArdgeptor to take
up cholesterol from arterial wall macrophages. thesicholesterol acyltransferase
subsequently esterifies cholesterol after it hawedointo lipid-poor HDL. Mature
spherical lipoproteins are formed when cholest@adks into the HDL core after

becoming esterifief’

“Mature spherical HDL can unload cholesterol by twain mechanisms. Cholesterol
transfer back to the liver occurs through inteactwith the scavenger receptor-B1
(SR-B1) receptor on hepatocytes, leading to bilen&dion and gut secretiofi®.
“Alternatively, cholesterol can transfer from maudDL to low-density lipoprotein
(LDL) or very-low-density lipoprotein (VLDL), a poess dependent on cholesteryl
ester transfer protein (CETP). This creates chelektecycling, potentially back into

the artery wall®®
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Figure 3: HDL heterogeneity. Human plasma HDL congt of several particle
subpopulations that vary widely in shape (A), densy (B), size (C), composition

(D), and surface charge (E).
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Mechanisms of Actiorf®

Through a number of processes, including as revarselesterol transport,
antioxidant, anti-inflammatory, antithrombotic, aeddothelial function alteration,

HDL prevents atherosclero<ts.
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Figure 4: HDL's anti-atherosclerosis properties intude inhibition of endothelial
adhesion molecule expression and LDL oxidation, angromotion of reverse

cholesterol transport.
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HDL moves cholesterol from the arterial wall to ther for elimination in a process
known as reverse cholesterol transport. Through Hidéraction with ABCA-1, SR-
B1, or passive diffusion, cholesterol is extrachenin macrophages in the subintima
of the vessel wall. HDL cholesterol is taken to likier for excretion once it has been
esterified®

In both cell-free and artery-wall coculture invgstions, HDL and apoA-1 can inhibit
lipid oxidation, a major atherosclerosis mechanigmc¢ontrast to Vitamin E, a far
weaker antioxidarft One important lipid hydroperoxide and paraoxorzeseier that
helps prevent and reverse oxidative damage is HDL.

In addition to its antioxidant properties, HDL ibits inflammation by reducing the

expression of cytokines including interleukin-1 amchour necrosis factar; which
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mediate the overexpression of leukocyte endotheliiesion molecules. This has
been shown in cell cultures where normal functigniDL can be added to prevent
monocyte chemotactic activify.

Lastly, HDL may enhance endothelial function byrmpating prostacyclin release and

lower thrombotic risk by preventing platelet activa and aggregatio®.
Epidemiology’*

“In the United States, low HDL (<40 mg/dL) affe@5% of men and 15% of women.
Low HDL prevalence is expected to increase dueidimg obesity, diabetes, and

metabolic syndrome rate&”
Serum HDL Cholesterol and Stroke Risk

“More recent epidemiological research has reinfordbe negative correlation
between serum HDL-C and stroke risk. The Britisth@6°, the Honolulu Heart
Programi®, the Atherosclerosis Risk in Communities (ARICudsf’, the Oyabe
study®, the Dubbo study, the Copenhagen City Heart Study70, and the israel
Ischaemic Heart Disease Study were among the lawbert studies that addressed
this subject* While several studies found nonsignificant tretmsards an inverse
link between serum HDL-C and ischaemic stroke rigle majority of research
showed a significant inverse association, albeilisimtg varied HDL reference
levels’t Middle-aged and older men and women from Amerfastralia, Europe,
Hawaii, Israel, and Japan were among the popuktimder study. All of these results
point to a reduction in the risk of ischaemic s&ak the future due to elevated
baseline blood HDL-C levels. This inverse assooratias also been shown in case-

control studies.?
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Measuring HDL Function: Better Than HDL-C Levels?®®

Research has indicated that HDL function varieanfrperson to person. The
apoAlMilano variation, for instance, provides puotiien against atherosclerosis due
to its enhanced function and longer plasma reskeldime®® Variability in HDL
function may help to explain why many heart attaaksl strokes happen to people
with normal HDL-C levels and why some people wittvanced atherosclerosis have
extremely high HDL-C®? Studies have revealed that HDL from certain peoyith
cardiovascular disease is dysfunctional and agtpadi-inflammatory, despite the fact
that normal HDL is anti-inflammatory. Individualsittv metabolic syndrome and
those with low HDL-C and hypertriglyceridemia aré risk for malfunctioning
HDL.%

Numerous tests are available to measure HDL funcBome of which quantify its
inflammatory and anti-inflammatory characteristi¢ishas been demonstrated that
HDL's inflammatory/anti-inflammatory activity bale® can more accurately
differentiate CHD patients from control people thaerum HDL-C level§®
Additionally, there is evidence that taking statimmy positively enhance HDL
function. It is yet unknown how HDL function affecischaemic stroke, especially

atherosclerotic strok®.
Treatment Strategies
Current Guideline Recommendations

According to the American Diabetes Association (ADekd Adult Treatment Panel
(ATP) guidelines, dyslipidemic therapy should foars reaching LDL-C objectives
in individuals with low HDL-C levels, with serum HDC levels as a secondary

goal”® For people with diabetes, metabolic syndrome, BiLHevels less than 40
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mg/dL, the Expert Group on HDL, a working groupttiheported on low HDL-C
levels, recommended further fibrate or niacin matiim.® The significance of
increasing HDL-C in lowering the risk of cardiovatr disease and stroke has also

been emphasised by recent studfes.
Raising Serum HDL-C

For every 1 mg/dL increase in baseline HDL-C, serttbL-C can reduce
cardiovascular risk by 5.5%. Serum HDL-C can besedi by a variety of
pharmacological and nonpharmacological methodssé&haith the highest baseline
HDL-C levels £60 mg/dL) seem to benefit the most from lifesty$s@ciated HDL-C
change$§® Although several of these lifestyle changes hasenbdemonstrated to
lower the incidence of stroke generally, it is uokm how they will affect low-HDL

people who are most at risk for cardiovascularatie®®
Pharmacological Treatments
Fibrates

Fibrates efficiently reduce triglyceride levels aindrease HDL-C levels. They are
ligands for nuclear receptors called peroxisomelifprator-activated receptors
(PPARS), which control inflammation, endotheliahétion gene expression, and the
metabolism of fats and carbohydrafésEven in the absence of LDL lowering,
gemfibrozil has been demonstrated to decrease nugatiovascular events by
increasing HDL and decreasing triglycerides. Afsex months, the stroke risk
reduction from gemfibrozil treatment became appareith individuals with the

lowest baseline HDL-C seeming to benefit the nfdst.
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Niacin

Doses of 1-2 g of niacin per day can raise HDL-C2By-30%. With fewer flushing
episodes and minimal liver toxicity compared toestklow-release preparations, the
extended-release (ER) niacin product niaspan tsieferated® Prostaglandin D2 is
responsible for niacin flushing. Aspirin pretreatinéor a few days can reduce this
flushing by preventing the production of prostagli@anD2. Although stroke has not
been assessed as an independent endpoint in hi@atinfor cardiovascular disease,

there have been notable decreases in cardiac enslffoi
Statins

Numerous extensive studies have demonstrated tadinss lower the risk of
ischaemic stroke by roughly 20%. Stroke risk isddpreed to decrease by 15.6% (95%
Cl, 6.7 to 23.6), for every 10% decrease in LDLI®e effects of statin therapy on
HDL-C differ depending on the drug and dosage;ifistance, high-dose atorvastatin
raised HDL-C by less than 3%, whereas high-dosevastatin raised HDL-C by
14%°83 There was no discernible HDL-C effect three mortfier statin introduction
in a trial of stroke patients treated in hospitdl®atients may experience different
outcomes from statins; individuals with elevateiglycerides and low HDL-C are

more likely to benefit from statin medicatiéh.
Combination Therapy®

With statin and niacin combos showing 18-21% HDIn€reases, combined therapy
may be the key to the most pronounced HDL-C §in.

The HDL Atherosclerosis Treatment Study (HATS) destmted the advantages of
taking niacin in addition to statin medication. Témmbination decreased significant

clinical events and stopped the progression of ayigphic atherosclerosis.ER-
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niacin was well tolerated when added to statinaper and adherence rates were
higher than 90%®

“In order to assess the benefits of concurrenthyelong LDL and raising HDL
cholesterol levels in patients randomised to ERiniglus simvastatin or simvastatin
alone, the National Institutes of Health (NIH) isnéing the Atherothrombosis
Intervention in Metabolic Syndrome with Low HDL Qbsterol/High Triglyceride
and Impact on Global Health Outcomes (AIM-HIGHgtriFenofibrate plus a statin is
being tested against a statin alone in individwath type 2 diabetes as part of the

Action to Control Cardiovascular Risk in Diabet&&CCORD) trial”.”®
Emerging Therapies

To increase HDL levels, a number of novel agerdsea are being created. Currently

under investigation are three of the most promisigent classes:
+ CETP inhibitors
+ ApoA-I peptides
+ PPAR agonists
« HDL Delipidation
+ SR-Bl receptor upregulators
« Endothelial lipase inhibitors
« CETP vaccines
« Liver X o/p agonists

+ Gene therapy
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REVIEW OF RELATED ARTICLES

Curb JD et al (2004%°“The authors looked at the connection between afden's
HDL cholesterol levels and their risk of stroke. 1891-1993, 2,444 men in the
Honolulu Heart Program, ages 71-93, had their HBalesterol levels assessed. The
subjects, who at baseline had no coronary heagtgés cancer, or common stroke,
were monitored for thromboembolic and hemorrhagicke until late 1998. Although
there was no correlation between HDL cholesterdl lm@morrhagic events, the risk of
thromboembolic stroke decreased steadily as HDlleskerol levels rose (p = 0.003).
Compared to males with high HDL cholesterol legl$.6 mmol/liter £60 mg/dl)),
men with low levels (<1.0 mmol/liter (<40 mg/dl)adh almost three times as many
extra thromboembolic strokes (10.6/1,000 persomsyga. 3.6/1,000 person-years; p
= 0.001). These results were not significantly istpd by controlling for other risk
factors, however the relationships seemed to lma@#st in older men with diabetes
mellitus, hypertension, or "desirable" total cht@esl! levels. These results imply that
the risk of thromboembolic stroke in older men rwersely related to HDL
cholesterol levels. More research is necessargterohine whether HDL cholesterol

affects how other factors affect the risk of strakelder men®

Soyama Y et al (2003% “This study looked at the link in a long-term cohstudy of
Japanese women and men, whose stroke rates arer Higin those in Western
nations. 132 patients experienced a stroke dunhgvi-up, including 81 occurrences
of ischaemic stroke. Subjects with low HDL-C (<3@/dL [0.78 mmol/L]) had age-
adjusted incidence rates for all stroke of 103.4nen and 49.3 in women per 10,000
person-years, which were significantly higher ththnse with high HDL-C %60
mg/dL [1.56 mmol/L]) (26.4 in men and 15.5 in worpeRor ischaemic stroke, a

comparable correlation was observed. Participarte ow vs high HDL-C had
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multivariate-adjusted relative risks for both isetrac stroke incidence and all stroke
incidence of 2.89 (95% CI, 1.35 to 6.20) and 2.95% CI, 1.17 to 7.32),
respectively. Sex, age, body mass index, bloodspres serum total cholesterol,
alcohol use, and smoking did not affect the reteiops. According to their findings,
this 10-year follow-up study of Japanese men anthevoshowed a substantial and
independent relationship between lower HDL-C lewaid an increased risk of both

ischaemic stroke incidence and all stroke incidefte

Wannamethee SG, et al (2008)“The association between serum HDL cholesterol,
total cholesterol, and stroke risk was investigatedhis study. They came to the
conclusion that the risk of nonfatal stroke wassid@rably reduced by greater HDL
cholesterol levels. On the other hand, there wslsght positive correlation between
nonfatal strokes and high total cholesterol. Tigmificance of modifiable stroke risk
factors that are known to affect HDL cholesterah@entrations is highlighted by the
clear negative relationship between HDL cholesteaold stroke observed in

hypertensives®

Simons LA et al (1998 “The cohort, which was initially studied in 1988¢luded
2805 men and women who were 60 years of age or.ok#lowing linkage to
hospital and death records, a Cox proportional faszanodel was used to analyse the
prediction of ischaemic stroke by putative riskiahles. 95 participants had a fatal
stroke, and 356 men and women had an ischaemkestuisode (ICD-9-CM 433 to
437). Age, female sex (48% lower risk), maritaltueta(30% lower risk), previous
stroke history (227% higher risk), antihypertensmvedication use (37% higher risk),
being in the highest blood pressure reading cayed6vr% higher risk), atrial
fibrillation presence (58% higher risk), HDL chdie®l (36% lower risk for each 1-

mmol/L increment), impaired peak expiratory flow/¢% higher risk for tertile | than
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tertile 111), physical disability (59% higher riskand depression score (41% higher
risk for tertile 11l than tertile 1) were all sigitant independent stroke predictors in

the multivariate model®

Tanne D et al (1997} “Using data from the Israeli Ischaemic Heart Dise&tudy's
long-term follow-up, this paper sought to evalutite relationship between HDL-C
levels and ischaemic stroke mortality. Over a Z2arydollow-up period, this
prospective study of middle-aged and older males fa healthy, working population
showed an independent negative correlation betw#eb-C and ischaemic stroke

mortality”.”*

Sacco RL et al (2001} “examined the relationship between ischaemic strakd

HDL-C in an older group with a wide range of raaald ethnic backgrounds. They
came to the conclusion that, in older adults anwsacracial or ethnic groupings,
elevated HDL-C levels are linked to a lower riskissfhaemic stroke. These findings
confirm HDL-C as a significant modifiable strokekifactor and add to the body of

research linking lipids to stroké?.

Alkhaneen H et al (2022%° “The purpose of this study was to examine therseru
lipid profiles of patients who had hemorrhagic asghaemic strokes. In this
retrospective, comparative analysis, 41% of patierdre female and 59% of patients
were male, with a mean stroke presentation age8afi® The average BMI was
30+8. Both stroke subtypes were dominated by opéBMI >30). The most common
comorbidity among patients was hypertension. Sgvené percent of people had
diabetes. 114 individuals with ischaemic stroke 8@dvith hemorrhagic stroke were
included in the study. When ischaemic and hemoichsigoke patients’ serum lipid
profiles were compared across stroke categoriese tiwas no statistically significant

difference in total cholesterol, triglycerides, dral-C levels”.”®
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Saproo N et al (2021 “Lipid profiles from ischaemic and hemorrhagic ok
patients were compared in this observational stlidyal cholesterol (TC) was 175.2
mg/dl for hemorrhagic stroke and 192.4+41.6 mgddlifchaemic stroke. Thirty-two
percent of hemorrhagic stroke patients had altd&rBd. Seventy-six percent of
ischaemic stroke patients had abnormal LDL. Fordreinagic and ischaemic stroke,
the mean triglyceride (TG) levels were 122+34.6 dhgand 141+43.3 mg/dl,
respectively. The risk of an ischaemic stroke masé.DL and total cholesterol levels
rose. Thus, lipid abnormalities were a significask factor for stroke. Although there
were notable increases in total cholesterol leirelsoth groups, a strong correlation
was seen between ischaemic stroke and high LDL avedrant HDL. The study
unequivocally stated that routine screening of rsetipid profiles is necessary for

high-risk patients®°

Qie R et al (2021f*“Clarifying the dose-response relationship betwieén.-C level
and the risk of both total stroke and stroke sutgypas the goal of this systematic
review and meta-analysis. The researchers derisi@ahaes adjusted for the greatest
number of confounding factors after conducting anpeehensive search of the
PubMed, Embase, and Web of Science databaseslulytiBO, 2020, for prospective
cohort studies reporting the HDL-C-stroke link. Yheame to the conclusion that
elevated HDL-C levels are linked to a higher ri$kntracerebral haemorrhage but a

lower risk of ischaemic and total strok&”.

Watanabe J et al (2020 examined the connection between incidence stroke
subtypes and HDL-C (high-density lipoprotein chidesl) levels. 11,027 individuals
without a history of stroke, ages 18 to 90, weiuied from 12 Japanese villages.
After controlling for conventional risk factors, £aegression models examined

stroke subtypes based on HDL-C concentration caigsgal.04-1.55 mmol/L:>1.56
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mmol/L, and <1.03 mmol/L (reference). A mean folloy of 10.7 years revealed 412
stroke occurrences. There was no discernible edmel between HDL-C and the
incidence of subarachnoid haemorrhage or cerettiaiction. In women (hazard ratio
= 0.23; 95% CI = 0.06-0.89), but not in men (hazatb = 0.73; 95% CI = 0.27-
1.97), a high HDL-C concentration is linked to awér risk of intracerebral
haemorrhage. Therefore, especially in women, a H@L-C content may offer

protection against intracerebral haemorrh¥ge.

Gu X et al (20195 comprised six cohort studies with 267,500 paréinis conducted
in China. Hazard ratios and 95% Cls were calculatgdg Cox proportional hazards
regression models and limited cubic spline analysisich also investigated both
linear and nonlinear lipid-stroke correlations. Thedian follow-up period was six to
nineteen years. In 2,295,881 person-years, 8,0itikest occurred. For ischaemic
stroke, the multivariable adjusted hazard rati@&®4lIs) were 1.08 (1.05-1.11), 1.08
(1.04-1.11), and 1.07 (1.05-1.09) for every 1 minalise in TC, LDL-C, and
triglycerides, respectively. Participants with TC20 mg/dL had hazard ratios (95%
Cls) for hemorrhagic stroke of 1.43 (1.11-1.85) paned to those with TC 160-199.9
mg/dL. The hazard ratios (95% CIs) for ischaemiok& and hemorrhagic stroke
were 1.23 (1.12-1.35), 1.13 (1.04-1.22) for thoséhwHDL-C <40 and 40-49.9
mg/dL, respectively, compared to those with HDL@E39.9 mg/dL. With ischaemic
stroke, restricted cubic spline models revealedinear correlations for HDL-C and
triglycerides and linear relationships for TC ardL-C (all P<0.001). There was no
correlation between hemorrhagic stroke and LDL-Ctraglycerides (all P>0.05),
although there were linear associations with TC Hibl-C (P=0.029 and <0.001,
respectively). Conclusions: Triglycerides, LDL-Cnda TC all had favourable

correlations with ischaemic stroke. TC dropped Wwel@0 mg/dL, increasing the risk
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of hemorrhagic stroke. Triglycerides and LDL-C didt correlate with hemorrhagic
stroke. When HDL-C drops below 50 mg/dL, the rilan ischaemic or hemorrhagic

stroke may increase.

Liu X et al (2019* 42,005 Chinese volunteers aged 20-80 who had restopisly

experienced a stroke were enrolled in this prospecohort study and divided into
three stroke subtype groups: ischaemic, hemorrhaaic total. Ischaemic and
hemorrhagic stroke were combined to produce thal &itoke result. 781 patients
experienced a stroke (623 ischaemic and 158 heagichthroughout the 3.6-year
average follow-up period. Multivariable-adjustedzéal ratio [HR], 1.52, 95% ClI,
1.14-2.03, and total stroke risk (HR, 1.45, 95% Cl2-1.87) were significantly
higher in men with the highest TC/HDL-C quartiledditionally, TC/HDL-C had the

highest area under the receiver operating charsiitecurve (AUC) for predicting

both ischaemic (AUC, 0.868) and total stroke (AWO@74). With AUCs of 0.850 and
0.861, respectively, the highest TG quartile in vweonwas substantially linked to an
elevated risk of ischaemic stroke (HR, 1.99, 95%1C11-3.59) and total stroke (HR,
1.85, 95% CI, 1.07-3.20). In neither sex are tharg/ lipid factors that are
substantially linked to hemorrhagic stroke. In dasmn, TG shown more utility in

predicting stroke risk in women, while the TC/HDLr&tio may be a better indicator
of stroke risk in males. Potential targets for lstr@revention include TC/HDL-C and

TG, which may aid in identifying those at high risk stroke®*
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MATERIALS AND METHODS

Study design:Cross sectional study

Study area: Department of General Medicine, KLEs Dr.Prabhakare<Hospital,

Belgavi, Karnataka.

Study period: Research study was conducted frégamuary 2023 to July 2024. Below

is the work plan.

Table 1: Work plan of the study with percentage ohllocation of study time and

duration in months

% of allocation of

Work plan study time

Duration in months

Understanding the problem

. : . 5-10% January 2023
preparation of questionnaire.

Pilot study, Validation of

guestionnaire, data collection Upto 80% February 2023 to January 2024
and manipulation

Analysis and interpretation 5-10% February 202Apal 2024

Dissertation write-up and

o 5-10% May 2024 to July 2024
submission

Sample size The formula used for sample size calculation is,

Where,
¥ is the expected standard deviation of the popmiati

d is acceptable margin of error and for 95% comfagelevel

Page 47



Materials & Methods

Za.o, Value is 1.96.

HDL value of ischemic stroke and Hemorrhagic strglegients were 1.02 + 0.27
mmol/L and 1.01 + 0.24 mmol/L respectively. Hertbe HDL value in CVA patients
was 1.0157 + 0.2576 mmol/L. Considering this at 9%&86fidence level and 5% of

mean as maximum error, the sample size is given by,

~ (1.‘)6 * 0.2576)
" =\0.05+1.0157)

n=98.84 ~ 99

Hence, the minimum sample size required is 99esidj Larger the sample size,

better the precision.

Sampling technique: All consecutive patients fulfilling inclusion ceitia were

included in study, statistical analysis was donedryenient sampling.

Inclusion criteria:
1. Both Male and Female

2. Patient admitted with CVA with neurological weakses

Exclusion criteria:
1. Patient refusal
2. Pre-existing cardiac diseases
3. Presumptive diagnosis of stroke with no evidenc€dn
4. CVA with tumour
5. CVA with trauma

6. Liver disease
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METHODOLOGY:

Study Design and Ethical Considerations

“This hospital-based cross-sectional study was atedwat the Tertiary Care Centre,
Belagavi. The study received approval from theitusonal Ethics Committee, and
written informed consent was obtained from all iegyants or their legal

representatives before enroliment”.

Data Collection and Clinical Assessment

A detailed clinical history was obtained from atfirelled patients or their attendants,
including demographic information, risk factors,danomorbidities. All patients
underwent thorough physical and neurological exations. The location and extent
of the stroke were documented based on neuroimdgidongs. For analysis of site
involvement, the brain was divided into anatomicabions (frontal, parietal,
temporal, occipital lobes, basal ganglia, thalarbusinstem, and cerebellum), and the

percentage involvement of each site was calculateldoth stroke types.

Laboratory Analysis

Blood samples for HDL measurement were collectatiiwi24 hours of admission,
following a minimum 8-hour fasting period. Serum HI2vels were measured using
the enzymatic colorimetric method in the hospitedstral laboratory. Quality control
measures were implemented to ensure accuracy diathiliy of the laboratory

results. The laboratory technicians were blindethéoclinical details and stroke type

of the patients.

Radiological Assessment
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All patients underwent either non-contrast CT scanMRI brain (or both when
indicated) at admission. The choice of imaging nlibdavas based on the clinical
scenario and physician discretion. The images weterpreted by experienced
radiologists who were blinded to the patients' HIRlels. The type of stroke,

location, and extent of involvement were documesieiematically.
Ethical Considerations

The study was conducted after obtaining approvainfrthe Institutional Ethics
Committee. Written informed consent was obtaineimnfrall patients or their legal
representatives before enroliment in the studyieRatonfidentiality was maintained
throughout the study period, and data was storedrsly with access limited to the

research team.
Documentation and Data Management

All clinical data, laboratory results, and radiaksj findings were recorded in a
standardized case report form. The data was thesfgrred to an electronic database
with appropriate backup measures. Regular qualtigcks were performed to ensure
data accuracy and completeness. Missing or indemsislata were verified with

source documents and corrected as needed.

Study Outcomes

The primary outcomes of interest were the comparieb HDL levels between
ischemic and hemorrhagic stroke patients and thaelysis of anatomical site
involvement in both stroke types. Secondary outcoineluded the correlation of
HDL levels with stroke severity and the patterranftomical distribution in different

stroke subtypes.
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STATISTICAL ANALYSIS

Data was entered in excel sheet and analyzed &85 version 21. Results were
presented in tabular and graphical forms Mean, ameditandard deviation and ranges
were calculated for quantitative data. Qualitatdega were expressed in terms of
frequency and percentages. Student t test (Twoedkiwas used to test the

significance of mean and P value <0.05 was conseigignificant.
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RESULTS

Table 1 shows the age distribution of the studyigipants. The majority of patients

were in the 61-70 years age group (38.8%), followedt1-50 years (26.5%), 51-60

years (19.4%), and 30-40 years (15.3%). This indgthat cerebrovascular accidents

were more common in older age groups, with almd@$t 4f cases occurring in

patients aged 61-70 years.

Table 1: Distribution of patients according to age

Age (in years) Frequency Percentage
30-40 15 15.3%
41-50 26 26.5%
51-60 19 19.4%
61-70 38 38.8%
Total 98 100%

Graph 1: Distribution of patients according to age
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Table 2 and Graph 2 show the gender distributioaregnstroke patients. There
was a slight female predominance with 53.1% fenmdéents and 46.9% male

patients, suggesting a marginally higher strokek riis females in this study

population.

Table 2: Distribution of patients according to gener

Gender Frequency Percentage
Female 52 53.1%
Male 46 46.9%
Total 98 100%

Graph 2: Distribution of patients according to gencer
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Table 3 and Graph 6 show the prevalence of co-rdibids among stroke patients.
Hypertension was the most common co-morbidity (89,3followed by diabetes
(41.8%). This highlights the significant role ofrdmvascular risk factors in stroke

pathogenesis, particularly hypertension.

Table 3: Distribution of patients according to Co-norbidities

Co-morbidities Frequency Percentage
Diabetes 41 41.8%
Hypertension 64 65.3%

Graph 3: Distribution of patients according to Co-norbidities

65.30%

70.00% -

0, -
60.00% 41.80%

50.00% -
40.00% -
30.00% -
20.00% -

10.00% -

0.00% T .
Diabetes Hypertension

Page 54



Results

Table 4 shows that 31.6% of stroke patients werekens, while 68.4% were non-
smokers. This is included in Graph 6 with othek figctors, showing that smoking,

while a known risk factor, was less prevalent thgpertension and diabetes in this

study population.

Table 4: Distribution of patients according to smolng

Smoking Frequency Percentage
Yes 31 31.6%
No 67 68.4%
Total 98 100%

Graph 4: Distribution of patients according to smokng

HYes

H No
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Results

Table 5 and Graph 7 show the BMI distribution ametrgke patients. The majority
(53.1%) were overweight (BMI 25-29.9), while normakight and obesity each
accounted for 23.5% of patients. No patients wemdeuwveight, suggesting that

excess body weight is a significant risk factorgtyoke.

Table 5: Distribution of patients according to BMI

BMI Frequency Percentage
<18.5 - -
18.5-24.9 23 23.5%
25-29.9 52 53.1%
>30 23 23.5%
Total 98 100%

Graph 5: Distribution of patients according to BMI
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Results

Table 6 and Graph 3 show the distribution of strghees. The vast majority (83.7%)
suffered from ischemic stroke, while only 16.3% Heanorrhagic stroke, consistent

with the general epidemiological pattern where ésult strokes are significantly

more common.

Table 6: Distribution of patients according to typeof stroke

Type of stroke Frequency Percentage
Haemorrhagic 16 16.3%
Ischemic 82 83.7%
Total 98 100%

Graph 6: Distribution of patients according to typeof stroke
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Results
Table 7 shows that 60.2% of patients had elevatéal tholesterol levels (>200

mg/dl). This is depicted in Graph 4 among otherdlipbnormalities, suggesting a

potential association between hypercholesteroleméastroke risk.

Table 7: Distribution of patients according to Totd cholesterol

Total cholesterol Frequency Percentage
<200 39 39.8%
>200 59 60.2%

Total 98 100%

Graph 7: Distribution of patients according to Tota cholesterol

W <200
H>200
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Results

Table 8 shows that 64.3% of patients had elevatglyderide levels (>150 mg/dl),
also visualized in Graph 4, indicating a high ptemae of hypertriglyceridemia in the

stroke population.

Table 8: Distribution of patients according to triglycerides

Triglycerides Frequency Percentage
<150 35 35.7%
>150 63 64.3%
Total 98 100%

Graph 8: Distribution of patients according to triglycerides

70.00% -

60.00% -

50.00% -
40.00% -
30.00% -
20.00% -

10.00% -

0.00% T f
<150 >150

Page 59



Results

Table 9 shows that 81.5% of patients had eleval&d Ievels (>100 mg/dl), included
in Graph 4, suggesting a strong association betveéevated LDL cholesterol and

stroke occurrence.

Table 9: Distribution of patients according to LDL

LDL Frequency Percentage
<100 18 18.4%
>100 80 81.5%
Total 98 100%

Graph 9: Distribution of patients according to LDL
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Results

Table 10 and Graph 4 show that 90.8% of patientsitva HDL levels (<50 mg/dl),
which was the most prevalent lipid abnormality. SThemarkable finding highlights

the potential significant role of low HDL in stroksathogenesis, aligning with the

main focus of this study.

Table 10: Distribution of patients according to HDL

HDL Frequency Percentage

>50 9 9.2%

<50 89 90.8%
Total 98 100%

Graph 10: Distribution of patients according to HDL
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Results

Table 11 shows the anatomical distribution of strédsions. The most common sites
were the brainstem (19.4%), middle cerebral arternyitory (15.3%), and internal
capsule (14.3%), reflecting the vascular anatomheforain and common patterns of

cerebrovascular pathology.

Table 11: Distribution of patients according to sié of lesion

Site of lesion Frequency Percentage

Anterior cerebral artery 9 9.2%
Basal ganglia 8 8.2%
Brainstem 19 19.4%

Cerebellum 10 10.2%

Internal capsule 14 14.3%
Intraventricular 3 3.1%
Lobar 6 6.1%

Middle cerebral artery 15 15.3%
Posterior cerebral artery 6 6.1%
Thalamus 8 8.2%

Total 98 100%
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Graph 11: Distribution of patients according to sie of lesion
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Results

Table 12 (repeated) and Graph 8 show stroke sgumged on the NIH Stroke Scale.
The majority of patients (61.2%) had moderate #raeverity (NIHSS 5-15),
followed by mild strokes (19.4%), moderately sevetmkes (17.3%), and severe

strokes (2%), indicating that most patients presgmiith moderate stroke severity.

Table 12: Distribution of patients according to NIH Stroke Scale

NIHSS Frequency Percentage
<5 19 19.4%
5-15 60 61.2%
16-20 17 17.3%
21-42 2 2%
Total 98 100%

Graph 12: Distribution of patients according to NIH Stroke Scale
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Results

Table 13 shows that 74.5% of patients had goodtimal outcomes (Modified
Rankin Scale 0-2), while 25.5% had poor outcomefREM3-6), suggesting that

despite various risk factors, most patients aclienadatively favorable functional

outcomes.

Table 13: Distribution of patients according to Modfied Rankin Scale

MRS Frequency Percentage
Good outcome (0-2) 73 74.5%
Poor outcome (3-6) 25 25.5%

Total 98 100%

Graph 13: Distribution of patients according to Modfied Rankin Scale
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Results

Table 14 shows the average hospital stay was 6888 SD 2.45), suggesting

efficient management protocols and possibly favieralarly recovery patterns.

Table 14: Distribution of patients according to hopital stay

Hospital stay (days)

Mean 6.89

SD 2.45

Graph 14: Distribution of patients according to hopital stay

6.89
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Results

Table 15 shows the relationship between stroke &yp# age. Hemorrhagic strokes
were more common in younger age groups (37.5% b0 gears), while ischemic
strokes were more prevalent in older patients @1is 61-70 years). However, this

trend did not reach statistical significance (p8).0

Table 15: Association of type of stroke with age

Type of stroke
Age (in years) Haemorrhagic Ischemic p-value
30-40 5 (31.2%) 10 (12.2%)
41-50 6 (37.5%) 20 (24.4%)
51-60 1 (6.2%) 18 (22%) 0.08
61-70 4 (25%) 34 (41.5%)
Total 16 (100%) 82 (100%)

Graph 15: Association of type of stroke with age
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Results

Table 16 shows no significant difference in the vptence of diabetes and
hypertension between hemorrhagic and ischemic estpaktients (p=0.46 and p=0.75

respectively).

Table 16: Association of type of stroke with Co-mdbidities

Type of stroke
Co-morbidities ) ) p-value
Haemorrhagic Ischemic
Diabetes 8 (50%) 33 (40.2%) 0.46
Hypertension 11 (68.8%) 53 (64.6%) 0.75

Graph 16: Association of type of stroke with Co-mobidities
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Results

Table 17 and Graph 5 show a key finding of the\stitDL levels were significantly
higher in hemorrhagic stroke patients (44.3+7.5df)gtompared to ischemic stroke
patients (35.3+7.7 mg/dl), with a highly signifitap-value of <0.001. Other lipid

parameters showed no significant differences beatgt®eke types.

Table 17: Association of type of stroke with lipidprofile

Type of stroke
Lipid profile (mg/dl) ) _ p-value
Haemorrhagic Ischemic
HDL 44.3+7.5 35.3+7.7 <0.001
Total cholesterol 214.4+22.7 206.5£35.1 0.39
LDL 133.5+25.2 136.9+39.1 0.73
Triglycerides 183.06+54.3 171.2464.1 0.49

Graph 17: Association of type of stroke with lipidprofile
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Results

Table 18 shows no significant difference in stregkeerity between hemorrhagic and
ischemic strokes (p=0.23), though hemorrhagic ssdakended to have more cases in

the moderate severity range.

Table 18: Association of type of stroke with NIH Stbke Scale

Type of stroke
NIHSS ) ) p-value

Haemorrhagic Ischemic
<5 1 (6.2%) 18 (22%)

5-15 12 (75%) 48 (58.5%)

0.23

16-20 2 (12.5%) 15 (18.3%)
21-42 1 (6.2%) 1 (1.2%)
Total 16 (100%) 82 (100%)

Graph 18: Association of type of stroke with NIH Stoke Scale
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Results

Table 19 shows similar proportions of good funcilonoutcomes between
hemorrhagic (75%) and ischemic strokes (64.4%)hwib significant difference
(p=0.95), suggesting that stroke type alone did sighificantly predict functional

outcomes.

Table 19: Association of type of stroke with Modifed Rankin Scale

Type of stroke
MRS ) ] p-value
Haemorrhagic Ischemic
Good outcome (0-2 12 (75%) 61 (64.4%)
0.95
Poor outcome (3-6) 4 (25%) 21 (25.6%)
Total 16 (100%) 82 (100%)

Graph 19: Association of type of stroke with Modifed Rankin Scale
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Discussion

DISCUSSION

Cerebrovascular accidents (CVAs) remain one ofléhding causes of morbidity and
mortality worldwide, representing a significant pathealth concern with substantial
socioeconomic implications. The etiopathogenesisstobke is multifactorial, with

various modifiable and non-modifiable risk factarentributing to its occurrence.
Among these, dyslipidemia has emerged as a crus@lifiable risk factor, with

particular attention being directed toward the rofehigh-density lipoprotein (HDL)

cholesterol. HDL, often referred to as "good chiaded," plays a vital role in reverse
cholesterol transport and possesses anti-inflanmnaémtioxidant, and antithrombotic
properties. This study aimed to investigate the afIHDL in cerebrovascular accidents
and compare HDL levels between ischemic and heragrthstroke subtypes. The
present discussion contextualizes our findings iwithe broader scientific literature,
examining the implications for clinical practicetrake prevention strategies, and

potential therapeutic interventions targeting HDé&tabolism.
Demographic Characteristics
Age Distribution

In our study, the majority of stroke patients (38)8vere in the 61-70 years age group,
followed by 26.5% in the 41-50 years age group. iife&an age of presentation aligns
with the established understanding that strokeinskeases with advancing age. These
findings are consistent with those reported by Mabdhet al., who found that the
incidence of stroke doubled with each decade dfter age of 55 years in their
population-based study. Similarly, Putaala et al. observed that while letrean occur
at any age, the risk progressively increases vgthga with a notable acceleration after

60 years?
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However, our study also revealed a concerning tréhdB% of patients were below 50
years of age, suggesting a significant burden efnatture stroke in our population. This
finding mirrors the observations made by Kaul et &l their study of stroke
epidemiology in India, where they noted a decad&eeaoccurrence of stroke
compared to developed natidii§his earlier onset might be attributed to various
factors, including genetic predisposition, lifestghanges, increased prevalence of risk
factors like diabetes and hypertension at younggesa and possibly unique

environmental exposures in the Indian subcontinent.

The age distribution pattern observed in hemorhagioke deserves special attention.
In our cohort, hemorrhagic strokes were more commoyounger age groups (31.2%
in 30-40 years and 37.5% in 41-50 years) compavadchemic strokes, although this
difference did not reach statistical significanpe@.08). This trend is consistent with
findings from the INTERSTROKE study, which demoag#d that hemorrhagic strokes
tend to occur at younger ages in low and middlesne countrieS® Feigin et al., in

their global burden of disease study, also repasietlar age-related patterns in stroke

subtypes, with hemorrhagic strokes having a reditiearlier onset:

Gender Distribution

Our study revealed a slight female predominancel@p among stroke patients. This
finding differs somewhat from the traditional unstanding that stroke is more
common in males. However, several recent studies bhallenged this notion. Reeves
et al. demonstrated that while men have a highadémce of stroke in younger age
groups, this gender gap narrows with advancing agd, women eventually surpass
men in stroke prevalence after the seventh dechdite 8* The higher proportion of
females in our study might be partially explaingdtive age distribution of our cohort,

with a significant percentage (38.8%) falling i t61-70 years category, where female
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stroke prevalence tends to be higher.

Moreover, the female predominance observed in tudysaligns with the findings of
Appelros et al., who conducted a systematic revw#wepidemiological studies and
found that while men had a 33% higher incidencstaike overall, women had higher
stroke severity, poorer functional outcomes, amghéi mortality rate$® The complex
interplay between hormonal factors, longer life entancy in females, and potentially
different risk factor profiles might contribute tteese gender-based differences in stroke

epidemiology.
Risk Factor Profile
Comorbidities

Hypertension emerged as the most prevalent comnitybid our study population,
affecting 65.3% of stroke patients. This findingnferces the well-established role of
hypertension as a leading risk factor for both ésalt and hemorrhagic strokes. The
INTERSTROKE study identified hypertension as thestninportant modifiable risk
factor for stroke, with a population attributabiskrof 51.8%:° Similarly, Katsanos et
al. reported that hypertension increases the figtroke by approximately two to four

times, with the risk being directly proportionaltte severity of hypertensidh.

Interestingly, our data showed a similar prevalesideypertension in both hemorrhagic
(68.8%) and ischemic (64.6%) stroke subtypes, witltsignificant statistical difference
(p=0.75). This observation supports the conceft ligpertension represents a shared
risk factor for both major stroke subtypes, alb#itrough potentially different
pathophysiological mechanisms. In ischemic strokgpertension contributes to
accelerated atherosclerosis and arterial stiffnedse in hemorrhagic stroke, it

primarily leads to small vessel damage and subsgqupture.
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Diabetes mellitus was present in 41.8% of our &rptients, a prevalence higher than
that reported in many Western studies. The subatdanirden of diabetes in our cohort
reflects the emerging diabetes epidemic in Indid @a significant contribution to

cerebrovascular disease. Banerjee et al. repohad diabetes increases the risk of
stroke by 1.5 to 3 times and is associated witlrgrooutcomes and higher recurrence
rates” The mechanisms linking diabetes to stroke are ifacéted, including

accelerated atherosclerosis, endothelial dysfumctiocreased platelet aggregability,

and impaired fibrinolysis.

The association between diabetes and stroke subiymeir study yielded an interesting
observation: diabetes was more prevalent in heragith stroke patients (50%)
compared to ischemic stroke patients (40.2%), aljhothis difference did not reach
statistical significance (p=0.46). This finding ¢@sts with some previous studies that
suggested diabetes predominantly increases theofigichemic stroke. For instance,
Shah et al. found that diabetes was associatedandtb-fold increased risk of ischemic
stroke but had a less clear association with hdmgic strokeé® The higher prevalence
of diabetes in our hemorrhagic stroke subgroupavasrfurther investigation and might
reflect unique population characteristics or thmpkex interplay between diabetes and

other risk factors.
Body Mass Index (BMI)

Our study revealed that the majority of stroke gra8 (53.1%) were overweight (BMI
25-29.9 kg/m?), while 23.5% were obese (BMI >30mg)/ This high prevalence of
elevated BMI underscores the significant contritutof excess weight to stroke risk.
These findings align with those of Strazzullo ef @ho conducted a meta-analysis of
prospective studies and found that overweight abdsity were associated with

progressively increasing risk of ischemic strdke.
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The relationship between BMI and stroke is mulefecl and likely mediated through
various mechanisms, including the promotion of mgresion, diabetes, dyslipidemia,
and a proinflammatory state. Furthermore, adipossue, particularly visceral fat, is
metabolically active and secretes various cytokimed adipokines that can influence

vascular health.

Interestingly, while no patient in our cohort wasdarweight (BMI <18.5 kg/m?),
23.5% had normal BMI (18.5-24.9 kg/m?) yet stillvdoped stroke. This observation
highlights that while obesity is a significant riékctor, stroke can occur across the

entire BMI spectrum, and other risk factors playctal roles in stroke pathogenesis.
Smoking Status

In our study, 31.6% of stroke patients were smok€hss prevalence aligns with the
established understanding that smoking signifiganiticreases stroke risk. The
pathophysiological mechanisms linking smoking teolst include promotion of
atherosclerosis, increased platelet aggregabityuced fibrinolytic activity, decreased

HDL levels, and direct endothelial damage from aivk stress.

Peters et al. conducted a meta-analysis of 81 patisp studies and found that smoking
increased the risk of stroke by approximately 508tth a clear dose-response

relationship™

Moreover, they observed that stroke risk decreasmphificantly after smoking

cessation, highlighting the importance of tobacootml measures in stroke prevention.

The relatively lower prevalence of smoking in owhort (31.6%) compared to some
other studies might partly reflect the gender thstion (53.1% females), as smoking

rates tend to be lower among women in the Indianieca. Additionally, the prevalence
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might be underestimated due to potential undertgmprespecially among female

patients, owing to sociocultural factors.
Lipid Profile Analysis
Total Cholesterol and LDL Cholesterol

Our study revealed that 60.2% of stroke patients édavated total cholesterol levels
(>200 mg/dL), and a striking 81.5% had elevated Ldbblesterol levels (>100 mg/dL).
These findings underscore the significant contrdsubf dyslipidemia to stroke risk in
our population. The association between elevated ¢tholesterol and LDL cholesterol

with ischemic stroke is well-established, primathyough their role in atherogenesis.

Amarenco et al., in their systematic review andayatalysis, found that statin therapy
significantly reduced the risk of stroke, with a%2Zisk reduction for each 1 mmol/L
decrease in LDL cholesterdl. This benefit was observed across various patient
subgroups, including those with no prior historystfoke or coronary heart disease,

highlighting the causal relationship between LDblesterol and stroke.

When comparing stroke subtypes, our data showeghtlli higher mean total
cholesterol levels in hemorrhagic stroke patier#$4(4+22.7 mg/dL) compared to
ischemic stroke patients (206.5£35.1 mg/dL), altiouthis difference was not
statistically significant (p=0.39). Similarly, LDIkcholesterol levels were comparable
between hemorrhagic (133.5£25.2 mg/dL) and ischefh86.9+39.1 mg/dL) stroke

patients (p=0.73).

The relationship between lipid parameters and hdmgic stroke is complex and
somewhat controversial. While some studies havegyestgd an inverse association

between total cholesterol levels and hemorrhagiokst risk, others have found no
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significant relationship. Wang et al. conducted etavanalysis of prospective studies
and found that while elevated total cholesterotéased the risk of ischemic stroke, the
relationship with hemorrhagic stroke was less ci&®ur findings suggest that in our
population, dyslipidemia, particularly elevatedatotholesterol and LDL cholesterol,
might contribute to both stroke subtypes, albeibtigh different pathophysiological

mechanisms.
Triglycerides

Elevated triglyceride levels (>150 mg/dL) were abed in 64.3% of our stroke
patients, highlighting the significant prevalencé laypertriglyceridemia in this
population. The role of triglycerides in stroke hmajenesis has been somewhat
controversial, with some studies suggesting an pgaddent association and others

proposing that the relationship is mediated throoider risk factors.

In our cohort, mean triglyceride levels were higlerhemorrhagic stroke patients
(183.06+£54.3 mg/dL) compared to ischemic strokeieptd (171.2+64.1 mg/dL),
although this difference did not reach statistgighificance (p=0.49). This observation
contrasts with some previous studies, such as tieeby Pikija et al., who found a
stronger association between elevated triglyceraes ischemic stroke, particularly

large-vessel occlusive subtyffé.

The complex relationship between triglycerides sindke might be partly explained by
the heterogeneity of triglyceride-rich lipoproteirend their various atherogenic
properties. Furthermore, hypertriglyceridemia ofteoexists with other metabolic
abnormalities, such as low HDL cholesterol, insutesistance, and hypertension,

forming a cluster of interrelated risk factors.

Page 78



Discussion

High-Density Lipoprotein (HDL) Cholesterol

The most striking finding of our study was the hlevalence of low HDL cholesterol
levels (<50 mg/dL) among stroke patients, affect®@.8% of the cohort. This
observation underscores the potential significate of low HDL cholesterol in stroke
pathogenesis in our population. Numerous epidemiodd studies have demonstrated
an inverse relationship between HDL cholesterokleand stroke risk. For instance,
the Northern Manhattan Study found that each 5 mmgidrease in HDL cholesterol
was associated with a 24% reduced risk of ischeitnoke after adjusting for other risk

factors!??

When comparing stroke subtypes, our data reveatgdtistically significant difference
in HDL cholesterol levels between hemorrhagic (44.3 mg/dL) and ischemic
(35.3£7.7 mg/dL) stroke patients (p<0.001). Thigdfhg suggests that while low HDL
cholesterol is prevalent in both stroke subtypesight have a more pronounced role in

ischemic stroke pathogenesis.

The protective effects of HDL cholesterol againsteaosclerosis and thrombosis are
attributed to various mechanisms, including reveariselesterol transport, antioxidant
properties, anti-inflammatory effects, and enhare@nof endothelial function. These
mechanisms primarily influence the pathogenesissdfiemic stroke, particularly the

atherothrombotic subtype.

However, the relationship between HDL cholesteral bemorrhagic stroke is less well
understood. Some studies have suggested that etyrdow HDL cholesterol levels

might increase the risk of hemorrhagic stroke, piadly through mechanisms such as
endothelial dysfunction and impaired vessel wategnity. Conversely, others have

proposed that very high HDL cholesterol levels nigke associated with increased
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hemorrhagic stroke risk in certain populations. Thgher HDL cholesterol levels
observed in our hemorrhagic stroke patients conaptréschemic stroke patients align

with this complex, potentially U-shaped relationshi

Several factors might contribute to the high premaé of low HDL cholesterol in our
study population. Genetic variations in genes imedl in HDL metabolism, such as
CETP, ABCA1, and LCAT, are known to influence HDhatesterol levels and are
prevalent in certain ethnic groups. Dietary patemparticularly those high in refined
carbohydrates and low in omega-3 fatty acids, dao lmwer HDL cholesterol levels.
Furthermore, lifestyle factors such as physicalctivdy and smoking, along with
comorbidities like diabetes and metabolic syndroare,associated with reduced HDL

cholesterol.

The significant difference in HDL cholesterol leydletween ischemic and hemorrhagic
stroke patients in our study suggests that HDL edtelol might have differential
effects on stroke subtypes and could potentiallweseas a biomarker for stroke
classification. This finding has important implicats for risk stratification, preventive

strategies, and therapeutic interventions.
Stroke Characteristics
Stroke Subtypes and Anatomical Distribution

In our cohort, ischemic strokes (83.7%) were magkethore prevalent than
hemorrhagic strokes (16.3%), which aligns with #stablished global pattern where
ischemic strokes constitute approximately 80-85%albfstrokes. This distribution is
consistent with findings from Feigin et al., whgogted a similar proportion in their

global burden of disease stutly.
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The anatomical distribution of stroke lesions im stwdy provides valuable insights into
the vascular territories most commonly affectedour population. The brainstem
(19.4%) and middle cerebral artery territory (15)3%ere the most frequent sites,
followed by the internal capsule (14.3%). This wlsttion partially reflects the vascular
anatomy and blood flow patterns in the cerebrautation. The middle cerebral artery,
being the largest branch of the internal carotidrgrand supplying a substantial portion

of the cerebral hemisphere, is a common site @dreimiic events.

The relatively high prevalence of brainstem lesiamsur cohort is noteworthy and
might have implications for clinical presentatiomanagement strategies, and outcomes.
Brainstem strokes, although often smaller in stan lead to significant neurological

deficits due to the concentration of critical néyr@hways in this region.

Stroke Severity and Outcomes

The National Institutes of Health Stroke Scale (B8) is a widely used tool for
assessing stroke severity, with higher scores atiig more severe deficits. In our
study, the majority of patients (61.2%) had modersitroke severity (NIHSS 5-15),
while 19.4% had mild strokes (NIHSS <5), and 19/88d severe or very severe strokes

(NIHSS >15).

When comparing stroke subtypes, we observed a teemard higher stroke severity in
hemorrhagic strokes, with 18.7% of hemorrhagick&rpatients having an NIHSS >15,
compared to 19.5% of ischemic stroke patients. Hewethis difference did not reach
statistical significance (p=0.23). This observataigns with the general understanding
that hemorrhagic strokes, on average, tend to be &vere and are associated with
higher mortality rates, although the outcome depeod various factors, including

hematoma size, location, and presence of intraiceidr extension. The
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Modified Rankin Scale (MRS) is a commonly used rmea®f functional outcome after
stroke, with scores ranging from 0 (no symptoms) (death). In our cohort, 74.5% of
patients had a good functional outcome (MRS 0-2jjJana quarter (25.5%) had a poor
outcome (MRS 3-6). This relatively favorable outeoprofile might reflect the stroke
severity distribution in our cohort, with a majgribaving mild to moderate strokes.
Additionally, effective acute management and relitabibn strategies might have

contributed to better functional recovery.

Interestingly, when comparing functional outcomesateen stroke subtypes, we found
no significant difference between hemorrhagic aschemic strokes, with 75% of
hemorrhagic stroke patients and 64.4% of ischerricke patients achieving good
functional outcomes (p=0.95). This observation asnewhat unexpected, given the
generally accepted notion that hemorrhagic strakesl to have poorer outcomes.
Several factors might explain this finding, inclhugithe anatomical distribution of
lesions, patient demographics, comorbid conditi@mgl the quality of acute care and

rehabilitation services.

The mean hospital stay in our study was 6.89 daixs4.45), which is comparable to or
slightly longer than the average length of stayortga in many high-income countries.
The hospital stay duration is influenced by varidastors, including stroke severity,
complications, comorbidities, and the availabilitfy rehabilitation services and home

care support.

Implications for Clinical Practice and Future Reseach

Risk Factor Modification

The high prevalence of modifiable risk factors iar stroke population, including

hypertension (65.3%), diabetes (41.8%), elevated BM.6% overweight or obese),
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smoking (31.6%), and dyslipidemia (90.8% with lovDlH 81.5% with high LDL),
underscores the critical importance of aggressisk factor modification in stroke
prevention. These findings suggest that a sigmifigaoportion of stroke burden in our

population could potentially be prevented throuffaative risk factor management.

Comprehensive stroke prevention strategies shaddsf on a multifaceted approach,
including lifestyle modifications (such as smokiogssation, regular physical activity,
and healthy dietary patterns), optimal managemdnicamorbidities (particularly
hypertension and diabetes), and appropriate lipiceting therapies. The
INTERSTROKE study estimated that addressing ten ifiate risk factors could
potentially prevent approximately 90% of strokeghdwide, highlighting the enormous

potential of preventive interventions.
HDL as a Therapeutic Target

The striking finding of low HDL cholesterol prevalee (90.8%) among our stroke
patients, coupled with the significant differenceHDL levels between ischemic and
hemorrhagic stroke subtypes, suggests that HDL tmigipresent a promising

therapeutic target for stroke prevention, partidylsschemic stroke.

However, translating this epidemiological assoomtiinto effective therapeutic
strategies has proven challenging. Several clinigals targeting HDL cholesterol
levels, particularly those using CETP inhibitorayvé failed to demonstrate significant
cardiovascular benefits despite substantial ineeas HDL cholesterol levels. These
disappointing results have led to a paradigm shifbur understanding of HDL, with
increasing recognition that HDL functionality migbe more important than HDL

cholesterol levels per se.
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Future research should focus on developing thesapiat enhance specific aspects of
HDL functionality, such as cholesterol efflux capgcanti-inflammatory properties, or
antioxidant activities, rather than merely incregsiHDL cholesterol levels.
Additionally, personalized approaches based on tgenerofiles, HDL subclass

distribution, or HDL proteome might yield more sassful outcomes.

Ethnic and Regional Variations

Our study provides valuable insights into the stradharacteristics and risk factor
profile in a specific region of India. The observeakterns, particularly the relatively
young age of stroke onset, high prevalence of desband low HDL cholesterol, and
slightly different distribution of stroke subtypesd anatomical sites compared to
Western populations, highlight the importance gioaal and ethnic considerations in

stroke epidemiology and management.

These variations might reflect a combination ofejen environmental, socioeconomic,
and healthcare system factors. Understanding trezgenal differences is crucial for
developing tailored preventive strategies, diagnosipproaches, and treatment

protocols that address the specific needs andectyibk of diverse populations.

Biomarkers for Stroke Classification and Prognosis

The significant difference in HDL cholesterol leydletween ischemic and hemorrhagic
stroke patients observed in our study suggestsHbdt cholesterol might serve as a
potential biomarker for stroke classification. limical scenarios where neuroimaging
is not immediately available or conclusive, suchirasesource-limited settings or in
cases with very early presentation, lipid paranseteciuding HDL cholesterol, might

provide valuable additional information to guidéial management decisions.
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Furthermore, the association between lipid pararsedad stroke outcomes warrants
further investigation. Identifying reliable progtios markers could help in risk
stratification, guiding treatment intensity, andomming discussions with patients and

families about expected recovery trajectories.

Limitations and Future Directions

Study Limitations

Our study, while providing valuable insights, havesal limitations that should be
acknowledged. The single-center design and relgtigenall sample size limit the
generalizability of our findings to broader popidast. The cross-sectional nature of the
study prevents establishing causal relationshigad®n lipid parameters and stroke
occurrence or outcomes. Additionally, while we eoted data on various risk factors,

residual confounding from unmeasured variables caba excluded.

Regarding lipid measurements, we relied on a siblgied sample obtained after stroke
onset, which might not accurately reflect the patsepre-stroke lipid profile due to the
acute phase response. Furthermore, we did notsaadganced lipid parameters, such
as HDL subfractions, apolipoprotein levels, or fiumgal assays of HDL capacity,
which might provide more nuanced insights into thkationship between lipids and

stroke.

Future Research Directions

Several promising avenues for future research esnieogn our findings. Longitudinal
studies with larger, diverse cohorts are neededstablish causal relationships and
explore the temporal dynamics between lipid paransednd stroke risk. More detailed

characterization of lipid profiles, including adwaa lipoprotein analyses, genetic
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markers, and functional assays, could provide deepesights into the

pathophysiological mechanisms linking lipids tmg&#.

The differential association of HDL cholesterol hwitroke subtypes observed in our
study warrants further investigation. Studies dpemdly designed to explore the
relationship between HDL-related parameters and ondragic stroke, which has
received relatively less attention compared to @stie stroke, could yield valuable

insights.

Finally, intervention studies targeting HDL metabwi, particularly those focusing on
enhancing specific aspects of HDL functionalityheat than merely increasing HDL

cholesterol levels, represent an important frontiestroke prevention research.

Conclusion

In conclusion, our study demonstrates a high peswa of low HDL cholesterol among
stroke patients, with a significant difference iDH levels between ischemic and
hemorrhagic stroke subtypes. These findings, alitly the observed patterns of other
risk factors and stroke characteristics, contribtde our understanding of stroke
epidemiology in the specific population studied dnghlight the potential role of HDL
as a biomarker and therapeutic target in cerebooNa@sdisease. Future research should
focus on elucidating the mechanistic links betwddBL and stroke subtypes,
developing more effective interventions targetinDLHmetabolism, and exploring the

utility of lipid parameters in stroke classificatiand prognosis.
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CONCLUSION

This study provides valuable insights into the rafenigh-density lipoprotein (HDL)
in cerebrovascular accidents and its differentiatoaiation with ischemic and
hemorrhagic stroke subtypes. The findings demotestra significantly high
prevalence of low HDL cholesterol levels among letrpatients, affecting 90.8% of
the study population. More importantly, a statetlic significant difference in HDL
levels was observed between hemorrhagic (44.3x9/llh and ischemic (35.3+7.7
mg/dL) stroke patients (p<0.001), suggesting thiaiteMow HDL is common in both
stroke subtypes, it may play a more pronouncedinolchemic stroke pathogenesis.
The study also highlights the substantial burdemodifiable risk factors in the study
population, including hypertension (65.3%), diabe(d1.8%), overweight/obesity
(76.6%), elevated LDL cholesterol (81.5%), and myggyceridemia (64.3%). These
findings underscore the critical importance of coafensive risk factor management
in stroke prevention strategies. The relatively ngpuage of onset observed, with
41.8% of patients below 50 years, raises concebositathe increasing burden of
premature stroke in the region and emphasizes #ed rfor early preventive
interventions.

The lack of significant differences in functionalitoomes between ischemic and
hemorrhagic stroke subtypes, despite the generdérstanding that hemorrhagic
strokes tend to have poorer prognosis, warranthdurinvestigation into factors
influencing recovery and rehabilitation in diffetestroke subtypes. This finding may
have implications for clinical management and posgication.

In conclusion, this study contributes to the grayvbody of evidence supporting the
importance of HDL cholesterol in cerebrovasculaaltie and suggests that HDL

levels might serve as a potential biomarker fooksrclassification. Future research
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should focus on elucidating the mechanistic linksaeen HDL and stroke subtypes,
developing more effective interventions targetinglHnetabolism, and exploring the
utility of lipid parameters in stroke classificatioand prognosis. The findings
emphasize the need for aggressive risk factor noadiibn, including strategies to

improve HDL levels and functionality, as part ofngarehensive stroke prevention

efforts.
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SUMMARY

INTRODUCTION

Cerebrovascular accidents (CVASs) represent a sigmif global health burden, with
dyslipidemia emerging as a crucial modifiable risikctor. While the relationship
between low-density lipoprotein (LDL) and strokskris well-established, the role of
high-density lipoprotein (HDL) remains less cleatlfined, particularly regarding its
differential association with stroke subtypes. T$tisdy aimed to investigate the role
of HDL in cerebrovascular accidents and compare Hels between ischemic and

hemorrhagic stroke subtypes
AIMS AND OBJECTIVES

Objectives:
4. To study serum HDL level in patient with cerebrauaar accident
5. To compare the levels of serum HDL between two gmaies of
stroke.
6. Percentage of site involvement in ischemic and hidmagic stroke.

MATERIAL AND METHODS

This observational study included 98 stroke pasienimitted to KLES Dr. Prabhakar
Kore Hospital, Belagavi, over a one-year periodmbgraphic characteristics, risk
factor profiles, lipid parameters, and stroke cbemastics were documented. Stroke
severity was assessed using the National Instiité¢ealth Stroke Scale (NIHSS),
and functional outcomes were evaluated using thelifital Rankin Scale (MRS).
Statistical analysis included descriptive statssteand comparison between stroke

subtypes using appropriate tests.
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RESULTS

A total of 98 stroke patients were included in $ihiedy, with the following key

findings:

Demographic characteristics revealed that the ntpjof patients (38.8%)
belonged to the 61-70 years age group, followeddbyb0 years (26.5%).
There was a slight female predominance (53.1%h)énstudy population. The
prevalence of risk factors was notably high, wiyipdrtension affecting 65.3%
of patients, diabetes mellitus 41.8%, smoking 31.6%@ overweight/obesity

76.6%.

Analysis of the lipid profile demonstrated signiit abnormalities, with
60.2% of patients having elevated total cholestéeokls (>200 mg/dL),
81.5% with elevated LDL cholesterol (>100 mg/dL}%.3% with elevated
triglycerides (>150 mg/dL), and a striking 90.8%ttwiow HDL cholesterol
levels (<50 mg/dL). When comparing stroke subtypieshemic strokes

(83.7%) were substantially more prevalent than hremagic strokes (16.3%).

The most significant finding was the statisticallgnificant difference in HDL
cholesterol levels between hemorrhagic (44.3+7.5dijgand ischemic
(35.3£7.7 mg/dL) stroke patients (p<0.001), sugggsta differential
association of HDL with stroke subtypes. No sigmwfit differences were
observed between stroke subtypes regarding otheid liparameters,

comorbidities, or stroke severity.

Regarding stroke characteristics, the brainstem4¢ap and middle cerebral
artery territory (15.3%) were the most frequenesiof lesion. Most patients

(61.2%) had moderate stroke severity (NIHSS 5-Bp 74.5% achieved
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good functional outcomes (MRS 0-2). The mean habpiay was 6.89 days

(SD 2.45).

» These findings highlight the significant role ofstipidemia, particularly low
HDL cholesterol, in stroke pathogenesis and sugget&ntial utility of HDL
as a biomarker for stroke classification. The hpgévalence of modifiable risk
factors emphasizes the importance of aggressikefaitor management in

stroke prevention strategies.

CONCLUSION:

This study demonstrates a high prevalence of low. HBbolesterol among stroke
patients and identifies a significant differenceHBL levels between ischemic and
hemorrhagic stroke subtypes. These findings sudijasHDL cholesterol might play
a differential role in the pathogenesis of strolibtgpes and could potentially serve as
a biomarker for stroke classification. Future reseahould focus on elucidating the
mechanistic links between HDL and stroke subtypes aeveloping targeted

interventions to address dyslipidemia in stroke/@ntion.
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ANNEXURE — | - INFORMED CONSENT FORM

Consent form format

KAHERs JNMC
BELAGAVI
INFORMED CONSENT FORM

ROLE OF HIGH-DENSITY LIPOPROTEIN IN CEREBROVASCULAR ACCIDENT
AND COMPARATIVE STUDY OF HIGH-DENSITY LIPOPROTEIN IN ISCHEMIC

STROKE AND HEMORRHAGIC STROKE.
Name of Student/Principal Investigator:
MD GENERAL MEDICINE

Name of Guide/Co Investigators:
DEPARTMENT OF GENERAL MEDICINE,MEDICINE G UNIT,JAWAHARLAL

NEHRU MEDICAL COLLEGE,BELAGAVL

n: : Stroke is the most common cause of death in the developed world after cancer

18.1 Introductio
hysical disability _Stroke represents

heart Disease and it is the most common cause of p

and ischemic
troke is a common medical emergency.

the third most common death in the developed countries. S
countries because 0

ffective. Prevention is best option but

The incidence is rising steeply in many Developing f adoption of less healthy

life styles. It is difficult to treat and treatment is still not €
lenging making the detailed study of risk factor i

death of brain cells due to inadequate blood

ability to forecast the stroke is chal s essential
accident, is the sudden
“the rapid development of clinical signs and symptoms

ading to death with no apparent

_Stroke or cerebral vascular
flow. The WHO clinically defines stroke as

of focal neurological disturbance lasting more than 24 hours or le

cause other than vascular origin.

Stroke is the second commonest cause of death

worldwide after coronary heart disease (CHD). Global burden of disease study estimated a
ke incidence of India to be 89/ 100,000 in 2005 which is projected to

population-based annual stro
m in India.

increase to 91/100,000 in 2015 and 98/100,000 in 2030 . It is a major health proble
Developing countries like India are facing a double burden of communicable and non-
communicable diseases. The estimated adjusted prevalence rate of stroke range 84 to 262/1 00,000

in rural and 334 to 424/100,000 in urban areas. The incidence rate is 1 19 to 145/100,000 based on

the recent population studies. It has been found that stroke accounts for 0.9-4.5% of total medical

admission and 9.2-30% of admissions to neurological wards. Studies have shown an increased

prevalence of stroke in the young (<40 yrs old ) in India ranging from 10 to 15% of allstrokes.

WHO estimates suggests that by 2054, 80% stroke case in the world

cur in low and middle income countries mainly India and China. Stroke is the sudden
sability.

would oc
death of brain cells due to inadequate blood flow. It is a leading cause of serious long term di

The effects of a stroke are determined by the extent and site of brain injury, but the clinical

symptoms of stroke do not accurately predict its underlying cause or causes. Classic stroke
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gs of vision, speech impairment, memory

Py 10
I leﬁs'lvu,

e that

symptoms include the acute onset of unilateral paralysis, 10 " il
k factors include Diabetes, FyP

loss, impaired reasoning ability, coma or death.8 The ris

ipidemi i evidenc
Dyslipidemia, Atherosclerosis, age, smoking and other rare causes. There 1s good -
ificati i vel o
modification of risk factors will reduce the risk of stroke Recent studies shows that low le
HDL is an important risk factors for development of Atherosclerosis which is the precursor

corebrovascular accident. My study is to see whether any difference in HDL level between two

for

categories of stroke,

Explanation of procedure: ESTIMATION OF HDL CHOLESTEROL: METHOD:
Phosphotungstic acid method, endpoint

PRINCIPLE: Chylomicrons(CM), LDL and VLDL are precipitated from serum or plasma with
phosphotungstate in the presence of divalent cations such as Magnesium. The HDL cholesterol remains
unaffected in the supernatant and is estimated using a cholesterol reagent.

Serum/plasma HDL + (LDL+VLDL+CM) (supernatant) (precipitate) Phosphotungstic acid, Mg2+
REAGENT COMPOSITION: Reagentl: precipitating reagent Phosphotungstic acid 2.4mmol/l
Magnesium chloride 40mmol/l
HDL cholesterol standard — 25mg/dl

SAMPLE: Unhemolysed serum used
PRECIPITATION: Precipitation of LDL,VLDL and Chylomicrons done as follows:
Mixed well and the reaction mixture was allowed to stand for 10 min at room temperature,

centrifuged at 4000 rpm for 10min and obtain a clear supernatant. The supernatant was used to determine
the concentration of HDL cholesterol in the sample.

ASSAY PROCEDURE: Mixed well and incubated for 10 min at room temperature. The absorbance
of the standard and the test samples were read at 505 nm against reagent blank.

CALCULATION HDL cholesterol (mg/dl)= Absorbance of test x conc.of standard x dilutionfactor
Absorbance of standard = Absorbance of the test x 25x3 Absorbance of the standard = Absorbance of

the test x 75 Absorbance of the standard Linearity-upto 125mg/d
ESTIMATION OF TOTAL CHOLESTEROL: METHOD: Cholesterol
Enzymatic, endpoint method. PRINCIPLE: The free cholesterol, liberated from th
| esterase, is oxidised by cholesterol oxidase to cholestenone with
xide. The hydrogen peroxide reacts with 4 amino antipyrine
se to yield a red coloured complex. 1. Cholesterol est
erol + oxygen CHO cholest-4-en-3one +H 20 2 3.2 H202 +

oxidase-Peroxidase
e cholesterol esters
the simultaneous
by cholestero -
and a phenolic
production of hydrogen pero
compound in the presence of peroxida:

CHE cholesterol + fatty acid 2. Cholest

er +water
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MASTER CHART
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|_
1 (64| Mae | Ischemic [35.3|2226|142.9(221.8|Yes|Yes| No Cerebellum 8|1[226(7
2 | 68| Femae| Ischemic |33.8|178.1| 102.6 [ 208.7 | No | No | Yes| Posterior Cerebral Artery | 8 | 1 [ 258 7
3 [45|Femae| Ischemic [53.6|191.4| 101 | 183.9|Yes| No|Yes| Posterior Cerebral Artery [ 16| 3 | 25.6| 8
4 158| Male | Ischemic | 36 | 179 | 103.2| 199.1|Yes|Yes| No Basa Ganglia 15| 3129.8| 8
5|62 |Femae| Ischemic |34.5(199.7|137.7 | 137.3|Yes| No| No| Anterior Cerebral Artery | 18] 3 [ 355 10
6 | 70| Mae | Ischemic |35.4(245.6(173.7| 182.5|Yes| No|Yes Internal Capsule 17) 3123.8]|11
7 | 38| Female| Ischemic |43.2|181.7(105.7 | 163.8| No| No| No Cerebellum 6|1([195]| 4
8 | 36| Mae [Hemorrhagic| 48.9( 218.9| 124.8 | 225.9|Yes| No|Yes Intraventricular 141 2| 339
9 | 59| Mae | Ischemic [355( 1226 62.7 [ 121.9|Yes| Yes| No Thaamus 15| 3129.2| 7
10| 53| Mae | Ischemic | 40 | 197.1]| 130.3| 134 |Yes|Yes|Yes Brainstem 210277 4
11| 42 [ Female| Hemorrhagic| 42 | 226.2 | 147.5| 183.5| Yes| Yes| No L obar 111 2 [ 293 7
12| 57| Female| Ischemic | 42.1]|283.2| 209 | 160.7 | No|Yes| No Brainstem 18| 3|31.8|11
13| 53| Mae | Ischemic |42.4|257.5(194.7]| 101.8|Yes| Yes| No| Anterior Cerebra Artery | 15| 3 | 31.4| 8
141 66| Made | Ischemic | 32.2| 196 | 137.7| 130.4| No| No[ No| Middle Cerebral Artery | -1| 0 | 33.5| 2
15| 35 [ Female| Hemorrhagic| 36.6 | 227.7 | 158.6 | 162.5 | Yes| Yes| No L obar 91 2|274] 4
16| 47| Mae | Ischemic | 32.6|288.8|229.7| 132.4|Yes| No|Yes Brainstem 9| 2[286(5
17| 49| Mde | Ischemic | 34.3|175.7| 126.6| 74.2 | No| No| No Thaamus 1({0([273]| 4
18| 50| Made | Ischemic |31.9| 202 | 132.2| 189.4|Yes| Yes| No Basa Ganglia 11| 21281| 6
19| 61| Mde | Ischemic | 27.7|179.4]| 112.8| 194.6 | Yes| No | No Basa Ganglia 411]|235( 4
20| 65| Femae| Ischemic | 31.3|178.6| 117.8| 147.7 | Yes| No| No| Middle Cerebral Artery | 5| 1| 29.6| 3
21|67 |Femae| Ischemic |[29.6]| 206.6 | 146.4 | 153.1 | Yes| Yes| Yes| Middle Cerebra Artery [ 17| 3 | 31.2] 10
22| 65| Mae | Ischemic |31.3]|233.6| 151.6|253.6[ No| No|Yes Thaamus 13| 2|129.8| 7
23| 44 |Femde| Ischemic | 29.2| 227.9| 149.3| 247.1|Yes|Yes|Yes| MiddleCerebral Artery | 3| 1 [ 21.5( 3
24169| Male | Ischemic |28.2]|138.4| 72.1 | 190.3| No|[Yes| No| Anterior Cerebral Artery | 7 | 1 [28.1| 5
25(57| Mae | Ischemic |[39.1]|230.9|149.7| 210.4 | Yes| Yes| No Brainstem 6|1([279] 4
26| 42 | Female| Hemorrhagic| 32.9 | 213.7| 136.1 | 223.5| No | No| No Basa Ganglia 16| 3 [29.7(10
27(41| Mae | Ischemic |[46.4|220.7| 147 | 136.6|Yes|Yes| No Brainstem 12| 2 1325]| 8
28| 40| Femae| Ischemic |41.1]| 251.3| 163.6 | 233.2|Yes| Yes| No| Middle Cerebral Artery | 10| 2 | 19.4| 6
29| 42 | Female| Hemorrhagic| 57.3 | 235.8 | 121.2 | 286.3 | Yes| Yes| No Cerebellum 13| 2 [ 296 9
30| 47 |Femae| Ischemic |[36.3|211.1|130.4 221.9|Yes|Yes| No Cerebellum 8|1[268(|5
31| 49| Male | Ischemic | 16.3| 263.6| 223.3 | 120.1|Yes| No| No| Anterior Cerebral Artery | 3 | 1 [ 28.7| 3
32| 53 |Femae| Ischemic |32.2]|182.7| 128 [ 112.7| No|Yes|Yes| MiddleCerebral Artery | 7 | 1 [23.1| 4
33| 41 | Female| Hemorrhagic| 35 | 240.2| 166.3 | 194.3| No | Yes| No Brainstem 121 2 (301 9
34| 45|Femae| Ischemic | 31.5| 167.8| 104.6 | 158.4 | Yes| Yes| No| Middle Cerebral Artery | 14| 2 | 29.7| 8
35| 60| Femae| Ischemic | 37.1]| 224.2| 139.8| 236.5|Yes| No| No| MiddleCerebral Artery | 7 | 1 |285]| 5
36| 35| Female| Hemorrhagic| 50.2 | 200.7 | 127.4 | 115.6 | No | No | No Cerebellum 15| 3351 7
37| 54 |Femae| Ischemic | 31.4| 206.4| 146.7 | 141.7| No [ No| No| Middle Cerebral Artery | 4 | 1 [ 30.6| 6
38| 35| Female| Hemorrhagic| 43.5| 165.3| 89.3 | 162.5|Yes| Yes| No Thalamus 20| 328.8]10
39(41| Mae | Ischemic |[26.7]|214.6|160.2| 138.3|Yes| No| No Thaamus 26| 4 132.8]13
40| 58| Mae | Ischemic |44.3|237.8[172.2| 106.3|Yes|Yes|Yes Brainstem 5|1([342(6
41| 64| Mae | Ischemic | 38 [243.3[169.1| 181 |Yes| No|Yes Basa Ganglia 10| 21305 5
42| 37 |Female| Ischemic | 45.6|250.4( 163 [ 208.8| No| No| No Thaamus 17| 3|273| 7
43| 70| Femae| Ischemic [ 255 214 | 157.9| 152.9|Yes| No|Yes| Anterior Cerebra Artery | 9| 2 | 31.5] 7
44 | 67 | Female|Hemorrhagic| 49.6 [ 172.4| 88.5 | 171.7| No|Yes| No L obar 0[0]246] 1
45| 43| Femae| Ischemic |[32.1(244.1]193.8( 91 |Yes| No| No Internal Capsule 141 2| 24 [ 8
46 | 39| Femae| Ischemic | 39.7 | 235.3| 143.4| 260.8| No| No| No Internal Capsule 12| 2 [304( 9
47| 47| Mae | Ischemic |28.3|154.7(110.1| 81.6 [ No|Yes| No Cerebellum 8| 1[269(6
48| 41| Mae | Ischemic |44.6(176.4| 97.9 | 169.7|Yes|Yes|Yes Brainstem 92| 3|5
49| 62| Femae| Ischemic | 23 [ 251.3]|205.5( 114 |Yes| No| No Internal Capsule 141 2| 25 |10
50| 37 |Female| Ischemic [25.5]|172.6|134.9| 61.1 [Yes| No| No Brainstem 19| 3|24.8|10
51| 64| Male | Ischemic | 36.3| 156.2| 66.4 | 267.5|Yes| No| No Internal Capsule 81 1]298]| 8




52| 54 |Femae| Ischemic | 35 | 180.9| 94.5 [ 256.8| No | Yes| No Internal Capsule 12| 2 (274 9
53[49| Mae | Ischemic |38.2]|217.9| 163 | 83.4 [Yes|Yes|Yes Brainstem 18| 3129.8|11
54|36 |Female| Ischemic |[33.6]|162.2| 714 | 286.2|Yes|Yes| No| Middle Cerebra Artery [ 15| 3 | 19.1] 10
55|61 |Femae| Ischemic |[36.1]|185.3|119.6( 148.1|Yes| No| No Cerebellum 20| 3(288| 9
56 (69| Mae | Ischemic |32.3]|208.7| 115.8| 302.9 | No|Yes|Yes Brainstem 10| 2|1 204] 8
57| 63| Male | Ischemic |529| 165.7| 98.4 | 72.2 | No|Yes| No Internal Capsule 14| 2 (251 8
58| 63| Femae| Ischemic | 37 | 169.9| 86.5 | 232.1|Yes|Yes|Yes Brainstem 8| 1[29.7( 6
59| 35| Female| Ischemic |[28.9]|220.9|166.8| 126.2| No| No| No Basa Ganglia 18| 3| 20 |10
60| 43 |Femae| Ischemic | 38.5| 177.6| 92.8 | 231.7| No|Yes| No| Anterior Cerebral Artery | 16| 3 [ 27.1| 9
61(59| Mae | Ischemic |47.8]| 252.4| 167.2| 187.2|Yes|Yes|Yes Cerebellum 5| 1([249(7
62| 44| Male |Hemorrhagic| 43.4| 247.8| 163.8| 203 |Yes| No| No Basa Ganglia 12| 2 [286( 7
63| 52| Mae | Ischemic [50.1|194.4|107.2|185.3|[ No| No| No Cerebellum 11| 21239 9
64 | 63 | Female| Ischemic |[39.5]| 1445 48.9 [ 280.6 [ No| No| No Brainstem 12| 21279] 9
65(68| Mae | Ischemic |30.6| 251.3| 177.7| 215.2|Yes| Yes|Yes Thaamus 14]1 21259 9
66| 51 |Female| Ischemic | 25 | 183.6| 126.7 [ 159.4| No | No| No Internal Capsule 51 1]|255|5
67 (68| Mae | Ischemic | 29 | 228.9|144.8| 275.3|Yes| No| No Basa Ganglia 10| 2 |272]| 4
68| 48 | Female| Ischemic | 28.9| 235.1| 164.3 | 209.6 | No | No| No Internal Capsule 9] 2|188]| 8
69 | 69 | Female| Ischemic | 34.9]| 200.5| 141.1| 122.3| No| No| No Brainstem 711276
70| 40 | Female| Ischemic |[40.9|229.3|136.1| 261.4 | No|Yes| No Brainstem 16| 3|279] 8
71| 42| Mae |Hemorrhagic| 53.6| 215.1| 147.1| 71.8 |[Yes|Yes|Yes L obar 21| 41253]10
721 66| Male |Hemorrhagic| 40.9| 197.1| 117.9| 191.7 | No|Yes|Yes Intraventricular 14] 2 [ 31910
73(58| Mae | Ischemic |325]|156.6| 90.2 | 169.3| No| No|Yes Thaamus 10| 2 |1306]| 7
74| 53 | Femae| Hemorrhagic| 54.9| 213.9| 114.4| 223 |Yes| No|Yes Intraventricular 8|1 1]|272]| 6
75| 40| Male | Ischemic | 37.6| 216.9| 130.5| 243.9 | Yes| No | Yes| Anterior Cerebral Artery | 5| 1 [ 23.7| 7
76| 70| Mae |Hemorrhagic| 36 | 201.5| 115.4 | 250.5 [ Yes| No| No L obar 14)1 21291 8
77|69 |Femae| Ischemic |[235]233.2|173.8|179.7|Yes| No|Yes| MiddleCerebra Artery (19| 3| 33 |11
78| 63| Mae |Hemorrhagic| 38.2| 227.1| 164.5| 122 [Yes| No| No L obar 11| 2| 313| 6
79|52 |Femae| Ischemic [38.9|175.2| 96 |[201.3[ No|Yes| No Brainstem 12| 21289 5
80| 67| Mae | Ischemic |[41.3]| 2124|1329 191.2|Yes| No| No Internal Capsule 10| 2 |1248]| 5
81| 70| Mae | Ischemic |37.5]|155.1| 59.5 | 290.7 [ No|Yes|Yes Brainstem 9| 2[296( 7
82| 67| Male | Ischemic |44.2| 1904|1451 5.6 |Yes| No|Yes| Anterior Cerebral Artery | -4 | -1 | 25.8( 3
83| 51 |Femae| Ischemic | 16.7]| 196.9| 174.5( 28,5 | No| No|Yes| Anterior Cerebral Artery | 11| 2 [ 32.4| 5
84| 47| Male | Ischemic | 28.7]| 2329|1852 95.1 |Yes| No|Yes| Posterior Cerebral Artery | 19| 3 [ 29.2( 8
85| 48 |Femae| Ischemic | 30.5| 209.5| 131.9 | 235.7 | Yes| Yes| No | Posterior Cerebral Artery | 3| 1 [ 227 4
86| 38| Male |Hemorrhagic| 46.7 | 228.2 | 153.3 | 141.2|Yes| No| No Cerebellum 11| 2 (284 9
87| 46 |Femae| Ischemic | 40.8| 219 | 147.8| 152.2| No| No| No| MiddleCerebral Artery | 3| 1 [ 29.2| 4
88| 62| Male | Ischemic | 29 | 258.2| 199.2 | 150.1 | Yes| No| No | Posterior Cerebral Artery | 12| 2 [ 21.5( 6
89| 50| Female| Ischemic |28.1]219.3| 165.1| 130.4 |Yes| No|Yes| MiddleCerebral Artery | 5| 1| 27.4| 6
90| 61| Male | Ischemic | 31.4|208.9|145.4( 160.3| No| No| No Internal Capsule 4 (1] 27 ]2
91(69| Mae | Ischemic [32.1]|175.4|106.1|185.8|Yes|Yes| No Internal Capsule 20 3|322]|11
92| 52| Male | Ischemic |22.8|247.1|203.1| 105.8|Yes| No| No | Posterior Cerebral Artery | 2 | 0 [ 27.5[ 5
93| 63 |Female| Ischemic [54.1]|184.3| 91.3 [ 194.6 | Yes| No| No Brainstem 10| 2| 24 | 8
94|62 |Female| Ischemic | 39.2| 208 | 152.9( 79.3 | Yes| No| No Internal Capsule 7111277] 6
95| 67 |Femae| Ischemic | 42.3| 1924 | 94.7 | 277 |Yes| No|Yes| MiddleCerebral Artery | 11| 2 [ 21.6| 6
96 | 38 | Female| Ischemic |[41.9]|263.4| 187 [ 172.3|Yes| No| No Brainstem 6|1([259] 4
97| 70 |Femae| Ischemic | 32.3| 143.5| 90.5 | 103.3|Yes| No| No| MiddleCerebral Artery | 6 | 1 [ 234 3
98| 66 | Female| Ischemic | 51.5| 237 | 160.9( 123 |Yes| No| No Internal Capsule 15| 3 [305( 8




