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Abstract  
Background: Acute stroke is a leading global cause of death and long-term disability, representing a critical medical emergency 

where "time is brain." It is primarily classified into ischemic stroke, caused by arterial occlusion, and hemorrhagic stroke, which 

includes intracerebral hemorrhage (ICH) and subarachnoid hemorrhage (SAH). Each subtype has distinct pathophysiological 

mechanisms, risk factors, and management requirements, placing a premium on rapid diagnosis and intervention. 

Aim: This updated review aims to synthesize current knowledge on acute stroke for a multidisciplinary audience of radiologists, 

pharmacists, and nursing staff, emphasizing their collaborative roles in the timely evaluation, treatment, and management of 

adult inpatients. 

Methods: The article is a comprehensive narrative review of stroke etiology, epidemiology, pathophysiology, clinical 

presentation, diagnostic evaluation, and evidence-based management strategies, referencing established guidelines from bodies 

like the American Heart Association/American Stroke Association. 

Results: Key findings highlight the effectiveness of rapid neuroimaging (CT, CTA, MRI) for diagnosis and treatment selection. 

For ischemic stroke, intravenous thrombolysis and endovascular thrombectomy are cornerstone reperfusion therapies. 

Management of ICH focuses on blood pressure control and reversal of coagulopathy, while SAH care centers on securing 

aneurysms and preventing complications like vasospasm. The review underscores that structured, protocol-driven care involving 

an interprofessional team significantly improves patient outcomes. 

Conclusion: Optimal acute stroke care is multidisciplinary and time-sensitive. Collaboration between radiologists, pharmacists, 

and nursing specialists across the care continuum—from emergency intervention to rehabilitation and secondary prevention—

is essential to reduce mortality, minimize disability, and improve long-term functional recovery. 

Keywords: Acute Stroke, Ischemic Stroke, Intracerebral Hemorrhage, Subarachnoid Hemorrhage, Thrombolysis, 

Thrombectomy, Neuroimaging, Multidisciplinary Team, Inpatient Care. 

 
____________________________________________________________________________________________________________________________________________________________________  

Introduction 

Acute stroke, often labeled in clinical 

language as a cerebrovascular accident, does not 

represent a random or accidental occurrence. The 

process reflects a predictable consequence of 

underlying vascular and systemic risk factors. Many 

experts now prefer the term brain attack because it 

parallels the concept of heart attack and highlights the 

urgent nature of the event and the need for rapid 

intervention. Stroke, however, includes a wider 

spectrum of pathophysiological patterns than coronary 

disease and manifests through heterogeneous 

mechanisms and clinical presentations. From a broad 

etiological perspective, clinicians classify stroke into 

two principal groups, ischemic and hemorrhagic. 

Hemorrhagic stroke includes intracerebral 

hemorrhage and subarachnoid hemorrhage, most often 

described as nontraumatic spontaneous intracerebral 

hemorrhage and nontraumatic spontaneous 

aneurysmal subarachnoid hemorrhage [1]. Ischemic 

stroke develops when an arterial occlusion restricts 

cerebral blood flow and deprives brain tissue of 
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oxygen and glucose. This process triggers a cascade of 

metabolic failure, ionic imbalance, and cell death 

within the ischemic core and penumbra. In contrast, 

hemorrhagic stroke results from rupture of a cerebral 

vessel and the subsequent extravasation of blood into 

the brain parenchyma or subarachnoid space. This 

event causes direct tissue injury, mass effect, and 

secondary ischemia. These distinctions are 

fundamental for diagnosis, acute imaging strategies, 

and therapeutic decision making, including eligibility 

for thrombolysis, endovascular therapy, or 

neurosurgical intervention. 

The American Heart Association and the 

American Stroke Association provide an operational 

definition that supports clinical practice and research 

[1]. In its most concise form, stroke represents an acute 

episode of focal neurological dysfunction that lasts for 

more than 24 hours and arises from a vascular cause. 

This definition helps differentiate stroke from 

transient ischemic attack and from nonvascular 

neurological disorders. Stroke currently ranks as the 

second most common cause of death worldwide and 

remains a leading cause of long term disability in 

adults [2][3][4]. The condition generates a substantial 

economic burden that extends across the prehospital 

phase, emergency and inpatient care, rehabilitation, 

and community based follow up [5][6][7]. Direct 

medical expenditures, indirect productivity loss, and 

informal caregiving demands collectively amplify its 

societal impact. The concept that time is brain 

summarizes the critical relationship between treatment 

delay and irreversible neuronal loss. Every minute 

without reperfusion or appropriate management 

reduces the probability of full neurological recovery in 

patients with acute stroke. This understanding 

underpins modern systems of stroke care that prioritize 

rapid recognition, prehospital triage, early 

neuroimaging, and protocol driven acute 

interventions. Timely use of reperfusion therapies 

structured multidisciplinary rehabilitation, and 

sustained lifestyle and risk factor modification can 

improve functional outcomes, reduce recurrence, and 

lessen the global burden of stroke [8]. 

Etiology 

Ischemic stroke represents a broad and 

heterogeneous group of disorders with more than one 

hundred distinct underlying pathological processes 

identified in the literature [9]. To facilitate clinical 

classification and research, the Trial of Org 10172 in 

Acute Stroke Treatment system defines three principal 

etiological categories. These are large vessel disease, 

small vessel or lacunar disease, and cardioembolic 

stroke [10]. Each group reflects different mechanisms 

of vascular injury, different anatomic targets, and 

different implications for prevention and long term 

management. Understanding these mechanisms is 

central for accurate diagnosis, tailored investigation, 

and the development of individualized secondary 

prevention strategies. Large vessel disease includes 

atherosclerotic stenosis or occlusion, arterial 

dissection, and artery to artery embolism [11][12]. In 

this context, thrombotic or embolic obstruction of 

major extracranial or intracranial arteries leads to focal 

reductions in cerebral blood flow that correspond to 

specific vascular territories. The resulting clinical 

syndromes often match the anatomical distribution of 

the affected vessel. Large intracranial arteries include 

the circle of Willis and its proximal branches, while 

extracranial large vessels include the common carotid, 

internal carotid, and vertebral arteries [11][12]. 

Atherosclerotic plaques may gradually narrow the 

lumen or rupture and generate emboli that occlude 

distal branches. Arterial dissections produce 

intramural hematoma and luminal compromise. Artery 

to artery embolism transmits thrombotic material from 

one diseased large artery into downstream cerebral 

branches. These mechanisms often coexist in patients 

with diffuse vascular disease and shared systemic risk 

factors. 

Small vessel disease is the predominant 

substrate for lacunar strokes, which characteristically 

involve the deep perforating arteries that supply 

subcortical structures [13][14]. Two main pathological 

processes are usually described. Lipohyalinosis causes 

concentric hyaline thickening of small penetrating 

vessels and progressive luminal narrowing, eventually 

resulting in occlusion. This process is strongly 

associated with chronic hypertension and other 

vascular risk factors. In addition, atherosclerotic 

plaques in larger parent arteries can extend to involve 

the ostia of small perforating branches and block flow 

at the vessel origin. Microatheromas, which are small 

focal atherosclerotic lesions, can also obstruct these 

penetrating arteries [13][14]. The outcome is a small, 

deep infarct that produces classic lacunar syndromes. 

Despite their size, these lesions may cause substantial 

long term disability when they affect critical motor or 

sensory pathways. Cardioembolism constitutes 

another major cause of ischemic stroke and arises 

when thrombi or other embolic material form in the 

heart and migrate to the cerebral circulation 

[10][11][12]. A range of cardiac conditions increases 

this risk. Atrial fibrillation and other atrial arrhythmias 

promote blood stasis and thrombus formation in the 

atria. Valvular heart disease alters normal flow 

patterns and can cause local thrombus development or 

endothelial damage. Bioprosthetic and mechanical 

heart valves, particularly in the absence of adequate 

anticoagulation, are also established sources of 

emboli. Various cardiomyopathies can create regions 

of low flow or akinetic myocardium where mural 

thrombi can develop [10][11][12]. The clinical 

consequence is often a sudden and severe stroke, 

frequently cortical, with a high risk of early recurrence 

if the underlying cardiac condition is not addressed. 

Across these mechanistic categories, 

ischemic stroke shares a set of common risk factors 

that modify vascular biology and accelerate 
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atherothrombotic processes. Advanced age, 

hypertension, diabetes mellitus, hyperlipidemia, 

cigarette smoking, cardiac disease, and arrhythmias 

are consistently associated with higher incidence and 

poorer outcomes [11][12][14]. These factors 

contribute to endothelial dysfunction, arterial stiffness, 

and prothrombotic states. Comprehensive 

management of these risks through blood pressure 

control, glycemic optimization, lipid lowering 

therapy, smoking cessation, and effective cardiac 

rhythm management is central to primary and 

secondary prevention. Intracerebral hemorrhage 

represents the second most frequent subtype of stroke 

and is characterized by bleeding into the brain 

parenchyma [15]. In most cases, ICH results from 

rupture of small penetrating arteries that have been 

structurally weakened by chronic vascular pathology. 

Hypertensive vasculopathy and cerebral amyloid 

angiopathy are the most prominent causes, alongside 

coagulopathies and other less common vasculopathies 

[15]. Hypertensive vasculopathy is typically linked to 

non lobar ICH that affects deep brain structures such 

as the basal ganglia, thalamus, brainstem, and 

cerebellum. Chronic exposure to elevated blood 

pressure leads to lipohyalinosis, fibrinoid necrosis, 

and formation of microaneurysms in small arteries. 

These changes increase the likelihood of spontaneous 

rupture. In contrast, cerebral amyloid angiopathy 

involves deposition of amyloid beta protein in the 

walls of cortical and leptomeningeal vessels. This 

process weakens vessel integrity and predisposes to 

lobar hemorrhages, often recurrent, in older adults 

[15]. 

A range of modifiable and nonmodifiable 

risk factors further influence the probability of ICH 

[16][17]. Advancing age and hypertension remain the 

most powerful predictors. Additional contributors 

include smoking, high alcohol intake, and use of 

sympathomimetic drugs that acutely raise blood 

pressure and vascular stress [16][17]. Therapeutic 

anticoagulants, including vitamin K antagonists and 

direct oral anticoagulants, increase bleeding risk, 

especially in the presence of uncontrolled 

hypertension, renal impairment, or drug interactions. 

Antiplatelet agents also contribute, particularly when 

combined with other risk factors [16][17]. Recognition 

and careful management of these exposures are vital 

in patients at risk and in those with a history of prior 

ICH. Subarachnoid hemorrhage constitutes a smaller 

proportion of overall strokes yet carries high morbidity 

and mortality [18]. Spontaneous SAH accounts for 

approximately five percent of all strokes, and in about 

eighty five percent of these cases the cause is rupture 

of an intracranial aneurysm [18]. Aneurysms most 

commonly arise at arterial bifurcations within the 

circle of Willis and its major branches. Hemodynamic 

stress and underlying vessel wall abnormalities 

contribute to aneurysm formation and growth. When 

rupture occurs, blood enters the subarachnoid space 

and can lead to sudden severe headache, rapid 

neurological deterioration, and life threatening 

complications such as vasospasm and hydrocephalus. 

Not all spontaneous SAH is aneurysmal. Other causes 

include drug use, especially amphetamines and 

cocaine, which acutely elevate blood pressure and 

induce vascular injury, coagulopathy that impairs 

normal hemostasis, ruptured arteriovenous 

malformations, and vessel rupture secondary to dural 

venous sinus thrombosis [18][19][20][21]. The risk 

profile for SAH overlaps partly with that of other 

stroke types but also has specific features. Smoking 

and hypertension are major modifiable risks. 

Excessive alcohol consumption further increases 

susceptibility. Age related changes in vessel integrity 

raise risk with advancing age. A personal history of 

another intracranial aneurysm or prior SAH and a 

family history of intracranial aneurysm also confer 

higher probability of aneurysm presence and rupture 

[18][19][20][21]. These observations support targeted 

screening and aggressive risk factor management in 

selected high risk groups. 

 
Fig. 1: Stroke, Posterior Cerebral Artery. 

Epidemiology 

Stroke remains one of the most significant 

global health challenges, ranking as the second leading 

cause of death and a major source of long term 

disability in many populations. Patterns of stroke 

incidence demonstrate clear differences across 

subtypes. Ischemic stroke represents the majority of 

cases and accounts for roughly sixty two percent of all 

strokes, while intracerebral hemorrhage contributes 

twenty eight percent and subarachnoid hemorrhage 

accounts for about ten percent [2][3][4]. Although 



Acute stroke in adult inpatients: An Updated Review for Radiologists, Pharmacists, and Nursing... 
_____________________________________________________________________________________________________________ 

________________________________________________ 

Saudi J. Med. Pub. Health Vol. 1 No. 2 (2024) 

 

1072 

ischemic stroke occurs more frequently, hemorrhagic 

forms are associated with greater mortality and result 

in a higher number of disabilities adjusted life years 

lost, reflecting their more severe clinical course [3]. 

Global epidemiological trends show measurable 

progress in reducing the burden of stroke. From 1990 

to 2019, intracerebral and subarachnoid hemorrhage 

demonstrated larger annual reductions in age 

standardized incidence, prevalence, mortality, and 

disability adjusted life years compared with ischemic 

stroke [22]. These improvements may reflect better 

hypertension control, broader access to acute care 

services, and increased public awareness of stroke 

symptoms in many regions. However, the benefits 

have not been uniform, and significant disparities 

persist across income levels and geographic areas. 

Current estimates indicate that both men and women 

face an approximate lifetime stroke risk of twenty five 

percent beginning at age twenty five [23]. This 

substantial figure underscores the cumulative effect of 

vascular risk over the lifespan and highlights the 

importance of early prevention strategies. Certain 

regions show particularly high risk profiles, including 

East Asia and Central and Eastern Europe, where 

demographic factors, lifestyle patterns, and 

differences in health care access contribute to elevated 

stroke rates [23]. These observations reinforce the 

need for targeted prevention and population based 

interventions to mitigate the global burden of stroke 

[23]. 

Pathophysiology 

Ischemic Stroke 

Ischemic stroke develops when a defined 

region of brain tissue is exposed to critically reduced 

blood flow. The process starts with a sudden decline 

in perfusion that deprives neurons and glial cells of 

oxygen and glucose. Within minutes, a central core of 

severely hypoperfused tissue undergoes irreversible 

injury and evolves into the infarcted area. Surrounding 

this core lies the ischemic penumbra. In this zone, 

blood flow is reduced but not completely interrupted. 

Cellular function is impaired, yet structural integrity 

initially remains. This penumbral tissue is potentially 

salvageable if blood flow is restored rapidly through 

effective reperfusion therapies [24]. The energy crisis 

that follows reduced perfusion is a central feature of 

ischemic pathophysiology. In the ischemic territory, 

the mismatch between ATP production and ATP 

consumption leads to progressive depletion of high 

energy reserves. Failure of ATP dependent ion pumps 

disrupts normal transmembrane gradients. Sodium and 

calcium accumulate intracellularly. Potassium diffuses 

out of cells. These ionic shifts trigger membrane 

depolarization and electrical instability, which 

promote further injury. The ischemic cascade also 

enhances the generation of reactive oxygen species 

and nitric oxide [25]. Excessive ROS and NO interact 

with lipids, proteins, and nucleic acids. This causes 

oxidative damage, mitochondrial dysfunction, and 

activation of cell death pathways. Over time, these 

processes compromise cell membranes, induce cell 

lysis, and drive both necrotic and apoptotic cell death 

[25]. 

 
Fig. 2: Pathogenesis of stroke. 

Neuroinflammation is another important 

component of ischemic stroke pathophysiology. 

Microglia, the resident immune cells of the central 

nervous system, become rapidly activated within the 

ischemic core and penumbra. Their activation starts 

early after vessel occlusion, reaches a peak between 48 

and 72 hours, and may persist for several weeks 

[26][27]. Activated microglia secrete a wide range of 

mediators. On one hand, they release proinflammatory 

factors such as ROS, NO, interleukin-1β, and tumor 

necrosis factor-α. These mediators amplify local 

inflammation, increase neuronal vulnerability, and 

damage the blood brain barrier. On the other hand, 

microglia also produce anti-inflammatory cytokines 

and neurotrophic molecules, including brain-derived 

neurotrophic factor, glial cell-line-derived 

neurotrophic factor, and basic fibroblast growth factor 

[28][27][29][30][31]. These factors can support 

neuronal survival, promote tissue repair, and facilitate 

plasticity. The net effect depends on the timing, 

magnitude, and balance of these opposing responses. 

The overall ischemic cascade is complex and dynamic. 

It involves bioenergetic failure, ionic and 

neurotransmitter imbalance, oxidative stress, 

excitotoxicity, inflammation, endothelial dysfunction, 

and microvascular collapse. Together, these 

mechanisms lead to the progressive loss of neurons, 

glia, and vascular elements within the affected 

territory. The extent of damage is determined by 

duration and severity of ischemia, collateral 

circulation, and the speed and success of reperfusion 

interventions. 

Intracerebral Hemorrhage (ICH) 

In intracerebral hemorrhage, the primary 

injury starts at the moment of vessel rupture. Small 

arteries damaged by hypertensive vasculopathy, 

cerebral amyloid angiopathy, coagulopathies, or other 

vasculopathies break and release blood directly into 

the brain parenchyma [32][16][17]. The extravasated 
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blood accumulates and forms a hematoma. Expansion 

of the hematoma produces a mass effect that 

compresses surrounding tissue. Perihematomal edema 

develops in parallel. The combination of hematoma 

volume and edema raises intracranial pressure. This 

can reduce cerebral perfusion pressure and precipitate 

secondary ischemic injury in adjacent and remote 

regions. As intracranial pressure rises further, patients 

become vulnerable to intraventricular hemorrhage, 

obstructive hydrocephalus, and herniation syndromes 

[32][16][17]. Secondary injury mechanisms in ICH 

share several features with ischemic stroke. Blood and 

its breakdown products exert direct cytotoxic effects 

on neurons and glia. Hemoglobin, iron, and other 

components promote oxidative stress and 

excitotoxicity. Inflammatory pathways activate and 

disrupt the blood brain barrier. This disruption permits 

additional plasma proteins and inflammatory cells to 

enter the brain, which increases edema and tissue 

damage [32][33]. The result is extensive brain cell 

death in the perihematomal region and the 

development of potentially life threatening brain 

swelling. 

Subarachnoid Hemorrhage (SAH) 

Subarachnoid hemorrhage most often arises 

from rupture of an intracranial aneurysm located on a 

major cerebral artery. Yet aneurysms can injure the 

brain even in the absence of rupture. Progressive 

enlargement can compress neighboring parenchyma, 

cranial nerves, or vascular structures, leading to local 

dysfunction and compromised distal blood supply. 

When rupture occurs, arterial blood is suddenly 

released into the subarachnoid space. This blood 

rapidly mixes with cerebrospinal fluid and 

disseminates over the surface of the brain and spinal 

cord. The acute influx of blood increases intracranial 

pressure, sometimes to levels that transiently equal or 

exceed mean arterial pressure. This can produce a brief 

global cerebral ischemia. Blood may also track into the 

ventricular system and, in some cases, into the brain 

parenchyma, creating a mixed pattern of SAH and 

ICH. Secondary brain injury after SAH develops 

through multiple pathways. Elevated intracranial 

pressure, intraventricular hemorrhage, and acute 

hydrocephalus can impair cerebral perfusion and 

cause further ischemic damage. Blood products in the 

subarachnoid space trigger inflammation and 

contribute to delayed cerebral ischemia, which may 

occur days after the initial bleed [34]. Additional 

complications include subdural hematoma and 

recurrent bleeding. Together, these processes can 

result in widespread neuronal loss, diffuse brain 

swelling, and long term neurological impairment. 

History and Physical 

The evaluation of a patient with sudden onset 

focal neurological deficit begins with a rapid and 

structured history and physical examination. These 

initial steps are pivotal in distinguishing true acute 

stroke from a range of stroke mimics and in guiding 

early classification of the event as ischemic or 

hemorrhagic, together with its specific subtype. 

Careful clinical assessment helps avoid misdiagnosis 

in conditions that may closely resemble stroke such as 

hypoglycemia, seizures, and migraine which represent 

among the most frequent ischemic stroke mimics in 

emergency practice [35]. Prompt recognition of the 

underlying mechanism supports timely selection of 

appropriate imaging, acute therapy, and secondary 

prevention strategies. 

Ischemic Stroke 

For suspected ischemic stroke, a precise 

temporal history carries critical importance. The 

clinician should determine the exact time the patient 

was last known to be at their baseline neurological 

status and clarify whether symptom onset was sudden 

or progressive. This information defines eligibility 

windows for reperfusion therapies and supports 

decision making regarding intravenous thrombolysis 

and endovascular treatment. The history should also 

explore established vascular and cardiac risk factors, 

previous cerebrovascular events, current and recent 

medications including anticoagulants and 

antiplatelets, and any intercurrent illnesses that may 

predispose to thromboembolism or systemic 

hypotension. In parallel with a full set of vital signs, a 

focused neurological examination should be 

performed using a standardized and validated 

instrument. The National Institutes of Health Stroke 

Scale is widely used for this purpose and provides a 

reproducible quantitative measure of stroke severity 

that informs acute management, prognosis, and 

research classification [12]. 

Intracerebral Hemorrhage 

In intracerebral hemorrhage, clinical 

presentation is influenced by the site and size of 

bleeding and by the speed with which the hematoma 

expands. ICH most often arises during ordinary daily 

activity although it may also occur during exertional 

episodes including sexual activity or other physical 

effort [16][36]. Neurological symptoms typically 

evolve over minutes to several hours rather than 

seconds. Many patients experience a progressive 

decline due to ongoing hematoma enlargement and the 

development of mass effect and raised intracranial 

pressure. During hospitalization further neurological 

deterioration is common as hematoma expansion, 

perihematomal edema, and secondary complications 

evolve. The symptom profile of ICH is variable but 

frequently includes headache, nausea, and vomiting. 

These manifestations reflect acute increases in 

intracranial pressure and irritation of pain sensitive 

structures [16][36]. Focal neurological deficits 

correspond to the anatomical location of the 

hemorrhage. Involvement of deep structures such as 

the basal ganglia or thalamus may produce 

contralateral motor and sensory deficits whereas 

cerebellar hemorrhage can present with ataxia and 

vertigo. Seizures represent another important clinical 

feature. They occur most often at the time of bleeding 

onset or within the first 24 hours and the reported 
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incidence of acute seizures during the first 24 to 72 

hours ranges between 4% and 42% [37][38]. Despite 

these characteristic patterns no purely clinical decision 

rule can reliably differentiate ICH from other causes 

of acute neurological dysfunction with sufficient 

sensitivity or specificity. Neuroimaging remains 

indispensable for definitive diagnosis and subtype 

classification [39]. 

Subarachnoid Hemorrhage 

Aneurysmal subarachnoid hemorrhage 

shares certain contextual features with ICH while 

presenting with distinctive clinical hallmarks. It 

usually occurs during routine activities including rest 

or sleep although it may also be precipitated by 

physical exertion [40][41]. The classic presentation is 

an abrupt severe headache that reaches maximal 

intensity within a very short period. Many patients 

describe this as the worst headache of their life. This 

headache often appears with associated symptoms 

such as neck pain or stiffness, photophobia, vomiting, 

altered level of consciousness, or transient loss of 

consciousness. A subset of individuals report a 

preceding sentinel headache day or weeks before the 

major event which may reflect a minor leak or 

structural change in the aneurysm wall [34]. Seizures 

may arise at the time of rupture during subsequent 

hospitalization or as a later complication of 

aneurysmal subarachnoid hemorrhage [34]. The 

neurological examination in SAH can reveal both 

generalized and focal findings. Meningeal irritation 

may be evident through neck stiffness and 

photophobia while focal deficits depend on the 

location of the aneurysm and the extent of associated 

brain injury. Potential focal signs include unilateral 

visual loss, visuospatial neglect, ophthalmoplegia, and 

intraocular hemorrhages involving the retina, 

subhyaloid space, or vitreous body. Cranial nerve 

involvement may manifest as third or sixth nerve palsy 

and parenchymal or ischemic injury may lead to 

hemiparesis, aphasia, or abulia [42]. These findings 

assist in localizing the lesion and anticipating 

complications such as vasospasm or hydrocephalus. 

The overall assessment of patients with SAH and ICH 

requires not only description of focal deficits but also 

grading of global neurological status. Standardized 

scales have been developed to categorize severity and 

predict outcome. In the context of aneurysmal SAH 

the Hunt Hess scale and the World Federation of 

Neurological Surgeons scale are widely applied to 

classify patients based on clinical presentation and 

level of consciousness [34]. These grading systems 

help guide treatment decisions, facilitate 

communication among clinicians, and provide a 

framework for prognostic counseling and research 

comparisons. 

Evaluation 

Neuroimaging represents a central element in 

the diagnostic and therapeutic pathway for patients 

with suspected stroke. Computed tomography and 

magnetic resonance imaging are the principal 

modalities used in the acute setting and form the basis 

for differentiating ischemic from hemorrhagic events 

and for guiding early management decisions [43]. The 

2019 American Heart Association and American 

Stroke Association guidelines for the management of 

acute ischemic stroke emphasize that every patient 

with suspected acute stroke should undergo emergent 

brain imaging immediately upon arrival to the hospital 

and before the initiation of any specific therapy 

directed at acute ischemic stroke [44]. For this 

purpose, noncontrast computed tomography and 

magnetic resonance imaging are both considered 

suitable options to exclude intracerebral hemorrhage 

prior to the administration of intravenous alteplase 

[44]. In the subgroup of patients with acute ischemic 

stroke who present within six hours from the onset of 

symptoms and who demonstrate a small infarct core 

on noncontrast computed tomography, advanced 

vascular imaging is strongly recommended. In such 

cases, computed tomography angiography or magnetic 

resonance angiography should be performed to 

identify large vessel occlusion and to support selection 

of candidates for mechanical thrombectomy [45][46]. 

These techniques allow visualization of the 

intracranial and extracranial arterial circulation, 

enabling rapid identification of proximal occlusions 

amenable to endovascular therapy. For patients 

arriving later, within a six to twenty four hour window 

after symptom onset, and who have evidence of a large 

vessel occlusion in the anterior circulation, more 

detailed tissue based imaging is preferred. Diffusion 

weighted magnetic resonance imaging with or without 

perfusion studies or computed tomography perfusion 

can be used to characterize the size of the irreversibly 

damaged core and the extent of salvageable penumbral 

tissue [45][46]. This perfusion mismatch framework 

has been incorporated into patient selection criteria in 

key clinical trials and is now embedded in guideline 

recommendations for extended window 

thrombectomy. 

In patients with wake up stroke or with an 

uncertain time of symptom onset, magnetic resonance 

imaging plays a particularly important role. The 

identification of lesions that are diffusion positive but 

fluid attenuated inversion recovery negative provides 

a surrogate marker of relatively recent ischemia and 

helps determine whether the patient falls within a 

timeframe in which intravenous thrombolysis may still 

offer benefit [47]. This approach allows treatment of 

selected patients who would otherwise be excluded on 

the basis of an unknown onset time. In intracerebral 

hemorrhage, imaging strategies have complementary 

goals. Once the diagnosis of hemorrhage is 

established, computed tomography angiography 

performed within the first hours from symptom onset 

can help identify individuals who are at heightened 

risk for hematoma expansion, for example through 

recognition of the radiographic spot sign [39]. In 
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addition, serial noncontrast head computed 

tomography during the first twenty four hours allows 

clinicians to monitor hematoma size and detect early 

expansion, which has prognostic and therapeutic 

implications [39]. For suspected subarachnoid 

hemorrhage, noncontrast computed tomography 

remains the cornerstone of initial diagnosis. When 

clinical suspicion is high but computed tomography is 

negative, lumbar puncture is recommended to assess 

for xanthochromia and red blood cells in the 

cerebrospinal fluid [48]. A recent evaluation of the 

Ottawa subarachnoid hemorrhage rule applied to 

patients undergoing computed tomography within six 

hours of headache onset reported a sensitivity of 95.5 

percent and specificity of 100 percent for the diagnosis 

of subarachnoid hemorrhage [48]. These data support 

the use of structured clinical decision rules in 

conjunction with early imaging to optimize diagnostic 

accuracy. 

 
Fig. 3: Stroke diagnosis in Adults. 

Computed tomography angiography is 

frequently used in the evaluation of subarachnoid 

hemorrhage to identify and characterize aneurysms 

and other vascular lesions [49][50]. When computed 

tomography angiography results are equivocal or 

when detailed anatomical definition is required for 

treatment planning, digital subtraction catheter 

angiography with three dimensional reconstruction 

remains the reference standard for aneurysm detection 

and characterization [49][50]. This invasive technique 

offers high spatial resolution and dynamic 

visualization of the cerebral vasculature and guides 

decisions regarding microsurgical clipping or 

endovascular coiling. Beyond imaging, the 2019 

American Heart Association and American Stroke 

Association guidelines underscore several essential 

laboratory and cardiac assessments in the acute 

evaluation of ischemic stroke [44]. Measurement of 

blood glucose is mandated in all patients before the 

administration of intravenous alteplase, because both 

hypoglycemia and hyperglycemia can present with 

focal neurological deficits that mimic acute ischemic 

stroke [44]. A baseline electrocardiogram is also 

recommended to screen for arrhythmias and other 

cardiac abnormalities that may have etiological or 

prognostic relevance. However, this investigation 

must not delay the initiation of intravenous alteplase 

when the patient is otherwise eligible [44]. Similarly, 

baseline cardiac troponin testing is advised because 

myocardial injury commonly coexists with acute 

stroke and has prognostic importance, yet this 

evaluation should not interfere with timely delivery of 

thrombolytic therapy or mechanical thrombectomy 

[44]. Through integration of rapid neuroimaging, 

focused laboratory testing, and concurrent 

cardiovascular assessment, clinicians can optimize 

diagnostic precision while preserving the narrow 

therapeutic windows that define modern acute stroke 

care. 

Treatment / Management 
The probability of achieving full neurological 

recovery after an acute stroke decline with each 

passing minute in which reperfusion and definitive 

treatment are delayed. This concept, widely 

summarized as time is brain, underpins contemporary 

acute stroke systems of care and justifies the emphasis 

on rapid triage, imaging, and evidence based 

intervention across all major stroke subtypes. Early 

recognition expedited transport to an appropriate 

facility, and protocol driven in hospital management 

together shape clinical outcomes more than any single 

therapeutic maneuver. In acute ischemic stroke, initial 

management focuses on stabilization of vital 

physiological parameters and rapid determination of 

eligibility for reperfusion therapies in accordance with 

guideline based criteria. Airway protection, adequate 

ventilation, and oxygenation are immediate priorities. 

Supplemental oxygen is indicated in patients with 

hypoxemia in order to maintain arterial oxygen 

saturation above ninety four percent, whereas routine 

oxygen administration in nonhypoxic individuals is 

not recommended because it has not demonstrated 

benefit and may carry potential harms [44]. Parallel 

assessment of blood pressure, circulation, and level of 

consciousness informs decisions regarding airway 

support and hemodynamic management. Blood 

pressure control requires careful titration because both 

excessive hypertension and aggressive reduction can 

exacerbate brain injury. For patients considered for 

intravenous fibrinolysis, the 2019 AHA and ASA 

guidelines recommend lowering elevated blood 

pressure to below one hundred eighty five millimeters 

of mercury systolic and below one hundred ten 

millimeters of mercury diastolic before alteplase 

administration, with subsequent maintenance of 

values below one hundred eighty over one hundred 

five millimeters of mercury for at least twenty four 

hours [44]. When mechanical thrombectomy is 

planned in patients who have not received intravenous 

fibrinolysis, it is reasonable to maintain systolic blood 

pressure at or below one hundred eighty five and 

diastolic pressure at or below one hundred ten 

millimeters of mercury before the procedure, and at or 

below one hundred eighty over one hundred five 

millimeters of mercury during and for twenty four 

hours after the intervention [44]. These thresholds aim 
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to reduce the risk of hemorrhagic transformation and 

other complications while preserving perfusion to the 

ischemic penumbra. 

Body temperature and glucose levels are 

additional modifiable physiological variables that 

influence neuronal survival. In patients with acute 

ischemic stroke, hyperthermia defined as body 

temperature greater than thirty eight degrees Celsius 

or one hundred point four degrees Fahrenheit should 

be treated with antipyretic agents, since fever is 

associated with worse outcomes and may amplify 

ischemic injury [44]. Glycemic control must address 

both hypoglycemia and hyperglycemia. Blood glucose 

levels below sixty milligrams per deciliter can mimic 

stroke and can directly harm the brain, and should be 

corrected promptly. Marked hyperglycemia is also 

detrimental and therapy is recommended to maintain 

glucose in a target range, commonly between one 

hundred forty and one hundred eighty milligrams per 

deciliter, while avoiding rapid swings that could 

induce further metabolic stress [44]. Intravenous 

alteplase remains the cornerstone pharmacological 

reperfusion therapy for eligible patients with acute 

ischemic stroke. The recommended dosing regimen is 

zero point nine milligrams per kilogram, with ten 

percent of the total dose given as an initial bolus over 

one minute and the remainder infused over sixty 

minutes, up to a maximum total dose of ninety 

milligrams [44]. Candidates include patients who 

satisfy standard inclusion and exclusion criteria and 

who can be treated within three hours of witnessed 

symptom onset or of the time they were last known to 

be well or at their neurological baseline. Selected 

patients may also benefit within a three to four and a 

half hour window, according to established trial based 

criteria [44]. Advances in neuroimaging have 

expanded the group of patients potentially eligible for 

thrombolysis beyond those with precisely known 

onset times. Individuals who awaken with stroke 

symptoms or who have an unknown onset time that is 

more than four and a half hours from when they were 

last known well may still receive intravenous alteplase 

if magnetic resonance imaging demonstrates a 

diffusion weighted lesion smaller than one third of the 

middle cerebral artery territory and no corresponding 

signal change on fluid attenuated inversion recovery 

sequences [44]. This diffusion fluid attenuated 

inversion recovery mismatch suggests relatively 

recent ischemia and provides a tissue based rather than 

purely time based therapeutic window. To reduce the 

risk of serious bleeding complications, several 

combinations are specifically discouraged. Abciximab 

should not be given concurrently with intravenous 

alteplase, intravenous aspirin should not be 

administered within ninety minutes after alteplase 

initiation, and alteplase should not be given within 

twenty four hours following a full treatment dose of 

low molecular weight heparin [44]. 

Tenecteplase offers an alternative fibrinolytic 

agent in certain clinical scenarios. For patients who are 

eligible for mechanical thrombectomy and have no 

contraindications, a single intravenous bolus of 

tenecteplase at a dose of zero point twenty five 

milligrams per kilogram, up to a maximum of twenty 

five milligrams, can be used instead of alteplase [44]. 

In contrast, other intravenous defibrinogenating or 

fibrinolytic agents beyond alteplase and tenecteplase 

are not recommended for acute ischemic stroke 

because of insufficient evidence of benefit and 

concerns regarding safety [44]. Endovascular 

mechanical thrombectomy has become a standard of 

care for selected patients with large vessel occlusion 

in the anterior circulation. Guidelines state that 

patients otherwise eligible for intravenous alteplase 

should receive it even when mechanical 

thrombectomy is also planned, since combined 

treatment has demonstrated improved outcomes in 

multiple trials [44]. Mechanical thrombectomy with a 

stent retriever or direct aspiration technique is 

recommended when six key criteria are met. These are 

a pre stroke modified Rankin Scale score of zero to 

one, acute ischemic stroke due to occlusion of the 

internal carotid artery or the first segment of the 

middle cerebral artery, age at least eighteen years, 

National Institutes of Health Stroke Scale score of six 

or higher, Alberta Stroke Program Early CT Score of 

six or higher, and the ability to initiate endovascular 

treatment within six hours of symptom onset [44]. 

Evidence from the DAWN and DEFUSE 3 trials has 

extended the time window for thrombectomy in 

carefully selected patients. Mechanical thrombectomy 

is recommended in individuals who present between 

six and sixteen hours from the time they were last 

known well, and reasonable in those presenting 

between sixteen and twenty four hours, provided they 

have large vessel occlusion in the anterior circulation 

and meet the additional imaging and clinical criteria 

defined in these trials [45]51. This extended window 

relies on advanced imaging to demonstrate a small 

infarct core and substantial salvageable tissue. 

Antiplatelet therapy constitutes an essential 

component of early secondary prevention after 

ischemic stroke. Aspirin should be administered 

within twenty four to forty eight hours after symptom 

onset in most patients, although in those treated with 

intravenous alteplase it is customary to delay aspirin 

until twenty four hours after thrombolysis and after 

follow up imaging has excluded hemorrhagic 

transformation [44]. For patients with minor 

noncardioembolic ischemic stroke who have not 

received intravenous alteplase, early initiation of dual 

antiplatelet therapy with aspirin and clopidogrel 

within twenty four hours of symptom onset is 

appropriate and supported by clinical trial data for 

short term use to reduce recurrent events [44]. 

Management strategies for intracerebral hemorrhage 

differ fundamentally from those for ischemic stroke 
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and focus on limiting hematoma expansion, 

controlling intracranial pressure, reversing 

coagulopathy, and addressing structural 

complications. Elevated blood pressure plays a pivotal 

role in ongoing bleeding and hematoma growth. 

Evidence suggests that initiating antihypertensive 

treatment within two hours of ICH onset and achieving 

the target blood pressure within one hour can reduce 

the risk of hematoma expansion and improve 

functional outcomes [39]. In patients with mild to 

moderate ICH and an initial systolic blood pressure 

between one hundred fifty and two hundred twenty 

millimeters of mercury, current recommendations 

target a systolic level of approximately one hundred 

forty millimeters of mercury, aiming to maintain 

systolic blood pressure between one hundred thirty 

and one hundred fifty millimeters of mercury [39]. 

Conversely, in patients who present with initial 

systolic blood pressure above one hundred fifty 

millimeters of mercury, very rapid lowering to values 

below one hundred thirty millimeters of mercury may 

be harmful, underscoring the need for moderate rather 

than extreme blood pressure reduction [39]. 

In cases of anticoagulant associated 

intracerebral hemorrhage, immediate discontinuation 

of the offending anticoagulant is mandatory, and rapid 

reversal of its pharmacological effect should be 

undertaken as soon as possible [39]. Specific reversal 

strategies depend on the agent involved and may 

include vitamin K and prothrombin complex 

concentrates for vitamin K antagonists or targeted 

antidotes for certain direct oral anticoagulants. Platelet 

transfusion has a more limited and nuanced role. It 

may be considered in patients who have been treated 

with aspirin and require emergency neurosurgical 

intervention, where restoration of platelet function 

may facilitate hemostasis [39][53]. However, platelet 

transfusion should not be given to aspirin treated 

patients with intracerebral hemorrhage who are not 

undergoing urgent neurosurgery because clinical trial 

data indicate potential harm in this context [39]. 

Surgical management represents an important adjunct 

or alternative to medical therapy in selected patients 

with intracerebral hemorrhage and can reduce 

mortality when applied to appropriate subgroups. 

Options include minimally invasive hematoma 

evacuation using endoscopic or stereotactic aspiration 

techniques, which aim to decompress the brain while 

minimizing additional injury, insertion of an external 

ventricular drain to alleviate hydrocephalus and 

control intracranial pressure, and open craniotomy for 

clot evacuation in cases with superficial lobar 

hematomas or life threatening mass effect [39]. Patient 

selection depends on factors such as hematoma 

location and volume, neurological status, age, 

comorbidities, and timing from onset. 

Management of aneurysmal subarachnoid 

hemorrhage rests on prompt securing of the ruptured 

aneurysm, prevention of rebleeding, mitigation of 

secondary ischemic injury, and treatment of 

complications such as hydrocephalus and seizures. 

Both the European Stroke Organization and the AHA 

and ASA guidelines recommend early aneurysm 

treatment in order to reduce the risk of recurrent 

hemorrhage, with the European Stroke Organization 

suggesting intervention within seventy two hours of 

symptom onset whenever feasible [50][55]. Despite 

this general consensus, a recent meta-analysis 

examining the timing of endovascular treatment in 

subarachnoid hemorrhage indicated that robust 

evidence defining an optimal time frame is lacking, 

which leaves some room for individualized decision 

making based on clinical stability, logistical factors, 

and aneurysm characteristics [56]. Short term 

antifibrinolytic therapy with agents such as tranexamic 

acid has been explored as a method to reduce the risk 

of early rebleeding before aneurysm obliteration. 

However, current evidence does not support routine 

use of tranexamic acid after subarachnoid hemorrhage, 

and guidelines therefore do not recommend its 

widespread application [57]. Between the onset of 

subarachnoid hemorrhage symptoms and definitive 

obliteration of the aneurysm, blood pressure 

management seeks to minimize rebleeding risk while 

preserving cerebral perfusion. The AHA and ASA 

recommend maintaining systolic blood pressure below 

one hundred sixty millimeters of mercury in this 

period, whereas the European Stroke Organization 

suggests a slightly higher upper limit of one hundred 

eighty millimeters of mercury until the ruptured 

aneurysm has been coiled or clipped [34][50][55]. 

Complete and durable obliteration of the 

aneurysm is the central therapeutic goal. When a 

ruptured aneurysm is technically suitable for both 

microsurgical clipping and endovascular coiling, 

current guidelines favor endovascular coiling as the 

preferred modality because of its association with 

lower immediate morbidity in many patients 

[34][50][55]. Choice of technique must nevertheless 

account for aneurysm morphology, location, patient 

age, comorbidities, and local expertise. Seizure 

management forms another important dimension of 

care. For patients who experience seizures in 

association with subarachnoid hemorrhage, treatment 

with antiepileptic drugs is recommended [55]. Short 

term seizure prophylaxis can also be considered in the 

immediate post hemorrhagic period in selected high 

risk patients, although universal long term prophylaxis 

is not supported [50]. Hydrocephalus is a frequent and 

potentially reversible cause of neurological 

deterioration after subarachnoid hemorrhage. 

Depending on the clinical scenario and radiological 

findings, cerebrospinal fluid diversion may be 

achieved through external ventricular drain placement 

or lumbar drainage [34][50][55]. These interventions 

relieve pressure, improve cerebral perfusion, and may 

facilitate recovery. Nimodipine is a cornerstone 

pharmacological therapy in aneurysmal subarachnoid 

hemorrhage and should be administered to all patients 

to reduce the incidence of delayed cerebral ischemia, 
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which is a major contributor to poor outcome 

[34][50][55]. Oral administration is preferred over 

intravenous routes because of a more favorable safety 

profile and ease of use [34][50][55]. Alongside these 

disease specific measures, comprehensive supportive 

care is essential. Key goals include adequate pain 

control, maintenance of euvolemia, avoidance of 

fever, and stabilization of blood glucose within normal 

or near normal ranges. Together, these strategies aim 

to optimize the biological environment for brain 

recovery and to minimize secondary neurological 

injury across the continuum of acute stroke care. 

Differential Diagnosis 
The evaluation of patients presenting with 

suspected acute stroke requires careful consideration 

of a broad range of alternative diagnoses, as a 

significant proportion of individuals ultimately do not 

have a confirmed transient ischemic attack or stroke. 

A systematic review examining the differential 

diagnosis of suspected stroke identified the twenty 

most frequently encountered non-stroke conditions, 

which together account for nearly all cases initially 

suspected of stroke but later ruled out [58]. Among 

these, seizure represents the most common mimic, 

affecting approximately nineteen point six percent of 

patients, reflecting the fact that postictal deficits or 

ongoing seizure activity can closely resemble focal 

neurological deficits of acute stroke. Syncope, 

accounting for twelve point two percent of cases, may 

present with transient loss of consciousness and brief 

neurological impairment, further complicating early 

evaluation. Systemic infections such as sepsis 

contribute to nine point six percent of non-stroke 

diagnoses, often through encephalopathy or metabolic 

disturbances that mimic stroke symptoms. Benign 

headache disorders, including migraine with aura, are 

implicated in nine percent of presentations, 

highlighting the need for detailed history taking. 

Finally, structural brain lesions, most commonly 

tumors, comprise eight point two percent of alternative 

diagnoses, underscoring the importance of 

neuroimaging in distinguishing acute cerebrovascular 

events from mass effect or other intracranial pathology 

[58]. This evidence emphasizes the necessity of a 

structured, systematic approach to differential 

diagnosis in acute stroke evaluation to avoid 

misdiagnosis and ensure timely, appropriate 

management. 

Prognosis 
Acute stroke remains a leading cause of 

mortality and long-term disability worldwide, and its 

prognosis varies according to the type, subtype, and 

timeliness of treatment. The global burden of stroke 

continues to rise, as evidenced by the 2019 systematic 

analysis conducted as part of the Global Burden of 

Diseases, Injuries, and Risk Factors Study. This 

analysis demonstrated a significant increase in both 

the annual incidence of all stroke types—including 

ischemic stroke, intracerebral hemorrhage (ICH), and 

subarachnoid hemorrhage (SAH)—and the number of 

deaths attributable to stroke between 1990 and 2019 

[22]. This trend underscores the persistent challenge 

that stroke poses to public health systems and 

highlights the necessity for effective acute care 

strategies and secondary prevention measures to 

reduce mortality and disability. Long-term outcomes 

following stroke remain sobering. A population-based 

cohort study conducted in the United Kingdom found 

that within five years of a first stroke, 47% of patients 

had died, and 39% continued to live with functional 

disabilities [59]. These findings indicate that nearly 

half of patients do not survive beyond the first five 

years post-stroke, while a substantial proportion of 

survivors experience significant limitations in daily 

activities, reinforcing the need for comprehensive 

rehabilitation programs. Variations in prognosis are 

particularly evident when comparing ischemic stroke 

to ICH. Analysis of the Swedish Stroke Register 

(Riksstroke) revealed that 30-day survival after a first 

ischemic stroke was 89.9%, compared to only 69.3% 

following ICH, reflecting the higher early mortality 

associated with hemorrhagic events. Beyond the initial 

month, survival declined at a similar trajectory for 

both groups; however, patients with ICH exhibited 

consistently higher rates of functional dependency at 

all measured time points. At five years, survival rates 

were 49.4% for ischemic stroke and 37.8% for ICH, 

suggesting that more than 65% of ischemic stroke 

survivors and over 75% of ICH survivors were either 

deceased or functionally dependent [60]. These 

findings emphasize that hemorrhagic strokes carry not 

only higher acute mortality but also greater long-term 

functional impairment. 

Data from large national cohorts in Australia 

and New Zealand provide additional insight into the 

long-term prognosis of first-time stroke survivors. 

Among these patients, the five-year and ten-year 

survival rates were 52.8% and 36.4%, respectively. 

Moreover, the cumulative incidence of recurrent 

stroke was reported at 19.8% at five years and 26.8% 

at ten years, highlighting the persistent risk of 

recurrence and the importance of secondary 

prevention interventions [61]. Similarly, a population-

based study in the Netherlands focusing on young 

adults aged 18 to 49 who survived at least 30 days 

post-stroke demonstrated that mortality risk remained 

elevated compared to the general population for up to 

fifteen years, indicating that stroke confers long-term 

excess mortality even in younger patients [62]. 

Temporal trends in stroke recurrence reveal modest 

improvements over time. A UK cohort study found 

that five-year recurrence rates decreased from 18% 

among patients who experienced a stroke between 

1995 and 1999 to 12% among those who experienced 

a stroke between 2000 and 2005. However, there has 

been little reduction in recurrence rates since 2005, 

indicating a plateau in the effectiveness of current 

preventive strategies [63]. Data from Danish 
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nationwide health registries provide further 

granularity. Following a first ischemic stroke, 

recurrence risks were 4% at one year and 13% at ten 

years, while for ICH, the corresponding risks were 3% 

and 12%, respectively. All-cause mortality after a first 

ischemic stroke was 17% at one year and 56% at ten 

years, increasing to 25% and 70% after recurrent 

events. For ICH, mortality reached 37% at one year 

and 70% at ten years following a first event, rising to 

31% at one year and 75% at ten years after recurrence 

[64]. Collectively, these data underscore the profound 

long-term impact of stroke on both survival and 

functional outcomes. The findings emphasize the 

necessity for timely acute interventions, structured 

rehabilitation, vigilant secondary prevention, and 

targeted strategies to reduce recurrence and improve 

overall quality of life. Collaborative, multidisciplinary 

approaches remain essential to mitigate the enduring 

global burden of stroke and optimize long-term 

prognoses for affected patients. 

Complications 
Medical complications following stroke are a 

major contributor to morbidity and mortality and 

require proactive identification, prevention, and 

management to optimize patient outcomes. The 

spectrum and severity of these complications vary 

depending on stroke type, size, and associated 

comorbidities. Early recognition and structured care 

protocols are essential in mitigating the adverse effects 

of these complications. In ischemic stroke, treatment-

related complications are particularly relevant in 

patients receiving intravenous (IV) alteplase. 

Symptomatic intracranial hemorrhage occurs in 

approximately six percent of patients, while major 

systemic hemorrhage affects around two percent. 

Angioedema has also been reported in five percent of 

patients [11]. These potential adverse events 

necessitate preparedness for emergent interventions 

prior to initiating fibrinolytic therapy. Beyond 

pharmacologic complications, patients with large 

territorial infarcts are at risk of developing brain 

edema, which can significantly increase intracranial 

pressure and result in life-threatening herniation. 

Decompressive surgery has been demonstrated to 

reduce mortality in patients with malignant cerebral 

edema, emphasizing the importance of early 

recognition and timely surgical intervention [65]. 

Seizures can also complicate the course of ischemic 

stroke, occurring either in the acute phase or during 

recovery. While recurrent seizures should be managed 

according to standard protocols for acute neurological 

conditions, prophylactic administration of antiseizure 

medications is not recommended unless clinically 

indicated [44]. 

In patients with intracerebral hemorrhage 

(ICH), the early hours and days following stroke onset 

are critical, as the risk of secondary medical 

complications is high. Standardized protocols and 

structured order sets have been shown to reduce both 

mortality and long-term disability [39]. Early 

identification of dysphagia through formal screening 

prior to oral intake is strongly recommended to 

decrease the risk of aspiration pneumonia, which is a 

major contributor to morbidity [39]. Management of 

hyperpyrexia is crucial and can be achieved using 

antipyretics, standard cooling blankets, water-

circulating surface cooling devices, or catheter-based 

cooling systems. Simultaneously, close glucose 

monitoring is necessary to prevent hypoglycemia and 

hyperglycemia, both of which can exacerbate neuronal 

injury and worsen outcomes [39][66][67][68]. 

Complications in subarachnoid hemorrhage (SAH) are 

often related to secondary brain injury and can arise 

from intracerebral hemorrhage, intraventricular 

hemorrhage, increased intracranial pressure, 

hydrocephalus, subdural hematoma, or delayed 

cerebral ischemia. Medical complications are common 

and profoundly impact patient outcomes. Frequent 

complications include pyrexia, sepsis, aspiration 

pneumonia, cardiac dysfunction, anemia, 

hyponatremia, hyperglycemia, and deep venous 

thrombosis [34][69]. Critical care management for 

SAH must focus on early detection, prevention, and 

targeted treatment of these complications. Maintaining 

normothermia and normoglycemia is particularly 

important, as these measures reduce secondary 

neurological injury and improve functional recovery. 

Multidisciplinary coordination between neurology, 

neurosurgery, critical care, and rehabilitation teams is 

essential to address these complications efficiently and 

to minimize their long-term sequelae. Overall, the 

management of complications following stroke 

demands a proactive, structured, and multidisciplinary 

approach. The implementation of standardized 

protocols, close monitoring, and early intervention are 

key strategies that can reduce mortality, limit 

secondary injury, and improve long-term functional 

outcomes for patients across all stroke subtypes. 

Postoperative and Rehabilitation Care 
Rehabilitation is a cornerstone in post-stroke 

management, aiming to restore functional 

independence and improve quality of life. Effective 

rehabilitation requires an interdisciplinary approach 

that integrates neurologists, physiatrists, therapists, 

nurses, and social support systems to address the 

multifaceted deficits resulting from stroke. The timing 

and intensity of rehabilitation interventions remain 

subjects of active investigation, as evidence continues 

to evolve regarding the most effective strategies for 

optimizing recovery [70][71][72]. While early 

mobilization is generally advocated to prevent 

complications associated with immobility, evidence 

suggests that initiating very early mobilization—

within 24 hours of stroke onset—may paradoxically 

lead to adverse outcomes, including hemodynamic 

instability, increased risk of falls, and potential 

exacerbation of neurological injury. Consequently, the 

precise window for initiating rehabilitation must 

balance the benefits of early activity against the 

potential for harm, highlighting the need for 
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individualized assessment and careful monitoring of 

each patient’s clinical status [70][71][72]. Current 

guidelines recommend commencing structured 

therapy within two weeks of stroke onset, once the 

patient is medically stable and acute complications 

have been addressed. 

Rehabilitation services encompass physical, 

occupational, and speech therapies, tailored to the 

patient’s specific impairments. Physical therapy 

focuses on enhancing gait, balance, and overall 

mobility, reducing the risk of falls, and preventing 

musculoskeletal complications such as contractures. 

Techniques such as task-specific training, 

proprioceptive neuromuscular facilitation, mirror 

therapy, and neuromuscular electrical stimulation are 

frequently employed to stimulate motor recovery and 

promote neuroplasticity. Occupational therapy 

emphasizes the restoration of activities of daily living, 

including self-care, domestic tasks, and community 

reintegration, while speech therapy addresses 

dysarthria, aphasia, and other communication deficits 

[70][71][72][73]. Management of post-stroke pain, 

particularly shoulder pain, is an integral component of 

rehabilitation. Strategies include transcutaneous 

electrical nerve stimulation, taping, and strapping 

techniques designed to reduce discomfort and 

facilitate active engagement in therapy. Additionally, 

cognitive therapeutic exercises are increasingly 

incorporated to target attention, memory, and 

executive function deficits, which often impede 

functional recovery and independence. These 

interventions aim to maximize neurorehabilitation 

outcomes by promoting adaptive neuroplasticity and 

restoring functional networks disrupted by ischemic or 

hemorrhagic injury [70][71][72][73][74]. 

Despite the growing repertoire of 

rehabilitation modalities, there remains a lack of high-

quality, large-scale evidence to definitively guide the 

optimal intensity, timing, and combination of 

therapies across the continuum of post-stroke 

recovery. Most existing studies are limited by small 

sample sizes, heterogeneous patient populations, and 

variations in outcome measures, making it challenging 

to generalize findings or establish standardized 

protocols. Consequently, ongoing research is 

necessary to refine rehabilitation strategies, identify 

patient-specific predictors of recovery, and determine 

the most effective combination of interventions for 

enhancing motor, cognitive, and functional outcomes 

[70][71][72][73][74]. In summary, postoperative and 

rehabilitation care is critical for improving functional 

outcomes, promoting independence, and enhancing 

the quality of life of stroke survivors. Rehabilitation 

should be initiated promptly within the appropriate 

clinical context, tailored to individual deficits, and 

delivered by a multidisciplinary team employing 

evidence-based techniques. Continuous research and 

clinical innovation remain essential to optimize 

rehabilitation strategies, mitigate post-stroke 

complications, and facilitate maximal recovery for 

patients across all stages of stroke convalescence. 

Patient Education 
Patient education plays a pivotal role in both 

the prevention and management of acute stroke. 

Stroke is a largely preventable and treatable condition, 

yet its burden remains substantial worldwide. 

Effective education focuses on increasing awareness 

of risk factors, recognizing early warning signs, and 

promoting timely medical intervention. Public health 

initiatives targeting diverse populations have 

demonstrated measurable success in reducing delays 

in stroke diagnosis and treatment. Educational 

campaigns that emphasize the urgency of acute stroke 

and encourage immediate access to emergency care 

are essential components of stroke prevention 

strategies [39][75][76]. Modifiable risk factors are 

central to patient-centered stroke prevention efforts. 

Physical inactivity, poor diet, dyslipidemia, obesity, 

diabetes mellitus, hypertension, cigarette smoking, 

and atrial fibrillation are among the most well-

established contributors to stroke risk. Hypertension, 

in particular, represents the single most significant and 

well-documented modifiable factor. Patient education 

should therefore emphasize the adoption of healthy 

lifestyle behaviors, including regular physical activity, 

adherence to a balanced diet, and the avoidance of 

tobacco products. In addition, pharmacological 

management of hypertension, dyslipidemia, and 

diabetes mellitus is crucial, and patients should receive 

guidance on medication adherence and monitoring 

[77]. For individuals with atrial fibrillation, risk 

stratification using the CHA2DS2-VASc score is 

recommended to guide the initiation of anticoagulant 

therapy for primary stroke prevention, and patients 

should be educated regarding the rationale, benefits, 

and potential risks of such therapy [77][78]. 

Special populations require targeted 

educational interventions. Sickle cell disease (SCD) is 

associated with a particularly high risk of stroke, 

especially in early childhood. Most strokes in SCD 

occur in patients with homozygous disease, making 

this subgroup a primary target for preventive 

strategies. Education for caregivers and patients 

should include guidance on monitoring for 

neurological symptoms, adherence to disease-

modifying treatments such as hydroxyurea, and timely 

engagement with healthcare services [77]. Following 

an acute stroke, comprehensive patient education 

extends beyond prevention to post-stroke recovery and 

rehabilitation. Patients should receive structured 

counseling that addresses the impact of stroke on 

physical, cognitive, and emotional functioning. Clear 

explanations regarding treatment plans, rehabilitation 

goals, expected outcomes, and strategies to prevent 

recurrence are essential to empower patients in their 

recovery process [44]. Education should also 

encompass potential complications, strategies for self-

monitoring, and instructions for emergency situations. 
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Caregiver education is equally important, as 

caregivers play a central role in the daily support and 

long-term well-being of stroke survivors. Training 

should include safe mobility techniques, recognition 

of complications, management of cognitive and 

speech deficits, and emotional support strategies. 

Providing caregivers with knowledge, practical skills, 

and psychological support enhances the patient’s 

recovery trajectory and improves quality of life for 

both patients and their families [39]. In summary, 

patient education is a foundational component of acute 

stroke management, addressing both prevention and 

post-stroke care. By targeting modifiable risk factors, 

promoting timely recognition and treatment, and 

supporting post-stroke rehabilitation, education 

empowers patients and caregivers, reduces morbidity 

and mortality, and contributes to improved long-term 

outcomes. Effective education requires a coordinated 

approach involving healthcare professionals, 

caregivers, and public health systems to ensure that 

knowledge translates into meaningful action and 

behavioral change. 

Enhancing Healthcare Team Outcomes 
Effective management of acute stroke 

necessitates interprofessional and multidisciplinary 

collaboration to ensure timely identification, 

intervention, and comprehensive care throughout the 

recovery process. Clinical guidelines for ischemic 

stroke, intracerebral hemorrhage (ICH), and 

subarachnoid hemorrhage (SAH) underscore the 

critical importance of coordinated healthcare teams in 

both prehospital and hospital settings to improve 

patient outcomes. Multidisciplinary rehabilitation 

services, initiated during hospitalization and continued 

post-discharge, are essential for promoting functional 

recovery and supporting patient independence 

following an acute stroke [70][79]. Prehospital stroke 

care is typically led by Emergency Medical Services 

(EMS) personnel and paramedics, who play a pivotal 

role in early recognition, stabilization, and rapid 

transport of patients to definitive care. In the 

emergency department (ED), collaboration with 

clinicians is crucial to facilitate immediate evaluation 

and triage. During the hyperacute phase of stroke, 

defined as the first 72 hours post-onset, a specialized 

team including a stroke clinician, stroke specialist 

nurse, and radiology personnel—led by a radiologist 

or neuroradiologist—is essential for accurate 

diagnosis and timely intervention [80]. Pharmacists 

are integral members of this interprofessional team, 

providing critical expertise in the selection, dosing, 

preparation, and administration of thrombolytic 

agents. Their role extends to medication 

reconciliation, monitoring for potential drug 

interactions, and offering patient counseling to ensure 

adherence and safety throughout the treatment 

process. Upon activation of a Code: Stroke, rapid 

mobilization of the stroke team within the ED is 

essential. Prompt admission to a dedicated stroke 

inpatient unit has been shown to reduce mortality, 

improve functional outcomes, and enhance patient 

independence. The continuity of care within these 

specialized units ensures that stroke survivors receive 

coordinated, evidence-based interventions that 

optimize recovery potential [80]. 

Rehabilitation services should commence as 

early as clinically feasible. Inpatient rehabilitation 

teams generally consist of stroke clinicians, nurses, 

physiotherapists, occupational therapists, speech and 

language therapists, and therapy assistants. Early 

initiation of rehabilitation fosters improved motor 

function, cognitive recovery, and patient confidence, 

while supporting the development of self-care 

capabilities and facilitating a smoother transition to 

post-discharge care [70][79][80]. Stroke coordinators 

function as key facilitators within the 

multidisciplinary team, supporting patients and their 

families throughout hospitalization and beyond. Their 

responsibilities include coordinating care, providing 

education on secondary stroke prevention, and 

ensuring seamless communication among team 

members. This role is critical in optimizing continuity 

of care and reinforcing adherence to rehabilitation and 

prevention strategies [80]. Early supported discharge 

(ESD) is an evidence-based interprofessional 

intervention designed to transition patients from 

hospital to home while continuing specialized 

rehabilitation services. ESD programs initiate therapy 

within 24 hours of hospital discharge, delivering 

patient-centered care in the home environment and 

promoting earlier functional independence. 

International stroke guidelines advocate for ESD as a 

core component of comprehensive stroke care due to 

its demonstrated efficacy in improving long-term 

outcomes [81]. The interprofessional care model relies 

on open communication, shared decision-making, and 

clearly defined roles to achieve optimal outcomes for 

stroke patients. Collaborative practice across 

disciplines not only enhances acute management but 

also supports rehabilitation, secondary prevention, and 

long-term functional recovery, ultimately improving 

quality of life for individuals affected by stroke. This 

model represents a holistic approach, integrating acute 

care, rehabilitation, and patient education into a 

continuous care pathway tailored to the needs of each 

patient. 

Conclusion: 

In conclusion, acute stroke remains a 

formidable global health challenge, but its impact can 

be mitigated through a highly coordinated and 

evidence-based approach. The critical principle 

underpinning all effective intervention is the urgency 

of time, where rapid diagnosis and the immediate 

initiation of treatment are paramount to preserving 

neurological function. The management pathways for 

ischemic and hemorrhagic strokes are distinct yet 

equally reliant on precision and speed, from 

administering thrombolytics and performing 

thrombectomy to controlling hematoma expansion and 

securing ruptured aneurysms. The success of these 
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interventions is fundamentally dependent on a 

seamless, interprofessional healthcare team. 

Radiologists are indispensable for providing rapid and 

accurate neuroimaging to guide therapeutic decisions. 

Pharmacists ensure the safe and effective use of high-

risk medications, from thrombolytics to anticoagulant 

reversal agents. Nursing staff provide continuous 

monitoring, execute protocols, manage complications, 

and offer essential patient and family education. This 

collaborative model must extend from the hyperacute 

phase in the emergency department through 

specialized inpatient stroke units and into post-

discharge rehabilitation and secondary prevention. 

Ultimately, enhancing communication and defined 

roles within this multidisciplinary framework is the 

key to reducing mortality, minimizing long-term 

disability, and improving the overall quality of life for 

stroke survivors. The enduring burden of stroke 

necessitates that healthcare systems continue to 

prioritize and refine this integrated, team-based 

approach to care. 
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