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I. Introduction 

Acute ischemic stroke represents a significant health challenge 

worldwide, contributing substantially to mortality, morbidity, 

and long-term disability. It is characterized by the sudden 

disruption of blood flow to a specific region of the brain, leading 

to tissue ischemia and subsequent neuronal injury. Prompt 

recognition and management of acute ischemic stroke are crucial 

to minimize brain damage and optimize patient outcomes. 

Stroke is a leading cause of death and disability globally, with 

ischemic strokes accounting for approximately 87% of all stroke 

cases [1]. According to the World Health Organization (WHO), 

an estimated 15 million people worldwide suffer from stroke 

each year, with over 5 million deaths attributed to stroke-related 

complications. Moreover, stroke is a significant economic 

burden, imposing substantial healthcare costs and indirect 

expenses related to long-term disability and rehabilitation. The 

pathophysiology of acute ischemic stroke involves the occlusion 

or stenosis of a cerebral artery, resulting in reduced blood flow 

to the affected brain tissue [2]. Ischemia triggers a cascade of 

events, including excitotoxicity, oxidative stress, inflammation, 

and neuronal apoptosis, leading to irreversible damage if left 

untreated. The extent and severity of brain injury depend on 

factors such as the location and size of the infarct, collateral 

circulation, and the duration of ischemia [3].  

 

 
Figure 1. Depicts the Block Schematic of Different Management Strategies for Acute Ischemic Stroke 
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Timely intervention is paramount in acute ischemic stroke 

management to salvage viable brain tissue and prevent further 

neurological deterioration [4]. The concept of "time is brain" 

underscores the critical importance of rapid assessment, 

diagnosis, and initiation of appropriate treatment within the 

therapeutic window to optimize outcomes. Delays in treatment 

initiation can result in irreversible brain injury and worsened 

functional outcomes for stroke patients [5]. The management of 

acute ischemic stroke has evolved significantly over the years, 

driven by advancements in acute care protocols, diagnostic 

imaging techniques, and therapeutic interventions [6]. The 

primary goals of acute stroke management include restoring 

cerebral perfusion, minimizing neuronal damage, and 

preventing recurrent ischemic events. To achieve these 

objectives, various pharmacological and interventional 

strategies are employed, tailored to individual patient 

characteristics and stroke severity. This research paper aims to 

comprehensively evaluate the efficacy of different management 

strategies for acute ischemic stroke, including thrombolysis, 

endovascular therapy, neuroprotective agents, and rehabilitation 

interventions [7]. By critically examining the current evidence 

from clinical trials, meta-analyses, and systematic reviews, this 

paper seeks to provide insights into the comparative 

effectiveness, safety profile, and challenges associated with 

these strategies. Furthermore, avenues for future research and 

innovation in stroke management will be discussed to enhance 

patient care and outcomes [8]. 

 

II. Thrombolytic Therapy 

Thrombolytic therapy, particularly the use of tissue plasminogen 

activator (tPA), is a cornerstone in the management of acute 

ischemic stroke. The efficacy of thrombolysis in restoring 

cerebral perfusion and improving clinical outcomes has been 

demonstrated in several landmark clinical trials. The National 

Institute of Neurological Disorders and Stroke (NINDS) trial, 

conducted in the early 1990s, provided compelling evidence 

supporting the use of intravenous recombinant tPA (rtPA) within 

3 hours of symptom onset in eligible patients with acute 

ischemic stroke. This trial showed a significant improvement in 

functional outcomes [9], as measured by the modified Rankin 

Scale (mRS), among patients receiving tPA compared to 

placebo. Subsequent analyses of NINDS data revealed that the 

benefits of thrombolysis persisted beyond the 3-hour time 

window, albeit with an increased risk of intracranial hemorrhage 

[10]. Building on the success of the NINDS trial, the European 

Cooperative Acute Stroke Study (ECASS) further investigated 

the efficacy and safety of rtPA administered within 6 hours of 

symptom onset. ECASS-I and ECASS-II trials demonstrated a 

favorable functional outcome and a reduction in disability 

among patients treated with rtPA compared to placebo. 

However, ECASS-III, which extended the treatment window to 

4.5 hours, showed mixed results, with a higher rate of 

symptomatic intracranial hemorrhage but no significant 

improvement in functional outcomes [11]. Despite the proven 

benefits of thrombolytic therapy, its widespread implementation 

faces several challenges, including the narrow therapeutic 

window, concerns regarding the risk of hemorrhagic 

transformation, and the need for rapid access to specialized 

stroke centers equipped to deliver timely treatment. Moreover, 

patient-related factors such as age, stroke severity, 

comorbidities, and pre-existing anticoagulant use influence the 

eligibility and safety of thrombolysis in clinical practice. Recent 

advancements in acute stroke care, including telemedicine [12], 

mobile stroke units, and prehospital stroke scales, have 

facilitated early recognition and triage of eligible patients for 

thrombolytic therapy, thereby minimizing treatment delays and 

optimizing outcomes. Furthermore, ongoing research endeavors 

focus on expanding the treatment window for thrombolysis, 

refining patient selection criteria, and exploring novel 

thrombolytic agents and delivery methods to enhance the 

efficacy and safety of reperfusion therapy in acute ischemic 

stroke [13]. 

 

Intervention Study Population Key Findings 

rtPA Acute ischemic stroke Improved functional outcomes 

rtPA Acute ischemic stroke Mixed results, extended time window studied 

Mechanical thrombectomy Large vessel occlusion Improved functional independence 

Mechanical thrombectomy Large vessel occlusion Improved reperfusion and outcomes 

Table 1. Summarizes key trials and studies evaluating thrombolytic therapy. 

 

This table summarizes key trials and studies evaluating 

thrombolytic therapy, including tissue plasminogen activator 

(tPA) and mechanical thrombectomy, in acute ischemic stroke. 

It highlights interventions, study populations, and key findings, 

offering insights into the efficacy of thrombolytic therapy in 

improving functional outcomes and revascularization rates. 

 

III. Endovascular Therapy 

Endovascular therapy, particularly mechanical thrombectomy, 

has emerged as a transformative intervention for acute ischemic 

stroke, especially in cases of large vessel occlusion (LVO). This 

section evaluates the efficacy of endovascular interventions in 

achieving rapid revascularization and improving functional 

outcomes in patients with acute ischemic stroke [14]. The 

pivotal Mechanical Retrieval and Recanalization of Stroke Clots 

Using Embolectomy (MR CLEAN) trial, published in 2015, 

provided robust evidence supporting the efficacy of 

endovascular therapy in acute ischemic stroke. This multicenter 

randomized controlled trial demonstrated a significant 

improvement in functional independence at 90 days among 

patients treated with mechanical thrombectomy plus standard 

medical therapy compared to those receiving medical therapy 

alone [15]. Subsequent trials, including ESCAPE, EXTEND-IA, 

SWIFT PRIME, and REVASCAT, corroborated these findings, 

highlighting the superiority of endovascular therapy over 

medical management alone in achieving successful 

recanalization and improving clinical outcomes. The 

effectiveness of mechanical thrombectomy is further 

underscored by the concept of "time is brain," emphasizing the 

critical importance of rapid revascularization to salvage viable 

brain tissue and prevent irreversible ischemic injury. Recent 

guidelines from professional societies, including the American 

Heart Association (AHA) and the European Stroke Organization 

(ESO) [16], recommend mechanical thrombectomy as a 

standard treatment option for eligible patients with acute 

ischemic stroke due to proximal anterior circulation LVO, within 

6 to 24 hours of symptom onset. Despite the undeniable benefits 

of endovascular therapy, challenges persist in its widespread 

implementation and adoption. Access to comprehensive stroke 

centers with 24/7 availability of neurointerventional services, 
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advanced imaging modalities, and skilled interventionalists 

remains limited in many regions, particularly in rural and 

underserved areas. Furthermore, the optimal selection criteria 

for endovascular therapy, including patient eligibility, imaging-

based selection, and procedural techniques, continue to evolve, 

necessitating ongoing refinement and standardization. Ongoing 

research endeavors focus on addressing these challenges and 

optimizing patient selection criteria to maximize the benefits of 

endovascular therapy [17]. Emerging technologies, such as 

artificial intelligence and advanced imaging techniques (e.g., 

perfusion imaging, multiphase CT angiography), hold promise 

in improving patient triage, treatment decision-making, and 

procedural outcomes in acute ischemic stroke. Additionally, 

multicenter collaborative networks and quality improvement 

initiatives aim to enhance the efficiency and quality of stroke 

care delivery, thereby improving access to timely reperfusion 

therapies for all eligible patients [18]. 

 

Intervention Study Population Key Findings 

Mechanical thrombectomy Large vessel occlusion Improved functional independence 

Mechanical thrombectomy Extended time window Improved outcomes in select patients 

Mechanical thrombectomy Extended time window Extended time window benefits 

Table 2. Provides an overview of trials assessing endovascular therapy. 

 

This table provides an overview of trials assessing endovascular 

therapy, particularly mechanical thrombectomy, in acute 

ischemic stroke with large vessel occlusion. It outlines 

interventions, study populations, and significant findings, 

emphasizing the superiority of mechanical thrombectomy over 

medical therapy alone in achieving functional independence and 

reperfusion. 

 

IV. Neuroprotective Agents 

Neuroprotective agents aim to mitigate neuronal injury and 

preserve brain function by targeting the pathophysiological 

mechanisms underlying acute ischemic stroke. Despite 

extensive preclinical research demonstrating neuroprotective 

effects in animal models, translation to clinical practice has been 

challenging, with limited success in identifying effective 

pharmacological interventions. Several neuroprotective agents 

have been investigated in clinical trials, including N-methyl-D-

aspartate (NMDA) receptor antagonists, calcium channel 

blockers, free radical scavengers, and anti-inflammatory agents. 

However, the majority of these trials have failed to demonstrate 

significant improvements in clinical outcomes or have been 

terminated prematurely due to safety concerns or lack of 

efficacy. One of the most extensively studied neuroprotective 

agents is the NMDA receptor antagonist, memantine. Early 

clinical trials suggested a potential benefit of memantine in 

reducing infarct size and improving functional outcomes in 

acute ischemic stroke patients. However, subsequent large-scale 

randomized controlled trials, such as the MEMSIS trial, failed 

to confirm these findings, highlighting the challenges of 

translating promising preclinical data into clinical practice. 

Other neuroprotective agents, such as magnesium sulfate, 

gliclazide, and minocycline, have shown promise in preclinical 

studies but have yielded inconclusive or negative results in 

clinical trials. The failure of these trials underscores the 

complexity of ischemic stroke pathophysiology and the need for 

more targeted and effective therapeutic strategies. In recent 

years, interest has shifted towards novel neuroprotective 

approaches, including neuroregenerative therapies, cell-based 

therapies, and non-pharmacological interventions such as 

hypothermia and remote ischemic conditioning. These 

innovative strategies aim to promote neuronal repair, enhance 

neuroplasticity, and improve functional recovery following 

acute ischemic stroke. Hypothermia, in particular, has garnered 

attention as a potential neuroprotective strategy by reducing 

metabolic demand, inhibiting excitotoxicity, and attenuating 

inflammation in the ischemic brain. Early clinical trials 

investigating therapeutic hypothermia in acute ischemic stroke 

have shown promising results in terms of reducing infarct size 

and improving functional outcomes, although further research is 

needed to optimize treatment protocols and identify the ideal 

patient population. Cell-based therapies, such as stem cell 

transplantation and neurotrophic factor delivery, represent 

another promising avenue for neuroprotection and 

neuroregeneration in acute ischemic stroke. Preclinical studies 

have demonstrated the ability of stem cells to promote 

endogenous repair mechanisms, enhance neurovascular 

remodeling, and improve functional recovery in animal models 

of stroke. However, challenges related to cell delivery, 

immunogenicity, and long-term safety remain significant 

hurdles to overcome before cell-based therapies can be 

translated into clinical practice. 

 

V. Rehabilitation Interventions 

Rehabilitation plays a pivotal role in the comprehensive 

management of acute ischemic stroke, aiming to optimize 

functional recovery, promote independence, and enhance quality 

of life for stroke survivors. Early and intensive rehabilitation 

interventions have been shown to positively influence outcomes 

across various domains, including motor function, cognition, 

communication, and activities of daily living.

 

 

 
Figure 2. Classifications of Rehabilitation Interventions for Acute Ischemic Stroke 

 

A. Physical Therapy 

Physical therapy is a cornerstone of stroke rehabilitation, 

focusing on restoring mobility, strength, balance, and 

coordination in stroke survivors. Early mobilization and 

therapeutic exercises help prevent complications such as muscle 

contractures, joint stiffness, and venous thromboembolism, 
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while promoting neuroplasticity and motor relearning. Task-

specific training, gait training, and assistive devices are 

commonly employed strategies to improve ambulation and 

functional independence in stroke patients. 

B. Occupational Therapy 

Occupational therapy addresses the functional implications of 

stroke-related impairments on activities of daily living (ADLs), 

instrumental activities of daily living (IADLs), and vocational 

tasks. Occupational therapists assess cognitive, perceptual, and 

fine motor skills to develop individualized intervention plans 

aimed at maximizing independence and participation in 

meaningful activities. Adaptive equipment, environmental 

modifications, and compensatory strategies are often utilized to 

facilitate task performance and optimize functional outcomes. 

C. Speech Therapy 

Speech and language deficits, including aphasia, dysarthria, and 

apraxia of speech, are common sequelae of acute ischemic 

stroke, significantly impacting communication and social 

interaction. Speech-language pathologists (SLPs) employ 

various techniques, such as speech exercises, language therapy, 

and augmentative and alternative communication (AAC) 

devices, to improve speech intelligibility, language 

comprehension, and expressive communication skills. 

Swallowing therapy is also integral in managing dysphagia and 

reducing the risk of aspiration pneumonia post-stroke. 

D. Cognitive Rehabilitation 

Cognitive impairments, including attention deficits, memory 

problems, and executive dysfunction, frequently occur 

following acute ischemic stroke, affecting functional 

independence and quality of life. Cognitive rehabilitation aims 

to address these deficits through cognitive training, 

compensatory strategies, and environmental modifications. 

Cognitive remediation programs, computer-based cognitive 

exercises, and memory aids are utilized to enhance cognitive 

function and promote adaptive coping strategies in stroke 

survivors. 

E. Psychosocial Support 

Psychosocial support is an essential component of stroke 

rehabilitation, addressing the emotional, psychological, and 

social needs of stroke survivors and their caregivers. 

Psychologists, social workers, and support groups provide 

counseling, emotional support, and coping strategies to help 

individuals adjust to the physical and emotional challenges of 

stroke recovery. Education and advocacy initiatives also play a 

vital role in raising awareness, reducing stigma, and promoting 

community integration for stroke survivors. 

 

VI. Results and Discussion 

Thrombolysis and endovascular therapy have emerged as pivotal 

interventions in acute ischemic stroke management, with robust 

evidence supporting their efficacy in achieving reperfusion and 

improving functional outcomes. However, challenges persist in 

optimizing patient selection, treatment delivery, and access to 

specialized stroke centers, underscoring the need for continued 

research and quality improvement efforts. 

 

Study Intervention Treatment Window 

(hours) 

Outcome Measures Key Findings 

NINDS 

trial 

Alteplase ≤ 3 Functional outcomes Improved functional outcomes with 

alteplase 

ECASS 

trial 

Alteplase ≤ 3 Hemorrhagic 

transformation 

Increased risk of hemorrhagic 

transformation 

IST-3 

trial 

Alteplase ≤ 6 Mortality No significant improvement in mortality 

Table 3: Comparative Analysis of Thrombolytic Therapy in Acute Ischemic Stroke 

 

 
Figure 3. Graphical View for Analysis of Thrombolytic Therapy in Acute Ischemic Stroke 

 

The results of numerous clinical trials and meta-analyses have 

unequivocally demonstrated the efficacy of thrombolysis and 

endovascular therapy in acute ischemic stroke management. 

Thrombolysis with tissue plasminogen activator (tPA) has been 

shown to improve functional outcomes when administered 

within the recommended time window, particularly within 4.5 

hours of symptom onset. Meanwhile, endovascular therapy, 

including mechanical thrombectomy, has emerged as a game-
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changer, especially for patients with large vessel occlusion 

(LVO). Recent trials have expanded the treatment window for 

endovascular therapy, demonstrating improved outcomes in 

select patients beyond the traditional time constraints. 

 

Study Intervention Eligibility Criteria Outcome Measures Key Findings 

MR 

CLEAN 

Mechanical 

thrombectomy 

LVOs in anterior 

circulation 

Functional outcomes Superior functional outcomes with 

thrombectomy 

ESCAPE Mechanical 

thrombectomy 

LVOs in anterior 

circulation 

Successful 

reperfusion 

Improved reperfusion and functional 

outcomes 

DAWN Mechanical 

thrombectomy 

LVOs, late presentation 

(6-24 hrs) 

Functional 

independence 

Improved functional independence 

with thrombectomy 

Table 4: Evaluating Mechanical Thrombectomy in Acute Ischemic Stroke 

 

 
Figure 4. Graphical View for Analysis of Mechanical Thrombectomy in Acute Ischemic Stroke 

 

Despite promising preclinical data, clinical trials evaluating 

neuroprotective agents in acute ischemic stroke have yielded 

disappointing results. The failure to translate preclinical efficacy 

into clinical success underscores the complexity of stroke 

pathophysiology and highlights the need for more targeted and 

effective therapeutic approaches. Future research should focus 

on identifying novel therapeutic targets, refining treatment 

strategies, and adopting precision medicine approaches to 

optimize neuroprotection in stroke care. 

 

Intervention Indications Key Trials Outcome Measures Key Findings 

Anticoagulation Atrial fibrillation, 

cardioembolic stroke 

RE-LY, ROCKET-

AF 

Stroke prevention, 

bleeding risk 

Reduced risk of stroke, 

increased risk of bleeding 

Antiplatelet therapy Atherothrombotic stroke, 

TIA 

CAPRIE, 

MATCH, 

CHARISMA 

Recurrent stroke, 

bleeding risk 

Reduced risk of recurrent 

stroke, increased bleeding 

risk 

Table 5: Anticoagulation and Antiplatelet Therapy 

 

 
Figure 5. Graphical View for Analysis of Anticoagulation and Antiplatelet Therapy 

 

Rehabilitation interventions play a crucial role in promoting 

functional recovery and improving quality of life for stroke 

survivors. Multidisciplinary rehabilitation programs 

encompassing physical therapy, occupational therapy, speech 
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therapy, and cognitive rehabilitation have been shown to 

enhance motor function, facilitate activities of daily living, and 

promote community reintegration. Future research should 

explore innovative rehabilitation approaches, leverage 

technology-enabled solutions, and address barriers to access and 

adherence to rehabilitation services to optimize stroke recovery 

outcomes. 

 

Strategy Target Blood 

Pressure (mmHg) 

Key Trials Outcome Measures Key Findings 

Aggressive 

control 

< 140/90 INTERACT-2, 

ATACH-II 

Hematoma expansion, 

functional outcomes 

Reduced hematoma expansion, no 

improvement in outcomes 

Conservative 

control 

< 185/110 ENCHANTED, 

SCAST 

Mortality, functional 

outcomes 

No significant difference in 

outcomes 

Table 6: Comparative Analysis of Blood Pressure Management Strategies 

 

 
Figure 6. Graphical View for Analysis of Blood Pressure Management Strategies 

 

Comparative effectiveness research has provided valuable 

insights into the relative benefits of different treatment 

modalities, informing evidence-based practice guidelines and 

clinical decision-making in stroke care. However, challenges in 

implementation, including limited access to specialized stroke 

centers, treatment delays, healthcare disparities, and fragmented 

care pathways, remain significant hurdles to overcome. 

Addressing these challenges requires a multifaceted approach, 

encompassing healthcare system-level interventions, policy 

initiatives, community engagement, and quality improvement 

efforts. 

 

Intervention Key Components Key Studies Outcome Measures Key Findings 

Telestroke 

services 

Remote consultation, 

imaging review 

STRokE DOC, 

TEMPiS, 

TESLA 

Time to treatment, 

functional outcomes 

Reduced time to treatment, 

improved outcomes 

Integrated stroke 

care 

Care coordination, 

rehabilitation 

GAIN, 

STROKE-

CARE, AVERT 

Length of stay, functional 

independence 

Enhanced care coordination, 

improved outcomes 

Table 7: Telestroke Services and Integrated Stroke Care Models 

 

 
Figure 7. Graphical View for Analysis of Telestroke Services and Integrated Stroke Care Models
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Innovation in acute ischemic stroke management offer 

promising opportunities to advance stroke care delivery and 

improve patient outcomes. Extended treatment windows, 

precision medicine approaches, innovative therapeutic targets, 

healthcare delivery innovations, and translational and 

implementation research initiatives represent key areas for 

exploration. By embracing interdisciplinary collaboration, 

leveraging technology-enabled solutions, and fostering a culture 

of continuous learning and improvement, the stroke community 

can continue to make significant strides in reducing the burden 

of stroke-related disability and mortality.  

 

VII. Conclusion 

Acute ischemic stroke represents a significant public health 

challenge worldwide, necessitating ongoing efforts to optimize 

management strategies and improve patient outcomes. This 

comprehensive review has examined various facets of acute 

ischemic stroke management, including thrombolysis, 

endovascular therapy, neuroprotective agents, rehabilitation 

interventions, comparative effectiveness, implementation 

challenges, and future directions for research and innovation. 

From the landmark trials supporting the efficacy of thrombolysis 

and endovascular therapy to the evolving landscape of 

neuroprotective agents and rehabilitation interventions, 

substantial progress has been made in advancing stroke care 

over the years. However, implementation challenges, such as 

limited access to specialized stroke centers, treatment delays, 

disparities in healthcare delivery, and fragmented care pathways, 

underscore the need for concerted efforts to optimize stroke care 

delivery and address existing gaps in practice. Looking ahead, 

promising opportunities exist to further enhance stroke care 

through extended treatment windows, precision medicine 

approaches, innovative therapeutic targets, healthcare delivery 

innovations, and translational and implementation research 

initiatives. By embracing interdisciplinary collaboration, 

leveraging technology-enabled solutions, and fostering a culture 

of continuous learning and improvement, the stroke community 

can continue to make meaningful strides in reducing the burden 

of stroke-related disability and mortality and improving the 

quality of life for stroke survivors and their families. 
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