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INTRODUCTION

Acute ischemic stroke (AIS) is caused by the 
occlusion of  a cerebral artery, resulting in an 
abrupt cessation of  blood flow to the brain 
and posing a serious threat to human health. 
Over the past decades, significant progress 
has been made in reperfusion therapies for 
AIS. However, the issue of  personalized 
therapy and time window is crucial and 
still needs to be evaluated according to 
the specific circumstances of  the patient. 
Future research should focus on optimizing 
strategies, reducing treatment-related risks 
and improving clinical outcomes.

REPERFUSION THERAPY

AIS is caused by the occlusion of  a cerebral 
artery, leading to an abrupt cerebral arterial 
blood flow cessation. Therefore, prompt 
restoration of  blood flow, known as 
reperfusion therapy, is currently considered 
the first choice in the management of  AIS. 
In recent years, studies have shown that 
intravenous thrombolytic therapy with 
alteplase can significantly improve clinical 
outcomes for patients with onset within 4.5 
hours. More recent studies further showed 
that 0.25 mg/kg tenecteplase had no 
significant difference in clinical prognosis, 
incidence of  symptomatic intracerebral 
hemorrhage, and mortality compared 
with 0.9 mg/kg alteplase, and 0.25 mg/
kg tenecteplase was more convenient to 
administer. Suitable for use in mobile stroke 
units. A series of  randomized controlled 
trials published in 2015 demonstrated the 
efficacy of  endovascular thrombectomy 
using modern thrombectomy devices.[1] 
Compared with standard medical treatment 
with intravenous thrombolysis alone, eligible 
AIS patients receiving thrombectomy 

therapy showed significantly higher rates 
of  successful recanalization without 
increased risk of  symptomatic intracranial 
hemorrhage. In addition, the large-scale 
study in Japan (Rescue-Japan Limit) further 
expanded the suitable population for 
anterior circulation endovascular therapy, 
showing that endovascular therapy is also 
superior to drug-conservative therapy in 
highly screened patients with large cerebral 
infarction. 

CEREBRAL PROTECTION

Over the past two decades, significant 
advances have been made in reperfusion 
therapies. However, the overall prognosis 
of  patients treated with reperfusion therapy 
remains unsatisfactory. Neuroprotective 
therapy based on revascularization may 
become one of  the measures to improve 
the current situation. Therefore, it is 
necessary to develop cerebral protection 
as an adjunct therapy, which may focus 
on two potential neuroprotective targets. 
One is to prevent or delay the conversion 
of  salvageable tissue from the ischemic 
penumbra to the irreversible ischemic core, 
and another is to reduce the consequences 
of  reperfusion injury in a variety of  
ways. The neuroprotective effect of  
pharmacological approaches designed to 
inhibit ischemic cascade pathways and 
non-pharmacological therapies, including 
hypothermia, normobaric hyperoxia, remote 
ischemic conditioning, cathodal transcranial 
direct current stimulation, and so on, have 
been fully evaluated in preclinical trials.[2] 
With a further and deeper understanding 
of  the mechanisms of  cerebral protection, 
recent studies have focused more on the 
neurovascular unit (consisting of  neurons, 
astrocytes, microglia, pericytes, and the 
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endothelial lining of  blood vessels) rather than targeting 
individual neurons in previous studies.[3] The successful 
translation from laboratory conditions to clinical trials of  
the cerebral protection mentioned above is the current 
research hotspot to explore not only the safety and 
feasibility but also the efficacy of  those novel and multi-
targeted therapies when applied to the bedside.

ANTIPLATELET THERAPY

Advances in reperfusion therapy have significantly improved 
the rate of  cerebral revascularization and clinical outcomes 
for AIS. However, a substantial proportion of  patients 
treated with timely thrombolysis still experience persistent 
or recurrent neurological impairment. Apart from the direct 
causes, such as intracerebral hemorrhage and malignant 
edema, neurological worsening after thrombolysis is 
often attributed to ischemic stroke progression, which 
leads to worse outcomes and higher morbidity. Known as 
early neurological deterioration (END), this condition is 
primarily associated with the absence of  early antiplatelet 
therapy. As END tends to peak within 24 hours of  being 
admitted, antiplatelet therapy given at an early stage is 
particularly important.[4] Current guidelines recommend the 
use of  aspirin as monotherapy or for the intensification of  
antiplatelet therapy with clopidogrel plus aspirin.[5] Studies 
on the effect of  emerging agents such as tirofiban have also 
been conducted.[6] The findings of  the investigation are 
expected to address the issue of  existing drug resistance 
and limitations of  antiplatelet drug delivery.

MOBILE STROKE UNITS

The “Time is Brain” concept highlights the critical 
importance of  initiating revascularization promptly 
in cases of  ischemic stroke, with mobile stroke units 
playing a pivotal role in achieving this goal. Mobile 
Stroke Units, which are specialized ambulances equipped 
with CT scanners, point-of-care lab testing, and expert 
medical teams, enable on-site diagnosis and immediate 
treatment, thus shortening the window from stroke onset 
to intervention.[7,8] Studies confirm that Mobile Stroke 
Units outperform traditional emergency services, primarily 
by significantly reducing the time to treatment, which 
is essential for prehospital intravenous thrombolysis. 
For endovascular thrombectomy, Mobile Stroke Units 
tend to serve as a reference to help triage and optimize 
the workflow for delivering therapy. Future directions 
may include incorporating neuroprotective agents and 
individualized management plans facilitated by enhanced 
imaging capabilities into mobile stroke units. However, as 
mobile stroke units gain traction, cost considerations and 
strategic deployment remain key, with a focus on ensuring 
coverage in high-incidence regions to maximize their 

clinical benefits.

TIME WINDOW

The current therapeutic window for thrombolysis in acute 
ischemic stroke remains limited to 3 to 4.5 hours after 
symptom onset.[5] Expanding this time window allows 
more patients to benefit from intravenous thrombolysis. 
As an important solution to this envision, the “Tissue 
Clock Approach” achieved by advanced multimodal 
imaging widens the indication of  intravenous thrombolysis, 
particularly with regard to the time window for the 
treatment. Ischemic penumbra refers to the brain area of  
reversible injury around focal ischemic necrosis tissue, 
and the imaging features of  penumbra are different from 
ischemic core lesions. By leveraging the mismatch between 
various radiological markers during initial scans, clinicians 
can select eligible patients for thrombolysis, even beyond 
traditional time constraints. For patients with wake-up, 
stroke, or unclear symptom onset, identifying the onset 
time is challenging. Clinical trials confirmed that wake-
up and other unknown onset patients could still benefit 
from alteplase if  they meet the criteria of  DWI-FLAIR 
mismatch, which is defined as an acute ischemic lesion 
on diffusion-weighted imaging but without high intensity 
on a fluid-attenuated inversion recovery.[9] Ongoing trials 
continue to explore ways to extend the thrombolytic 
window safely. Additionally, research is investigating 
whether neuroprotective strategies could slow the growth 
of  the infarct core, potentially preserving tissue viability 
longer, thus extending the therapeutic window.[2]

THROMBOLYTIC AGENTS

Currently, the main thrombolytic agent used in clinical 
practice is recombinant tissue plasminogen activator (rt-
PA). While rt-PA has addressed some limitations of  earlier 
thrombolytic agents, such as poor fibrin selectivity and 
antigenicity, its strict time-dependence and the need for 
continuous infusion still limit its effectiveness. Therefore, 
thrombolytic agents need to be more diverse. Drugs 
showing higher recanalization rate, greater fibrin specificity, 
stable nature, fewer side effects, and easiness and feasibility 
of  administration will become an ideal medication for 
reperfusion therapy, undoubtedly. The development of  
tenecteplase (TNK), nonimmunogenic staphylokinase, 
and recombinant human prourokinase (rhPro-UK) have 
shown non-inferiority of  those novel thrombolytic agents 
to regular use of  alteplase or similar safety outcome.[10] 
Future research should focus on determining the optimal 
dosing regimens for these new agents and conducting large-
scale studies to assess whether the observed benefits can 
be generalized to the broader patient population. These 
are important research gaps that remain to be addressed.
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CONCLUSION

In summary, reperfusion treatment of  AIS is making 
significant progress worldwide. However, the choice and 
timing of  therapy still need to be evaluated on an individual 
basis according to the specific circumstances of  the patient. 
Future research should focus on improving access to 
treatment, especially in low- and middle-income countries, 
and optimizing treatment strategies to reduce treatment-
related risks. Through these measures, we can improve 
stroke outcomes worldwide by closing the treatment gap 
and ensuring that stroke patients worldwide have access 
to evidence-based medical care.
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