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Acute Ischemic Stroke Treatments Over the Years

Treatment Published

Alteplase 0 - 3 hours from LKWT 1995

Alteplase 3 - 4.5 hours from LKWT 2011

Thrombectomy for Anterior Circulation Large Vessel Occlusion with Small Core Infarction, 
NIHSS >/= 6, and 0-6 hours from LKWT 

2015

Thrombectomy for Anterior Circulation Large Vessel Occlusion with small core infarction, 
NIHSS >/= 6, 6-24 Hours from LKWT

2018

Alteplase > 4.5 hours from LKWT, < 4.5 hours from Symptom Discovery by MRI DWI:T2 
FLAIR Mismatch

2018

Alteplase 4.5 - 9 hours from LKWT by automated quantitative CT Perfusion 2019



Recent Advances
Thrombectomy for Anterior Circulation Large Vessel Occlusion 
with large core infarction

Thrombectomy for Basilar Artery Occlusion (BAO)

Tenecteplase non-inferior to Alteplase

Tenecteplase superior to Alteplase in Large Vessel Occlusion
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Immunologic 
Sequela of Stroke

• Stroke-associated immunosuppression

• Potential induced autoimmunity to CSF antigens

• Immunologic cascade in response to cerebral ischemia

• Immune system’s role in ischemic preconditioning

• Splenic activation with is obviated with reduced infarct 
size in animal models



Malone K, Amu S, Moore AC, 
Waeber C. Immunomodulatory 
Therapeutic Strategies in 
Stroke. Front Pharmacol. 2019 
Jun 20;10:630. doi: 
10.3389/fphar.2019.00630. 
eCollection 2019.



Effects of conditioned medium derived from 
Mesenchymal Stem Cells on stroke recovery

Behzadifard M, Aboutaleb N, Dolatshahi M, et al. Neuroprotective Effects of Conditioned Medium of Mesenchymal Stem Cells (MSC-CM) as a Therapy for Ischemic 
Stroke Recovery: A Systematic Review. Neurochem Res. 2023 May;48(5):1280-1292. doi: 10.1007/s11064-022-03848-x. Epub 2022 Dec 30.





Enhancing Efficacy of Medical Recanalization

Novel Thrombolytics

Mitigating Hemorrhagic Complications

Thrombolytic adjuncts
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Thrombolytic Characteristics



Evolution of Thrombolytic agents for 
the treatment of acute ischemic 
stroke

Tsivgoulis G, Katsanos A, Sandset E, et al. Thrombolysis for acute ischaemic stroke: current status and future perspectives. Lancet Neurol. 2023 

May;22(5):418-429. doi: 10.1016/S1474-4422(22)00519-1. Epub 2023 Mar 9.



Neutrophil extracellular traps (NETs) promote tPA-induced ICH via cGAS

“DNase I treatment (to degrade NETs) or genetically imposed PAD4 deficiency (to prevent NET formation) mitigated 
reactive changes in the brain after ischemic challenge. Notably, both interventions significantly suppressed tPA 

driven BBB permeability, mitigated loss of gap junction proteins (ie, zonula occludens-1 [ZO-1], occludin, claudin-5, 
and vascular endothelial-cadherin [VEcadherin]), reduced ICH, and improved neurologic deficits (as shown by 

behavioral testing).”
Wang R, Zhu Y, Liu Z, et al. Neutrophil extracellular traps promote tPA-induced brain hemorrhage via cGAS in mice with stroke. Blood. 2021 Jul 8;138(1):91-103. doi: 10.1182/blood.2020008913.

Flick M. Mechanism of ICH with tPA thrombolysis.  Blood. 2021 Jul 8;138(1):8-9. doi: 10.1182/blood.2021011268.



SMTP = Stachybotrys microspora triprenyl phenols

https://www.tms-japan.co.jp/en/business/r-and-d/technology.html



https://www.tms-japan.co.jp/en/business/r-and-d/technology.html





https://investors.biogen.com/news-releases/news-release-details/biogen-announces-exercise-option-
acquire-investigational-drug



Thrombolytic 
Adjuncts

“tPA recanalization occurs in ~50% of 
occluded arteries one hour after 
treatment. Arterial re-occlusion occurs in 
14-34% of tPA treated patients within two 
hours and is associated with worse 
outcome”- MOST Protocol

Could adjunctive anti-thrombotics maintain 
medical recanalization without increasing 
hemorrhagic complications??



Agratroban or Eptifibatide??





“excellent outcome was significantly higher in the 
tirofiban group than in the aspirin group (29.1% vs. 
22.2%; P = 0.02).”



ACTMIS- 1b/2a
ACTISAVE- Add to to tPA +/- thrombectomy

GREEN- Add on to thrombectomy only

Glenzocimab: Antibody to platelet glycoprotein VI

https://www.acticor-biotech.com/our-product/glenzocimab-in-acute-ischemic-stroke



Automated Stroke Detection

Emerging “Wearables”









https://encyclopedia.pub/entry/7512



Collateral Recruitment
Sphenopalatine Ganglion Stimulation

https://www.semanticscholar.org/paper/Mechanisms-of-action-of-acute-and-subacute-
ganglion-Hosseini Saver/59d81ebe5619608ee9668399fd883122f0fe0243







Realizing Opportunities



Stroke. 2023;54:1138–1147. DOI: 10.1161/STROKEAHA.122.039586



Stroke. 2023;54:1416–1425. DOI: 10.1161/STROKEAHA.123.039792



“Compared to tPA patients treated through STS consultation, 
TEMS patients had shorter door to needle (DTN) time (21 vs. 

38 min, p < 0.001). In addition, patients who received MT after 
bypassing the NSC had shorter onset to groin time compared to 

those transferred from NSC (216 vs. 293 min, P = 0.04).”



“Telestroke was 100% (95% CI 90%–100%) and PASTA 
70.7% (54.5%–83.9%) accurate in predicting reperfusion 
candidates compared with preimaging emergency department 
neurologist assessment (p < 0.001).”



Hyperacute Ischemic Stroke Care in 2030??

72 yo awakens to EMS arriving at their home after their “wearable” alerted 911 that they were 
having a stroke

EMS contacts the receiving stroke center and tele-stroke consultation is initiated while in route

Evaluation and Imaging in the ED are rapidly completed and are consistent with a left M1 
occlusion and SPG stimulation is initiated

”TriBust” therapy is initiated (3 drug combination of SMTP, low dose TNK, and multipotent adult 
progenitor stem cells) immediately in the ED and proceed to mechanical thrombectomy

Four hours post “TriBust”, labs are completed to exclude thrombolytic-associated coagulopathy, 
and if not present, an IV anti-thrombotic infusion is initiated to maintain re-canalization
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