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Core and Penumbra

Gonzalez, AJNR, 2006



Importance of Large Vessel Occlusions (LVO)

• Larger infarcts, more severe deficits, worse outcomes 

• > 33% of acute stroke

• > 60% dependence and death (mRS 3-6) after all stroke

• > 90% death post-stroke after all stroke

Malhotra et al, Frontiers Neurology, 2017



IAT: The Standard of Care in 2015

MR CLEAN ESCAPE REVASCAT SWIFT PRIME EXTEND IA



HERMES

• Meta-analysis of pooled individual patient-level data from 

five trials (MR CLEAN, ESCAPE, REVASCAT, SWIFT 

PRIME, and EXTEND IA) 

• 1287 subjects (634 endovascular & 653 standard medical) 

• Acute ischemic stroke – LVO of anterior circulation

• 2nd generation thrombectomy devices

• Randomized to endovascular therapy plus standard care 

versus standard care

• Primary Outcome: disability on mRS at 90 days

Goyal et al, Lancet, 2016



HERMES: Results

Goyal et al, Lancet 2016

NNT = 2.6 



HERMES: Subgroup Analysis

Goyal et al, Lancet 2016



Powers et al, Stroke, 2018



IAT: Extended Time Window



Nogueira et al, NEJM, 2018



Dawn Trial

• Multicenter (26), RCT, 206 pts

• Thrombectomy: Trevo (Stryker) – retrievable stent

• Occlusion of intracranial ICA, prox MCA (M1) or both

• LSW 6-24 hours

• NIHSS ≥ 10, mRS 0-1

• Mismatch: clinical to core infarct volume

– Age ≥80, infarct ≤ 20 cc

– Age <80, NIHSS 10-19, infarct ≤ 30 cc

– Age <80, NIHSS ≥ 20, infarct > 30 cc to ≤ 50 cc

Nogueira et al, NEJM, 2018



Dawn Trial Results

Nogueira et al, NEJM, 2018

NNT = 2



Albers et al, NEJM, 2018



DEFUSE 3 Trial

• Multicenter (38), RCT, NIH-funded, 182 pts

• Occlusion of cervical or intracranial ICA, or prox MCA (M1) 

• Thrombectomy: any FDA-approved device

• LSW 6-16 hours

• Imaging mismatch:

– Core ≤ 70 cc, mismatch ratio (Penumbra/Core) ≥1.8, 

and mismatch volume ≥15 cc (RAPID software, 

iSchemaview)

Albers et al, NEJM, 2018



DEFUSE 3

Albers et al, NEJM, 2018



DEFUSE 3 Results

Albers et al, NEJM, 2018



Powers et al, Stroke, 2018



Device: ADAPT vs Stentriever

Lapergue et al, JAMA, 2018



ASTER Trial

• Multicenter (8), RCT, France, 381 pts

• Occlusion of intracranial ICA, or MCA (M1 or M2) 

• Thrombectomy: ADAPT vs stent-retriever (Trevo or Solitaire)

• LSW <6 hours

• Primary outcome: mTICI 2b or 3

Lapergue et al, JAMA, 2018



ASTER

Lapergue et al, JAMA, 2018

ADAPT ~ Stentriever



Powers et al, Stroke, 

2018



Anesthesia: GA vs Conscious Sedation

Simonsen et al, JAMA Neurology, 

2018



GOLIATH Trial

• Single-center, prospective, RCT

• 128 pts with anterior circ occlusion, LSW < 6hrs

• Randomized to GA vs CS before IAT

• Primary outcome: infarct growth on 48-72 hr MRI

Simonsen et al, JAMA Neurology, 

2018



GOLIATH Trial Results

Simonsen et al, JAMA Neurology, 

2018

GA ~ CS



Powers et al, Stroke, 2018



IV tPA for Unknown LSW

Thomalla et al, NEJM, 2018



WAKE-UP Trial

• Multi-center, RCT, unknown time of onset

• Mismatch: DWI hyperintensity present and normal FLAIR

• Exclusion: IAT planned, >1/3 MCA territory, NIHSS > 25

• Randomization: 1:1 to IV tPA vs Placebo

• Stopped early due to funding

• Primary Outcome: mRS 0-1 at 90 days



WAKE-UP Trial

Supp Index to WAKE-UP, NEJM, 

2018



WAKE-UP Results

Thomalla et al, NEJM, 2018



IV Lytic: TNK vs tPA

Campbell et al, NEJM, 

2018



EXTEND – IA TNK

• Multicenter, RCT, ischemic stroke, LSW < 4.5 hrs

• LVO: ICA, MCA (M1/M2), BA

• Randomization: IV tenectaplase (0.25 mg/kg) vs IV alteplase

• TNK: greater fibrin specificity and longer half-life

• Primary outcome: Angiographic = absence of thrombus or 

>50% reperfusion of target vessel

Campbell et al, NEJM, 

2018



EXTEND-IA TNK Results

Campbell et al, NEJM, 

2018



IV tPA for Nondisabling Strokes?

Khatri et al, JAMA, 2018



PRISMS Trial

• Multi-center (75), double-blind, RCT, 313 pts

• Minor non-disabling stroke (NIHSS 0-5), LSW < 3 hrs

• Randomization: IV tPA vs ASA 325 mg

• Primary outcome: mRS 0-1 at 90 days

• Study terminated early by study sponsor due to low

Khatri et al, JAMA, 2018



Mild, Disabling Stroke

Powers et al, Stroke, 2018



Summary of Pivotal 2018 Trial Results

• DAWN/DEFUSE 3: Extended time window for IAT

• ASTER: ADAPT = Stentriever

• GOLIATH: No change infarct growth with GA vs cons sed

• WAKE-UP: IV tPA using MRI in stroke unknown LSW

• EXTEND-IA TNK: TNK > Alteplase

• PRISMS: No benefit IV tPA in minor non-disabling stroke



Future Studies 

• Thrombolytic: EXTEND-IA TNK 2

• Neuroprotectant: ESCAPE-NA1

• Device: COMPASS

• Large Core: TENSION, DEFUSE M

• Low NIHSS: ENDO LOW

• IAT vs IVT plus IAT: MR CLEAN-NO IV, SWIFT DIRECT

• Systems of Care: RACECAT

Special thanks to Dr. Ronil Chandra for assistance with the content 

of some of the above slides



Thank you!

Scott Silverman, MD


