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Disclosures

• US Department of Defense (HT9425-24-1-1072): to study 
outcomes in patients with TBI 

• US Department of Defense: to study blood-based biomarkers in 
TBI

• Abbott Laboratories to advance development of Abbott’s TBI test 
for diagnosis and determination of severity of brain injury in adults 
and children



Plan

• Reviewing stroke definitions
• Recent stroke studies 
• HREM takeaways



Definitions



Anterior circulation

https://ditki.com/course/usmle-comlex-high-yield/neuroanatomy/cerebrovascular-
supply/71/leptomeningeal-cerebral-arteries/notes



Core infarct

https://radiologykey.com/stroke-and-its-imaging-evaluation/



Stroke causes

https://www.nhlbi.nih.gov/health/stroke/causes



EVT

• EVT = thrombectomy  = embolectomy



Modified Rankin Scale

Jeffrey L. Saver, MD Napasri Chaisinanunkul, MD Bruce C.V. Campbell, MBBS, BMedSc, PhD, James 
C. Grotta, MD, Michael D. Hill, MD, MSc, Pooja Khatri, MD, MS, Jaren Landen, PhD, Maarten 
G. Lansberg, MD, Chitra Venkatasubramanian, MD, and Gregory W. Albers, MD
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MeVO occlusion

• An acute stroke caused by a clot in medium sized cerebral arteries
• M2/M3, A2/A3, P2/P3



Haupenthal, David & Schwab, Stefan & Kuramatsu, Joji. (2023). Hematoma expansion in 
intracerebral hemorrhage – the right target?. Neurological Research and Practice. 5. 
10.1186/s42466-023-00256-6.

Presenter Notes
Presentation Notes
 (A) lobar ICH of 10 ml. (B) lobar ICH of 30 ml. (C) lobar ICH of 60 ml. (D) deep ICH of 10 ml. (E) deep ICH of 30 ml. (F) deep ICH of 60 ml




Qureshi AI, Tuhrim S, Broderick JP, Batjer HH, Hondo H, Hanley DF. Spontaneous intracerebral hemorrhage. N Engl J Med. 
2001;344(19):1450-1460. doi:10.1056/NEJM200105103441907.

Presenter Notes
Presentation Notes
These are the locations you will find a hypertensive ICH. Basal ganglia, thalamus, pons, and cerebellum. If it’s not one of these locations, second guess a diagnosis of a hypertensive hemorrhage. 





Recent Stroke Studies



ATLAS

• Meta-analysis: is EVT beneficial for large ischemic cores



ATLAS



ATLAS

• Over 1,800 patients
• Primary outcome: 90-day mRS
• Primary outcome: 20% with thrombectomy, 7% with medical 

therapy achieved mRS 0-2
• Mortality: 31% thrombectomy, 37% medical therapy



ATLAS

• Bottom line: up to 149mL (large core), EVT is beneficial



TRIMUS

• Large registry
• Question: looking at mild stroke (low NIHSS) but have LVO in 

proximal vessel, EVT vs. medical treatment



EVT

Courtesy of Stryker



TRIMUS

• Population: NIHSS 0-5, treated 3-4 hours after symptom onset
• Primary outcome: mRS 0-1 at 90 days
• Primary outcome: both groups had 54% rate of mRS 0-1
• Subgroup: potential benefit with EVT for anterior circulation



TRIMUS

• Bottom line: no clear-cut benefit to EVT for mild strokes, current 
guidelines = EVT for NIHSS 6 and above

• Potential benefit for anterior circulation strokes





ESCAPE MeVO

• Question: no current indication for EVT in MeVO occlusions
• Patients enrolled within 12 hours, median age 75
• Primary outcome: functional status at 90 days
• 60% received IV thrombolysis
• Primary outcome: no difference in functional status
• Mortality: 13% in EVT, 8% in medical therapy



ESCAPE MeVO

• Bottom line: no current indication for EVT in MeVO occlusions
• So… still get TNK  transfer for embolectomy more questionable



MeVO



MeVO



MeVO



MeVO
MTT: Mean Transit 
Time
CBV: Cerebral 
Blood Volume



MeVO

• 1144: Hospital arrival
• 1147: CT Scan
• 1155: Mix TNK
• 1156: Preparing to give TNK
• 1200: Per son on phone, no blood thinners, no allergies
• 1201: 13mg TNK given
• 1300: Much improved exam. No more R gaze. Moving L side.



MeVO
DWI: Diffusion 
Weighted Imaging
ADC: Apparent 
Diffusion Coefficient
FLAIR: Fluid-Attenuated 
Inversion Recovery





ANGEL TNK

• Chasing thrombectomy with intra-arterial thrombolysis
• Rationale: following thrombectomy, sometimes clot fragments go 

into smaller vessels
• Treated up to 24 hours after TNK with low dose intra-arterial TNK



Intra-arterial Thrombolysis

www.irtreatment.org



ANGEL TNK

• Outcome: The primary outcome was mRS of 0-1at 90 days, 40.5% 
with TNK and 26% in control group

• Bleeding and mortality similar in both groups



ANGEL TNK

• Bottom line: Coming soon! Chasing thrombectomy with intra-
arterial thrombolysis





ENRICH

• Design: early (within 24 hours) minimally invasive surgical removal 
of hematoma vs. guideline-based medical management in ICH

• Intervention: Adults within 24 hours of lobar or anterior basal 
ganglia ICH with hematoma volume of 30-80mL



Minimally Invasive ICH Evacuation

Dr. Christopher Kellner/Mt. Sinai Hospital



ENRICH

• Primary efficacy end point: mean score for disability on mRS at 
180 days

• Results: mean mRS score better with surgery than medical 
management alone but benefit is likely attributable to lobar 
hemorrhages

• Fewer patients died within 30 days in surgical group



ENRICH

• Bottom line: ICH, especially lobar hemorrhages do better with 
surgery than medical management





INTERACT-3
• Multicenter, prospective, randomized, open-treatment, blinded trial
• N=2,839

• intensive-treatment (n=1,403)
• guideline-recommended (standard-treatment) (n=1,436)

• Primary outcome: death or major disability
• Major disability: mRS 3 to 5 at 90 days after randomization

• ≥2 systolic BP of ≥150 and ≤220 mmHg, recorded ≥2 minutes apart
• Treatment goal of systolic BP <140 mm Hg within 1 hour after 

randomization and of maintaining this level for the next 7 days
• Death or major disability: 52.0% vs. 55.6% (OR 0.87; 95% CI 0.75-1.01; 

P=0.06)



INTERACT-3

• Bottom line: In ICH, BP goal of SBP 130-140 
• Clevidipine: extremely rapid onset (2–4 minutes) and offset (5–15 

minutes) of action





WAKE UP, EXTEND, & TRACE-III…

• Stroke symptom onset 2.5 to 24 hours prior
• For those with 'wake up' stroke, this time was the last time seen normal.

• Pre-stroke modified Rankin score ≤1
• Baseline NIHSS between ranging from 6 to 25
• Salvageable brain tissue on perfusion imaging 
• 38% had wake-up strokes
• Tenecteplase vs. usual care
• Outcome: absence of disability (mRS <= 1) at 90 days

• 33% vs 24% (RR 1.37; 95% CI 1.04 to 1.81; P=0.03; NNT=11)



WAKE UP, EXTEND, & TRACE-III…

• Bottom line: Strokes out to 24 hours should be treated as acute 
ischemic strokes

• But… need CT perfusion or MRI
• So… if NIHSS 6-25 transfer out if < 24 hours 



Core-to-Penumbra Ratio < 50%?





BRIDGE TNK

• Rationale: TNK in combination with thrombectomy vs. EVT alone
• 550 patients enrolled, median NIHSS 16
• Primary outcome: mRS 0-2 at 90 days
• Primary outcome: 53% in TNK with EVT group, 44% in EVT alone
• Caveat: Enrolled patients had to present to treating hospitals, 

short time delays = 16 minutes between TNK and EVT



BRIDGE TNK

• Bottom line: TNK in combination with thrombectomy works better 
than EVT alone

• So… if you transfer out for EVT, give the TNK and then transfer





ASSET-IT

• Rationale: if stroke is due to atherosclerosis, can re-occlude after 
TNK

• Study: IV tirofiban (anti-platelet) as adjunct to TNK within 4.5 
hours

• 832 patients enrolled, median NIHSS 6
• Treatment: Tirofiban 24-hour infusion
• Primary outcome: mRS 0-1 at 90 days
• Primary outcome: 66% in IV tirofiban group vs. 55% in placebo
• Symptomatic ICH 1.7% in treatment arm (very low)



ASSET-IT

• Bottom line: Possibly coming soon! IV anti-platelet as adjunct to 
TNK within 4.5 hours



HREM Takeaways:

• EVT beneficial for large ischemic cores
• No clear-cut benefit to EVT for mild strokes  EVT for NIHSS 6 and 

above
• No current indication for EVT in MeVO occlusions
• The near future: Treating up to 24 hours after TNK with low dose 

intra-arterial TNK to treat broken clots
• The near future: aspiration of lobar hemorrhages >>> deep 

hemorrhages
• TNK in combination with thrombectomy is better than EVT alone



Thank you!

Debbie.Madhok@ucsf.edu
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