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Compared to what?  Which therapies? 

Which patients?

• MRI vs. non-contrast HCT vs CTA/CTP

• IV tPA, mechanical thrombectomy

• Clinical presentation

• Age, risk factors

• Stroke severity

• Anterior vs. posterior circulation suspected



Everyone knows MRI is better than CT…for 

diagnosis



CT vs. MRI for stroke diagnosis

Chalela J, Lancet 2007



MRI: The Dark Side



CT vs. MRI for diagnosis

• Pre-test probability of stroke is critical

• Patient features: age, risk factors, stroke severity

• High pre-test probability, normal CT = treat as 

stroke

• CTA improves diagnostic certainty, and is 

necessary when thrombectomy is a consideration

• Low pre-test probability, normal CT = ??? what 

to do – MRI has a role



Case example – 76 year old man





Selection for IV tPA: CT vs. MRI 



Time is brain: faster tPA is better

Emberson J, Lancet 2015



MRI is slower than CT

• SMART study – NIH MRI stroke group

• Highly organized acute stroke MRI 

pathway for all eligible patients

• Protocol includes limited MR brain, MRA 

brain, PWI 

• Reported QI process to speed up imaging

• 157 tPA patients 2012-2013, 135 screened 

with MRI

Shah S, Neurology 2015



MRI delays tPA compared to CT

Compare to Helsinki model times: Door direct to CT <5 min, median CT 

to needle times <20-30 min

Compare to Coverdell registry: DTN<60 min achieved in 66% of patients, 

DTN <45 min in 40% 

(Tong X, Circ Cardiovasc Qual Outcomes, 2018)



MRI for patient selection for tPA: 

WAKE-UP trial



WAKE-UP Trial: MRI guided tPA

• Acute ischemic stroke and 

unknown time of onset

• MRI used to select patients

• Lesion on DWI but not 

FLAIR

• Excluded thrombectomy

• Randomized to tPA or 

placebo

NEJM 2018; 379:611-22.



WAKE-UP Trial: Results

• Stopped early due to lack of 

funding

• N=503

• Median NIHSS=6

• Excellent outcome:

• 53% tPA vs. 42% placebo, 

p=0.02

• Safety concerns:
• Death 4.1% vs 1.2%, p=0.07

• sICH 2.0% vs. 0.4%, p=0.15
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Selection for mechanical 

thrombectomy: CT vs. MRI 



Mechanical thrombectomy (MT)  

• Standard of care for acute major stroke with 

large vessel occlusion (LVO) within 6 hours of 

onset

• Therapeutic benefit HUGE (NNT=2-3)

• The field is moving towards asking who 

SHOULDN’T be treated, instead of who 

SHOULD be treated



What you need to proceed with MT

1) A large vessel that is occluded

2) An infarct core that is not gigantic

• What does “gigantic” mean?  Moving target…

• Measured with ASPECTS, DWI MRI, or CTP  

3) Some penumbral brain tissue that is 

salvageable

• Presumed in patients < 6 h from onset
OR

• Perfusion imaging showing mismatch (i.e. core 

smaller than perfusion defect) in late time window



Mechanical thrombectomy: 

AHA guidelines 2018



Time is brain: faster thrombectomy is better

Saver J, JAMA 2016



MRA is slower than CTA

Kim J, Stroke 2019

MRA takes 

20-30 min 

longer than 

CTA

CTA also better for: 
• Distal branch 

occlusions

• Near occlusions

• Intraluminal 

thrombus



Alberta Stroke Program Early CT Score 

(ASPECTS)

• Quantitative score 

assessing early 

infarct signs in 10 

brain regions

• 10 = normal

• 0 = large 

hemispheric 

infarction



Nezu T, Stroke 2011

ASPECTS: 

Despite name, can score MRI as well

MRI more sensitive 

to early ischemia → 

ASPECTS scores 

lower on MRI vs CT



Selection for thrombectomy using ASPECTS to 

estimate infarct core

San Roman L, Lancet Neuro 2018

• HERMES meta-analysis 

of patient level data

• Included patients with 

vessel imaging

• 1764 patients with LVO 

randomized, 7 trials
• MR CLEAN

• EXTEND-IA

• ESCAPE

• SWIFT PRIME

• REVASCAT

• PISTE

• THRACE

Baseline characteristics



Selection for thrombectomy using ASPECTS

San Roman L, Lancet Neuro 2018

• Outcome improved with 

MT across a broad 

range of baseline 

characteristics

• Benefit similar across 

ASPECTS categories

• BUT….beware how 

ASPECTS determined –

i.e. MR vs. CT

• Most ASPECTS 0-4 in 

this analysis used MRI!



Mechanical thrombectomy – selection 

based on core using CTP or DWI MR

• HERMES meta-analysis 

of patient level data

• Included patients with 

penumbral imaging data 

(CTP or MRI DWI) 

• 900 patients, 7 trials
• MR CLEAN

• EXTEND-IA

• ESCAPE

• SWIFT PRIME

• REVASCAT

• PISTE

• THRACE

Campbell B, Lancet Neuro 2018

Baseline characteristics



MT beneficial over broad range of core 

volumes

• Prognosis relative to core 

volume worse in patients 

assessed with CT vs. MRI

• CT probably underestimates 

“true core”

• MRI may overestimate “true 

core”

Campbell B, Lancet Neuro 2018



Late time window patients: DEFUSE 3

• 6-16 hours since LKN

• ICA or MCA occlusion

• Core < 70 ml

• Perfusion defect 

(Tm>6s):core ratio >1.8 using 

RAPID CT or MRI



DEFUSE 3: Primary outcome



DEFUSE 3: Treatment effect similar in 

patients selected with CT vs. MR

Treatment 

effect similar 

in patients 

selected with 

CT vs. MR



Guidelines get the last word…


