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Introduction

• Time as a marker for evolution of ischemia
• 25% patients wake-up with their stroke symptoms

– Chaturvedi S, et al. Stroke (1999)
• MRI as a "tissue clock”

• Defining this time window may help identify more 
patients who are eligible for thrombolytic therapy. 
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FLAIR as a Tissue Clock

• DWI positive- FLAIR negative scans identify 
patients within the 3-hour time window

» Thomalla G, et al. Annals of Neurology (2009)

• Lesion to normal signal intensity ratios on FLAIR 
co-registered to DWI images
– Quantify changes that occur with time

» Petkova M, et al. Radiology (2010) 

• Such measurements may be impractical within the time 
constraints of thrombolytic treatment



S. Song 5

Purpose

• Aim : Investigate the timing of changes on MRI 
in patients with well-defined stroke onset.

• Design a clinical trial using imaging parameters 
to treat stroke patients with unknown onset time.

FLAIR < 6 hours FLAIR > 12 hours



S. Song 6

Methods
Subjects
• April 2005- December 2010
• Lesion Evolution in Stroke and Ischemia On Neuroimaging 

(LESION) Project registry*
*Prospective series of stroke patients screened with MRI within 24 
hours from witnessed stroke onset, DWI-confirmed acute ischemic 
stroke, and admission NIH Stroke Scale (NIHSS) >3 or received 
an acute intervention. 

MRI
• 1.5T or 3T MRI
• DWI to evaluate acute ischemic stroke lesion
• FLAIR to evaluate acute lesion hyperintensity and signal 

intensity ratios
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Methods

• 3 readers blinded to time from LSN to MRI scan
• Qualitative Scoring

– FLAIR Hyperintensity Rating

DWI

FLAIR

None Subtle Bright
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Methods

• 3 readers blinded to time from LSN to MRI scan
• Qualitative Scoring

– FLAIR Hyperintensity Rating

DWI

FLAIR

None Subtle Bright
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Methods

• 3 readers blinded to time from LSN to MRI scan
• Quantitative Measures: 

Signal Intensity (SI) Ratio = Lesion
Normal
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Methods

• 3 readers blinded to time LSN to MRI scan
• Quantitative Measures

Lesion
Signal Intensity Ratio = 

Normal: 208

Lesion: 239Signal Intensity Ratio: 1.15

Normal



Results
• Lesion conspicuity increased with time on FLAIR (p=0.006)

• Qualitative assessment: FLAIR-negative vs FLAIR-positive
– good interrater agreement (k= 0.7091, 95% CI 0.61-0.81) 
– Subtle hyperintensity was less reliably categorized 

(k=0.59, 95% CI 0.47-0.71)

• Reader measured SIR <1.15 can identify patients within the 
treatable time window of 4.5 hours (positive predictive 
value= 0.90).  

• The average time for FLAIR MRI to remain negative was 
3.2h (SD=3.7h, range 0.75-22.22; 95%CI 2.0-4.3)

• The SIR was greater for right hemisphere lesions (p=0.04) 
for a given reported time from stroke symptom onset. 



Results

• Co-registered DWI-FLAIR measures vs Reader 
selected SIRs for FLAIR scans (p=0.82) 

• Accuracy using Reader measured SIR threshold 
of 1.15 was comparable to that of co-registered 
DWI-FLAIR-SIR at same threshold

sensitivity=0.78, specificity=0.78 
vs 

sensitivity=0.85, specificity=0.67
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Results: Signal Intensity Ratios
Signal Intensity Ratio for Predicting Time <6h

Signal Intensity Ratio
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Summary
• SIR on FLAIR provides a quantitative tool to identify 

early ischemic strokes.  
• In developing SIR thresholds, right hemisphere 

lesions may confound the accurate estimate of stroke 
onset 

• Image co-registration for thrombolytic trial enrollment 
not needed

• A SIR < 1.15 on FLAIR yields a practical estimate of 
stroke onset within 4.5 hours.





*MR WITNESS Clinical Trial Registration Information: 
http://clinicaltrials.gov/ct2/show/NCT01282242

A Pragmatic Approach Using MRI to Treat 
Ischemic Strokes of Unknown Onset Time 

in a Thrombolytic Trial



MR WITNESS patient‐ 58M Lt HP

Last known well

20:00  10:00 

Symptom Discovery

10:28 

ED arrival

10:47  11:39  11:50 

Code Brain
NIHSS: 10

Consent signed

Qualifying MRI

tPA started

12:20 

MRI‐ SIR measured 

12:29 



MR WITNESS‐ Screening in ED

• Age 18‐85 (inclusive)
• Last known well within 24 hours
• Eligible to receive IV‐tPA within 4.5 hours of 
symptom discovery

• MRI (no pacemaker, able to lie flat for ~30min)



Example 1
Patient outside time window



MR WITNESS patient



http://www.wakeup-
stroke.eu/





OW/MGH/IWITNESS

Lee H. Schwamm, MD (MGH) on behalf of 
Ona Wu, PhD (MGH)

Steve Warach, MD PhD (Seton/UT Austin)
Larry Latour, PhD (NINDS)

Shlee Song, MD (Cedar Sinai)



OW/MGH/IWITNESS

Are there patients who present beyond the 
proven time window who may benefit from 
thrombolysis?

 Identify target population

 Demonstrate tPA safety in this 
population

3. Demonstrate tPA efficacy in this 
population
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DAWN Trial



DEFUSE 3 Trial



POSITIVE Trial



Future Direction



IWITNESS Trial Steering Committee

• Principal Investigator(s)/Co-Investigators:
• Lee Schwamm (MGH) Overall PI
• Ona Wu (MGH): Imaging PI 
• Yuko Palesch (MUSC) Lead Statistician
• Caitlyn Ellerbe (MUSC) Statistician
• MR GROUP
• Steve Warach (UT Austin): MR PI
• Larry Latour (NINDS)
• Shlee Song (Cedar Sinai)
• CT GROUP
• Andrew Barreto (UT): CT PI
• Victor Urrutia (JHM)



IWITNESS Primary aim

• Determine the safety and efficacy of IV tPA in subjects who meet 
the usual clinical and imaging criteria for IV tPA except that they 
arrive after the guideline recommended time window. 

• We will test this hypothesis in subjects who are 

– last known well within 24 hours of hospital arrival, 

– have a pattern on brain tissue imaging by CT or MR consistent 
with hyperacute stroke, 

– can be treated within 4.5 hours of symptom discovery
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IWITNESS Secondary Aims

To determine if 

• MR and CT are similar in their ability to identify patients likely to 
respond to the IV tPA treatment

• Strokes upon awakening vs. those with unwitnessed onset later in 
the day are similar in their response to IV tPA treatment

31



Preliminary Data

• MR WITNESS 

• WAKEUP STROKE

• SAIL ON
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MR WITNESS Results: 
Baseline Characteristics 

• 80 subjects were enrolled between 2011-2015 at 10 sites

• 71% symptoms discovered at wake-up, 29% at other times

• 59% white, 54% male, mean age 67

• 14% had pre-stroke mRS >1

• Median NIHSS 7.5 (IQR 4.3-13.8)

• Stroke Subtype: TOAST assigned by site PI

– Large Artery Athero 15%, Cardioembolic 35%, Lacunar 26%, 
Cryptogenic 19%, Other 3%, Missing 3%



MR WITNESS Results: 
Primary Outcome

• tPA treatment started at median of 11.3 hr from LSW

• Time from discovery to tPA: 3.85 hr (2.83-4.25)

• Only 1 in 80 patients had sICH for a rate of 1.25%

– This rate was not different from ECASS3

– 1.25% (0.03%-6.80%) vs. 5.30% (3.30%-7.80%) p=0.15
– The primary outcome of the trial was met



MR WITNESS Secondary Outcome: 
Functional Outcomes at 90d

• At study completion at 90 day followup

– Median Barthel was 95 (75-100)

– Among the 69 subjects with pre-stroke mRS 0-1, there were 
30/69 (43.5%) with mRS 0-1 at 90 d

– Mortality 8.8%

– Median mRS (IQR) improved over time (n=80)

3 (1-4)
2 (1-3)



WAKE‐UP NCT01183533

• Prospective, multicenter, open label, single arm, safety trial 

• Standard dose IV tPA administration within 3 hr of awakening with 
NCCT without hemorrhage, or edema > 1/3 MCA territory

• Primary outcome: (sICH) in the first 36 hours <6.0% by ECASS 3 and 
NINDS criteria

• Secondary outcomes: modified Rankin Score (mRS) at 90 d

• Age 18-80, NIHSS ≤25 , Pre-morbid mRS ≤ 1

• All other standard IV tPA inclusion and exclusion criteria, except time 
from last seen well

• Andrew D. Barreto, Christopher V. Fanale, Andrei V. Alexandrov, Kara A. Sands, Kevin C. Gaffney, 
Farhaan S. Vahidy, Digvijaya D. Navalkele, Chad C. Tremont, Robert K. Hamilton, Claude B. Nguyen, 
Amrou Sarraj, George Lopez, Nicole R. Gonzales, Vivek Misra, Tzu-Ching Wu, Sheryl Martin-Schild, 
James C. Grotta, Sean I. Savitz



WAKE‐UP Results

• 40 subjects were enrolled at 5 sites between 2010–2013

• 100% symptoms discovered at wake-up

• tPA treatment started at mean of 10.3 hr from LSW

• Time from discovery to tPA: mean 2.6 ± 0.6 hr
• mean age 60.8 ± 13.2
• Median NIHSS 6.5 (range 2-24)
• Median ASPECTS 10 (range 4-10)

• No symptomatic ICH, 5.3% mortality

• 52.6%  mRS 0-1 at 90 d with 10% mimics (42.5% w/o mimics)
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Results: 90 day mRS Distribution MRWITNESS vs. 
WAKEUP 
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43.5%

52.6%



SAfety of Intravenous thromboLytics in stroke ON 
awakening (SAIL‐ON) NCT01643902

• Prospective, two center, open label, single arm, safety trial. 

• Standard dose IV tPA administration within 4.5 hours of awakening with 
NCCT without hemorrhage, or edema > 1/3 MCA territory

• Primary outcome: (sICH) in the first 36 hours <6.0% by ECASS 3 and NINDS 
criteria

• Secondary outcomes: modified Rankin Score (mRS) at 90 d

• Age 18‐80, NIHSS ≥ 4, Pre‐morbid mRS ≤ 1

• All other standard IV tPA inclusion and exclusion criteria, except time from 
last seen well

Victor C. Urrutia, Roland Faigle, Steven R. Zeiler, Elisabeth B. Marsh, Mona 
Bahouth, Mario Cerdan Trevino, Jennifer Dearborn, Richard Leigh, Susan Rice, 
Mustapha Saheed, Peter Hill, Rafael Llinas.



SAIL‐ON Results

• 20 subjects were enrolled between Jan – Sep 2015

• 100% symptoms discovered at wake-up

• tPA treatment started at median of 9.6 hr from LSW

• Time from discovery to tPA: 3.41hr (1.9-4.5)

• 55% white, 65% male, mean age 65

• Median NIHSS 6 (IQR 4-11)

• No symptomatic ICH

• 70%  mRS 0-1 at 90 days (median 1, range 0-5) with 5% mimics



The Lancet 2014 384, 1929-1935DOI: (10.1016/S0140-6736(14)60584-5) 

Time Dependent Benefit of tPA on Good Outcome 
(mRS 0–1) Ends at 5-6.5 hr

Emberson. Stroke Thrombolysis Trialists' Collaborative Group. Lancet. 2014 Nov 29;384(9958):1929-35
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Improved Stroke Outcomes
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Thank You
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