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OBJECTIVES

¤ Discuss clinical evaluation scale pre treatment for stroke 
(NIHSS), anatomic post treatment (TIMI/TICI) and clinical 
post treatment (MRS) 

¤ Discuss role of tPA in acute stroke treatment

¤ Update on intra -arterial mechanical and lytic 
endovascular stroke treatment 

¤ Tele-Stroke technology



CLINICAL EVALUATION WITH NIHSS (0-42)

¤Evaluation is based on complete motor, 

sensory, visual, speech, comprehension 

examination

¤0 No stroke symptoms

¤1-4 Minor  stroke 

¤5-15 Moderate stroke 

¤16-20 Moderate to severe 

¤21-42 Severe stroke



ASPECT SCORING (ALBERTA STROKE 

PROGRAM EARLY CT SCORE)

¤ )



MEASUREMENT OF CLINICAL 

OUTCOMES MRS



HOW IS RECANALIZATION MEASURED?

TICI Grade flow
Higashida & Furlan. Stroke 2003;34;e109-e137 

TICI 0 No Perfusion. No antegrade flow beyond the 
point of occlusion.

TICI1 Penetration With Minimal Perfusion. The 

contrast material passes beyond the area of 

obstruction but fails to opacify the entire 

cerebral bed distal to the obstruction for the 

duration of the angiographic run.

TICI2a Only partial filling (<2ú3)of the entire 

vascular territory is visualized.

TICI2b Complete filling of all of the expected 

vascular territory is visualized, but the filling is 

slower than normal.

TICI 3 Complete Perfusion. Antegrade flow into 

the bed distal to the obstruction occurs as 

promptly as into the obstruction and 

clearance of contrast material.

TIMI Grade 

Flow 
Khatri P, Neff J, 

Broderick JP, et al. 
Stroke 2005;

36:2400

TIMI

0

No perfusion

TIMI

1

Perfusion past the 

initial occlusion, but 

no distal branch 

filling

TIMI

2

Perfusion with 

incomplete or slow 

distal branch filling

TIMI

3

Full perfusion with 

filling of all distal 

branches, including 

M 3, 4



BOTTOM LINE

¤ # 1 cause of long -term disability.

¤ Ranks No. 4 among all causes of death.

¤ An estimated 7 million Americans  have had a stroke with 
an estimated additional 4 million by 2030.

¤ 795 000 people experience a new or recurrent stroke / 
year.

¤ Every 4 minutes, someone dies of a stroke.



IV-TPAFOR ACUTE ISCHEMIC 

STROKE 

¤ IV t-PA: only FDA approved medication for AIS in the US within 
3 hrs of symptom onset (NINDS.NEJM.1995).

¤ Benefit: Patients treated with IV t -PA were 30% more likely to 

have minimal or no disability at 3 months

¤ NNT(Number Needed to Treat to prevent one additional bad 

outcome) 8 to have a normal or near normal outcome within 

3 hours from symptoms onset ( Hacke et al. NEJM 2008)

¤ NNT 14 to have a normal or near normal outcome within the 

3- to 4.5 -hour window from symptom onset ( Hacke et 

al.Lancet 2008)

¤ RECANALIZATION RATES WITHIN 24 HOURS AFTER THE 

ADMINISTRATION OF IV TPA WITHIN 4.5 HOURS AFTER THE 

ONSET OF STROKE  ARE ONLY 14% FOR ICA ARTERIES AND 44% 

FOR MCA ARTERIES



TYPICAL IV-TPAPATIENT

¤ Time of onset of neurologic change known (3 -4 

hour window)

¤ If time of onset is not known then time when 

patient last noted to be normal is known ( ie: for 

patient who awakens with a deficit or was left 

alone and then found to have a defici ; 3-4 hour 

window)

¤ No significant findings of low desnsity /edema on 

CT both of which are indicative of tissue death

¤ No intraparenchymal hemorrhage seen on CT



IV-TPA IS NOT A PANACEA

Rate of Sustained Complete                         

Recanalization within Two Hours after 

Administration of a tPA Bolus 



WHAT IS DONE FOR PATIENT WHO 

PRESENTS WITHIN 3-4 HOURS, 

RECEIVES IV-TPA, YET DOES NOT 

RECANALIZEAFTER IV-TPA?

¤ Most are supported medically/surgically and 
moved to rehabilitation or nursing facilities since 
there is no evidence that additional invasive 
therapies are effective.

¤ Some patients undergo intra -arterial therapies 
such as intra -arterial TPA or thrombectomy off 
label or as part of a study (with family consent)



NO ONE KNOWS!!!!!!!!!!!!!!!!!!!!!!!!!!!

¤ DOES ADDITION OF IA TREATMENT BENEFIT 

PATIENTS WHEN USED WITHIN 3-4 HOURS OF 

STROKE WHEN USED IN ADDITION TO IV TPA?



¤ WHAT DO WE KNOW?

¤ IV TPA given within 4.5 hours of stroke is marginally effective

¤ PROACT II

¤ IA pro -UK + IV heparin given within 6 hours of a stroke increased 
recanalization rates of MCA as compared to IV heparin alone 

(66% vs 18%) and improved outcomes

¤ IMS III

¤ IV TPA given within 3 hours of stroke and thrombectomy device 
used vs IV TPA alone

¤ Recanalization rates higher in endovascular group but clinical 

outcomes the same

¤ SYNTHESIS Trial

¤ IV  TPA  outcomes no different that IV TPA + IA TPA when IA 
treatment postponed onset of treatment by 1 hour



WHAT IS DONE FOR A PATIENT THAT 

DOES NOT QUALIFY FOR IV-TPA?

¤EXAMPLES:

¤Patient outside 3 -4 hour window

¤Patient with contraindication to TPA

¤Patient with intraparenchymal

hemorrhage (no treatment)

¤Patient with evidence of completed 

large volume stroke (no treatment)



CASE 1

PATIENT PRESENTING EARLY (<3 HR) HAS 

CONTRAINDICATION TO TPA (recent surgery 

and GI bleed)



64 YO WOMAN WITH RECENT HX OF SURGERY AND GI 

BLEED. SHE PRESENTED WITHIN 3 HRS OF SYMPTOM ONSET ð

NIHSS 28

PRESENTATIONCT HEAD
PRE REVASCULARIZATION 

RUN





DETAILS

¤ ONSET TO PRESENTATION ð0:45

¤ ONSET TO PROCEDURE ð4:10

¤ ONSET TO REVASCULARIZATION ð5:40

¤ SOLITAIRE STENT RETREIVER 



POST PROCEDURE RUN POSTPROCEDURE MR



FOLLOW UP

¤Patient was discharged to rehab

¤Upon discharge she was ambulating 

with out support

¤Her language comprehension is intact

¤She has expressive aphasia ðable to 

answer in Yes & No responses 

appropriately



CASE 2

PATIENT PRESENTING LATE (>8 HR) HAS TANDEM 

OCCLUSION



81 YO WOMAN WITH NIHSS 21. LAST 

KNOWN WELL OVER 8 HRSAGO  

PRESENTATION CT HEAD FIRST ANGIO RUN





POST PROCEDURE RUN POST PROCEDURE MR



DETAILS

¤ ONSET TO PRESENTATION ð10:24

¤ ONSET TO PROCEDURE ð12:10

¤ ONSET TO REVASCULARIZATION ð13:30

¤ PROTÉGÉ STENT

¤ MERCI 2.5 SOFT



FOLLOW UP

¤ Clinically did very well and was discharged 

home

¤ Discharge NIHSS was 1



CASE 3

POST IV TPA WORSENING IN PATIENT WITH MCA M1 

OCCLUSION



78 YO MAN WITH APHASIA AND RIGHT HP 

WITH NIHSS OF 10. RECEIVED IV TPAð

IMPROVED INITIALLY TO NIHSS OF 1

PRESENTATION CT HEAD



ABOUT AN HR LATER AFTER IV-TPA

HE WORSENED AGAIN HAVING 

IMPROVED AFTER IV-TPAðNIHSS 

NOW 12





POST PROCEDURE HEAD CT SCAN



DETAILS

¤ ONSET TO PRESENTATION ð1:45

¤ ONSET TO PROCEDURE ð4:30

¤ ONSET TO REVASCULARIZATION ð5:10

¤ MERCI 2.5 SOFT



FOLLOW UP

¤Patient was discharged to rehab

¤Upon discharge he was 

ambulating with out support

¤Language comprehension was 

intact



ENDOVASCULAR THROMBECTOMY 

STROKE TREATMENT

Currently there are 4 FDA approved 

devices for stroke treatment:

¤MERCI ðApproved in 2004

¤PENUMBRA ðApproved in 2008

¤SOLITAIRE ðApproved in Mar 2012

¤TREVO ðApproved in Aug 2012



MERCI DEVICE





SOLITAIRE FLOW RESTORATION 

DEVICE





PENUMBRA





Q: WHY DO WE FOCUS ON DEGREE OF POST THERAPY 

RECANALIZATION?

A: THERE IS A TREND THAT THE BETTER THE 

RECANALIZATION THE LOWER THE MRI INFARCT 

VOLUME



WHAT STUDIES ARE AVAILABLE LOOKING AT 

THE EFFICACY OF THROMBOLYTIC THERAPY 

AND EMBOLECTOMYTHERAPY?



PREVIOUS POSITIVE STUDIES

PROACT II

IA UK Tx + IV heparin vs IV heparin
N=180 patients

MCA strokes Ò 6 hrs

9 mg of IA r -proUK plus heparin (n = 121) or heparin only (n = 59).

Primary outcome: mRSÒ2

mRSÒ2 40% of r-proUK and 25% of control patients had a mRSÒ2 

(P = .04). 

Mortality 25% for the r -proUK and 27% for the control. 

Recanalization 66% for the r -proUK and 18% for the control (P<001). 

sICH 10% of r-proUK and 2% of control (P = .06).

Furlan et al. JAMA 1999 



PREVIOUS POSITIVE STUDIES (MELT)

Urokinase vs Control groups (n=114)
MCA strokes Ò 6 hrs

Patients were randomized to the UK or control groups

mRSÒ2 (Primary 

end point)

Somewhat more frequent in the UK group (49.1% and 

38.6%, OR: 1.54, 95% CI: 0.73 to 3.23) (p=.345). 

mRSÒ1 

(preplanned 

secondary end 

point)

was more frequent in the UK group (42.1% and 22.8%, 

p=0.045, OR: 2.46, 95% CI: 1.09 to 5.54). 

sICH 9% and 2%, respectively (P=.206).

Mortality The 90-day cumulative mortality was 5.3% in the UK group 

and 3.5% in the control group (NS)

Recanalization 73%

Did not reach primary outcome of favorable outcomes, however met secondary 

outcome
Ogawa et al.. Stroke 2007.



SWIFT TRIAL

Solitaire vs MERCI (RCT)  - N=144
MCA strokes Ò 8 hrs.

Non inferiority hypothesis

Primary efficacy 

end point : TIMI 2 

or 3 with no sICH

60.7% Solitaire and 24.1% MERCI (P<0.0001)

Secondary end 

points (Clinical 

efficacy and 

safety)

mRSÒ 2 at 90 days:58.2 % Solitaire vs 33.3% MERCI 

(P=0.0001)

Mortality: 17.2% Solitaire vs 38.3% MERCI (P=0.0001)

N=144 18 sites (55 Merci, 58 solitaire, and 31 roll in)

Recanalization 88.9% Solitaire vs 67.3% MERCI (p=0.01)

Saver et al. Primary results of the SOLITAIRE Fr with the intention for thrombectomy multincenter (SWIFT), RCT. ISC 

2012 



ENDOVASCULAR THERAPY 

COMBINED WITH IV-TPA

¤ MR. CLEAN

¤ ESCAPE

¤ EXTEND-IA

¤ SWIFT-PRIME

¤ REVASCAT

¤ THRACE

¤ THERAPY



CURRENT RECOMMENDATIONS 

FOR IV-TPA + THROMBECTOMY

¤ Combined therapy is indicated when:

¤ CTA shows ICA or M1 occlusion

¤ Age > 18

¤ NIHSS > 6

¤ ASPECT SCORE  > 6

¤ Functionally independent

¤ Administer TPA if within 4.5 hours of onset and 
perform IA therapy if puncture can be achieved 
within 6 hours of onset



WHAT DO WE KNOW?

¤IV-TPA improves clinical outcomes.

¤The sooner and more completely the artery is 
re-canalized, the higher the chances of a 
good outcome and in general the smaller 
the stroke volume

¤IA provides higher recanalization rates than 
IV-TPA alone.

¤IA takes longer to initiate than IV tpa .



WHAT WE DONõT KNOW?

¤ Who benefits from treatment?

¤ Does IA therapy improve overall outcomes compared 

to IV therapy alone or in combination?

¤ How can we select patients who will and will not 
benefit from stroke therapy ?

¤ How do we determine when a patient is a candidate 

for therapy without simply relying on deficit duration?

¤ Do physiologic studies such as cerebral blood flow, 

cerebral perfusion, stroke burden provide better 
information for selecting patients for specific therapies 

than duration and degree of deficit alone?  



STROKE PATIENTS NEED TO BE 

TREATED FAST!

POOLED ANALYSIS

Combined NINDS, ECASS, 

ATLANTIS: 2776 patients

Hacke et al.Lancet . 2004



THE CONCEPT OF PHYSIOLOGIC TIME IS 

PROBABLY MORE IMPORTANT THAN 

CHRONOLOGIC TIME

¤ Core: Tissue that will 

inevitably die and is beyond 

salvage.

¤ Penumbra : Total area of 

hypoperfusion .

¤ GOAL IS TO PRESERVE THE 

PENUMBRA

¤ DEFUSE study focuses on this 

issue and physiologic time 

issue

http:// www.radiologyassistant.nl



DEFUSE 2 STUDY

DEFUSE PROTOCOL USED RADIOLOGIC IMAGING TO LOOK AT DEAD 

TISSUE VOLUME PRIOR TO TREATMENT (DIFFUSION WEIGHTED MR

IMAGING) AND ISCHEMIC TISSUE PRIOR TO TREATMENT (PERFUSION MR

IMAGING)

THE STUDY FOUND THAT THE IDEAL CANDIDATE FOR STROKE THERAPY 

AND IA STROKE THERAPY WERE THOSE WITH AN INFARCT VOLUME LESS 

THAN 50 CC AND PERFUSION:DIFFUSIONRATIO OF 1.8 OR GREATER

THEREFORE, SMALL AMOUNT OF BRAIN IS DEAD AND A LARGER AREA OF 

PENUMBRA (TISSUE THAT CAN BE SAVED) IS PRESENT.  AS A RESULT, THIS 

PATIENT EVEN WITH A POOR EXAM, EVEN OUT MANY HOURS STILL HAS 

BRAIN THAT CAN BE SAVED BECAUSE IT IS NOT COMPLETELY DEAD.  

PATIENT LIKELY HAS COLLATERAL FLOW THAT IS KEEPING BRAIN FROM 

COMLETELY DYING.  THIS BRAIN WILL ULTIMATELY DIE IF BLOOD FLOW 

CANNOT BE RESTORED.



PATIENT PRESENTATION

¤History of HTN, H.Chol and CAD

¤Baseline NIHSS 12

¤Left ICA terminus occlusion

¤9.5 hours from onset to groin 

puncture

¤63 year old man

¤Conscious sedation



BASELINE MRI
¤ DEFUSE protocol studied patients that were outside 

IV window(diffusion and perfusion MRI studies)



BASELINE ANGIOGRAMS

¤ICA terminus occlusion



COLLATERALS



MERCI RETRIEVAL PASSES & DEVICES

¤ DAC Manual aspiration opened the  ICA terminus 

¤M1 recanalization

¤ Strada shuttle sheath, 6 French. 

¤ Tri-axial system: DAC(0.052), 18L, Synchro .

¤ Merci device retrieved into the DAC



FINAL ANGIOGRAM



FOLLOW-UP MRI

¤Small BG infarct


