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• Lecture Outline

– How we know what we know

– Concept of neuroprotection and revascularization

– Basics of acute stroke care

– NINDS controlled trial 1995 

– Background of cerebral thrombolysis

– Subsequent experience

• Pregnant women, the very elderly, children

– 3 to 4.5 hour window

– Intra-arterial clot removal



Why we have courses like this one-
so we can reduce the amount of unknowns

• Donald Rumsfeld, Secretary of Defense 1975-77, 2001-6 (born 1932)

– He was both the youngest and oldest Secretary of Defense. 

• “Reports that say that something hasn’t happened are always 
interesting to me, because as we know…there are known knowns. interesting to me, because as we know…there are known knowns. 
There are things we know that we know. There are known unknowns. 
That is to say, there are things that we know we don’t know, but there 
are also unknown unknowns. There are things we don’t know we don’t 
know.



Facts about Ischemic Stroke
Source- Lloyd-Jones, et al. Circulation 2009;119:e21-e181

– 4rd leading cause of death in USA (after heart disease, cancer, and 

lower respiratory tract disease).

• =143,000 deaths per year

– 610,000 new strokes, 185,000 recurrent strokes/year

– 90% of survivors left with deficit

– $57,900,000,000 direct (64%) and indirect (36%) costs/year– $57,900,000,000 direct (64%) and indirect (36%) costs/year

– Cost of the acute stroke- 68.9 Billion $/year

– Stroke commonly precipitates progressive dementia, which 
has serious long-term implications- an understudied aspect of  

stroke prevention. This may not be captured in the relatively 
short-term follow up in most studies.



Acute Stroke- subtypes
JB’s Gut Feeling on %

% of ICH higher at MMC

Hemorrhage

Cardioembolic

Lacunar, inc thalamic

Extracranial Carotid

Large Vessel, other

Dissection

Other Causes



How doctors know 
what they know

• We are trained in the scientific method, potentially 
enabling us to make sense of clinical observations. 

• We read a lot and get intensive 1 on 1(+) training. 

• Some facts and rationale for treatments is obvious-• Some facts and rationale for treatments is obvious-
the easy stuff has been figured out.
– Pulling rip cord when parachuting, appendectomy for 

appendicitis, etc.

• Currently, effect of treatments has to be determined 
by controlled clinical trials, usually with placebo arm 
and blinded investigators. 
– Effect of knowing treatment on raters’ judgment. 



The ischemic penumbra and re-vascularization

• The core of the infarct 
is irreversibly 
damaged

• The edge of the 
infarct has tissue 
potentially viable.  potentially viable.  
Some of the 
penumbra will 
survive, some will not.

• Removing the 
blockage helps save 
brain tissue (tPA, IA)



NEUROPROTECTION
can we save brain tissue at risk?

• Rescuing injured 
and potentially 
viable neurons 
after an ischemic 
insult

• The duration of • The duration of 
the“Window of 
opportunity” is 
unknown but is 
short, upto 4-6 
hours, maybe less 
(depends on degree of 
hypoperfusion)

• “Time is brain”At peak of ischemia, ~1.9 million brain
Cells are lost each minute (Saver)



The ischemic penumbra

• Pharmacological agents and re-vascularization have the potential to increase 
the fraction of neurons that will survive the initial ischemic insult

• Clinical trials are negative to date. 
– To date, drugs have worked in grey matter only– To date, drugs have worked in grey matter only
– Drugs are developed in young laboratory animals
– Multiple biochemical adverse reactions are occurring, drugs work on 1 aspect only
– Example- hypothermia in cardiac arrest

• Currently-
– Prevent fever (accelerates bad chemical reactions).
– Prevent hyperglycemia (add fuel to the fire).
– ? Hypothermia (trials in progress).
– BP control may influence outcome of the penumbra (more in ischemia and less in 

hemorrhages).



How do we recover from a Stroke?

• Resolution of pathological sequellae-
cerebral edema, diaschisis (area disrupted 
at a distance from infarct), denervation 
supersensitivity, and rapid changes in 
dendritic spines.dendritic spines.

• Adaptive responses-- un- and re-masking, 
and slow adaptive responses such as 
regeneration, pruning, collateral sprouting, 
and ingrowth (neuronal plasticity).

• Where ?- neighboring brain, contralateral 
areas (fMRI and PET data).



Basics of Acute Stroke Care

• Pre-Hospital Care

• Initial rapid evaluation

• Ischemic Stroke

– ? Is patient a t-PA candidate*** discuss in detail– ? Is patient a t-PA candidate*** discuss in detail

• Hemorrhagic Stroke
– Can you handle an ICH at your hospital?

– SAH- all to MMC or hospital with an  appropriate neurosurgical 
team

• TIAs
• More detailed discussion on BP in stroke, t-PA recanalization rates and data 

on hemorrhage rates.



Pre-Hospital Care

• Call from REMIS

• Focal signs and symptoms

– Cincinnati Stroke Scale

– History- what exactly  
happened

– Basic Exam Findings

• ABCs

• Can the patient talk?

• Can the patient see?

• Can the patient see?

• Vital Signs, attention Blood 
Pressure

• Document in the usual fashion



Rapid Initial Evaluation

• Brief Clinical History and Exam

– Mode and time of onset

– Know basic medical conditions of patient, medications, etc.

– Blood Pressure– Blood Pressure

– NIH Stroke Scale (NIHSS)

• Non-contrast head CT scan

– Sometimes multimodality imaging (CTA, CT perfusion, 
MRI/MRA)

• Labs (CBC, blood sugar, PT if on warfarin, CMP, cardiac 
enzymes)

• ECG (R/O atrial fibrillation or acute MI).



Acute Stroke Treatment

• Thrombolysis in selected cases

• Start aspirin ASAP 325 mg qd

• BP, blood sugar control, etc.• BP, blood sugar control, etc.

• Rehabilitation

• DVT prophylaxis

• Anti-coagulation ?



IV t-PA Summary/”Bottom Line”

• Definable time of onset- administer within 
3 hours

• < 1/3 MCA territory

• BP < 180 systolic and 110 diastolic

• If on Warfarin, INR < 1.6

• No recent major surgeries or trauma

• No ischemic stroke within 3 months

• No history of ICH or SAH

• NIHSS < 22.

• low blood sugar. No Todd’s paralysis

• No low platelets, unexplained anemia.



Background of cerebral 
thrombolysis

• Lots of old data goes back to 1960s, 
poor results. CT scanning was invented 
in the 1970s. Streptokinase was likely 
given to ICH patients. given to ICH patients. 

• We had no idea about time windows, 
patient selection, etc.

• No wonder it did not work

• Success in cardiac applications and the 
pressing public health need for effective 
treatments encouraged more research. 



Thrombolysis- old data



Thrombolysis- old data

• Patient selection- moderate to severe MCA territory infarcts were 
randomized to receive 1.5 million units streptokinase over 1 hour or 
placebo within           6 hours of onset.

• Outcome measures- Rankin score at 6 months, mortality, & ICH.

• Results- 156 Rx’ed and 154 placebo patients entered.

• No difference in outcomes (124 streptokinase and 126 placebo patients 
had Rankin >3).

The Multicenter Acute Stroke Trial- Europe Study Group

Thrombolytic Therapy with Streptokinase in Acute Stroke

N Engl J Med 1996;335:145-150.      MAST-E Study

had Rankin >3).

– Mortality at 10 days was higher in streptokinase group (34% vs 18%) 
primarily due to significantly higher rate of symptomatic ICH.

– At six months, more deaths occurred in the streptokinase group, 73 vs 59, 
P=0.06).

• Conclusions: in patients with acute ischemic stroke, treatment with 
streptokinase resulted in an increase in mortality. The routine use of 
streptokinase cannot be recommended in acute ischemic stroke. 

• Note: streptokinase is cheap. It also has a small but real chance of 
anaphylaxis. 

• Do not use it. 



Thrombolysis-
old data

• Mori (Neurology 1992;42:976-982)- angiographic study of iv t-PA

– 6 hour window. 1/10 distal ICA occlusions re-canalized. 10/21 M1 (stem) re-
canalized. Distal MCA branch occlusions had better radiographic outcome. Placebo canalized. Distal MCA branch occlusions had better radiographic outcome. Placebo 
had little effect.

– Conclusions: dose matters, location, location, location, just like real estate.location, location, location, just like real estate.location, location, location, just like real estate.location, location, location, just like real estate.

• von Kummer, et al. Does Arterial Recanalization Improve Outcome in Carotid 
Territory Stroke? Stroke 1995;26:581-587.   ANSWER- YES!

– 6 hour window, all patients received IV or IA t-PA or Urokinase, and had pre- and 
post-Rx catheter angiograms, and clinical and CT assessments. TCD was done at 48 
hours.

– Results- large artery occlusions had poor recanalization rates and poor outcomes. 
Patients with MCA recanalizations did better. Better collateral flow patterns correlated 
with better outcomes.

• So, don’t you think direct delivery of drug would be better?



Intravenous angiographic 
studies

• hh



Thrombolysis- background facts

• Does dose matter? Yes

• How was 0.9 mg/kg decided?

– Dose escalation studies were done: 0.6mg (n=8), 
0.85 mg (n=6), and 0.95 mg/kg (n=6), 91-180 
minute window, open label study design. minute window, open label study design. 

– No patients in the lower two doses had ICH. Two 
patients given 0.95 mg/kg had symptomatic ICHs. 

– 0.9 mg/kg was chosen as dose for pivotal trial.

• Haley C, Levy DE, Brott TG, et al. Urgent Therapy for Stroke. Part II. Pilot Study of Tissue 
Plasminogen Activator Administered 91-180 minutes from Onset.  Stroke 1992;23:641-645.



Thrombolysis- background facts

• IV t-PA approved ~1996, yet use remains controversial.
– Neurologist support its use, Emergency Medicine Physicians have been less supportive 

(generalization)

– Statistical analysis is complex- outcomes are dichotomous and non-parametric methods 
are needed.

• Review of early thrombolysis data is often forgotten.

• Summary:

– Thrombolysis works, within defined time frame. It takes time to work.

• dWI, perfusion MRI and perfusion CT techniques may extend window beyond 3 
hrs.

– It doesn’t work when arteries are open.

– It doesn’t work well in internal carotid, MCA, or BA occlusions. 

• “You can’t get there from here,” a famous Maine Downeast saying

– In IA thrombolysis, mechanical clot disruption was not allowed in PROACT, 
per FDA dictum. In real life, mechanical disruption helps.

• However, “mechanical clot removers” (shake and bake- laser, pincer) are not ready 
yet.



Summary of  NINDS Study

• 3 hour window (alt enrollment @ between windows)

• NIHSS > 4, - CT (no ICH, < 1/3 MCA territory 
ischemic, labs OK (CBC, PT, PTT, BS OK. BP OK 
(systolic <185, diastolic < 110 mmHg), no seizure at 
onset, no surgery within 21 days or LP within 7 
days, no hx ICH/SAH, no heparin within 48 hrs, INR 
<1.6, bs > 400 or <50.

• 0.9 mg/kg, 10% as bolus over 5 min, then 95% over 
1 hr. 1 hr. 

• RESULTS: + trial with composite outcome scores at 
3 months. Later analysis, better if given sooner.

• ICH rate: ~6%

• FDA approved Sept 1996. 

• 2 European studies were -.  1.1 mg/kg, 6 hr 
window, lots of protocol violations.

• 1 US study – for 3-5 hr window (ATLANTIS).

• Subgroup analysis (Stroke 1997;28:2119-2125) not 
helpful in distinguishing who will benefit, who will 
not.



Time is Brain
Association of Outcome with Early Stroke Treatment: pooled analysis of ATLANTIS, ECASS, 

and NINDS rt-PA Stroke Trials. The Lancet 2004;363:768-774.

• I think three factors explain this 
obvious observation:

– Necrosis of the artery wall occurs. 
Re-perfusion will mechanically 
shear the vessel, causing ICH.

– The ischemic penumbra is failing. – The ischemic penumbra is failing. 
Nothing will help.

– Re-perfusion will actually worsen 
the “evil humor” neurochemical 
reactions occurring in the cells. 
Substrate is added to “bad 
reactions,” accelerating cell death.

• ATLANTIS and ECASS I & II were 
negative trials for several reasons, 
one of which was time window.



Intra-arterial clot removal

• Great sexy topic

• An interventionist could show 
example after example of great 
outcome cases. 

• Devices have improved

• 3 studies published in Feb • 3 studies published in Feb 
2013 showed no benefit, but 
used old devices, relatively 
long time windows

• Currently, studies are being 
repeated

• Situation is “in flux.”



Thrombolysis 
in the elderly- a 

frequent question

• 13 major neurological centers pooled data 
in all t-PA patients, comparing outcomes 
and adverse effects in patients, comparing 
those above and below age 80.

• Risk of ICH- fatal, symptomatic, and total

– 80 & ↑ 3%, 3%, and 7%

Tanne D, Gorman MJ, Bates VE, et al. Intravenous

Tissue Plasminogen Activator for Acute Ishemic Stroke

in Patients 80 Years and Older. Stroke 2000;31:370-375

– 80 & ↓  2%, 6%, and 9%

• 80 + less likely to have protocol violation 
and more likely to be seen by “stroke 
service.”

• Conclusions: No evidence was found to 
exclude elderly patients with ischemic 
stroke from t-PA use.

• Gorman MJ, Tanne D, Lewandowski C. 
Centenarian Stroke Treated with Tissue-
Type Plasminogen Activator. Cerebrovas 
Dis 2002; 13:285-287. t-PA in a 100 yo ♀
with excellent outcome.



Phase IV intravenous t-PA Studies

• Several studies show reduced ICH rate to ~3%
when the protocol is strictly followed, especially 
BP.

• ICH rate ~10-12+% if protocol violations occur. 
• References available upon request.
• MMC has done well.
• “Spectacular shrinking deficit” has high rate of 

deterioration within 24 hours. 
• Small infarcts have very low rate of ICH.
• Upper age limit? 
• New developments

– Phase III- long-acting, very clot specific agent initially 
isolated from bar saliva.

– “Bridging-” that is combining IV and IA lysis.



Special circumstances

• Pregnant women

• Children

• The really old

• 3 to 4.5 hour window• 3 to 4.5 hour window



t-PA in pregnant women



• >200 pregnant patients have received thrombolytic Rx (all indications, not just 
stroke).

– Low overall maternal mortality- 1%

– Low fetal loss- 6%

– Infants are normal if Rx goes well.

– The worry- placental abruption/bleeding

• Typical indications: thrombosed cardiac valves, stroke, pulmonary embolism in 
all 3 trimesters- all serious, life threatening diseases

• Intra-arterial t-PA use has been reported



t-PA in children

• Above- Stroke 2008:39:2644-91

• Child Neurologists commonly face situations where “data” is from adult patients.

• Clinical trials in children- hard to do

• To my knowledge, we have not yet given t-PA to anyone under age 18.

• Would you do it under the right circumstance?



• Intelligent thoughts appreciated



• aa



The elderly

• Survey of 13 hospitals found 30 cases of iv t-PA given to patients 
over age 80.

• ICH risk was 3.5% for fatal bleed, 3.5% for symptomatic, non-fatal 
bleed, and 7% total ICH as compared to 2.5%, 6.5%, and 9% for 
the younger cohort at the same centersthe younger cohort at the same centers

• Elders had significantly less protocol deviations

• Outcomes by Rankin Scale were comparable.

• Logistic regression analysis- no differences for favorable or poor 
outcome in older patients.

• Conclusion: there is no reason to withhold iv t-PA for patients over 
80 years of age.



More
data

• Swiss centers combined their stroke data banks to look at outcome in 
patients- 38 over 80 and 287 under 80.patients- 38 over 80 and 287 under 80.

• Outcomes- Rankin 0 or 1 and ICH (asymptomatic, symptomatic, or fatal).

• Logistical regression analysis- stroke severity, time to thrombolysis, glucose 
level, and presence of CAD predicted outcome.

• Age did not predict outcome

• Editorial (Hemphill and Lyden) is quite good- stroke M&M is higher in elders, 
with or without thrombolysis. Use it.

• Other similar studies have been published.

• Reports of 100 and 103 yo patients getting t-PA are published.



Beyond the 3 hour window

• Recent study shows potential 
but other studies did not show 
this.

• The European regulatory 
agency did approve t-PA in 
this time window but the FDA 
did not.did not.

• For most providers, I would 
only use the recent study to 
justify t-PA if you start near the 
3 hour end point and think you 
can do it but delays occur and 
you are a little over 3 hours.

• At MMC, we do 4.5 hour 
window but most ischemic 
stroke patients present in 0-3 
hour window.



IV Thrombolysis 3 to 4 ½ Hour 
Time Window



Background Information

• 1995 NINDS Study Group reported benefit of 3 hour window iv t-PA

– Treatment group 30% more likely to have minimal or no disability at 3 

months

– Symptomatic intracranial bleeding 6% in t-PA group, 0.6% in placebo 
group

• 2 European studies negative, 0-6 hour window (ECASS I  & II)

• Pooled analysis of all studies showed benefit of Rx between 3 and 4 ½ hours

• In 2002, European Medicines Agency (EMBA- their FDA) granted approval of 
alteplase (t-PA) with 2 requests- an observational 0-3 hr window study and a 3-4.5 alteplase (t-PA) with 2 requests- an observational 0-3 hr window study and a 3-4.5 
hr study

– SITS-MOST- completed and reported- 0-3 hr window is safe in community 

setting

– ECASS III- positive 3 to 4 ½ hour window study to be discussed



ECASS III Inclusion and Exclusion Criteria

Word on the 

street about 

DM and prior 

stroke 

exclusion 

criteria: done 

to improve 

odds of odds of 

positive study.

Hypothesis: 

efficacy of 

alteplase 

acute IS can 

be safely 

extended to 

time window 

3-4.5 hrs after 

onset.



ECASS III Miscellaneous

• Initial time window 3-4 hrs, extended to 4.5 after results of 
pooled analysis published and slow rate of recruitment.

• 0.9 mg/kg t-PA, 10% bolus, 90% over 1 hour

• Same BP, medical Rx as we are accustomed.

• 821 patients randomized, 418 to alteplase (375 received), • 821 patients randomized, 418 to alteplase (375 received), 
403 placebo (355 received placebo).13 alteplase patients 
lost to FU, 10 in placebo group.

• Outcome measures at 90 days- 1o Rankin (favorable 0-1, 
unfavorable 2-6), Barthel Index 95+, 0-1 NIHSS, 1 on 
Glasgow outcome scale.

• Safety- mortality at 90 days, any ICH (symptomatic= ↓ 4 on 
NIHSS), symptomatic edema



ECASS III 
Demographics

• Blah, blah, blah
• Exclusion- diabetes 

and prior stroke- 15% and prior stroke- 15% 
were diabetic and 
~10% had prior stroke.

• Why excluded in final 
recommendations?

• Because DM and prior 
stroke excluded in trial, 
but not DM or prior 
stroke in isolation.



ECASS III
• Odds Ratio Functional Outcomes 

in Per-Protocol Population 
(Target Population)

• Target population results better 
than Intention-to-treat population

End Point Favorable Outcome with Alteplase as 
Compared with Placebo

Day 30 Day 90

Odds ratio

(95% CI)

P Value Odds ratio

(95% CI)

P Value

mRS 0 or 1 1.46 (1.09-
1.96)

0.01 1.47 (1.10-
1.97)

0.001

mRS 0-2 1.32 (0.98-
1.77)

0.07 1.41 (1.01-
1.96)

0.04

Barthel 

Index Score 

> 95

1.35 (1.01-

1.81)

0.04 1.33 (0.99-

1.80)

0.06

NIHSS score 0 
or 1, or >8 point 
improvement 
from baseline

1.46 (1.09-
1.96)

0.01



ECASS III
• Odds Ratio Functional 

Outcomes in Intention to 
Treat Population

End Point Favorable Outcome with Alteplase as 
Compared with Placebo

Day 30 Day 90

Odds ratio

(95% CI)

P Value Odds ratio

(95% CI)

P Value

mRS 0 or 1 1.42 (1.08-

1.88)

0.01 1.34 (1.02-

1.76)

0.04

mRS 0-2 1.23 (0.93-
1.64)

0.15 1.30 (0.95-
1.78)

0.11

Barthel 

Index Score 
> 95

1.28 (0.98-

1.69)

0.08 1.23 (0.93-

1.62)

0.15

NIHSS score 0 
or 1, or >8 point 
improvement 
from baseline

1.35 (1.02-
1.78)

0.03



ECASS III

• Same as in 
NINDS, trend to 
improvement in 
all areas.all areas.

• Our patients 
should be 
considered in 
“target 
population.”



ECASS III Safety
• For definitions, see 

next slide.

• Note, SC heparin 
used and was safe.

Adverse Events Alteplase Group Placebo 
Group

Odds Ratio P Value

Any ICH 113 (27%) 71 (17.6) 1.73 (1.24-2.42) 0.001

Symptomatic ICH

Per ECASS III Definition 10 (2.4%) 1 (0.2%) 9.85 (1.26-

77.32)

0.008

77.32)

Per ECASS II Definition 22 (5.3%) 9 (2.2%) 2.43 (1.11-5.35) 0.02

Per SITS-MOST Definition 8 (1.9%) 1 (0.2%) 7.84 (0.98-63.0) 0.02

Per NINDS Definition 33 (7.9%) 14 (3.5%) 2.38 (1.25-4.52) 0.006

Fatal ICH 3 (0.7%) 0

Symptomatic Edema 29 (6.9%) 29 (7.2%) 0.96 (0.56-1.64) 0.89

Death 32 (7.7%) 34 (8.4%) 0.90 (0.54-1.49) 0.68

Others 105 (25.1%) 99 (24.6%)



Various ICH Definitions

• ECASS II and III- any hemorrhage with 
neurological deterioration, as indicated by a  
NIHSS score that ↑’ed by 4 points or any fatal 
bleed. Exception: ECASS II but causal relation 
between clinical deterioration and hemorrhage   not 
required.required.

• SITS-MOST- local or remote ICH by CT or MRI at 
22 to 36 hours p drug plus neurological 
deterioration (↑ 4 points) or death.

• NINDS- new bleed by CT and suspicion of 
neurological deterioration.



ECASS III 
Conclusions

• As compared to placebo, iv alteplase administered between 
3-4.5 hours after stroke onset significantly improved clinical 
outcomes in patients with acute IS.outcomes in patients with acute IS.

• Alteplase was significantly associated with symptomatic 
intracranial hemorrhage.

• Patrick Lyden MD- accompanying editorial- Go for it. Time 
is brain. Go fast.

• Note, SQ heparin (total 10,000 IU or equivalent LMWH 
dose) allowed during 1st 24 hours and was safe- Ok to use 
for DVT prophylaxis.



Conflicts to resolve

• 3 to 5 hour window t-PA study reported in 1999 (JAMA).

– A negative study. Safety committee stopped trial for lack of favorable 
trend

• Symptomatic ICH 7.0% vs 1.0% in placebo patients.

• 80% of patients were enrolled between 4 and 5 hours.

• ECASS I and ECASS II- 0-6 hr window, weighted to later Rx, 
lots of protocol violations.

• We have 2 negative 0-6 hour window studies (ECASS I & II).



Annals of Neurology
2009;66:6-10

• Go fast



What do we do for brain attack 3 to 
4.5 hours?

• As JB sees it:
• At MMC, do it.

– Emergency Medicine, we 
need to alter order sets and 
protocols

– No Warfarin use at all.– No Warfarin use at all.
– Age < 80 years, prior stroke 

and diabetic exclusions are 
a “slippery slope.” DISCUSS

• For telestroke applications, 
wait for FDA approval 
(expected Winter 2010) as 
a general rule.

• Do not look for expansion 
of 4.5 hour iv t-PA window.



Neurologists- what to do

• Document times of symptom onset, calls 
from REMIS or ED

• We aim for door-to-needle time of 60 
minutes. 

• Expansion of time window does not mean • Expansion of time window does not mean 
slower response.

• ED docs- use stat order sets, protocols in 
place, document findings if not t-PA 
candidate explicitedly. JC takes points off 
if not documented well

• Dysphagia documentation for all!



Recent Experience with IV t-PA and Chance of Recanalization

• Retrospective analysis of Beth Israel Deaconess 
(Boston) Medical Center between January 1998 
and January 2002, identifying 36 patients given IV 
t-PA in standard fashion.

– All had pre-Rx MRI/A and follow up MRA or TCD, 
and sequential NIHSS and modified Rankin scales. 

• 19 patients had MCA occlusion and 17 ICA + 

Linfante I, Llinas RH, Selim M, Chaves C, Kumar S, Parker RA, Caplan RC, Schlaug G. Clinical and

Vascular Outcome in Internal Carotid Artery Versus Middle Cerebral Artery Occlusions After 

Intravenous Tissue Plasminogen Activator. Stroke 2002;33:2066-2071. 

• 19 patients had MCA occlusion and 17 ICA + 
MCA occlusion before t-PA.

• Two examples
– Top → 73 yo ♂ with sudden onset R HP, aphasia, 

etc, with NIHSS 21. 2nd scan is 24o later (NIHSS 6), 
showing recanalization. MTT has almost 
normalized.

– Bottom → 50 yo ♀ with sudden onset R HP and 
aphasia, NIHSS 16. MRI 24o later shows growth of 
small initial lesion. NIHSS was 11 at 3 days and 14 
at 1 month.

• Time to Rx: 135+36 min in MCA and 136+40 min 
in MCA + ICA group. All patients Rx’ed within 3 
hrs.



Chance of Recanalization- Linfante, et al.

• Top figure- comparison of NIHSS scores at 
days 1 (pre-tPA), 2 and 3 after tPA in 
patients with ICA-plus MCA occlusion (ٱ) vs 
patients with isolated MCA occlusion ( █ ). 
*P=0.04, **P=0.03 (Wilcox rank sum).

• Bottom figure- comparison of NIHSS scores 
at days 1 (pre-tPA), 2 and 3 after tPA in 
patients who recanalized   ( █ ) vs patients 
who did not recanalize (ٱ). *P=0.004, who did not recanalize (ٱ). *P=0.004, 
**P=0.003 (Wilcox rank sum).

• 19 patients had MCA occlusion and 17 had 
MCA + ICA occlusion before tPA. Initial 
NIHSS scores were =. At day 3, the MCA 
only group had a lower NIHSS (good).

• % Recanalization (partial or complete):

– MCA only- 15 of 17 (88%) 

– MCA + ICA- 5 of 16 (31%)   P=0.001 (Fisher Exact 

Test)

• hh



Chance of recanalization (cont)

• In this small cohort, patients with MCA occlusions have better NIHSS at days 1 
and 3 and a higher proportion of recanalization compared with patients with ICA 
occlusions after treatment with a standard IV tPA protocol.

– These results are c/w prior studies of similar patients.

Linfante I, Llinas RH, Selim M, Chaves C, Kumar S, Parker RA, Caplan RC, Schlaug G. Clinical and 

Vascular Outcome in Internal Carotid Artery Versus Middle Cerebral Artery Occlusions After 

Intravenous Tissue Plasminogen Activator. Stroke 2002;33:2066-2071. 

– These results are c/w prior studies of similar patients.

• The mechanism of arterial occlusion may be important.

– Fibrin-rich embolic occlusions may recanalize more often than in situ 
thrombosis engrafted on atherosclerotic lesions. 

– The presence of a blood clot in the ICA might prevent the delivery of an 
adequate dose of tPA to the occluded MCA. 

• Conclusions: MCA occlusion patients have a better outcome than ICA 
+ MCA occlusions after tPA Rx within 3 hours of symptom onset. The 
site of occlusion is likely important. Alternative interventions, such as 
IV/IA, IA, and/or mechanical thrombolysis may be needed to achieve 
early recanalization.



Outcome of Acute Stroke Patients Without Visible 
Occlusion on Early Arteriography

Arnold M, Nedeltchev K, Brekenfeld C, et al. Stroke 2004;35:1135-1140.
University of Bern, Bern, Switzerland

• Aim of study- to determine the clinical and radiological outcome of acute 
stroke patients who had no vessel occlusion on arteriography and 
define predictors of outcome.

• Clinical and radiological data of acute stroke patients who had 
arteriography performed within 6 hours of symptom onset and did not arteriography performed within 6 hours of symptom onset and did not 
visualize any vessel occlusion (outcome data from these patients have 
not been reported from PROACT II cohort).

• 28 of 283 patients (10%) had urgent arteriography with the intent of 
administering IA t-PA did not show any arterial occlusion.

– Median NIHSS was 7

– Time from symptom onset to arteriography ranged from 115 to 315 minutes, 
226 minutes on average.

• Eventual stroke mechanisms- cardiac embolism in 10 (39%), SVD in 6 
(21%), coronary angiography in 1 (4%) and undetermined in 10 (36%).



The End

• Questions, comments, etc


