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Four	
  Interven0ons	
  Proven	
  to	
  Improve	
  
Outcomes	
  in	
  Acute	
  Stroke	
  

1)	
  Management	
  of	
  pa0ents	
  within	
  a	
  stroke	
  unit	
  (1993)	
  

2)	
  Administra0on	
  of	
  aspirin	
  within	
  48	
  hours	
  of	
  stroke	
  onset	
  (1997)	
  	
  

3)	
  Hemicraniectomy	
  (2007)	
  

4)	
  Intravenous	
  thromboly0c	
  treatment	
  within	
  4.5	
  hours	
  of	
  symptom	
  	
  	
  	
  	
  	
  	
  
	
  onset	
  (1995,	
  2008)	
  





Ischemic	
  Penumbra	
  

•  Region	
  of	
  0ssue	
  with	
  
presumed	
  reversible	
  
circulatory	
  and	
  
metabolic/func0onal	
  
compromise	
  

Gonzalez	
  	
  AJNR	
  27	
  Apr	
  2006	
  	
  



Effects	
  of	
  Cerebral	
  Ischemia	
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Ischemic	
  Thresholds	
  



Ischemic	
  Stroke	
  

•  Acute	
  Treatment	
  Op0ons	
  
– Cytoprotec0on	
  

•  Numerous	
  targets	
  in	
  ischemic	
  brain	
  
•  Favorable	
  pre-­‐clinical	
  data	
  
•  No	
  Phase	
  III	
  trial	
  has	
  shown	
  efficacy	
  in	
  humans	
  

– Reperfusion	
  
•  Narrow	
  0me	
  window	
  
•  Risks	
  of	
  treatment	
  	
  
•  Established	
  efficacy	
  



NINDS	
  t-­‐PA	
  Stroke	
  Trials	
  
•  Randomized,	
  double-­‐blind	
  placebo-­‐controlled	
  
trials	
  

•  Recombinant	
  0ssue	
  plasminogen	
  ac0vator	
  
(alteplase)	
  within	
  3	
  hours	
  of	
  symptom	
  onset	
  

•  624	
  pa0ents	
  enrolled	
  between	
  January	
  1991	
  and	
  
October	
  1994	
  across	
  8	
  sites	
  

NEJM,	
  333:1581,1995	
  



NINDS	
  t-­‐PA	
  Stroke	
  Trials	
  
•  Part	
  One	
  (n	
  =	
  291)	
  

– Primary	
  outcome	
  measure:	
  
•  >	
  4	
  point	
  improvement	
  on	
  NIHSS	
  

•  Part	
  Two	
  (n	
  =	
  333)	
  
– Primary	
  outcome	
  measure:	
  

•  Composite	
  endpoint	
  based	
  on	
  func0onal	
  recovery	
  
(Barthel	
  Index,	
  modified	
  Rankin	
  Scale,	
  Glasgow	
  
Outcome	
  Scale,	
  NIHSS)	
  

NEJM,	
  333:1581,1995	
  



NINDS	
  t-­‐PA	
  Stroke	
  Trials	
  

•  Inclusion	
  Criteria	
  

– >	
  18	
  years	
  of	
  age	
  

–  Ischemic	
  stroke	
  with	
  symptom	
  onset	
  <	
  3	
  hours	
  

– Measurable	
  deficit	
  on	
  NIHSS	
  

– Head	
  CT	
  nega0ve	
  for	
  hemorrhage	
  

NEJM,	
  333:1581,1995	
  



NINDS	
  t-­‐PA	
  Stroke	
  Trials	
  
•  Randomized	
  to	
  receive	
  either	
  t-­‐PA	
  or	
  placebo,	
  stra0fied	
  

according	
  to	
  0me	
  from	
  symptom	
  onset	
  to	
  treatment	
  (0-­‐90	
  
minutes,	
  91-­‐	
  180	
  minutes)	
  

•  Treatment	
  arm	
  

–  IV	
  t-­‐PA	
  (0.9	
  mg/kg,	
  max	
  dose	
  90	
  mg)	
  
–  10%	
  over	
  one	
  minute,	
  remainder	
  over	
  one	
  hour	
  

•  No	
  an0thrombo0cs	
  during	
  first	
  24	
  hours	
  

•  BP	
  maintained	
  <	
  185/110	
  mmHg	
  

NEJM,	
  333:1581,1995	
  



NINDS	
  t-­‐PA	
  Stroke	
  Trials	
  

•  Rapid	
  improvement	
  

•  Seizure	
  at	
  stroke	
  onset*	
  

•  Suspected	
  SAH	
  despite	
  normal	
  
CT	
  

•  Major	
  surgery	
  within	
  14	
  days	
  
•  Stroke	
  or	
  serious	
  head	
  trauma	
  

within	
  3	
  months	
  

•  History	
  of	
  intracranial	
  
hemorrhage	
  

•  GI	
  or	
  urinary	
  tract	
  hemorrhage	
  
within	
  21	
  days	
  

•  SBP	
  >	
  185	
  mmHg	
  or	
  DBP	
  >	
  110	
  
mmHg	
  at	
  0me	
  of	
  treatment	
  

•  Aggressive	
  treatment	
  to	
  lower	
  BP	
  

•  Glucose	
  <	
  50	
  mg/dl	
  	
  
•  Arterial	
  puncture	
  within	
  one	
  week	
  at	
  

non-­‐compressible	
  site	
  

•  Heparin	
  within	
  48	
  hours	
  and	
  an	
  
elevated	
  PTT	
  

•  INR	
  >	
  1.7	
  or	
  plt	
  count	
  <	
  100k	
  

•  CT	
  with	
  infarct	
  >	
  1/3	
  hemisphere	
  

Exclusionary Criteria 

Stroke 2007;38:1655-1711 
*Relative contra-indication 

*Modified from original recommendations 



NINDS	
  t-­‐PA	
  Stroke	
  Trials	
  
Percentage of patients with minimal or no disability at 3 months 

Global comparison of all scales combined RFO 1.34, p = 0.02 



Func0onal	
  Outcomes	
  



NINDS	
  t-­‐PA	
  Stroke	
  Trials	
  

Computed	
  tomography	
  
brain	
  images	
  of	
  all	
  pa@ents	
  
in	
  NINDS	
  trials	
  with	
  
symptoma@c	
  ICH	
  

Symptomatic ICH in first 36 hours 

 tPA     6.4% 
 Control     0.6% 



NINDS	
  t-­‐PA	
  Stroke	
  Trials	
  

•  No	
  significant	
  change	
  in	
  neurologic	
  improvement	
  in	
  24	
  
hours	
  by	
  NIHSS	
  

•  Significant	
  func0onal	
  improvement	
  in	
  t-­‐PA	
  treated	
  group	
  
at	
  90	
  days	
  (Global	
  odds	
  ra0o	
  of	
  favorable	
  outcome	
  1.7	
  
[95%	
  CI,1.2-­‐2.6])	
  

•  t-­‐PA	
  group	
  was	
  30%	
  more	
  likely	
  to	
  have	
  minimal	
  or	
  no	
  
disability	
  at	
  90	
  days	
  (by	
  mRS	
  <	
  1)	
  

•  Symptoma0c	
  ICH	
  significantly	
  more	
  frequent	
  in	
  t-­‐PA	
  
treated	
  group	
  (6.4%	
  vs	
  0.6%,	
  p	
  <	
  .001)	
  

•  Mortality	
  rates	
  no	
  different	
  at	
  90	
  days	
  

Summary 

NEJM,	
  333:1581,1995	
  



Early	
  Stroke	
  Treatment	
  Associated	
  with	
  
Beker	
  Outcome	
  (NINDS	
  trial	
  only)	
  

Marler et al Neurology 2000;55:1649 



Time	
  is	
  Brain-­‐-­‐Quan0fied	
  

Stroke 2006;37:263-266 



Na0onal	
  Use	
  of	
  IV	
  tPA	
  for	
  Ischemic	
  Stroke	
  

•  AHA	
  Goal:	
  1997	
  
–  20%	
  of	
  all	
  ischemic	
  stroke	
  pa0ents	
  

•  Use	
  of	
  IV	
  tPA	
  increased	
  from	
  2001-­‐2004	
  

•  Es0mated	
  percentage	
  of	
  US	
  pa0ents	
  with	
  acute	
  
ischemic	
  stroke	
  treated	
  in	
  2004	
  with	
  IV	
  tPA:	
  

~ 2	
  %	
  
Kleindorfer	
  et	
  al	
  Stroke	
  39:2008	
  



Reasons	
  for	
  Low	
  Rates	
  

•  Low	
  levels	
  of	
  public	
  awareness	
  
•  Failure	
  to	
  recognize	
  acute	
  stroke	
  symptoms	
  

•  Delays	
  in	
  transfer	
  
•  Inadequate	
  infrastructure	
  
•  Thromboly0c	
  an0pathy	
  



Medical	
  Reasons	
  for	
  Low	
  Rates	
  
•  “Do	
  strokes	
  occur	
  in	
  the	
  brain	
  or	
  the	
  heart?”	
  

-­‐-­‐anonymous	
  pa0ent	
  

odd.gonzojenny.com	
  

Heart	
  vs	
  Brain	
  



Medical	
  Reasons	
  for	
  Low	
  Rates	
  



Medical	
  Reasons	
  for	
  Low	
  Rates	
  

•  Narrow	
  therapeu0c	
  window	
  	
  
–  3	
  hours	
  for	
  first	
  decade	
  of	
  use	
  

•  Chagrin	
  factor	
  
– Hazards	
  immediate,	
  benefits	
  delayed	
  

•  Reliance	
  on	
  0me,	
  not	
  0ssue	
  
–  Treatment	
  eligibility	
  largely	
  determined	
  by	
  

•  Time	
  of	
  symptom	
  onset	
  	
  
•  Time	
  when	
  last	
  seen	
  normal	
  

–  25%	
  of	
  cases	
  may	
  be	
  “wake-­‐up	
  strokes”	
  



Strategies	
  to	
  Improve	
  Rate	
  of	
  Treatment	
  

•  Improve	
  thromboly0c	
  efficacy	
  
– Bridging	
  trials:	
  

•  Combina0on	
  of	
  IV	
  thrombolysis	
  and	
  endovascular	
  
treatment	
  (IMS	
  III,	
  BASICS)	
  

– Ultrasound-­‐enhanced	
  thrombolysis	
  
– Alterna0ve	
  agents	
  

•  Tenecteplase,	
  desmoteplase—both	
  more	
  fibrin-­‐specific,	
  
desmoteplase	
  not	
  neural	
  toxic	
  

•  Phase	
  II	
  and	
  III	
  trials	
  ongoing	
  	
  



Strategies	
  to	
  Improve	
  Rate	
  of	
  Treatment	
  

•  Penumbral	
  imaging	
  
– EPITHET—post	
  hoc	
  analysis	
  showing	
  infarct	
  
growth	
  akenuated	
  by	
  tPA	
  treatment	
  up	
  to	
  6	
  hrs	
  

– DEFUSE—early	
  reperfusion	
  associated	
  with	
  
improved	
  outcome	
  arer	
  tPA	
  treatment	
  to	
  6	
  hrs	
  

– EXTEND,	
  DIAS	
  3	
  and	
  DIAS	
  4	
  ongoing	
  

•  Expand	
  0me	
  window	
  (ECASS	
  III,	
  IST-­‐3)	
  



European	
  Coopera0ve	
  Acute	
  Stroke	
  Study	
  
(ECASS	
  III)	
  

•  RCT	
  comparing	
  IV	
  tpa	
  vs	
  placebo	
  administered	
  between	
  3	
  and	
  
4.5	
  hours	
  arer	
  onset	
  of	
  stroke	
  symptoms	
  

•  821	
  pa0ents	
  treated	
  on	
  average	
  at	
  3	
  hours	
  59	
  minutes	
  

•  Primary	
  outcome:	
  Favorable	
  (0-­‐1	
  mRS)	
  vs	
  unfavorable	
  (2-­‐6	
  
mRS)	
  

•  Global	
  Outcome	
  Score	
  (mRS	
  0-­‐1,	
  Barthel	
  95-­‐100,	
  NIHSS	
  0-­‐1,	
  
GOS=1)	
  

NEJM	
  September	
  2008	
  



European	
  Coopera0ve	
  Acute	
  Stroke	
  Study	
  
(ECASS	
  III)	
  

•  Inclusion	
  Criteria	
  
–  Age	
  18-­‐80	
  years	
  
–  Symptom	
  onset	
  3	
  –	
  4.5	
  hours	
  

–  Stable	
  deficit	
  

•  Exclusion	
  Criteria	
  
–  NIHSS	
  >	
  25	
  
–  Combina0on	
  of	
  prior	
  stroke	
  and	
  DM	
  
–  Oral	
  an0coagulant	
  treatment	
  

NEJM	
  September	
  2008	
  



European	
  Coopera0ve	
  Acute	
  Stroke	
  Study	
  
(ECASS	
  III)	
  

•  tPA	
  arm: 	
   	
   	
  52.4%	
  

•  Placebo: 	
   	
   	
  45.2%	
  

•  OR	
  for	
  favorable	
  outcome	
  1.34	
  with	
  IV	
  tPA	
  treatment	
  
3	
  –	
  4.5	
  hrs	
  (p=	
  0.04)	
  
–  Func0onal	
  recovery	
  34%	
  higher	
  with	
  treatment	
  at	
  90	
  days	
  

–  Similar	
  findings	
  for	
  Global	
  Outcome	
  (OR	
  1.28)	
  

Modified Rankin Score 0-1 
           at 90 days 

NEJM	
  September	
  2008	
  



European	
  Coopera0ve	
  Acute	
  Stroke	
  Study	
  
(ECASS	
  III)	
  

•  Safety	
  Data	
  
– Symptoma0c	
  ICH	
  (2.4%	
  vs	
  0.2%)	
  

•  NINDS	
  defini0on	
  (7.9%	
  vs	
  3.5%)	
  

– No	
  difference	
  in	
  mortality	
  between	
  groups	
  

NEJM	
  September	
  2008	
  



European	
  Coopera0ve	
  Acute	
  Stroke	
  Study	
  
(ECASS	
  III)	
  

•  Conclusions:	
  
–  Findings	
  consistent	
  with	
  pooled	
  analyses	
  of	
  other	
  tPA	
  trials	
  
–  AHA:	
  Level	
  B	
  evidence	
  that	
  IV	
  tPA	
  can	
  be	
  given	
  safely	
  
within	
  the	
  3-­‐4.5	
  hour	
  window	
  

–  FDA:	
  No	
  change	
  in	
  labeling	
  to	
  date	
  

Treatment	
  op@ons	
  in	
  extended	
  @me	
  window	
  should	
  not	
  
delay	
  earlier	
  treatment	
  if	
  possible	
  

NEJM	
  September	
  2008	
  



Acute	
  Stroke	
  Treatment	
  

•  0-­‐90	
  minutes 	
   	
   	
  2.81	
  
•  91-­‐180	
  minutes 	
   	
  1.55	
  

•  181-­‐270	
  minutes	
   	
  1.34	
  

     Odds Ratio for  
Favorable Global Outcome 



Pooled	
  Analysis	
  (8	
  trials):	
  	
  
NINDS,	
  ATLANTIS,	
  ECASS,	
  EPITHET	
  

Lancet	
  375	
  May	
  2010	
  

4.5	
  hrs	
  



The	
  Earlier,	
  the	
  Beker	
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Prac0cal	
  Steps	
  for	
  Acute	
  Treatment	
  

•  Early	
  iden0fica0on/evalua0on,	
  including	
  EMS	
  pre-­‐
no0fica0on	
  

•  “Code	
  Stroke”	
  

•  Immediate	
  ac0on	
  
–  CT	
  imaging	
  
–  IV	
  access	
  
–  Lab	
  

•  tPA	
  at	
  hand	
  in	
  ED	
  



Post-­‐tPA	
  Treatment	
  

•  Admit	
  to	
  ICU	
  
•  Supplemental	
  oxygen	
  as	
  needed	
  
•  Neuro	
  checks	
  q	
  30	
  min	
  x	
  6	
  hours,	
  then	
  q	
  1	
  hour	
  un0l	
  24	
  

hours	
  
•  Control	
  serum	
  glucose	
  
•  No	
  an0thrombo0cs	
  x	
  24	
  hrs	
  
•  SCDs	
  
•  BP	
  checks	
  q	
  15	
  min	
  x	
  2	
  hrs,	
  the	
  q	
  30	
  min	
  x	
  6	
  hours,	
  then	
  q	
  1	
  

hr	
  x	
  16	
  hours	
  
•  Treat	
  BP	
  if	
  >	
  180/105	
  mmHg	
  
•  Avoid	
  unnecessary	
  blood	
  draws	
  



Local	
  Prac0ces	
  

•  STAR	
  member	
  ins0tu0ons:	
  
– Unity	
  Hospital	
  
– Rochester	
  General	
  Hospital	
  
– Highland	
  Hospital	
  
– Strong	
  Memorial	
  Hospital	
  

•  Unique	
  en0ty	
  on	
  GWTG	
  Data	
  Registry	
  



Discharges—STAR	
  hospitals	
  
2008-­‐2011	
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IV	
  tPA	
  Ini0ated	
  for	
  ED	
  Pa0ents	
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Any	
  Thromboly0c	
  Therapy	
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Summary	
  

•  Acute	
  ischemic	
  stroke	
  is	
  a	
  treatable	
  condi0on,	
  
with	
  proven	
  therapies	
  

•  Rapid	
  treatment	
  improves	
  outcomes	
  

•  Opportuni0es	
  exist	
  for	
  improving	
  local	
  care	
  




