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Case	
  –	
  N.L.	
  

•  59	
  man	
  
•  Driver	
  in	
  car-­‐pedestrian	
  collision;	
  EMS	
  finds	
  
him	
  aphasic	
  with	
  right	
  arm	
  weakness,	
  with	
  IV	
  
line	
  in	
  L	
  forearm	
  (!).	
  

•  Registered	
  as	
  unknown,	
  but	
  name	
  from	
  EMS.	
  
– Netcare:	
  geeng	
  chemo	
  for	
  head/neck	
  cancer,	
  last	
  
platelets	
  ok.	
  

•  ED	
  doc:	
  no	
  trauma	
  
•  To	
  CT	
  



Case	
  



Case	
  –	
  CT	
  angio	
  



ConvenJonal	
  angio	
  

• IV	
  tPA	
  given	
  outside	
  
scanner	
  

• Door	
  to	
  needle:	
  34	
  min.	
  

• To	
  angio	
  but	
  exam	
  
improving—recanalized!	
  



Outcome	
  

• Small	
  infarct	
  

• Hemiparesis	
  resolved.	
  

• Mild	
  aphasia.	
  

• Recovered,	
  returned	
  to	
  
work.	
  



Effect	
  of	
  Intravenous	
  rt-­‐PA	
  Declines	
  With	
  
Increasing	
  Time	
  

Lees	
  KR	
  et	
  al.	
  Time	
  to	
  treatment	
  with	
  intravenous	
  alteplase	
  and	
  outcome	
  in	
  stroke:	
  an	
  updated	
  pooled	
  
analysis	
  of	
  ECASS,	
  ATLANTIS,	
  NINDS,	
  and	
  EPITHET	
  trials.	
  Lancet.	
  2010;375:1695-­‐1703.	
  



Number	
  of	
  Pa?ents	
  Who	
  Benefit	
  and	
  Are	
  Harmed	
  
per	
  100	
  Pa?ents	
  tPA	
  Treated	
  in	
  Each	
  Time	
  Window	
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Lansberg	
  MG,	
  Schrooten	
  M,	
  Bluhmki	
  E,	
  Thijs	
  VN,	
  Saver	
  JL.	
  Treatment	
  Jme-­‐specific	
  number	
  needed	
  to	
  treat	
  esJmates	
  for	
  Jssue	
  plasminogen	
  acJvator	
  
therapy	
  in	
  acute	
  stroke	
  based	
  on	
  shils	
  over	
  the	
  enJre	
  range	
  of	
  the	
  modified	
  Rankin	
  Scale.	
  Stroke	
  2009;40:2079-­‐2084	
  



•  Data	
  from	
  AHA	
  Get	
  With	
  The	
  Guidelines	
  stroke	
  registry	
  (58,353	
  paJents).	
  
•  Among	
  1000	
  treated	
  paJents,	
  for	
  every	
  15	
  minute	
  acceleraJon	
  of	
  tPA	
  

treatment	
  
–  18	
  more	
  paJents	
  will	
  have	
  improved	
  ambulaJon	
  at	
  discharge	
  

•  Including	
  8	
  who	
  will	
  ambulate	
  fully	
  independently	
  
–  13	
  more	
  paJents	
  will	
  be	
  discharged	
  to	
  a	
  more	
  independent	
  

environment	
  
•  Including	
  7	
  who	
  will	
  be	
  discharged	
  to	
  home	
  

–  4	
  fewer	
  paJents	
  will	
  die	
  prior	
  to	
  discharge	
  
–  No	
  increase	
  in	
  symptomaJc	
  intracranial	
  hemorrhage.	
  

Saver	
  JL,	
  Fonarow	
  GC,	
  Smith	
  EE,	
  et	
  al.	
  Time	
  to	
  treatment	
  with	
  intravenous	
  Jssue	
  plasminogen	
  acJvator	
  and	
  outcome	
  
from	
  acute	
  ischemic	
  stroke.	
  JAMA	
  2013;309:2480-­‐2488.	
  

Effect	
  of	
  Faster	
  tPA	
  in	
  RouJne	
  	
  
Clinical	
  PracJce	
  



Key	
  Concepts	
  
•  Acute	
  ischemic	
  stroke	
  
evolves	
  over	
  4-­‐8	
  hours.	
  

•  Each	
  minute,	
  more	
  
brain	
  is	
  at	
  risk	
  of	
  dying.	
  

•  The	
  effect	
  of	
  rt-­‐PA,	
  or	
  
any	
  recanalizaJon	
  
therapy,	
  is	
  Jme	
  
dependent.	
  

•  Brain	
  A[ack	
  CoaliJon	
  
set	
  door-­‐to-­‐needle	
  
benchmark	
  of	
  ≤60	
  min.	
  



Smith	
  EE,	
  von	
  Kummer	
  R.	
  Door-­‐to-­‐needle	
  Jmes	
  in	
  acute	
  ischemic	
  stroke:	
  how	
  low	
  can	
  we	
  go?	
  Neurology	
  2012;79:296-­‐297.	
  
Desai	
  JA,	
  Smith	
  EE.	
  PrenoJficaJon	
  and	
  other	
  factors	
  involved	
  in	
  rapid	
  tPA	
  administraJon.	
  Curr	
  Athero	
  Rep	
  2013;15:337.	
  

Meretoja	
  A,	
  Strbian	
  D,	
  Mustanoja	
  S,	
  
Tatlisumak	
  T,	
  Lindsberg	
  PJ,	
  Kaste	
  M.	
  
Reducing	
  in-­‐hospital	
  delay	
  to	
  20	
  minutes	
  in	
  
stroke	
  thrombolysis.	
  Neurology	
  
2012;79:306-­‐313	
  



American	
  Heart	
  Associa?on	
  
Target:Stroke	
  

• Launched	
  2010.	
  
• Goal:	
  >50%	
  with	
  DTN	
  less	
  than	
  60	
  minutes.	
  
• IntervenJon:	
  disseminated	
  best	
  pracJces,	
  
decision	
  support	
  tools,	
  award	
  recogniJon.	
  

Fonarow	
  GC,	
  Smith	
  EE,	
  Saver	
  JL,	
  et	
  al.	
  Improving	
  door-­‐to-­‐needle	
  Jmes	
  in	
  acute	
  ischemic	
  stroke:	
  the	
  design	
  
and	
  raJonale	
  for	
  the	
  American	
  Heart	
  AssociaJon/American	
  Stroke	
  AssociaJon's	
  Target:	
  Stroke	
  iniJaJve.	
  

Stroke	
  2011;42:2983-­‐2989.	
  



15	
  

•  Temporal trends in door to needle (DTN) times before/after initiation in Jan 2010. 

•  Change in clinical outcomes—including in-hospital mortality, discharge 
destination, ambulatory status, symptomatic intracranial hemorrhage ≤ 36 hours 
after tPA, and overall tPA complications—before/after initiation in Jan 2010. 

TARGET:	
  STROKE	
  Program:	
  Results	
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Target: Stroke 10 Key Best Practice Strategies 

1.  Hospital pre-notification by Emergency Medical Services 
2.  Rapid triage protocol and stroke team notification 
3.  Single call/paging activation system for entire stroke team 
4.  Use of a stroke toolkit containing clinical decision support, stroke-

specific order sets, guidelines, hospital-specific algorithms, critical 
pathways, NIH Stroke Scale and other stroke tools  

5.  Rapid acquisition and interpretation of brain imaging 
6.  Rapid laboratory testing (including point-of-care testing) if indicated 
7.  Pre-mixing tPA medication ahead of time for high likelihood candidates   
8.  Rapid access to intravenous tPA in the ED/brain imaging area 
9.  Team-based approach 
10.  Rapid data feedback to stroke team on each patient’s DTN time and 

other performance data  

Fonarow GC, Smith EE, Saver JL, Reeves MJ, Hernandez AF, Peterson ED, Sacco RL, Schwamm LH. 
Improving door-to-needle times in acute ischemic stroke: the design and rationale for the American Heart 
Association/American Stroke Association's Target: Stroke initiative. Stroke. 2011;42(10):2983-2989. 
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•  Patient time-trackers 
•  Guideline based algorithms 
•  tPA checklist 
•  Standardized order sets 
•  Dosing charts 
•  Clinical pathways 
•  Evidence-based protocols 
•  EMS tools 
•  Patient educational materials 
•  Other tools 

Customizable 
Implementation Tools 

Target: Stroke tools: www.targetstroke.org 
Clinical tools library: heart.org/strokeclinicaltools.  

Fonarow GC et al Stroke. 2011;42:2983-2989. 
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Outcome Unadjusted 
Odds Ratios 

(95% CI) 

P Value Adjusted 
Odds Ratios 

(95% CI)* 

P Value* 

In-Hospital Mortality 0.81 
(0.77-0.86) 

<0.0001 0.89 
(0.83-0.94) 

0.0002 

Discharge Home 1.23 
(1.18-1.27) 

<0.0001 1.14 
 (1.09-1.19) 

<0.0001 

Ambulatory Status 
Independent 

1.14 
(1.09-1.20) 

<0.0001 1.03 
 (0.97-1.10) 

0.3091 

Symptomatic ICH 0.81 
(0.75-0.88) 

<0.0001 0.83 
 (0.76-0.91) 

<0.0001 

Any tPA Complications 0.80 
(0.75-0.87) 

<0.0001 0.83 
 (0.77-0.90) 

<0.0001 

Outcomes Pre- and Post-Target: Stroke 

*Adjusted for patient characteristics including age, sex, race, medical history of atrial fibrillation, prosthetic heart valve, previous stroke/transient 
ischemic attack, coronary heart disease or prior myocardial infarction, carotid stenosis, peripheral vascular disease, hypertension, dyslipidemia, and 
current smoking, stroke severity (NIHSS), arrival time during regular work hours, arrival mode, onset-to-arrival time; hospital characteristics of 
hospital size, region, teaching status, certified primary stroke center, annual volume of tPA, and annual stroke discharge. 

Fonarow GC et al. JAMA. 2014;311(16):1632-1640. 
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HASTE	
  2	
  

Goal:	
  
•  Median	
  door-­‐to-­‐needle	
  ?me	
  of	
  45	
  minutes.	
  	
  
	
  
Benefits:	
  
•  Improved	
  paJent	
  outcomes	
  following	
  IV	
  tPA	
  treatment	
  and	
  

Neuro-­‐IntervenJonal	
  Treatment.	
  
•  ConJnued	
  development	
  of	
  partnerships	
  between	
  the	
  CSP,	
  

EMS,	
  ED,	
  DI,	
  and	
  Admieng.	
  



Process	
  
•  Convened	
  reps	
  from	
  ED	
  triage,	
  ED	
  docs,	
  stroke	
  MDs	
  
and	
  fellow,	
  stroke	
  nursing,	
  U112,	
  EMS,	
  admieng,	
  CT	
  
techs.	
  

•  Applied	
  Toyota	
  LEAN	
  methods	
  and	
  Six	
  Sigma	
  process	
  
to	
  develop	
  new	
  protocol	
  for	
  paJents	
  highly	
  likely	
  to	
  
be	
  treated	
  with	
  tPA.	
  

•  In-­‐person	
  team	
  meeJngs	
  involving	
  ED,	
  EMS,	
  DI	
  and	
  
admieng,	
  smaller	
  weekly	
  progress	
  meeJngs.	
  

•  Outputs:	
  
–  Weekly	
  DTN	
  report	
  to	
  Stroke	
  Program	
  implemented	
  May	
  
2012.	
  

–  STAT!	
  Stroke	
  Pathway	
  implemented	
  June	
  2013.	
  



DMAIC	
  
	
  
	
  

Define	
   Control	
  Analyze	
   Improve	
  Measure	
  

•  Iden?fy	
  the	
  
challenge	
  

•  Clarify	
  the	
  goal	
  of	
  
the	
  work	
  

	
  
•  Gather	
  the	
  team	
  

•  Collect	
  data	
  to	
  
understand	
  the	
  
‘current’	
  process	
  

	
  
•  What	
  are	
  the	
  
characteris?cs	
  
that	
  are	
  cri?cal	
  
to	
  quality	
  

•  What	
  does	
  the	
  data	
  
tell	
  us	
  about	
  delays	
  
or	
  variability	
  in	
  the	
  
process	
  

	
  
•  Iden?fy	
  poten?al	
  
solu?ons	
  à	
  where	
  
to	
  focus	
  
improvement	
  work	
  

•  Design	
  and	
  test	
  
‘new’	
  process	
  

	
  
•  Implement	
  or	
  
redesign	
  

	
  

•  Ac?vi?es	
  to	
  
maintain	
  the	
  
measurable	
  
improvement	
  



Weekly	
  Report	
  of	
  DTN	
  Times	
  

Kamal	
  N,	
  Smith	
  EE,	
  Stephenson	
  C,	
  Choi	
  PM,	
  Goyal	
  M,	
  Hill	
  MD.	
  Visualizing	
  acute	
  stroke	
  data	
  
to	
  improve	
  clinical	
  outcomes.	
  Stroke	
  2015;46:e170-­‐172.	
  
	
  
Excel	
  calculator	
  freely	
  available	
  at:	
  	
  	
  
h[p://www.ucalgary.ca/quicr/files/quicr/sample-­‐stroke-­‐visualizaJon-­‐worksheet.xls	
  



May$
2014$
(n=15)$

Jun$
2014$
(n=16)$

Jul$
2014$
(n=8)$

Aug$
2014$
(n=6)$

Sep$
2014$
(n=12)$

Oct$
2014$
(n=8)$

Nov$
2014$
(n=5)$

Dec$
2014$
(n=15)$

Jan$
2015$
(n=6)$

Jan$
2015$
(n=5)$

Feb$
2015$
(n=10)$

Mar$
2015$
(n=14)$

Apr$
2015$
(n=7)$

May$
2015$
(n=4)$

Jun$
2015$
(nC5)$

Jul$
2015$
(n=8)$

Aug$
2015$
(n=8)$

Median$DTN$ 48.0$ 58.0$ 45.5$ 52.5$ 40.5$ 62.0$ 36.0$ 45.5$ 56.0$ 28.0$ 38.5$ 41.0$ 35.0$ 33.0$ 35.0$ 40.0$ 30.0$

75th$PercenKle$DTN$ 58.0$ 80.8$ 52.3$ 63.5$ 56.0$ 77.0$ 40.0$ 73.8$ 64.3$ 41.0$ 47.8$ 62.0$ 40.5$ 37.0$ 40.0$ 84.3$ 33.3$

0.0$
10.0$
20.0$
30.0$
40.0$
50.0$
60.0$
70.0$
80.0$
90.0$

M
in
ut
es
$

Historical*DTN*Performance*

Goal*

HASTE3*



How	
  Many	
  Can	
  Be	
  
Treated	
  Quickly?	
  

Table 2. Potential reasons for delays (total 103 patients) 
    
 N % Median DTN 

(min) 
(overall median 

53 minutes) 
None 43 42 43 
    

Patient-related Reasons 32 31 62 
Required antihypertensive 15 15 58 

Emergent medical condition 8 8 92 

Unable to determine eligibility-

reasons other than time of 

onset 

7 7 60 

Seizure 4 4 100 

Unclear time of onset 3 3 75 

Initial patient refusal 0 0 -- 

Hypoglycemia 0 0 -- 

    

Hospital and systems factors 42 41 60 
Delay in diagnosis 10 10 66 

Need to wait for lab values 10 10 61 

Delay in obtaining CT 10 10 54 

Delays for technical reasons 8 8 54 

Need to review advanced 

imaging (CTA, CTP) prior to 

tPA decision 

7 7 64 

IV not placed before ED arrival 7 7 54 

Delay due to investigational 

protocol 

6 6 51 

Delay in patient registration 6 6 50 

Equipment delays 2 2 55 

Note: Totals do not add to 103 because some patients had >1 

•  103	
  consecuJve	
  IV	
  tPA-­‐treated	
  paJents	
  at	
  FMC	
  
•  Median	
  DTN	
  Jmes:	
  

‒  No	
  delays	
  noted:	
  43	
  min	
  
‒  PaJent-­‐related	
  delays:	
  62	
  min	
  
‒  Systems	
  factors:	
  60	
  min	
  

‒  At	
  least	
  70%	
  of	
  paJents	
  should	
  be	
  able	
  to	
  be	
  
treated	
  without	
  delay.	
  

Smith	
  EE,	
  Kashyap	
  D,	
  Bohm	
  V,	
  Hill	
  MD,	
  Demchuk	
  
A.	
  Reasons	
  for	
  delays	
  in	
  door	
  to	
  needle	
  Jme.	
  	
  
Stroke2014:	
  ATP287.	
  Under	
  review.	
  



STAT!	
  Stroke	
  

Subacute	
  Stroke	
  
>12	
  hours	
  
Page	
  00379	
  

Acute	
  Stroke	
  
<12	
  hours	
  
Page	
  00379	
  

Subacute	
  Stroke	
  
>12	
  hours	
  
Page	
  00379	
  

Acute	
  Stroke	
  
<12	
  hours,	
  no	
  Red	
  Findings	
  

Page	
  00379	
  

Stat!	
  Stroke	
  
<4.5	
  hours	
  +	
  Red	
  Findings	
  

Page	
  12991	
  

Before	
  June	
  2013	
   Aler	
  June	
  2013	
  





STAT!	
  Stroke	
  –	
  what	
  we	
  changed	
  

	
  
LSN	
  ≤	
  4.5	
  hrs	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  +	
  	
  
1	
  red	
  finding	
  	
  
	
  
	
  

STAT!	
  Stroke	
  
	
  
	
  

• 	
  STAT!	
  Stroke	
  
ac?vated	
  by	
  Triage	
  
by	
  paging	
  12991	
  
	
  
• 	
  Registered	
  as	
  
Unknown	
  pa?ent	
  

• 	
  Stroke	
  Team	
  
arrives	
  at	
  ED	
  
	
  

• SWARM	
  	
  at	
  ED	
  
bed	
  
• Standard	
  Work	
  
defined	
  for	
  each	
  
profession	
  	
  
• Work	
  occurs	
  in	
  
parallel	
  

	
  

-­‐ ED	
  RNs	
  
-­‐ ED	
  doc	
  
-­‐ Stroke	
  Team	
  
-­‐ PCA	
  
-­‐ RT	
  
-­‐ Social	
  Work	
  

	
  

• 	
  Decision	
  to	
  treat	
  
based	
  on	
  non-­‐
contrast	
  CT	
  
(before	
  CTA)	
  
	
  
• 	
  call	
  U112	
  nurse	
  
to	
  come	
  down	
  to	
  
CT	
  to	
  treat	
  if	
  
Nancy	
  not	
  there	
  
	
  
• 	
  PCA	
  and	
  ED	
  RN	
  
at	
  CT	
  
	
  
	
  

• 	
  treat	
  with	
  IV	
  
tPA	
  outside	
  CT	
  
	
  
	
  

On	
  Scene	
   Treatment	
  
SWARM!	
  
Safe	
  for	
  CT	
  

Imaging	
  &	
  
Decision	
  making	
  

Prep	
  for	
  pt	
  	
  
Arrival	
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Month	
  

Median	
  Door	
  to	
  Needle	
  Time	
  for	
  tPA	
  Administra?on	
  	
  	
  
March	
  2010	
  -­‐	
  March	
  2014	
  (IV,	
  IV+endo	
  cases)	
  

n	
  =	
  541	
  
Max	
  =	
  1:47	
  
Min	
  =	
  0:32	
  Running	
  Average	
  	
  

(of	
  monthly	
  median	
  Jmes)	
  
64	
  min	
  (mar10-­‐oct11)	
  
49	
  min	
  (oct11-­‐	
  mar14)	
  



Volume	
  of	
  pages	
  to	
  Stroke	
  Pagers
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Volume	
  of	
  Calls	
  to
STAT!Stroke



HASTE	
  3	
  
Goal:	
  DTN	
  <30	
  min	
  





Triage 

ED 

CT 

EMS	
  Stretcher	
  

Transfer	
  

Stretcher	
  to	
  CT	
  







Calgary	
  Projected	
  Impact	
  of	
  Reducing	
  
DTN	
  from	
  60	
  min	
  (2011)	
  to	
  30	
  min	
  (2015)	
  

•  Based	
  on	
  average	
  200	
  thrombolysis	
  cases	
  per	
  year.	
  
•  Per	
  year:	
  

–  7	
  more	
  paJents	
  with	
  be[er	
  ambulaJon	
  including	
  3	
  able	
  to	
  
walk	
  independently.1	
  

–  3	
  more	
  paJents	
  able	
  to	
  be	
  discharged	
  home.1	
  
–  2	
  fewer	
  deaths.1	
  
–  Direct	
  cost	
  savings	
  of	
  up	
  to	
  $180,000	
  in	
  the	
  first	
  year	
  aler	
  
stroke.1,2	
  

1Saver	
  JL,	
  Fonarow	
  GC,	
  Smith	
  EE,	
  et	
  al.	
  Time	
  to	
  treatment	
  with	
  intravenous	
  Jssue	
  plasminogen	
  acJvator	
  and	
  outcome	
  
from	
  acute	
  ischemic	
  stroke.	
  JAMA	
  2013;309:2480-­‐2488.	
  
2Mi[mann	
  N,	
  Seung	
  SJ,	
  Hill	
  MD,	
  et	
  al.	
  Impact	
  of	
  disability	
  status	
  on	
  ischemic	
  stroke	
  costs	
  in	
  Canada	
  in	
  the	
  first	
  year.	
  Can	
  
J	
  Neurol	
  Sci	
  2012;39:793-­‐800.	
  



Keys	
  to	
  FMC	
  Success	
  
•  Local	
  champion	
  with	
  weekly	
  brief	
  planning	
  and	
  
implementaJon	
  meeJngs.	
  

•  Larger	
  commi[ee	
  with	
  reps	
  from	
  EMS,	
  ED	
  triage,	
  ED	
  
nurse,	
  ED	
  physician,	
  Neurologist,	
  CT	
  Technician,	
  
Radiology,	
  Admieng.	
  

•  QI	
  methodological	
  framework.	
  
•  ReporJng	
  Jmes	
  back	
  to	
  pracJJoners	
  

–  Award	
  recogniJon.	
  
•  Process	
  improvements:	
  

–  RegistraJon	
  as	
  unknown.	
  
–  STAT!	
  Stroke	
  acJvaJon	
  
–  Give	
  tPA	
  in	
  the	
  scanner	
  
–  Stretcher	
  to	
  CT	
  
	
  



40	
  

Keep	
  Lowering	
  Your	
  Times!	
  

How low can you go? 

Thank	
  you	
  


