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Objectives 
•  Overview Stroke Epidemiology 
•  Pre-hospital Care:  Important 
•  Brief History of Stroke Treatment Evolution 

•  IV thrombolysis 
•  Mechanical Thrombectomy 
•  Advanced Imaging  

•  Discussion of Treatment for Acute Ischemic Stroke 
•  Recognize the Importance of EMS in Stroke Care 
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Where I Practice 
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Stroke Epidemiology 
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Stroke Statistics:  US and Worldwide 
•  United States 

•  Every 40 seconds someone has a stroke 
•  Ranked 5th in cause of death 
•  Each year there are 795,000 new or recurrent stroke (610,000 first attack) 
•  Leading cause of serious long-term disability 
•  87% of all stroke are ischemic  

•  World 
•  Accounts for 11.8% of total deaths worldwide (6.2 million lives each year) 
•  15 million new or recurrent stroke each year  
•  2nd leading cause of death behind heart disease 
•  80 million people have had a stroke, 50 million survivors with disability 
•  Leading cause of disability World Stroke Association (2018) 

American Heart Association (2018) 
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Predicted changes in Europe over next 20 years 

The Burden of Stroke in Europe 2017  

1.1m people have stroke in Europe each year 
3rd commonest cause of death 
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Historical Stroke Care 
•  63 y/o male with “stroke symptoms” 

•  Found in garden 

•  LKW maybe 8 hours ago? 

•  CPSS ++ (face/arm/speech) 

•  FSBS 106, BP 156/87 

•  Brought to a Primary Stroke Center 

•  Stroke Team activated 

•  Outside any treatment window (4.5 hrs) 

•  No intervention offered 

•  Discharged to a Rehabilitation Hospital 

•  Never Able to Return to Work 

ED CT Scan  

MRI at 36 Hours 

      (Prior to 2015)      
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Prehospital Stroke Care (EMS) 
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•  Detection:  Early recognition 
•  Dispatch:  Early EMS activation (911) 
•  Delivery:  Transport & management 
•  Door:   ED triage 
•  Data:   ED evaluation & management 
•  Decision:  Neurology input, Rx selection 
•  Drug:   Thrombolytic & future agents 
•  Disposition:  Rapid admission to stroke unit 

ACLS 2018 
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Utstein Guidelines on Stroke Emergency  Care 
Chain of Survival 
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Prehospital care 
Current evidence – DRIVE FAST, DON”T WASTE TIME 

•  FAST (or equivalent) screening but if in doubt treat as stroke 
•  Exclude hypoglycaemia & treat if low 
•  Measure blood pressure 
•  Oxygenation (only if <94%) 
•  NPO (Nothing by mouth) 
•  Pre-hospital alert 
•  Take to nearest/closest stroke center   
   based upon regional plan 
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CPSS-Cincinnati Prehospital Stroke Scale 

Widely Utilized 
•  10 minutes to train 
•  < 1 minute to perform 

EMS providers 
•  59% sensitivity  
•  89% specificity  

Carotid strokes 
•  Sensitivity = 95% 

Facial Droop 

Arm Drift 

Speech 

Bray JE et al. Cerebrovasc Dis 2005;20:28-33. 
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Stroke mimics:  
Challenge for ED and EMS 
•  Nearly 1 in 3 presumed strokes are mimics 
•  Stroke symptoms that make the diagnosis 

difficult for EMS and ED: 
•  Posterior circulation stroke –Dizziness  
•  Isolated visual abnormalities-hemianopsia 
•  Isolated aphasia or dysarthria 
•  Altered mental status “Found Down” 

Alcohol 
Intoxication 

Cerebral Infections 

Drug 
Overdose 

Epidural 
Subdural Hematoma 

Hypoglycemia Seizure or  
Post-seizure 

Neuropathies 
 (e.g. Bell’s 

Palsy) 

Tumors 

Metabolic 
Disorders  

Migraine-Complicated 

Conversion 
Disorder 

Hypertensive 
Encephalopathy 
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Treatment Options 
1996-Today  
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Intravenous Thrombolysis 
1996 (20 years) 
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Time is brain: impact of IV thrombolysis 

Benefit out to 4.5 hours  
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How to communicate the risks and benefits  

Overall, Number Needed to Treat (NNT) = 8 for IV Thrombolysis 
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Mechanical Thrombectomy 
2015-Today 

 
Extending the Treatment Window (TIME) 
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Endovascular Trends 

IA 
thrombolysis Merci snare 

Early 
aspiration 
catheters 

Stent-
retrievers 

Modern 
aspiration 
catheters 

1998 2004 2007 2009 2012 
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Thrombectomy 

INSERT DEPLOY 

ENGAGE REMOVE 
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Evidence-based  
Review   HERMES collaboration1 

 

 
NNT to achieve 90-day mRS 0-2 is 5.1. 
NNT to reduce 90-day mRS by 1 level is 2.6. 

Thrombectomy 
(0-6 hours) 

1Goyal, et al. Lancet 2016;387:1723-31. 

Outcome Intervention 
(n=634) 

Control 
(n=653) 

p 

90-day mRS 0-2 46.0% 26.5% <0.0001 
Mortality 4.4% 4.3% 0.81 

sICH 15.3% 18.9% 0.16 

4 
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Evidence-based  
Review 

DAWN trial1 

NNT to achieve 90-day mRS 0-2 is 2.8. 
NNT to reduce 90-day mRS by 1 level is 2.0. 

Thrombectomy 
(6-24 hours) 

1Nogueira, et al. N Engl J Med 2018;378:11-21. 

Outcome Interventi
on 

(n=107) 

Control 
(n=99) 

p 

90-day mRS 
0-2 

48.6% 13.1% <0.0001 

Mortality 13.0% 18.0% <0.01 
sICH 4.8% 3.2% 0.3 
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Stroke Severity (Selection)Scales 
Detection of Large Vessel Occlusion (LVO) 

•  RACE*  Rapid Arterial Occlusion Evaluation scale 
•  MPSS    Maria Prehospital Stroke Scale Score 
•  LAMS     LA Motor Scale score 
•  PASS     Prehospital Acute Stroke Severity score 
•  3-ISS    3-item Stroke Scale 
•  C-STAT  Cincinnati Stroke Triage Assessment Tool 
•  NIHSS   NIH Stroke Scale 
•  VAN      Vision, Aphasia, Neglect 
•  FAST-ED   Field Assessment Stroke Triage for Emergency Destination  

* Only published to evaluate in prehospital setting 
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Severity and Time to Determine 
Triage Location? 

•  LAMS (LA motor scale) 
•  Predictive LVAO 4-5 = 100% LVO  
•  LAMS ≥4 was 7x positive likelihood LVO and 
•  0.81 sensitivity, 0.89 specificity, 0.85 accuracy  

Nazliel B, Starkman S, Liebskind DS et al.  Stroke 2008;39:2264-2267 
Kwok H et al.  ISC 2013 (Poster) 
Allen E et al.  ISC 2013 (Poster) 
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Severity and Time to Determine 
Triage Location? 

•  RACE Scale 
•  Rapid Arterial OCclusion Evaluation 
•  Based off NIHSS 
•  Prospectively validated in field (357 cases) 
•  Scale-Face/Arm/Leg/Gaze/Speech/Agnosia 

•  Correlation with NIHSS (r=0.76; P<0.001) 
•  LVO 76 of 357 cases (21%) 
•  ROC RACE vs. NIHSS (0.82 and 0.85 respectively) 
•  RACE ≥ 5 sens 85%, spec 68%, PPV 0.42, NNP 0.94 

Perez de la Ossa N et al.  Stroke 2014;45:87-91 
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Other Stroke Severity Scales 

Singer OC et al.  Stroke 2005;36:773-6; Katz BS et al. Stroke 2015;46:1508-12; 
Teleb MS et al.  J Neurointerv Surg. 2016;0:1-5 
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Pre-hospital Stroke is Undifferentiated 
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Imaging Selection 
Stroke Biomarker 

2015-Today 
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Biomarkers:  Other Diseases 

* Except Mobile Stroke Units 
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Imaging 
assessment 

 
 
 

Non-contrast head CT 
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Imaging 
assessment 

 
 
 

Head/neck CT 
angiography 

(With Contrast) 
 



Emergency Medicine and Neurology 

Imaging 
assessment 

 
 
 

Head CT perfusion 

7 
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Imaging 
assessment 

 
 
 

Head CT perfusion 
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RAPID infarct prediction 

RAPID estimation of ischemic core and ischemic 
penumbra. 

•   Ischemic core predicted by critical flow reduction 
(CBF < 30%); infarction regardless of reperfusion. 

•   Ischemic penumbra predicted by slow flow (Tmax > 
6 seconds); infarction only without reperfusion. 

Albers	GW,	et	al.	Annals	of	Neurology,	2015	
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Example 
Small core with complete reperfusion 

10 
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Vital Role Stroke Center Care 
EMS Delivery to the Right Place 

Barnes-Jewish Hospital/Washington University, St Louis, MO, USA 

Anytime  
Day or Night 



Emergency Medicine and Neurology 

HISTORICAL ED STROKE (FAST) CARE 
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The Essentials of Stroke Centre Care 
24/7/365 

•  Specialists– neurologists, stroke physicians, interventional 
neuroradiologists, neurosurgeons, nurses 

•  Stroke Care Available 24 hours a day seven days a week, without 
exception 

•  Advanced imaging – CT, MRI, Angiography 
•  Higher volume – Shown to lead to Improved Outcomes 
•  Culture of Quality and Transparency 
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•  Evidenced-Based Stroke Protocols 
•  Use inclusion/exclusion checklist  
•  Neurology available quickly 
•  Use standard rating scale (NIHSS) 
•  Point of Care Testing (BG, EKG, INR) 
•  Imaging available 24/7 with fast interpretation  
•  Keep Alteplase in the ED close to patients 
•  Control blood pressure pre/post thrombolysis 
•  Track time metrics so track performance and improve 

ED Management:  Simple but Effective   
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Four Levels of Stroke Care (US) 
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Time Is Brain 
Patients treated within 60 minutes experience 
improved outcomes, including lower in-hospital 
mortality and reduced long-term disability 
 

GC Fonarow et al.  JAMA. 2014;311(16):1632-1640 
Saver et al.  JAMA. 2013;309(23):2480-8 
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The New Challenge in Stroke: Reducing 
stroke to needle times 
•  Better public education of stroke symptoms 
•  Better recognition of stroke symptoms by dispatchers 
•  Reducing on scene time by paramedics  
•  Taking patients to the right hospital first time 
•  Pre-alert stroke team and improve efficiency of registering the 

patient 
•  Take patient direct to scanner 
•  Possibly ‘scan in van’ and telemedicine from ambulance linking 

to stroke team 
•  Measuring efficiency by call to needle time (or scan time for non 

thrombolysable patients) not just ‘call to door time’ 
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Teamwork and Collaboration 

RN’s 

Neurologist 

Stroke Patient 

Emergency Medicine Interventionalist 

Paramedic 
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Stroke Care 2018 and Beyond 
•  63 y/o male with “stroke symptoms” 
•  Found in back yard 
•  LKW maybe 8 hours ago? 
•  CPSS ++ (face/arm/speech) 
•  FSBS 106, BP 156/87 
•  EMS to Local PSC 
•  Stroke Team activated (NIHSS 13) 
•  Rapid transfer to CSC (1 hour DIDO) 
•  Within new extended treatment window 
•  RAPID CT Performed (favorable) 
•  Mechanical Thrombectomy performed 
•  Discharged to Home (NIHSS 1) 
•  Returns to Work in a Week 

ED CT Scan  
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Summary 
•  Stroke is common Worldwide 
•  Pre-hospital Care of the Stroke Patient is Important 
•  Acute treatment of stroke care can transform a patients 

life from death or disability to independence  
•  Technology and treatment options are growing rapidly 
•  EMS is the link from the community to the stroke centre 
•  Destination Counts! 
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What is the Best Stroke Severity Scale? 
 
Should We Triage All Strokes to Thrombectomy Centers? 
 
If We Go First to a Primary Stroke Center, What Should be Done and How 
Quickly Should They Be Transferred? 
 
What Would be the Implications for the Stroke System of Care if All Patients 
Went to the Larger Stroke Centers? 
 
How does EMS Know Which Hospital is Providing the Best Stroke Care? 
 
 
 
 
 
 

Still Many Questions: 
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Thank You 
•  Neurosurgery 

•  Greg Zipfel 
•  Josh Osbun 
•  Ralph Dacey 
•  Michael Chicoine 
•  Ian Dorward 
•  Keith Rich 

•  INR  
•  Akash Kansagra 
•  DeWitte Cross 
•  Christopher Moran 

•  BJH 
•  Mary Spencer 
–  Tesa Dean 
 

•  EMS  
•  Tina Lybarger-Ledyard 
 

•  Stroke Neurology 
•  Jin-Moo Lee 
•  David Carpenter 
•  Andria Ford 
•  Kristin Guilliams 
•  Derek Holder 
•  Salah Keyrouz 
•  Renee Van Stavern 
•  Allison Zazulia 
 

•  EM 
•  Peter Panagos 
•  Laura Heitsch 
 

•  NNICU 
–  Salah Keyrouz 
–  Raj Dhar 
–  Terry Kummer 
–  Chia-ling Phauh 
–  Peter Kang  


