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Lecture Goals

• String together 3 important concepts in acute 

stroke into one passion – stroke care:

– The growing global burden of stroke is coming soon 

to a town near you

– Beyond technology, stroke systems development 

makes a tangible impact

– Review research developments in 2012; humbling 

yet give us direction for the next decade

– In the end, go big or get out of the pool



The Building Stroke Tsunami



Global Trends In Stroke

• Stroke is a growing global epidemic

– 1 in 6 people worldwide will have a stroke 

in their life time

– 15 million new stroke each year; 

6 million will die

– 30 million stroke survivors with disabilities

– Disproportionate burden in developing 

countries



Global Stroke Mortality

(WHO Statistics, 2008)



Prevalence Estimates CV Health U.S. Children
(NHANES 2007-2008; ages 12-19 yrs, unadjusted)



Stroke Mortality Rates
United States, Total Population Ages 35+

Stroke Death Rates, 1991 - 1998

CDC:  Atlas of Stroke Mortality, 2003

http://www.cdc.gov/cvh/maps/strokeatlas/atlas.htm



South Carolina Facts

• 2006 Census 
– 4,321,249 citizens

– Over age 65 12.8% (12.4% national avg)

– Black percentage 29% (12.8% national avg)

– People per square mile 133.2 (79.6)

• What about stroke?
– Risk inversely related to income, education, poverty status



Stroke Outcomes

• In the 4 million US stroke survivors:

10% Recover almost completely

25% Recover with minor impairments

40% Experience moderate to severe 
impairments requiring special care

10% Require care in a nursing home or other 
long-term care facility

15% Die shortly after the stroke

(NSA, 2001)



What is an Ischemic Stroke?

• Ischemic stroke occurs 

when an artery to the 

brain is blocked.

– Embolic

– Thrombotic

• Areas of ischemia

– Infarct core

– Salvageable penumbra

– Ischemic cascade begins 

immediately



What is the World Doing?

• Identifying the scope of the problem

• Multinational collaboration

– Access to care / prevention

– Systems for acute stroke care

• Prehospital organization

• Building hospital stroke capacity

• Access to therapies

• Increase access to rehabilitation

– Governmental lobbying

– AHA working with China, India, Brazil, and sub-Saharan Africa

http://www.world-stroke.org/
http://www.world-stroke.org/


Research Lessons to Learned

• Reperfusion critical

– Minimize delay

– Maximize penumbral salvageability

• Collateral flow

• Physiologic optimization

• Time to reperfusion 

– Drives clinical outcome

– Affects likelihood of trial success

– Should drive system development 



Importance of Time to Diagnosis, 

Treatment and Outcome

(Saver, Stroke. 2006;37;263-266)

(Hacke, Lancet. 2004;363:768–74)

(NINDS Study Group, NEJM. 1995;333:1581-1587)

• Lost for every hour in 

ischemic stroke:

– 120 million neurons

– 830 billion synapses

– 447 miles of myelin

• Thrombolysis is time 

dependent:

– OR 2.11   0 – 90 mins

– OR 1.69 91 – 180 mins



Altered Mental Status

Stroke / 

TIA

Traumatic 

Brain Injury

Weak &

Dizzy

Coma / 

Cardiac

Arrest

Other Time Dependent Neurologic 

Emergencies Requiring Systems



Time is Brain
Post Cardiac Arrest Management

http://www.postandcourier.com/photos/2009/jun/15/29270/
http://www.postandcourier.com/photos/2009/jun/15/29270/


Time is Brain 
ICH Progression

• Symptoms often progress, 

associated with ICH growth

• Within 3 hours from onset:

– 26% with 33% or greater growth in 

next 1 hour

– 12% with 33% or greater growth 1-

20 hours

• 72% have some hematoma 

expansion over the first 24 hours
(Brott, Stroke 1997;28:1-5)

(Davis SM, et al. Neurology. 2006;66:1175-1181)

2.0 hours 
after onset

6.5 hours 
after onset

2.0 hours 
after onset

6.5 hours 
after onset



How is Stroke Organized?

• Internationally through clinical trials, a few joint 

publications, and international meetings

• Nationally through societal guidelines and some 

national process improvement programs

• State-wide processes typically centered on 

heath departments and hospital associations

• Locally focusing on regional EMS organizations 

and medical associations

• Hospital-wide through stroke teams



What Is the World Doing?

• Finland

– Government led plan; 1 CSC for Helsinki and resourced 

• India

– State-based stroke organization (preliminary)

– Prevention focus – the “polypill”

• Brazil

– Governmental negotiated pricing for rtPA 

• England

– 2007 National Stroke Strategy developed

– Developed 8 hyperacute stroke research centres which are 

sited within some of the busier NHS services



Learn From Finland –
Where There is a Will ….

(Meretoja, Neurology. 2012;79:306-313)

• Funnel all to a well resourced institution

– No PSC or CSC, all go to Helsinki University Hospital

– 24/7 neurology presence in ED

– Proximate CT

• Act on encode

– EMS talks to neurologist

– Clinical history from EMR

– Premix tPA

– Bolus while in CT



What is the US Doing?



Prevention: AHA 2020 Goals

• “By 2020, to improve the cardiovascular health of all 

Americans by 20% while reducing deaths from 

cardiovascular diseases and stroke by 20%.”

• Ideal cardiovascular health

– Ideal health behaviors

• Nonsmoking, BMI <25 kg/m2, physical activity at goal levels, 

diet consistent with current guideline recommendations

– Ideal health factors

• Untreated tCHOL <200 mg/dL, untreated blood pressure 

<120/<80 mm Hg, and fasting blood glucose <100 mg/dL.



(Schwamm, Stroke 2005;111:1078-191)

1. Provide rapid access to EMS

2. Promote use of algorithms and protocols by EMS dispatchers

3. Dispatch EMS for strokes with most rapid response

4. Ensure involvement of EM and stroke experts in development of stroke 
education materials, communications and field assessment, treatment, and 
transport protocols for EMS

5. Patients with stroke signs or symptoms transported to nearest primary stroke 
center or hospital with equivalent designation

6. A stroke system should ensure that EMS personnel perform and document 
assessments and screening of candidates for thrombolysis or other hyperacute 
interventions





Recombinant tissue-type plasminogen activator (rt-PA) use rates by quarter, pre, and post primary 
stroke center (PSC) certification, compared with non–stroke center hospitals during the same 

timeframe (ranging from FY 2001 to 2010).

Kleindorfer D et al. Stroke 2013;44:S129-S131

Copyright © American Heart Association



Figure 3. Rt-PA utilization, by hospital, 7/05 to 6/07 (source: MEDPAR database).

Kleindorfer D et al. Stroke 2009;40:3580-3584

Copyright © American Heart Association



Trends in Stroke Organization

• Continuation of the regionalization of stroke 

systems of care

– State-based / regional plans continue to expand

– Departments of Health critical to affecting change

– Often must start modest to avoid “offending” major 

stakeholders

– Regionalization extends beyond EMS and triage, 

timely transfers to better equipped hospitals may 

need to occur



• The necessary two-thirds vote (42:1) having 
been received, the veto of the Governor was 
overridden, and a message was sent to the 
House accordingly. 

• Statement by Senator CAMPSEN
I voted to override the veto of S.588 because 
of requests from constituents who have been 
impacted by strokes, and the compelling 
phone and written communication from Dr. 
Edward Jauch, Research Director for the 
Division of Emergency Medicine & 
Department of Neurosciences at the Medical 
University of South Carolina, which I have 
attached below. 



2929

15 Active Spoke 
Hospitals

 2,482 Hospital Beds

 471,875 Emergency 
Room visits per year

Largest Hospital = 453 beds

Smallest Hospital = 25 beds



Stroke System Development: 
Learn From and Partner With Others

• Provide public education

• Develop regionally specific 
systems of care

• Identify centers of excellence

• Integrate prehospital care

• Develop strong collaboration 
with specialists

• Measure quality and 
performance



• Detection: Early recognition

• Dispatch: Early EMS activation

• Delivery: Transport & management

• Door: ED triage

• Data: ED evaluation & management

• Decision: Neurology input, therapy selection

• Drug: Thrombolytic & future agents

• Disposition: Admission or transfer



Partner with Others

• STEMI & post-cardiac arrest share similar issues

– Time is Brain

– Destination hospital key

– Have similar resource needs

• Goals:

– Identify stakeholders

– Identify resources

– Get patients where they need to 

be the first time



Detection
Ensure Access to EMS and Care

• General patient education on stroke

• Educate public on FAST and need for 911

• Engage medical control and their MD’s

• Provide EMS with education and diagnostic 
tools

– Prehospital scores

– Telebat

– Triage protocols

– Feedback and training



Time Delays in Stroke Care

• Only about 25% of stroke 

patients seek medical care 

within 6 hours

– Fewer within 3 hours

– Lack of 911 use (50%)

• EMS in some cities does not 

treat stroke as an urgent 

illness

• In-hospital delays

– Worse via the lobby / in house

(Barsan, Arch Int Med 1993)
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Typical Emergency Department



Dispatch:  911 

Delivery:   Transport & Management

Door: Triage

• 911 dispatch

• EMS prehospital interventions

– Neurologic evaluation / stroke 

recognition (CPSS, LAPSS)

– Time of onset

– Glucose

– Early hospital prenotification

– Rapid transport (Air?)

– Transport family

• Triage to stroke centers (Silliman Stroke. 2003;34:729 –733)



Cincinnati Prehospital Stroke Scale

Facial Droop

Normal:  Both sides of face move equally

Abnormal: One side of face does not move at all

Arm Drift

Normal:  Both arms move equally or not at all

Abnormal: One arm drifts compared to the other

Speech

Normal:  Patient uses correct words with no slurring

Abnormal: Slurred or inappropriate words or mute





EMS Triage

• Increasingly 

complex

– Tiers of stroke care

– Time windows

– IV / IA potential

– Stroke severity

– Transport 

distances



Door: Emergent Triage

Data: ED Evaluation (Triad)



NINDS Recommendations and 

ACLS Guidelines

• Door-to-MD: 10 minutes

• Door-to-Stroke 15 minutes

Team notification:

• Door-to-CT scan: 25 minutes   

• Door-to-Drug:       60 minutes    
(80% compliance)

• Door-to-Admission: 3 hours
(Jauch, ACLS Stroke 2010)

(European Stroke Initiative Executive Committee, Cerebrovasc Dis 2003;16:311–337) 

(NINDS National Symposium on Acute Stroke, 2003) 



Data: Collection and Preparation

• Check glucose & labs

• Two large IV lines

• Oxygen as needed

• Cardiac monitor

• Continuous pulse-ox

• Stat non-contrast CT 

scan

• Begin general 

management

• Activate “Stroke Team”

• Confirm onset

• Perform neuro exam

• Get “real” rt-PA 

– Prepare to mix

– Have pharmacy alerted

• Discuss with patient and 

family potential 

treatments



(Patel, JAMA 2001:286;2830-2830)

(Nedeltchev, Stroke 2003:34:1230-1234)

Brain Imaging and Interpretation

• Neuro-imaging protocols

– 24 / 7 availability & priority

– CT staff on stroke pager

– Priority scan & interpretation

• CT / MR

– Use nearest scanner

– CT/CTA/CTP increasingly 

common but do not slow IV 

tPA



In the Emergency Department

• Somebody must push the 

patient through the system.  Do 

not expect the system to suck 

the patient along.

– Triage to the highest acuity area 

with the most resources

– Get to CT now, gently push the 

trauma surgeon aside

– Do not expect the neurology intern 

to run interference



Decision: Team Approach

Drug: IV, IA, Mechanical, Other



General Stroke Management

• Cardiac monitor
– Observe for ischemic changes or atrial fibrillation

• Intravenous fluids
– Avoid D5W and excessive fluid administration

– IV normal saline at 50 cc / hr unless otherwise required

• NPO
– Aspiration risk, avoid PO until swallowing assessed

• Blood pressure
– Function of fibrinolytic eligibility

– Without tPA modest reduction ~15% in 24 hrs

– More sophistication to come (ATACH)



Current Treatment Options

• Physiologic optimization

• No thrombolytics

– Aspirin 

• Death / nonfatal strokes reduced 11%

– Heparin

• Intravenous rt-PA 

– Risk stratify although all subgroups benefited from 

thrombolytics in NINDS 

• Other investigational treatment

– Intra-arterial thrombolysis

– Low dose IV rt-PA followed by IA rt-PA

– Thrombectomy



Recanalization Strategies

• FDA cleared interventions:

– IV tPA (0-3 hours) Approved 1996

– IV tPA (3-4.5 hours) Denied request 2012

– Thrombectomy devices Cleared for clot removal

Time 

Window
0-3 hrs 3-4.5 hrs 3-6 hrs

Up to 8 

hrs

Options
• IV tPA

• Device

• IV tPA

•Device

• IA Lytic

• Device
• Device



Understand the Limitations of IV tPA

• Generalizability
– 4% utilization of tPA 

– ~25% present within 3 hours; 29% eligible

– Keep in mind 12323 screened for 180 in PROACT II

• Big stroke are tough
– Baseline NIHSS >10 and a dense MCA sign 

predicted poor clinical outcome

– TTATS recanalization rate of no more than 30% for 
large vessel occlusion

• Sustained recanalization in only 10-20%

• Increased risk of sICH with larger strokes
(Kleindorfer Stroke 2004; 35:27-29)

(Tomsick. AJNR 1996; 17:79-85)

(Genentech, Summary basis for Activase approval. NDA. PLA96-0350)

(Alexandrov. NEJM 2004;10:1379-83)



Intra-Arterial Strategies





Time of IA Recanalization and Outcome

Time from stroke onset to reperfusion minutes

(Khatri, ISC 2008 New Orleans)

• OTD 150’

• Now

• DTN 78’

• NTG 86’

• DTG 166’

• Possible

• DTN 30’

• NTG 30’

• DTG 60’

• Save 106’

Doubling of 

mRS 0-2 

Probability



Lessons from IMS I, II, and III

0

20

40

60

80

100

120

140

160

Onset to IV Start IV Start to IA Start

IMS I

IMS II

IMS III

52 mins!

Time of IV to IA

Site Time

(mins)

MS 86

D&S 101

S&D 61

Data for first 250 

in IMS3.



When Neurologists Want an Emergency 

Physician Nearby During Acute Stroke

• Comorbidity management

CHF AMI

Aortic dissection

• Complication management

– Angioedema

– Respiratory compromise

– Bleeding / hypotension

• No inpatient beds



Disposition: Early Stroke Care

• Begin Acute Stroke Pathway

• ICU / Stroke Unit admission now
– 24 hrs for tPA

– Q 15’ X 6 hours, Q 1ox18 hours

• Facilitate medical or surgical measures to 
improve outcome after stroke
– Optimize blood pressure, glucose, temp

• Begin to prevent subacute complications

• Plan for long-term therapies to prevent 
recurrent stroke

• Start efforts to restore neurological function

(Adams Stroke. 2003;34:1056-1083)



Stroke Unit

• Distinct facility staffed by physicians, 
nurses, and rehabilitation personnel 
or mobile stroke service with similar 
components

• Monitoring capabilities providing close 
observation for neurological 
worsening or other complications

• Regular communication and 
coordinated care

• Neurologist or stroke specialist 
involvement improves outcome

(van der Walt, Med J Aust 2005 Feb 21;182(4):160-3) 
Adams HP, Stroke 2003;34:1056-1083)

(Goldstein, Neurology 2003;61:792–796)



Pay Attention to the Transfer

• Plan ahead!

– Know who, how and when

– Train on post-tPA protocol

• Blood pressure & bleeding precautions

• Angioedema

• Follow the neuro exam

• Ensure communication en route

– Know where to go when you get 
there

– Like EMS, provide feedback



The Future of Stroke Treatment

• Prevention Prevention Prevention

• Increased public and medical education

• Stroke Systems Primary, comprehensive

• Refining and defining windows

• New diagnostic tools Neuroimaging, markers

• Thrombolytics  ProUK, TNK, rPA, Ancrod

• Intra-arterial approaches IA, specialty catheters, 
angioplasty/stents

• Combination agents Antiplatelets, LMWH

• Cerebral protection Hypothermia, HBO, neuroprotection

• Surgical Hemicraniectomy, cell transplant

• Rehabilitation Constraint therapy



Prehospital Research in Neurologic 

Emergencies

• Diagnostics

– Telemedicine

– POC blood markers

– Portable EEG

• Therapies

– IM midazolam in seizures

– Hypothermia in PCA and TBI

– Hypertonic saline in TBI

https://roc.uwctc.org/tiki/
https://roc.uwctc.org/tiki/


Learn From Industry –
Toyota Value Stream Analysis

(Ford, Stroke. 2012)



New Stroke Treatments

• Blood flow restoration
– Thrombolytics (TNK, rtPA, desmotoplase)

– GP IIb/IIIa agents (abciximab, eptifibatide)

– Antithrombotic agents / DTI (argatroban / ancrod)

– Intra-arterial approach

– Transcranial ultrasound

• Perfusion augmentation

• Neuroprotective strategies

• Rheological / other (albumin)

• Aggressive physiologic management

http://www.meddoc.at/images/bltegx300.pg.jpg
http://www.meddoc.at/images/bltegx300.pg.jpg
http://bss.sfsu.edu/geog/bholzman/courses/fall99projects/vampire2.jpg
http://bss.sfsu.edu/geog/bholzman/courses/fall99projects/vampire2.jpg


Collateral Enhancement and 

Flow Augmentation

• Attempts to increase perfusion via 
stenoses and collateral circulation
– Willisian and leptomeningeal

collaterals

• Medical approaches
– Rheologic (albumin, hemodilution, etc)

– Induced hypertension (CHIPPS)

• Device approaches 
– Intra-aortic obstruction (SENTIS 2?)

– Counter pulsation (CUFFS)

– SPGS (ImpACT 24)



CT and MRI: Penumbra Selection

A  ↑CBV ↑MTT with recanalization → small stroke

E  ↓CBV ↑MTT → big stroke
(Majda Thurnher, Medical University of Vienna) 

(Parsons Neurology 2007;68:730–736)



Integration of Care

911

Diagnosis and Treatment 

during transport

Thrombolytic and 

neuroprotective 

drugs / 

Recanalization 

strategies

Nerve growth 

stimulants

Computer assisted 

therapy

Full Recovery

Advanced brain 

imaging / 

Diagnostic markers

Prompt Recognition

911 activation

Priority dispatch

EMS triage to 

regional stroke 

center

Prevention strategies

Admit to Stroke Unit

http://www.myimager.com/myImager.cfm?p=upload&from=web&loc=http://www.free-clip-images.com/archive/Icons/Computer/PC05.GIF
http://www.myimager.com/myImager.cfm?p=upload&from=web&loc=http://www.free-clip-images.com/archive/Icons/Computer/PC05.GIF


Summary

• Prevention must become a global priority

• Most if not all neurologic emergencies will have 

very narrow therapeutic windows

• Reperfusion is essential but general physiologic 

management equally important

• Acute stroke systems of care regionally and in-

hospital play an increasing role to advance ideal 

stroke care and research




