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Objectives

• Review the basics and the evolving standard of care 
for ischemic stroke, especially with new advances 
for large vessel occlusions

• Discuss creating regional, local, and internal stroke 
systems of care to optimize patient care

• Discuss the prehospital setting and issues 
associated with assessment and triage

• Discuss opportunities and challenges in interfacility
transfer



Establish Best Science

Determine Best Practice

Implement for Your Region

Science Translation:
From Bench to Bedside



Establish Best Science



Lessons Learned Over 20 Years

• Reperfusion critical
– Minimize delay
– Maximize penumbral salvageability

• Collateral flow
• Physiologic optimization

• Time to reperfusion 
– Predicts clinical outcomes
– Significant tolerance-heterogeneity in populations 
– Should drive all system development 



Time to Treatment
STTC and HERMES Collaborations

(Emberson. Lancet. 2014;384:1929-1935)
(Saver. JAMA. 2016;316(12):1279-1288)



So, If Time Matters for the Brain

• Focus on what matters, timely:
– Stroke awareness and recognition
– EMS activation and transport
– Initial reperfusion strategies
– Initiation of secondary prevention strategies
– Rehabilitation evaluation and initiation
– Prevention of complications
– Patient and family engagement



Establish Best Science

Determine Best Practice



• 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



Dispatch:  911 
Delivery:   Transport & Management
Door: Triage
• 911 dispatch / EMD

• EMS prehospital interventions
– Neurologic evaluation / Screen / Score
– Time of onset / Last known normal
– Glucose
– Early prehospital notification
– Means of transport (air medical?)
– Transport family

• Triage to the most appropriate stroke 
center for the patient and your region



Next Iteration

• Incorporate
– Target Stroke I, II, III
– Mission Lifeline: Stroke
– 2018 Guidelines



Stroke Clinical Tools for EMS

Stroke Scales

Cincinnati Prehospital Stroke Scale (CPSS / 
FAST)

Los Angeles Prehospital Stroke Screen (LAPSS)

Melbourne Ambulance Stroke Screen (MASS)

Miami Emergency Neurologic Deficit Score 
(MENDS)

Recognition of Stroke in the Emergency Room 
Score (ROSIER)

Stroke Scores

National Institute of Health Stroke Scale 
(NIHSS)

sNIHSS –5 / 8
Cincinnati Prehospital Stroke Severity Screen 
(CPSSS)

Field Assessment Stroke Triage for Emergency 
Destination (FAST-ED)

Los Angeles Motor Scale (LAMS)

Rapid Arterial Occlusion Evaluation Score 
(RACE)

Three Item Stroke Scale (3ISS)

For LVO: AUC 0.803-0.821 (CI 0.767-0.857)



Door: Emergent Triage
Data: Emergent Evaluation



Decision: Team Approach
Drug: IV, EVT, Other



Disposition (Care Transition)



Establish Best Science

Determine Best Practice

Implement for Your Region



Basic Definitions

• Accreditation
– Obtained by health care organization by 

undergoing an internal self-assessment as well as 
a third party, external review process to measure 
the level of performance benchmarked against 
established standards.  

– The accreditation process considers the 
achievement of performance standards and 
internal quality / self-improvement programs, with a 
focus on patient safety and quality of care.



Basic Definitions

• Certification
– Certification typically builds upon an existing 

accreditation of the hospital and recognizes unique 
programs or services within a health care organization 
(e.g. ischemic stroke, heart disease, total joint 
replacement and perinatal care). 

– The process of certification is similar to accreditation; 
involves internal self-assessment of condition or 
disease specific performance, benchmarked to 
external best practices, and third party external review.



Basic Definitions

• Designation
– A hospital identification process developed at a 

state or local level.  
– In the process of designation, the state or local 

government typically with the guidance from a 
multi-stakeholder advisory committee identifies 
criteria by which to categorize hospital capabilities 
for a specific condition or disease state (e.g. adult 
and pediatric trauma, stroke, myocardial 
infarction).



New York





(Adeoye, Stroke 2019; 50:00-00)



Hospital Stroke Capabilities
You will work in one of these

ASRH PSC TSC CSC

Typical bed count 25 – 100 100-400 300-600 400-1500

Annual stroke admissions 25-50 50-300 50-600 > 300

Location Likely rural Likely urban / 
suburban

Likely urban / 
suburban* Likely urban

Stroke team accessible/available 24h/d, 7d/w Yes Yes Yes Yes

Noncontrast CT available 24h/d, 7d/w Yes Yes Yes Yes

Advanced imaging (CTA/CTP/MRI/MRA/MRP) available 
24h/d, 7d/w No Possibly Yes Yes

Intravenous alteplase capable Yes Yes Yes Yes

Thrombectomy capable 24h/d, 7d/w No Possibly* Yes Yes

Diagnose stroke pathogenesis/manage post-stroke 
complications Unlikely Yes Yes Yes

Access to emergent neurosurgical services No Possibly Possibly Yes

Admit hemorrhagic stroke No Possibly Possibly Yes

Clips/coils ruptured intracranial aneurysms No Possibly Possibly Yes

Dedicated stroke unit No Yes* Yes Yes

Dedicated neurocritical care unit No Possibly Possibly Yes

Perform clinical stroke research Unlikely Possibly Possibly Yes



Volume Matters

• Safe Implementation of Thrombolysis in Stroke registry
• “Center volume had more 

robust effect on DTN than 
year of treatment, and the 
shortest DTNs were seen in 
centers with volumes ≥ 100 
patients/year. Earlier 
enrollment period was also 
associated with shorter delays.”

(Strbian, Stroke. 2015;46:1275-1280)



Volume Matters

• Hospital Morbidity and Mortality Database managed by 
the Canadian Institute for Health Information

(Saposnik, Neurology. 2011;69:1142–1151)



Volume Matters

(Kim, Stroke. 2019;50:00-00)
(Saber, Stroke. 2019;50:00-00)

Likelihood of favorable discharge 
outcome for patients treated with 
EVT by volume of annual EST 
procedures per year in Florida 
(2006-2016). 



Benefits of Quality Improvement

• Studies suggest improved processes of care in 
GWTG-Stroke–participating hospitals

• This improved care has been shown to 
translate into improved clinical outcomes 
compared with nonparticipating hospitals
– 366 GWTG-Stroke hospitals, 88584 patients
– 366 non–GWTG-Stroke hospitals 85401patients

(Song, Stroke. 2016;47:1-9)





The Challenge

• Goal: right place for the right patient the first time
– CSC for SAH, ICH, severe AIS
– “TSC” for regions without CSC
– PSC for AIS and alteplase treatment, as well as 

stroke unit care
– ASRH for AIS and timely transfer is essential
– Ensuring appropriate interactions between system 

members will benefit all our patients
– Build a patient-centric system to make this happen



CSC/TSC Care Is Not Just EVT!

• Don’t be mesmerized solely by $EVT$
• EVT is a great advance but

– 10-20% eligible
– Not all reperfuse
– Not all do well
– Many require NSICU
– Global care, expert team                                      

and practice make the 
difference



Application of DAWN Criteria
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Patients presenting with stroke

(Desai, UPMC)
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(Desai, UPMC)



Application of DAWN Criteria

● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ●

Patients presenting with stroke
Present 6-24 hrs from LKW
NIHSS > 10
Meet NIHSS and time

(Desai, UPMC)



Application of DAWN Criteria

● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ●

Patients presenting with stroke
Present 6-24 hrs from LKW
NIHSS > 10
Meet NIHSS and time
LVO on imaging

(Desai, UPMC)



Application of DAWN Criteria
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Patients presenting with stroke
Present 6-24 hrs from LKW
NIHSS > 10
Meet NIHSS and time
LVO on imaging
Baseline mRS 0-1 and 
mismatch
Eligible for trial 1.7%

DEFUSE 3 similarly 2.0%

(Desai, UPMC)



Stroke Care: More Than a Billboard

`



Trends in Stroke Organization

• The ideal, develop regionalization of stroke 
systems of care based on best practice
– State-based / regional planning

• Departments of Health critical to affecting change
• All stakeholders engaged from the beginning
• Build on previous regional success (STEMI)

– Increase hospital capabilities widely
– Regionalization extends beyond EMS and triage, 

timely transfers to better equipped hospitals may 
need to occur



Ideal Situation

PSC

CSC

PSC

PSC

PSC

PSC

PSC

ASRH
PSC

CSC

CSC

TSC

TSC

ASRH



What the Hell Do You Do Here?



How To Make It Work in LA?



Thrombectomy-capable Stroke Center

• TJC, with AHA input, developed an additional level of stroke 
certification that further recognizes PSCs that perform EVT

• Goal – recognize EVT capable centers where there are not 
CSC readily available and establish standards for them

• The new level of stroke care is called Thrombectomy-capable 
Stroke Center (TSC)

• The certification program recognizes those centers that meet 
rigorous standards for performing EVT and caring for patients 
after EVT, recognizing the need for advanced post-
thrombectomy care

• This has made a lot of people angry on both sides



Intent of the TCS Designation



Challenges of TSC Certification



New York City

• Prehospital data
– Volumes

• 4,000 daily EMS 911 calls
• 1.46 million calls annually

– Stroke calls
• ~50 per day (1.25%)
• 5 estimated LVO patients
• 1.5 LVO patients potentially 

eligible for EVT



New York City

• Prehospital data
– Performance measures

• LAMS + Speech tool
• 30 mins bypass time
• LKW time < 5 hrs
• 24% stroke scale use 
• 36% prehospital notification

– Unique features
• MSU in Manhattan
• MIST Team from Mt Sinai



An Example from South Carolina 
Stroke Systems of Care Act

Ratified 6/08/2011
Vetoed by the Governor 6/14/2011
Veto overridden by Senate  6/21/2011
Veto overridden by House 6/21/2011
Ed’s happy dance 6/22/2011







Other End of the Spectrum



So Where Does EMS Go?







What Could Go Wrong?

• EMS
– Lack of specificity in LVO tools (FP, FN)
– Longer transports, especially for rural agencies

• Hospitals
– CSC over-crowding
– Impedes PSC evolution to CSC
– Limit non-CSC experience with severe strokes 

(nonreperfusion candidates, in-house, etc)
– Dilution of expertise and volume



Establish Best Science

Determine Best Practice

Implement for Your Hospital



Impact of Timely Transfer: STEMI

(Wang, JAMA. 2011;305(24):2540-2547)



Stroke Transfers in the U.S.

(George, Neurology. 2018;90:e1561-e1569)



Who to Transfer?

• It depends on
– The patient / family

• Acute issues (stroke severity)
• Comorbidities

– The geographic location
– The referring hospital capabilities
– The receiving hospital capabilities
– Other



Acute Stroke Transfer Scenarios

• Critical access hospital
– Almost everyone

• Primary stroke center
– Severe w/ LVO +/- penumbra, or unique strokes 

• Primary stroke center with EVT 
– Completed LVO infarct, or unique strokes
– Off hours LVO stroke with penumbra

• Thrombectomy-capable stroke center
– Completed LVO infarct, or unique strokes



Optimizing Processes for Transfer

• The nuts and bolt - Plan ahead!
– Know who, how and when
– Train on post-alteplase 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 Importance of Feedback

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj8zpqU2rvMAhWB4CYKHeiCB1QQjRwIBw&url=http://southernorderspage.blogspot.com/2015/08/coffee-and-donuts-in-place-of-holy.html&bvm=bv.121070826,d.eWE&psig=AFQjCNFjLHEihExrPiNGjUphHnQPiisKxQ&ust=1462289237567282


The Future

• Performance based certification
• State-based legislative programs for SSOC
• Evolving screens / tools / devices
• Evolving destination protocols
• Evolving transfer criteria
• Addressing interfacility transport means
• Addressing interfacility DiDo
• Feedback and recognition of each contribution



Conclusion

• No matter where you practice you will see stroke
• Acute treatments’ efficacies are almost asymptotic
• Now the goal is to maximize their effectiveness

– Create a local stroke system of care
– Build a resourced and supported team
– Apply best practices to each location in system
– Measure success on outcomes not check boxes

• Recognize importance of sustained public 
education, secondary prevention and rehabilitation
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