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“The opinions expressed in this presentation 
are solely those of the presenter and may not 
necessarily reflect AHA/ASA’s official 
positions. This presentation is intended for 
educational purposes and does not replace 
independent professional 
judgment. AHA/ASA does not endorse any 
product or device.”

Disclaimer
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Disclosures

• Research
– NIH/NINDS NeuroNext, Study Chair and Core DSMB

ICECAP Study, Internal Safety Monitor
SIREN, Chair External Oversight Committee

• Consulting Senior Consultant, NC Dept. of Health Coverdell Program
Rapid.AI, Medtronic

• State, National, International Organizations
– AHA/ASA committees and writing groups
– Joint Commission technical advisory panels
– National Quality Foundation Neurology Standing Committee
– NC Departments of Health Stroke Advisory Committees
– Middle Eastern / North African Stroke Organization (MENASO)

Objectives

• Review the current situation surrounding stroke

• Discuss creating regional stroke systems of care to 
optimize patient care
– What is the current science driving stroke care?

– What are the best practices for delivering optimal stroke care?

– How to put all the pieces together in a system of care?

• Discuss the near future of stroke care and how we will 
be measured
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Why Should We Care?

• Despite advances, stroke is not going away

• Definitive treatments are now available and are 
effective if available and delivered in a timely 
and coordinated manner

• Current resources and organization may not 
be ideal

• Despite many obstacles, stroke systems of 
care can maximize opportunities for optimal 
outcomes

Progress Hard to Maintain

(CDC MMWR, QuickStats. 2023;72(40):1099))
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Prevalence (unadjusted) estimates for poor, intermediate, and ideal cardiovascular health for each 
of the 7 metrics of cardiovascular health in the American Heart Association 2020 goals, US 

children aged 12 to 19 years, National Health and Nutrition Examination Survey (NHANES) 2011 to 
2012. *Healthy diet score data reflects 2009 to 2010 NHANES data.

(Mozaffarian Circulation. 2015;131:e29-e322)

Zombie Burger
Photo: Orchestrate Hospitality

Future Access to Care
Can’t Always Count on Local Expertise

• National demand for 
neurologists to increase from 
18,180 in 2012 (11% shortfall) to 
21,440 by 2025 (19% shortfall)

• Shortage of MDs in 
general, especially in rural areas

(Dall, Supply and Demand Analysis of the Current and Future US Neurology Workforce. Neurology. 2013:470–478) 
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Future Access to Care
Pressures on Rural Hospitals

Credit: Hyun NamkoongCredit: Hyun NamkoongCredit: Hyun Namkoong

(UNC Shepp Center)

Future Access to Care
Pressures on All EMS, Especially Rural Resources
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Establish Best Science

Determine Best Practice

Implement for Your Region

Science Translation:
From Bench to Bedside

Establish Best Science
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Lessons to Learned Over 20 Years

• Reperfusion critical
– Minimize delay

– Maximize penumbral salvageability

• Time to reperfusion 
– Predicts clinical outcomes

– Significant tolerance-heterogeneity in populations 

– Drives system development

– The tissue clock is now cool

Time to Treatment
STTC and HERMES Collaborations

(Mulder. Circulation. 2018;138:232-240)
(Saver. JAMA. 2016;316(12):1279-1288)
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Impact of Interventions

OutcomeNNTIntervention

Fibrinolysis (alteplase)

mRS 0,13 – 50 – 90 mins

(NINDS 8 for mRS 0,1)4 – 990 – 180 mins

(ECASS III 14 for mRS 0,1)8 – 14180 – 270 mins

Improved disability2 – 4Mechanical thrombectomy

Functional independence (mRS 0,1)3 – 4

Functional independence 10 – 25Stroke unit care

Life saved50

Life saved if within 6 hrs; 200 from 12-24 hrs43STEMI – Thrombolytics

So, If Time Matters for the Brain

• Focus on what matters, timely:
– Stroke recognition and action

– EMS activation and transport

– Initial reperfusion strategies

– Initiation of secondary prevention strategies

– Rehabilitation evaluation

– Prevention of complications

– Patient and family involvement
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Establish Best Science

Determine Best Practice

Stroke Systems of Care
Why Should We Bother?

“A fully functional stroke system of care that reduces 
stroke-related deaths by just 2%-3% annually would 
translate to 20,000 fewer deaths in the US alone and 
400,000 world-wide” 

“As a result, post stroke disability would be reduced, and 
improve quality of life, increase efficiency use of 
healthcare resources, and reduce financial burden on 
patients and families, third party payers and 
governments”

(Higashida. Stroke. 2013; 44;2961-2984)
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CDC

• A policy evidence 
assessment report of 
state policy 
interventions based 
typically on SAC 
addressed in at least 
one state law.

• Case studies underway

Centers for Disease Control and Prevention. Division for Heart Disease 
and Stroke Prevention. What is the Evidence for Existing State Laws to 
Enhance Pre-hospital Stroke Care? Atlanta, GA: Centers for Disease 
Control and Prevention; 2017.

Best Practice Based on Science
Guidelines are Just That

• Guidelines tend to be 
lagging indicators of 
SOC but often define 
SOC.

• Know your local 
practices which may 
have “evolved” since 
the last publication.

20(Powers, Stroke. 2019;50)
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• Detection: Early recognition

• Dispatch: Early EMS activation

• Delivery: Transport & management

• Door: ED triage

• Data: ED evaluation & management

• Decision: Neurology input, therapy selection

• Drug/Device: Thrombolytic & future agents

• Disposition: Admission or transfer

Stroke Pathway

• Incorporate
– Target Stroke I, II, III
– Mission Lifeline: Stroke
– 2018 Guidelines
– 2019 SSOC
– 2020 ACLS
– 2021 Consensus 

Statement
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Dispatch:  911 
Delivery:   Transport & Management
Door: Triage

• 911 dispatch / EMD for stroke

• EMS prehospital interventions
– Neurologic evaluation

– Stroke screens and scores

– Time of onset / LKNW

– Glucose

– Early prehospital notification

– Means of transport (air medical?)

• Triage to appropriate stroke center by local protocol

Door: Emergent Triage
Data: Emergent Evaluation

(Wannamaker, Stroke. 2018;49(6))
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The Process and Practice

• ED Interventions proven to work

(Fonarow, JAMA. 2014;311:1632-1640)

EMS prehospital notification   
Stroke tools and tool kits 
Rapid triage protocol and stroke 
team notification
Single call activation system
Direct transfer to CT scanner
Rapid CT and interpretation
Rapid laboratory testing / POC
Mix rtPA ahead of time
Rapid access & rtPA initiation
Team-based approach
Prompt data feedback

NINDS and ACLS Recommendations

(Jauch, ACLS Stroke 2010)
(NINDS National Symposium on Acute Stroke, 2003) 

20202010Time Goal

010Door to MD

015Door to Stroke Team

025Door to CT

4560Door to Drug

60Door to Device

60Door in Door out

90180Door to Admission
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Imaging Selection for Reperfusion

A  ↑CBV ↑MTT with recanalization → small stroke

E  ↓CBV ↑MTT → big stroke

(Majda Thurnher, Medical University of Vienna) 
(Parsons Neurology 2007;68:730–736)

Decision: Team Approach
Drug: Drug, Device, Other
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Recanalization Strategies

• FDA cleared/reviewed interventions:
– IV alteplase (0-3 hrs) Approved 1996

– Thrombectomy devices Cleared for clot removal 2004

– IV alteplase (3-4.5 hrs) Request denied 2012

– Second generation EVT New guidelines in 2015, 2019

– IV tenecteplase (0-3 hrs) FDA approved 2025

6-24 hrs / 
Wakeup

4.5-6 hrs3-4.5 hrs0-3 hrsTime Window

• Drug*
• Device*

• Drug*
• Device (“LVO”)

• Drug 
• Device

• Drug
• Device

Therapeutic 
Options

* With “penumbral” selection

Disposition (Care Transition)
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Establish Best Science

Determine Best Practice

Implement for Your Hospital

Stroke Care in 2025

• It is simple
– Build an expert team, not a team of 

experts

• How to perform locally?
– Do it based on data

– Do it fast but safely

– Do it as a team

– Drive change through QI

– Again share credit and publicize!
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What the System Needs From You

As an individual and a 

system:

• Availability

• Affability

• Ability

• Affordability

• Accountability

(photo by W. Eugene Smith)

Learn From Industry –
Toyota Value Stream Analysis

(Ford Stroke. 2012;43:3395-3398)
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Target: Stroke - Strategies

• National QI to increase rates of DTN < 60 mins 
– 1030 GWTG-Stroke Hospitals

– Pre    2003-2009 /  Post  2010-2013

• Interventions

(Fonarow, JAMA. 2014;311:1632-1640)

EMS prehospital notification   
Stroke tools and tool kits 
Rapid triage protocol and 
stroke team notification
Single call activation system
Direct transfer to CT scanner
Rapid CT and interpretation

Rapid laboratory testing / POC
Mix alteplase ahead of time
Rapid access & rtPA initiation
Team-based approach
Prompt data feedback

Target: Stroke

(Fonarow, JAMA. 2014;311:1632-1640)
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Look for System Best Practices
Hospital-bAsed Protocol to Standardize ThrombEctomy (HASTE)

37

Who to Transfer?

• It depends on
– The patient / family

• Acute issues (stroke severity)

• Comorbidities

– The geographic location

– The referring hospital’s capabilities (imaging, 
resources)

– The receiving hospital’s capabilities

– Hopefully by a well articulated existing protocol
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Optimizing Processes for Transfer

• The nuts and bolts - plan 
ahead!
– Know who, how, and when

– Train on post-alteplase protocol
• BP, HT, angioedema

• Follow the neuro exam

• Ensure communication en route

– Track Door-in Door-out

– Like EMS, provide feedback

Establish Best Science

Determine Best Practice

Implement for Your Region
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What is a System of Care?

• A system of care is an organized, coordinated effort in 
a defined geographic area that delivers the full range of 
care to all patients and is integrated with the local 
public health system. 

• The true value of a system of care is derived from the 
seamless transition between each phase of care, 
integrating existing resources to achieve improved 
patient outcomes. Success of a system of care is 
largely determined by the degree to which it is 
supported by public policy.

(https://www.heart.org/en/professional/quality-improvement/mission-lifeline)

What is a System of Care?

• Optimal healthcare delivery requires
– Structure (people, equipment, education, 

prospective registry data collection)

– Process (policies, protocols, procedures)

– System (programs, organizations)

– Outcomes (patient safety, quality, 

satisfaction). 

• An effective system of care comprises all of 
these elements—structure, process, system, 
and patient outcomes—in a framework of 
continuous quality improvement.

(Kronick. Circulation. 2015;132:S397-S413)
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Definitions

• Accreditation
– 3rd party attestation of organizational 

performance standards and quality

• Certification
– 3rd party attestation of disease specific 

capabilities and performance

• Designation
– System/governmental recognition of 

destination facilities by disease

• Legislation
– Law which has been promulgated by a 

legislature or other governing body

Establish Regional Capabilities
Stroke Center Certifications
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New York
Harmonize Criteria to Avoid Race to Bottom

MSU

MMSU

EMS / IFT

Telestroke

Telestroke
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Recommendations for Regional Stroke Destination Plans in Rural, Suburban, and Urban Communities From the Prehospital Stroke System 
of Care Consensus Conference: A Consensus Statement From the American Academy of Neurology, American Heart 
Association/American Stroke Association, American Society of Neuroradiology, National Association of EMS Physicians, National
Association of State EMS Officials, Society of NeuroInterventional Surgery, and Society of Vascular and Interventional Neurology: 
Endorsed by the Neurocritical Care Society | Stroke (ahajournals.org)

(Jauch, Stroke. 2021. Online)  
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The Challenge

• Goal: right place for the right patient the first time
– Not every patient needs a CSC/TSC nor are they 

always available

– CSC for SAH, ICH, severe AIS

– “TSC” for regions without CSC

– PSC for AIS stroke/stroke unit care

– ASRH for AIS and timely transfer 

– Ensuring appropriate interactions and feedback 
between system members to benefit our patients

How Do You Start?
Build a Team of Engaged/Empowered Stakeholders

• Departments of Health

• Hospitals / healthcare settings

• EMS / AMT services

• Physicians / groups

• Proximate state partners

• Patient advocacy groups

• Legislative representatives?
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(Adeoye, Stroke. 2019; 50:7)  

Build a Plan and Measure

• Design after engagement and consensus

• Start modest
– Look for low-hanging fruit

– Look to prior success (STEMI)

– Publicize and share credit widely

• Collect and publish data!

• Advocate for resources

• Wash, rinse, repeat
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Created at the State Level
Implemented in the Region

NC EMS Regions

So Where Does This Patient Go?
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It Depends and It Matters

• EMS
– Issue of training

– Accuracy of LVO tools

– Longer transports, especially for 
rural agencies, reduce services

• Hospitals
– Receiving hospital over-crowding

– Impedes local evolution to highest 
level possible
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Urban Transport Recommendations

57

UNMC

Rural Transport Recommendations

58

Cherry County Hospital
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Specific Help for Our Rural Partners

AHA Commitment to Rural Health
Rural Health Care Outcomes Accelerator

• Closing the urban / 
rural gap
– GWTG for rural

hospitals

– Rural community 
network

– Educational tool kits

– Rural hospital awards 
program
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Delays to Hospital Arrival
Target Areas of Vulnerability

• Opportunity for 
improvement
– 50% still present > 2o

– At-risk populations
• Women, older, Black

• Higher SVI

• Rural location

– This was only for
patients utilizing EMS

https://www.arcgis.com/apps/webappviewer/index.html?id=08f6e885c71b457f83cefc71013bcaa7

(Dhand, Stroke 2024;55(6))

Des Moines
Peach < 3 hrs
Orange 3-6 hrs
Red > 6 hrs

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
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An Example from South Carolina 
Stroke Systems of Care Act

• Victory was sweet but brief – bill defunded

• It took 5 years to finally get funding
– New director of health took on stroke with a passion

– Hired dedicated FTE in Dept of Health

– Created SC Stroke Advisory Committee
• All stakeholders

• Create guidance for Director

• Created triage algorithm

• Funding for state-wide stroke registry of all hospitals

SC Telestroke Alliance 
Rough estimate
• $120M over past decade
• $18M recurring
• Original bolus $12M

ROI
• Backbone for state
• Decrease in disability 

(stroke, preterm delivery, 
behavioral health, now 
COVID)

• EMS pilot
• 1000 alteplase 

recommendations / yr
• 2,000,000 interactions in 

2020
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Access to Broadband
Ensure Access to Vulnerable Populations

• In Iowa
• 83.2% with disability
• 92.1% without disability

• Practice settings
• Telespecialists
• TeleICU
• Diagnostics

• Patient homes
• Telehealth / Telemental health / 

Teleopiod use disorder
• Telerehab
• Remote monitoring

• Other environments
• Prisons
• Worksites

SHADAC analysis of the American Community Survey (ACS) 
Public Use Microdata Sample

Feedback
To Every Link in the Chain

• Never underestimate the 
critical role of feedback
– Show how “they” contributed to 

the patient’s outcome

– Do it quickly – it is a teachable 
moment, 

– Bring special patients back to the 
ED and invite EMS crew

– Improve the system in real-time

• Get it out to the public
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Continuous Quality Improvement
Once You Build It, Measure It

• Collect system performance data 
to drive improvement across all 
domains.

• GWTG- Stroke provides discrete 
measures of improvement and 
opportunity.

(Fonarow, JAMA. 2014.311:1632-1640)  

Feedback
Share and Reward Success as a Team
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Sustainability
Avoid the “One and Done”

• It is critical to codify the system and progress
– Thoughtful legislative statutes 

– Recurring funding and support

– Active and empowered stroke advisory committee 
at the state level engaged with DoH and legislators

– Require data collection and transparent reporting
• Statewide

• Systems of care

• Hospitals / Healthcare facilities

Conclusion

• No matter where you practice you will see stroke

• Acute treatments’ efficacies are nearly asymptotic

• Now the goal is to maximize their effectiveness
– Build a resourced and supported SSOC and team 

– Implement best practices at each location in the system and 
across the system

– Measure success by outcomes not check boxes

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