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Appendix Figure A1. Identification of Law Dyads
Step 1: Select policy interventions that target the key care processes of the coordination between EMS and hospitals for stroke: 
· Initial assessment of policy effectiveness on SSOC in general (eTable 1). 
· Further assessment on the relevance to EMS and hospital care coordination: 
· Top rated risk priority for the following care coordination-sensitive process-based quality measures: door-to-computed tomography time; door-to-needle time; door-in-door-out time; delivery of tPA; utilization of EVT. 
· Results (eTable 1) validated by consultation with clinicians. 



7 Domains: 
EMS care (n=4)
· EMS triage/ground transportation 
· EMS prenotification
· Standardized stroke assessment 
· CQI for EMS system
Hospital care (n=3)
· Interfacility transfer agreement 
· Stroke center certification (CSC, PSC, ASRH)
· CQI for stroke centers
Step 2: Select policy dyads:
· Initial assessment on the role in the EMS hospital care coordination processes. 
· Availability of effectiveness evidence of policy combinations.
· Results (eTable 2) validated by consultation with clinicians. 


Appendix Table A1. Selection of Laws 
	Laws 
	SSOC Evidence Rating1
	Relevance to EMS and Hospital Care Coordination2,3 
	Status

	
	
	Quality Measures
	Failure Risk Priority Rank b
	

	EMS triage/ground transportation 
	Best
	DTN
	1 (academic medical center); 
2 (community hospital)
	Selected

	
	
	DIDO
	2
	

	Stroke assessment by standardized tools
	Promising
	DTN
	1 
	Selected

	
	
	DIDO
	1 
	

	Prenotification
	Best
	DTN 
	2 (academic medical center); 
13 (community hospital)  
	Selected

	
	
	DIDO
	3 (DIDO processes)
	

	Interfacility transfer agreement 
	Best
	DIDO 
	6 (DIDO process)
	Selected

	Stroke center certification – national standards
	Promising to Best 
	By definition of a Stroke System of Care 
	By definition of a Stroke System of Care
	Selected

	CQI for EMS system 
	Emerging
	Not rated
	Not rated
	Selected

	CQI for stroke centers
	Best
	Not rated
	Not rated
	Selected

	EMS education
	Emerging 
	Not rated
	Not rated
	Not selected

	EMS air medical transport protocol 
	Best evidence but incomplete information in the SSOC law dataset
	Not rated
	Not rated
	Not selected

	Telestroke 
	Best evidence but incomplete information in the SSOC law dataset
	DIDO
	4 (initial evaluation); 7 (consultation)
	Not selected

	Stroke center certification – state standards
	Emerging to Best
	Not rated
	Not rated
	Not selecteda

	Stroke taskforce establishment 
	Not rated
	Not rated
	Not rated
	Not selected


Note. a Laws targeting stroke center certification using state standards were not selected because the variation in stroke center certification concordance with other laws may be driven in part by the variation in what and when state standards were announced and implemented. b Failure risk priority ratings were based on two studies that examined Chicago-based hospitals (community hospitals and academic medical centers). Rank #1 indicates the highest priority. Abbreviation: SSOC, stroke systems of care. DTN: door-to-needle. DIDO: door-in-door-out. 

Appendix Table A2. Selection of Law Dyads 
	
	EMS triage
	Standardized stroke assessment
	EMS prenotification
	Interfacility transfer agreement 
	CSC
	PSC
	ASRH
	CQI for EMS system
	CQI for stroke centers 

	EMS triage
	
	
	
	
	
	
	
	
	

	Standardized stroke assessment
	Whether the effectiveness of EMS triage laws would differ by standardized assessment has not been tested (due to lack of linked data) but is emphasized as a future next step.4,5  
	
	
	
	
	
	
	
	

	EMS prenotification
	Increased EMS prenotification post EMS triage.4
	Lack of empirical evidence and/or consensus-based recommendation.
	
	
	
	
	
	
	

	Interfacility transfer agreement 
	Uncertain evidence on whether improved EVT utilization post EMS triage (i.e. direct transportation to CSC for severe stroke) would be different among transferred patients.5 

Prolonged DIDO time associated with walk-in arrival, compared with EMS transportation.6 
	Lack of empirical evidence and/or consensus-based recommendation.
	Lack of empirical evidence and/or consensus-based recommendation.
	
	
	
	
	
	

	CSC
	Improved EVT utilization post EMS triage that differentiated hospitals by PSC and CSC certification.5
	Lack of empirical evidence and/or consensus-based recommendation.
	Lack of empirical evidence and/or consensus-based recommendation.
	Lack of evidence on whether and how patient characteristics, care processes, outcomes at CSC may differ by the presence of interfacility transfer agreement with other hospitals. Mixed evidence on patient characteristics, experiences and outcomes by transferring status.7,8 Inconclusive evidence on hospital characteristics associated with transferring patterns.9 Such mixed evidence highlights the importance of studying policy combinations of transfer agreement and CSC. 
	
	
	
	
	

	PSC
	Improved tPA delivery post EMS triage that differentiated hospitals by PSC certification.4
	Lack of empirical evidence and/or consensus-based recommendation.
	Lack of empirical evidence and/or consensus-based recommendation.
	Reduced DIDO time at PSCs that had fully implemented a protocol targeting interfacility transfer between PSC and CSC.10 
	Lack of empirical evidence and/or consensus-based recommendation.
	
	
	
	

	ASRH
	By definition for EMS triage laws that incorporate ASRH certification status.
	Lack of empirical evidence and/or consensus-based recommendation.
	Lack of empirical evidence and/or consensus-based recommendation.
	Increased patient transfer rates within 2 hours of arrival during ASRH certification, without information on the presence of interfacility transfer agreement.11
	Lack of empirical evidence and/or consensus-based recommendation.
	Lack of empirical evidence and/or consensus-based recommendation.
	
	
	

	CQI for EMS system 
	Lack of empirical evidence and/or consensus-based recommendation.
	Lack of empirical evidence and/or consensus-based recommendation.
	Lack of empirical evidence and/or consensus-based recommendation.
	Lack of empirical evidence and/or consensus-based recommendation.
	Lack of empirical evidence and/or consensus-based recommendation.
	Lack of empirical evidence and/or consensus-based recommendation.
	Lack of empirical evidence and/or consensus-based recommendation.
	
	

	CQI for stroke centers
	Lack of empirical evidence; lack of consensus-based recommendation.  
	Lack of empirical evidence; lack of consensus-based recommendation.
	Lack of empirical evidence; lack of consensus-based recommendation.
	Lack of empirical evidence; lack of consensus-based recommendation.
	Lack of empirical evidence; lack of consensus-based recommendation.
	Lack of empirical evidence; lack of consensus-based recommendation.
	Lack of empirical evidence; lack of consensus-based recommendation.
	The effectiveness of policy combination that facilitate EMS and hospital data sharing and/or linkage has not been tested. Lack of linked EMS and hospital data is emphasized as an important structural constraint on producing evidence.4,5
	


Green: dyads selected for concordance analysis. Yellow: dyads not selected. Grey: dyads invalid. 



Appendix Figure A2. Number of States That Have Adopted Stroke Systems of Care Laws, 2002–2018
Panel A

Panel B

Panel C
 
“Fully required” = laws that required the policy intervention without any exceptions or exemptions; CSC = Comprehensive Stroke Center; PSC = Primary Stroke Center; ASRH = Acute Stroke Ready Hospital; EMS = Emergency Medical Services; EMSS = EMS System; CQI = Continuous Quality Improvement. 
Trend in Adoption of Laws Affecting EMS and Hospitals
[bookmark: _Hlk159294183]The most commonly adopted laws that target EMS care and patient triage were laws that regulate (require, require in part, authorize) inter-facility transfer agreements between hospitals, followed by EMS triage/ground transportation, EMS use of a standardized stroke assessment, and EMS use of a statewide data system for Continuous Quality Improvement (CQI). Few states had laws that required EMS pre-notification of hospitals for patients with suspected stroke. The ranking of laws by prevalence remained largely stable over the study period (Appendix Figure A2, Panel A). The number of states requiring EMS triage/ground transportation of stroke patients to a certified stroke center increased substantially in 2015, which coincided with the release of national standards for ASRH certification (Appendix Figure A2, Panel A). PSC certification was the most common certification level throughout the study period, compared to CSC and ASRH certifications. However, laws regarding CSC and ASRH certification substantially increased after 2015, resulting in an increase in the number of states adopting all three types of certification (Appendix Figure A2, Panel B). 
Before 2015, fewer states had any laws for statewide CQI to monitor and measure the performance of stroke centers, compared to states that had laws for CQI to measure EMS performance (Appendix Figure A2, Panel C). After 2015, mandatory quality reporting for hospital stroke centers became more prevalent than mandatory quality reporting for EMS systems (Appendix Figure A2, Panel C). 
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Policies Targeting Key Care Processes of EMS and Hospital Stroke Care Coordination


10 Law Dyads


EMS Care and Inter-facility Transfer Agreement among Hospitals

Prenotification (any level of authorization)	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	0	0	0	0	0	1	1	1	1	2	2	2	2	3	3	4	4	4	6	Prenotification (fully required)	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	0	0	0	0	0	1	1	1	1	2	2	2	2	2	2	2	2	2	3	Standardized Assessment (any level of authorization)	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	0	0	0	0	0	0	0	0	0	1	4	4	6	8	9	9	10	10	13	Standardized Assessment (fully required)	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	0	0	0	0	0	0	0	0	0	0	3	3	5	7	8	8	9	9	12	EMS triage (any level of authorization)	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	0	0	0	0	0	1	2	2	2	5	8	8	9	10	10	11	15	17	20	EMS triage (fully required)	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	0	0	0	0	0	1	1	1	1	3	4	4	5	6	6	6	10	12	13	CQI_EMSS (any level of authorization)	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	0	0	0	0	0	0	0	0	0	1	3	4	5	6	6	8	10	11	11	CQI_EMSS (fully required)	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	0	0	0	0	0	0	0	0	0	1	2	2	3	3	3	5	6	6	7	Interfacility (any level of authorization)	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	0	0	0	0	0	1	1	3	3	6	9	9	9	9	14	15	17	18	18	Interfacility (fully required)	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	0	0	0	0	0	1	1	2	2	3	4	4	3	3	4	5	6	6	6	
Number of States




Stroke Center Certification

PSC (any level of authorization)	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	0	0	0	0	1	1	2	2	7	11	13	16	18	23	24	26	29	32	PSC (fully required)	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	0	0	0	0	1	1	2	2	5	9	11	14	16	19	20	22	25	28	CSC (any level of authorization)	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	0	0	0	0	1	1	1	1	2	3	3	5	6	10	12	21	26	30	CSC (fully required)	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	0	0	0	0	1	1	1	1	1	2	2	3	4	7	9	18	22	26	ASRH (any level of authorization)	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	0	0	0	0	0	0	0	0	0	0	0	1	2	2	3	12	17	23	ASRH (fully required)	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	0	0	0	0	0	0	0	0	0	0	0	0	1	1	2	11	15	21	
Number of States




CQI Data Registry: EMSS versus Hospital Care

EMSS (any level of authorization)	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	0	0	0	0	0	0	0	0	1	3	4	5	6	6	8	10	11	11	EMSS (fully required)	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	0	0	0	0	0	0	0	0	1	2	2	3	3	3	5	6	6	7	In-hospital (any level of authorization)	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	0	0	0	0	0	0	0	0	0	1	2	3	5	6	8	11	13	15	In-hospital (fully required)	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	0	0	0	0	0	0	0	0	0	1	1	1	2	2	4	4	5	6	
Number of States




