Online Supplement Appendix B: Study type, setting, implementation content, and key findings of 41 articles selected after GRADE review

	Article
	Study Type & Setting
	Implementation Content
	GRADE Evidence Quality
	Key Findings

	Stakeholder Documents

	Brown, et al. 201457
	Statement document; 
U.S. & Canada
	3 pediatric EBGs
	Low
	· Important to consider implementation during EBG development process

	CDC. 201210
	Statement document; U.S.
	CDC 2011 field triage guidelines
	Very Low
	· Implementation ‘toolkit’ providing ‘talking points’ and premade educational materials for dissemination

	Gropen, et al. 200945
	Statement document;
Northeast Cerebrovascular Consortium, U.S.
	Stroke
	Low
	· Guideline implemented across multiple states and EMS agencies
· Implementation methods unclear

	Lang, et al. 201212
	Statement document; U.S. & Canada
	N/A
	Very Low
	· Eight-step model for developing, implementing, and evaluating prehospital EBGs

	Martin-Gill, et al. 201611
	Statement document;
U.S. & Canada
	N/A
	Very Low
	· No consensus on best tools/methods for implementation
· Stakeholder organizations acknowledge need for further study of implementation methods

	NASEMSO. 20149
	Statement document;
U.S.
	N/A
	Very Low
	· Acknowledges implementation science largely untested
· Concrete guideline for EBG development, less so implementation
· Valuable FAQ section for EMS medical directors/administrators

	Neumar, et al. 201137
	Statement document; U.S. 
	Out-of-hospital cardiac arrest
	Very Low
	· Implementation strategies: reimbursement incentives, structured simulation training, QI/QA with feedback to EMS providers

	National EMS Agenda. 200113
	Statement document;
U.S.
	N/A
	Very Low
	· Implementation science is part of “well organized EMS research effort”

	Ting, et al. 200840
	Statement document;
U.S.
	Acute coronary syndrome
	Very Low
	· Discusses heterogeneity of guideline implementation in different cities
· Implementation barriers: Education, technology, wireless transmission of ECGs, hospital competition

	Analyzes Implementation Methods

	Liem, et al. 200727
	Retrospective cohort;
Hollands-Midden region, The Netherlands
	Acute myocardial infarction
	Low
	· Detailed description of implementation methods
· Guideline implementation should encompass spectrum of care (EMS to hospital to rehab)
· European setting may not generalize to U.S.

	Mengual, et al. 200731
	Prospective cohort; Ontario, Canada
	DNR protocol
	Low
	· Evaluates feasibility of DNR protocol by measuring satisfaction among paramedics and surrogate decision makers

	Pullum, et al. 200935
	Retrospective review;
Montana, U.S.
	Provider training methods
	Low
	· Discusses 5 methods of training rural prehospital providers
· Highlights challenges of uniform prehospital education and unique rural considerations

	Describes Implementation

	Berdowski, et al. 200928
	Prospective cohort; 
North Holland, The Netherlands
	2005 CPR guidelines
	Low
	· Implementation took 17 months, a large portion of 5-year guideline cycle
· EMS training comprised significant portion of that implementation time

	Bigham, et al. 2010.3

	Cross-sectional survey; 176 EMS Agencies from U.S. & Canada
	2005 AHA resuscitation guidelines
	Low
	· Mean implementation time over 1 year
· Implementation times longer for BLS & smaller EMS agencies (compared to ALS & larger agencies, respectively)

	Bigham, et al. 20114
	Prospective cohort; 
174 EMS Agencies from U.S. & Canada
	2005 AHA resuscitation guidelines
	Very Low
	· No increase in survival after guideline implementation
· Potential explanations related to implementation: training barriers, delays in updating defibrillators, time for providers to become proficient with new guidelines

	Brice, et al. 20175
	Retrospective cohort; North Carolina, U.S.
	CDC 2009 field triage guidelines
	Low
	· No difference in trauma patient transport patterns after statewide implementation
· Delays attributed to education and adoption of guidelines, especially in rural/wilderness areas

	Brown, et al. 201430 
	Prospective cohort;
Maryland, U.S.
	Pain management
	Low
	· Detailed description of EMS provider training
· Example of evaluating protocol’s implementation success based on guideline adherence
· Highlights differences between EMS agencies run by city/county versus state

	Chen, et al. 201649
	Review;
English language literature search
	Standard operating procedures (SOP)
	Very Low
	· SOPs helpful for guideline adherence, but need to be implemented themselves
· Highlights EMS systems differences between Europe and U.S.

	Deasy, et al. 201122
	Retrospective cohort;
Victoria, Australia
	2005 CPR guidelines
	Very Low
	· Guideline update introduced to ~4 million EMS workers in one-day session
· When evaluating guideline implementation’s effectiveness should account for underlying trends in survival (or other balancing metrics) 

	Govindarajam, et al. 201120
	Cross-sectional; 21 EMS agencies in U.S.
	ACLS 2005 guideline updates
	Very Low
	· Agencies had heterogeneous protocols for out-of-hospital cardiac arrest
· Over half of agencies surveyed had modified the 2005 ACLS guidelines

	Hagiwara, et al. 201348
	Cross-sectional;
Sweden
	General protocols
	Very Low
	· Lack of EMS input in guideline development leads to downstream problems (poor adherence, suboptimal formatting)

	Hinchey, et al. 200923
	Retrospective cohort; Wake County, North Carolina, U.S.
	2005 AHA guidelines
	Low
	· Phased, 2.5-year guideline implementation resulted in increased survival
· Detailed description of implementation methods

	Jollis, et al. 201251
	Retrospective Cohort;
North Carolina, U.S.
	STEMI guidelines
	Low
	· Incorporate EMS into larger continuum of hospital care
· Discusses expanding guideline from local site to statewide

	Kerner, et al. 201750
	Prospective cohort;
Single German ambulance service
	SOP/checklists for general care, ACS, COPD
	Low
	· Checklists can help implement EBGs, improve guideline adherence

	Kudenchuk, et al. 201225
	Retrospective cohort;
King County, Washington, U.S.
	2010 AHA resuscitation guidelines
	Very Low
	· Technology-dependent guideline
· Questions how to implement an intervention to get an a priori-determined outcome

	Rhodes, et al. 201646
	Cross-sectional;
Two counties in Colorado, U.S.
	Spinal immobilization
	Very Low
	· Explores qualitative factors related to implementation
· Equipment purchase by individual EMS agencies incentivized “ownership” of guideline implementation

	Sasser, et al. 201121
	Cross-sectional; U.S.
	CDC 2006 field triage guidelines
	Very Low
	· Incomplete adoption of guidelines amongst 50 states in U.S.

	Sayre, et al. 200924
	Retrospective cohort; Columbus, Ohio, U.S.
	2005 AHA guidelines
	Low
	· Described year-long EMS educational process
· Implementation used a fire department continuous quality improvement officer

	Shah, et al. 201652
	Retrospective cohort;
Houston, Texas, U.S.
	Pediatric seizure
	Very Low
	· Simulation may have role in guideline implementation (educational phase)
· However, study found no difference in protocol adherence with simulation compared to traditional education

	Spaite, et al. 201429
	Methodology paper;
Arizona, U.S.
	Traumatic brain injury
	Low
	· Describes guideline development in-depth
· “Pre-study” of EMS agencies may have utility for implementation

	van Diepen, et al. 201344
	Statement document;
U.S.
	Out-of-hospital cardiac arrest
	Very Low
	· Implementation solutions: Private/academic partnerships, grants for “meritorious” work, 

	Walchok, et al. 201633
	Retrospective cohort;
Greenville, South Carolina, U.S.
	Sepsis
	Very Low
	· Barriers: Approval for new EMS scopes of practice (blood culture draws, antibiotic administration)

	Watts, et al. 200432
	Retrospective cohort;
Fairfax county, Virginia, U.S.
	Traumatic brain injury
	Low
	· Detailed description of implementation methods
· Tested provider knowledge pre- and post-implementation

	Implementation Barriers

	Acker, et al. 200741
	Statement document; 
U.S. National Organizations
	Stroke 
	Low
	· Barriers to implementation: cost & resource allocation
· Examples of EMS feedback & collaboration

	Bigham, et al. 201026 
	Case control; 176 EMS Agencies from U.S. & Canada
	AHA 2005 resuscitation guidelines
	Low
	· Identified 10 implementation barriers
· Barriers grouped into three themes: instruction delays, defibrillator delays, and decision-making

	[bookmark: _GoBack]Ebben, et al. 201547
	Cross-sectional;
The Netherlands
	Ambulance nurse protocols
	Very Low
	· EMS provider input is essential for protocol adherence
· Discusses qualitative factors important for implementation (may not all apply to U.S. EMS systems)

	Frendl, et al. 200942
	Statement document;
U.S. & Denmark
	STEMI 
	Very Low
	· Implementation barriers: Coordination, oversight, funding (incentives), technology

	Sainio, et al. 201343
	Retrospective cohort;
Turku, Finland
	Out-of-hospital cardiac arrest
	Very Low
	· Discusses barriers to implement guidelines that use new technology/devices 
· Specific to helicopter EMS

	Sasson, et al. 200938
	Cross-sectional;
Focus group from NAEMSP meeting
	Termination of resuscitation
	Very Low
	· Barriers to implementation: financial transport incentives, state laws, community/cultural perceptions

	Sasson, et al. 201039
	Cross-sectional;
Focus group from NAEMSP meeting
	Termination of resuscitation
	Very Low
	· Operational barriers to TOR implementation: national versus state/local laws, heterogeneity of EMS provider education, medical directors’ authority, and online medical control physician behaviors

	Williams, et al. 201236
	Cross-sectional;
9 states, U.S.
	Acute coronary syndrome
	Low
	· Differences in EMS scope of practice may affect implementation and should be considered during guideline development
· Different scopes of practice between: urban and rural providers, volunteer and paid providers, with and without EMS medical direction


Legend: ACS = acute coronary syndrome, ACLS = advanced cardiac life support, AHA = American Heart Association, ALS = advanced life support, BLS = basic life support, CDC = Centers for Disease Control and Prevention, COPD = chronic obstructive pulmonary disease, CPR = cardiopulmonary resuscitation, DNR = do not resuscitate, EBG = evidence-based guidelines, ECG = electrocardiogram, EMS = emergency medical services, FAQ = frequently asked questions, GRADE = Grading of Recommendations, Assessment, Development, and Evaluation, NAEMSP = National Association of EMS Physicians, NASEMSO = National Association of State EMS Officials, QA = quality assurance, QI = quality improvement, SOP = standard operating procedures, STEMI = ST-elevation myocardial infarction, TOR = termination of resuscitation, U.S. = United States of America 
