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	Question: Should implementation of model-based fatigue risk management program vs. NO model-based program be used for mitigate fatigue, mitigate fatigue-related risk, and/or improve sleep?

	PROBLEM:
	Fatigued EMS personnel
	BACKGROUND:
	Greater than half of EMS personnel report mental and physical fatigue while at work (Patterson et al., 2010; PMID-20199233; 2012, PMID-22023164). Greater than half report poor sleep quality (Patterson et al., 2010; PMID-20199233; 2012, PMID-22023164). Half report inadequate recovery between shifts (Patterson et al., 2015; PMID-25658148). Fatigue has been linked to greater odds of injury, medical error, and adverse events in the EMS setting (Patterson e al., 2012, PMID-22023164; Weaver et al., 2015; PMID-26371071). Use of biomathematical models may be an effective strategy for fatigue risk management in the EMS setting.

	OPTION:
	Implementation of model-based fatigue risk management program
	
	

	COMPARISON:
	No model-based program
	
	

	MAIN OUTCOMES:
	Patient Safety; Personnel Safety; Personnel Performance; Sleep / Sleep Quality; Indicators of Long-Term Health; Cost to System; Acute Fatigue;
	
	

	SETTING:
	Prehospital and similar shift worker groups
	
	

	PERSPECTIVE:
	EMS administrator / management perspective
	
	




Assessment
	
	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	PROBLEM
	Is the problem a priority?
○ No
○ Probably no
○ Probably yes
● Yes

○ Varies
○ Don't know

	Greater than half of EMS personnel report mental and physical fatigue while at work (Patterson et al., 2010; PMID-20199233; 2012, PMID-22023164). Greater than half report poor sleep quality (Patterson et al., 2010; PMID-20199233; 2012, PMID-22023164). Half report inadequate recovery between shifts (Patterson et al., 2015; PMID-25658148). Fatigue has been linked to greater odds of injury, medical error, and adverse events in the EMS setting (Patterson et al., 2012, PMID-22023164; Weaver et al., 2015; PMID-26371071). Use of biomathematical models may be an effective strategy for fatigue risk management in the EMS setting.

	The rate of ambulance accidents and other safety related events are high and likely related to sleep deprivation and fatigue amongst EMS personnel.





	DESIRABLE EFFECTS
	How substantial are the desirable anticipated effects?
○ Trivial
○ Small
● Moderate
○ Large

○ Varies
○ Don't know

	Desirable effects of using biomathematical models include improved estimation of the likelihood of fatigue-related impairment (relative to traditional prescriptive limits), and the identification of scheduling options that protect sleep opportunities and limit risk of fatigue-related performance impairments at work (As summarized by Dawson et al. 2017; PMID-27040118).



Undesirable effects include inappropriate use of the models for purposes other than comparing the relative effects of different shift schedules (As summarized by Dawson et al., 2017; PMID-27040118; Satterfield & Van Dongen, 2013; PMID-n/a).
	Industries with personnel in safety-critical roles (such as aviation) have adopted modeling as part of comprehensive risk management strategies to mitigate fatigue-related risks.

	UNDESIRABLE EFFECTS
	How substantial are the undesirable anticipated effects?
○ Large
○ Moderate
○ Small
○ Trivial

○ Varies
● Don't know

	
	


	CERTAINTY OF EVIDENCE
	What is the overall certainty of the evidence of effects?
● Very low
○ Low
○ Moderate
○ High

○ No included studies

	See GRADE evidence profile table for this PICO.

	None


	VALUES
	Is there important uncertainty about or variability in how much people value the main outcomes?
○ Important uncertainty or variability
● Possibly important uncertainty or variability
○ Probably no important uncertainty or variability
○ No important uncertainty or variability

	Different biomathematical models, though based on a common physiology, can provide different predictions for a given shift schedule (Mallis et al 2004; PMID 15018262). There is limited data on the relationships between model-based predictions of performance and negative outcomes in the operational environment (As summarized by Dawson et al., 2017; PMID-27040118). 

	Despite variability between models, the biomathematical modeling is considered an improvement over prescriptive duty time limits. 

Biomathematical modeling is generally considered useful for providing global, but not individual, estimates for the effects of a given shift schedule.

	BALANCE OF EFFECTS
	Does the balance between desirable and undesirable effects favor the intervention or the comparison?
○ Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the comparison
● Probably favors the intervention
○ Favors the intervention

○ Varies
○ Don't know

	There is limited research comparing the desirable and undesirable effects of implementing biomathematical models. A study by Moore-Ede et al., 2015 supports the argument that desirable effects favor the intervention (Moore-Ede et al., 2004; PMID-15018271).

	There is reason to believe that biomathematical models are a benefit to fatigue risk management in high risk operations such as aviation and may benefit EMS operations.

Data (evidence) supporting the use of biomathematical models have been collected. However, these data are often proprietary and not publically available. This suggest the possibility of publication bias.

	RESOURCES REQUIRED
	How large are the resource requirements (costs)?
○ Large costs
○ Moderate costs
○ Negligible costs and savings
○ Moderate savings
○ Large savings

○ Varies
● Don't know

	No specific research was identified with regard to resource requirements.

	Biomathematical modeling entails costs for licensing, implementation and maintenance. 
Additional costs are possible for implementing mitigations to the risk identified by modelling analyses.

	CERTAINTY OF EVIDENCE OF REQUIRED RESOURCES
	What is the certainty of the evidence of resource requirements (costs)?
● Very low
○ Low
○ Moderate
○ High

○ No included studies

	No specific research referenced.


	None


	COST EFFECTIVENESS
	Does the cost-effectiveness of the intervention favor the intervention or the comparison?
○ Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the comparison
○ Probably favors the intervention
○ Favors the intervention

○ Varies
● No included studies

	No specific research referenced.

	No research was identified examining the cost-effectiveness of adopting biomathematical models. However, the widespread and increasing use of modeling in aviation and other sectors suggests a large return on investment. 

	EQUITY
	What would be the impact on health equity?
○ Reduced
○ Probably reduced
○ Probably no impact
○ Probably increased
○ Increased

○ Varies
● Don't know

	No specific research referenced.

	None


	ACCEPTABILITY
	Is the intervention acceptable to key stakeholders?
○ No
○ Probably no
○ Probably yes
○ Yes

● Varies
○ Don't know

	No specific research referenced.

	Some organizations may find use of biomathematical models helpful for fatigue risk management. Others may conclude that such models are not helpful.

	FEASIBILITY
	Is the intervention feasible to implement?
○ No
○ Probably no
● Probably yes
○ Yes

○ Varies
○ Don't know

	No specific research referenced.

	Biomathematical models are untested in EMS.







Summary of judgements
	
	JUDGEMENT
	IMPLICATIONS

	PROBLEM
	No
	Probably no
	Probably yes
	Yes
	
	Varies
	Don't know
	

	DESIRABLE EFFECTS
	Trivial
	Small
	Moderate
	Large
	
	Varies
	Don't know
	

	UNDESIRABLE EFFECTS
	Large
	Moderate
	Small
	Trivial
	
	Varies
	Don't know
	

	CERTAINTY OF EVIDENCE
	Very low
	Low
	Moderate
	High
	
	
	No included studies
	

	VALUES
	Important uncertainty or variability
	Possibly important uncertainty or variability
	Probably no important uncertainty or variability
	No important uncertainty or variability
	
	
	
	

	BALANCE OF EFFECTS
	Favors the comparison
	Probably favors the comparison
	Does not favor either the intervention or the comparison
	Probably favors the intervention
	Favors the intervention
	Varies
	Don't know
	

	RESOURCES REQUIRED
	Large costs
	Moderate costs
	Negligible costs and savings
	Moderate savings
	Large savings
	Varies
	Don't know
	

	CERTAINTY OF EVIDENCE OF REQUIRED RESOURCES
	Very low
	Low
	Moderate
	High
	
	
	No included studies
	

	COST EFFECTIVENESS
	Favors the comparison
	Probably favors the comparison
	Does not favor either the intervention or the comparison
	Probably favors the intervention
	Favors the intervention
	Varies
	No included studies
	

	EQUITY
	Reduced
	Probably reduced
	Probably no impact
	Probably increased
	Increased
	Varies
	Don't know
	

	ACCEPTABILITY
	No
	Probably no
	Probably yes
	Yes
	
	Varies
	Don't know
	

	FEASIBILITY
	No
	Probably no
	Probably yes
	Yes
	
	Varies
	Don't know
	






Conclusions
Should implementation of model-based fatigue risk management program vs. NO model-based program be used for mitigate fatigue, mitigate fatigue-related risk, and/or improve sleep?
	TYPE OF RECOMMENDATION
		Strong recommendation against the option
	Conditional recommendation against the option
	Conditional recommendation for either the option or the comparison
	Conditional recommendation for the option
	Strong recommendation for the option

	○ 
	○ 
	● 
	○ 
	○ 




	RECOMMENDATION
	No recommendation: The confidence in effect estimates is insufficient to make a recommendation at this time. (Reference to GRADE Handbook 6.1.4)

	JUSTIFICATION
	The assessment of certainty in effect (also referred to as quality of evidence) was very low.


	SUBGROUP CONSIDERATIONS
	Not applicable.


	IMPLEMENTATION CONSIDERATIONS
	Considerations for implementation of biomathematical fatigue models include, but are not limited to, costs and resource needs (e.g., human, computer/electronic, and other). 

	MONITORING AND EVALUATION
	A formal program of monitoring is recommended to determine impact on critical and important outcomes germane to decision making by EMS administration.

	RESEARCH PRIORITIES
	Research priorities include, but are not limited to: 1) investigation of the inputs that inform biomathematical models tailored to the EMS setting; 2) investigation of how well models predict both the risk of impairment and the likelihood of negative workplace outcomes when applied to the EMS setting; 3) investigation of the short term and long term impact on critical and important outcomes; and 4) investigation of costs and resource needs for diverse EMS systems.
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