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	Protocol Information 
	Description 

	Study Title
	Single center prospective observational simulation study investigating differences in tidal volume delivered by paramedics to a simulated adult patient utilizing a standard adult sized BVM vs a pediatric/small adult sized BVM, both while stationary and while in a moving ambulance

	Study Design
	Single center prospective observational simulation cohort study 

	Primary Objective
	Aim 1: To create an experimental simulation study to investigate if paramedics deliver tidal volumes within the recommended adult range more consistently while utilizing a pediatric/small adult BVM, or while utilizing a standard adult sized BVM while stationary.

Aim 2: To create an experimental simulation study to investigate if paramedics deliver tidal volumes within the recommended adult range more consistently while utilizing a pediatric/small adult BVM, or while utilizing a standard adult sized BVM while in a moving ambulance.


	Secondary Objective(s)
	To investigate if there is a significant difference in the tidal volume delivered by paramedics to a simulated adult patient while stationary versus while in a moving ambulance. 

	Research Intervention(s)/ Investigational Agent(s) 
	N/A

	IND/IDE # 
	N/A

	Study Population
	Firefighter/paramedics in the Highland Park Hospital EMS system 

	Sample Size
	About 57 paramedics 

	Study Duration for individual participants
	Each participant will be involved for about 10-12 minutes total. The participants will spend 2 each at 4 different scenarios (standard adult BVM while stationary, standard adult BVM in a moving ambulance, large pediatric/small adult BVM while stationary, and large pediatric/small adult BVM in a moving ambulance), and will receive roughly 2-4 minutes of pre briefing.

	Study Specific Abbreviations/ Definitions 
	BVM—Bag valve mask, also known as an “Ambu bag” “self-inflating reservoir”, “self-inflating bag” or “manual resuscitator” 
EMS—Emergency medical services
GCSI—Grainger center for simulation and innovation 
EMSS—Emergency Medical Services System, a system which is comprised of a commanding “Resource Hospital” and physician EMS Medical Director who write protocols for a group of EMS agencies (including fire departments). The paramedics and EMTs employed by these agencies must follow these protocols when providing care, and can contact the resource hospital or any of its designees for assistance or additional orders. 
HPH EMSS—Highland Park Hospital EMS system
Simbulance—an ambulance owned by GCSI which functions as a mobile simulation unit and will be used to transport materials and personnel to and from the fire stations where the study will take place. 
FD—fire department 
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Objectives
[bookmark: _Toc150240684]Aim 1: To create an experimental simulation study to investigate if paramedics deliver tidal volumes within the recommended adult range more consistently while utilizing a pediatric/small adult BVM, or while utilizing a standard adult sized BVM while stationary.
Hypothesis 1: Paramedics will deliver tidal volumes within the recommended range more consistently when utilizing a pediatric/small adult BVM while stationary.
Aim 2: To create an experimental simulation study to investigate if paramedics deliver tidal volumes within the recommended adult range more consistently while utilizing a pediatric/small adult BVM, or while utilizing a standard adult sized BVM while in a moving ambulance.
Hypothesis 2: Paramedics will deliver tidal volumes within the recommended range more consistently when utilizing a pediatric/small adult BVM while in a moving ambulance.

Background
[bookmark: _Toc150240685]Many patients under the care of EMS require positive pressure support via bag valve mask (BVM), including those experiencing respiratory failure, or out of hospital cardiac arrest (OHCA). In patients for whom positive pressure ventilation is required, lung protective strategies, such as, delivering lower tidal volume have been shown to improve morbidity and mortality in the in-hospital setting. 2, 7, 8 Conversely, hyperventilation has been known to induce cerebral vasoconstriction and is thought to lower ROSC rates for OHCA patients by decreasing venous return to the heart. 3, 8, 9 It has also been correlated with the development of ARDs. 2 In fact, 50% of patients who survive OHCA go on to develop ARDS. 2 Despite these findings, EMS professionals receive little training on lung protective ventilation, and few studies exist on the impact of lung protective measures in the prehospital realm. 2, 3 Additionally, the volume of adult self-inflating bag resuscitators (800-1500 mL) is significantly higher than the recommended average adult tidal volume of 500-600 mL or 4-10 mL/kg. 2, 3 It has been proposed that the utilization of a pediatric bag valve mask (BVM) for adult prehospital patients might deliver more appropriate tidal volumes, which could, in turn, lead to better patient outcomes, including a higher rate of ROSC for OHCA patients. 1
 The current body of literature in not in agreement as to whether or not pediatric BVMs are effective in providing adequate tidal volumes for adult patients. Some sources suggest that the use of smaller BVMs for adult patients in the prehospital setting may be correlated with a lower ROSC rate for cardiac arrest patients, and that EMTs and paramedics were unable to deliver adequate tidal volumes with a pediatric BVM in a moving ambulance.3, 5 In contrast, other research indicates that adult BVMs deliver excessive tidal volume, while pediatric BVMs deliver tidal volumes more consistent with recommendations, or that patients ventilated with a pediatric-sized BVM had a higher rate of ROSC. 1, 4, 6, 7 These researchers also call into question the results of studies advocating against smaller BVM sizes, highlighting the presence of confounding variables. 8 One study suggested there was no difference in the tidal volumes delivered between pediatric and adult sized BVMs in live patients in respiratory or cardiac arrest 2.  
The lack of consensus in the literature regarding the merits (or lack thereof) of using pediatric or smaller sized BVMs for adult prehospital patients highlights the need for further research in this area. 8 Furthermore, no studies investigated differences in tidal volumes delivered by adult and smaller or pediatric BVMs while stationary vs in a moving ambulance. Because EMS professionals must provide positive pressure support both while stationary on scene, and while in transit, this represents a notable gap in the literature. 
We propose a single-center experimental simulation study comparing the tidal volumes delivered by paramedics utilizing a standard 1500 mL adult BVM and a smaller, 1000 mL BVM both while stationary, and while in a moving ambulance. This study shall be conducted over a four month period utilizing equipment and technical support from the state of the art Grainger Center for Simulation and Innovation at Evanston Hospital, in Evanston IL and Zoll. Participants will be paramedic/firefighters within the Highland Park Hospital EMS system. Participants will be instructed to provide BVM ventilations to an adult high fidelity simulation mannequin both while stationary, and while in a moving ambulance, each with a standard adult BVM 1500 mL and a large pediatric/small adult  1000 mL bag while chest compressions are in progress over a 2 minute period. The simulator shall be a Laerdal SimMan ALS which will record the delivered tidal volumes in real time, and broadcast them to a laptop monitored by researchers, who will record said tidal volumes. Tidal volumes will also simultaneously be recorded by the Zoll X advance, to provide additional verification of tidal volume measurements.
The primary comparisons will be between the tidal volumes delivered by the two different BVM sizes within the same situation (both while in a moving ambulance and while while stationary) to see which size of BVM delivers tidal volumes closest to the recommended range for adult patients. Other outcomes investigated will involve the differences in the tidal volumes delivered by each BVM size while moving vs stationary to investigate the impact of being in a moving ambulance on mechanical ventilation. 
Study Endpoints
1.1 The primary endpoint will be to investigate if paramedics consistently deliver tidal volumes within the recommended adult range more consistently with a standard adult BVM or with a large pediatric/small adult BVM, both while stationary and while in a moving ambulance. The secondary endpoint will be to investigate if there is a significant difference between tidal volumes delivered with each BVM size while stationary vs in a moving ambulance. 
[bookmark: _Toc150240686]Study Intervention/Investigational Agent
1.2 We will be evaluating a standard adult sized BVM (1500 mL volume) and a pediatric/small adult BVM (1000 mL volume). The BVMs chosen will be selected from those already approved for use, on the market, and in use by EMS clinicians.
· The BVMs will be taken back to the Grainger Center for Simulation after data is collected at each site. 
1.3 N/A
	FDA Regulation
	IND Studies
	IDE studies
	Abbreviated IDE studies

	21 CFR 11
	X
	X
	

	21 CFR 54
	X
	X
	

	21 CFR 210
	X
	
	

	21 CFR 211
	X
	
	

	21 CFR 312
	X
	
	

	21 CFR 812
	
	X
	X

	21 CFR 820
	
	X
	



[bookmark: _Toc150240687]Procedures Involved

1.4  Approximately 57 paramedics from 3 fire departments will participate in the study over a period of 4 months. Each paramedic will participate in 4 scenarios (two while stationary and two while in a moving). During each scenario, the paramedic will be instructed to ventilate an intubated adult high fidelity mannequin (Laerdal SimMan ALS) for 2 minutes while manual chest compressions are in progress with both a standard adult BVM and a large pediatric/small adult BVM.  The mannequin will record the tidal volume delivered with each breath. These tidal volumes will be sent in real time to a laptop running Laerdal’s simulation software (LLEAP) operated by researchers. Tidal volumes will be simultaneously recorded by the Zoll X Series Advanced to ensure the greatest accuracy of measurements recorded.  At the conclusion of the scenario, researchers will record the tidal volumes delivered by each participant in a Microsoft Excel document which will be accessible to the research team. 
In order to minimize the Hawthorne effect to the greatest extent possible, participants will not be informed of the nature of the study, nor will they receive any additional training on manual ventilation or lung protective ventilation until after they have completed their four scenarios. 
1.5 N/A
1.6 The data being collected will be the volume of air delivered to the mannequin with each squeeze of the BVM reservoir. We will also ask each participant to provide the length of time they have been working as a paramedic, and to estimate the number of instances they have had to utilize a BVM on a patient within the last month. The SimMan mannequin will record the tidal volume delivered with each breath. These tidal volumes will be sent in real time to a laptop running Laerdal’s simulation software (LLEAP) operated by researchers. Tidal volumes will be simultaneously recorded by the Zoll X Series Advanced to ensure the greatest accuracy of measurements recorded.  At the conclusion of the scenario, researchers will record tidal volumes delivered by delivered by each participant in a Microsoft Excel document which will be accessible to the research team. Tidal volumes, in conjunction with each participants experience (in years) as a paramedic and the amount of BVM resuscitations performed in the last month will be recorded under an anonymized participant number. Individual performance data will not be linked to the participants in any other way, nor will individual participant data be available to the employers of the participants.
1.7 N/A
1.8 N/A
[bookmark: _Toc150240688]Data and Specimen Banking
1.9 N/A, no specimens are to be used in this study. 
1.10 N/A
1.11 N/A
[bookmark: _Toc150240689]Sharing of Results with Subjects
1.12 N/A
[bookmark: _Toc150240690]Study Timelines
1.13 Describe:
· The study will take up an estimated 10-12 minutes of participants’ time. 
· Recruitment and enrollment of subjects will take place over 1-2 weeks.
· Overall study timeline: 
· [bookmark: _Toc150240691]January 2025: receive IRB approval to proceed with the study
· Q1 2025: Perform data collection 
· Q2 2025: Data analysis
· Q2/Q3 2025: Write manuscript

Inclusion and Exclusion Criteria
1.14 Participants will be eligible for participation if they are firefighter/paramedics employed by the 3 departments within HPHEMSS selected for the study (Deerfield Bannockburn Fire Protection District, Northbrook Fire Department, and Highland Park Fire Department)
1.15 Potential participants will be eligible for inclusion if they work as firefighter/paramedics for Deerfield Bannockburn Fire Protection District, Northbrook Fire Department, or Highland Park Fire Department. Potential participants will be ineligible for inclusion if they do not hold a paramedic license (ex: firefighter/EMTs) or do not actively practice as a paramedic (ex: fire department administrators and management who are licensed paramedics but do not regularly go on calls). 
The literature suggested that EMTs delivered different tidal volumes via BVM than did paramedics.5 Because there are not enough EMTs in the Highland Park Hospital EMS System to adequately study EMT and paramedic BVM ventilations comparatively, it was determined that limiting the study population to paramedics would help mitigate the confounding variable of differing levels of training.  
1.16 N/A
[bookmark: _Toc150240692]Vulnerable Populations
1.17 N/A. This research does not involve individuals who are vulnerable to coercion or undue influence
[bookmark: _Toc150240693]Local Number of Subjects
1.18 There are about 110 available fire fighter/paramedics for us to recruit from. We will need to recruit a minimum of 57 of them. 
1.19 We expect to be able to enroll 57 or more participants. 
[bookmark: _Toc150240694]Recruitment Methods
1.20 Subjects will give verbal consent based on a script created by the research team. 
1.21 Highland Park Hospital EMSS paramedics working for Deerfield Bannockburn Fire Protection District, Highland Park Fire Department, or Northbrook Fire Department. 
1.22 Subjects will be identified as subjects if they work at the aforementioned fire departments are practicing paramedics in HPH EMSS. 
1.23 Recruitment materials will be distributed to potential participants from HPH EMSS by way of their fire departments, or by HPH EMSS or GCSI directly. 
1.24 Participants who are on duty at their fire departments will be paid per individual department policies. All participants will be offered continuing education by HPH EMSS which they can use to renew their state paramedic license, national registry paramedic, and HPH EMSS system eligibility. 
[bookmark: _Toc492992334][bookmark: _Toc492992602][bookmark: _Toc493022872][bookmark: _Toc492992335][bookmark: _Toc492992603][bookmark: _Toc493022873][bookmark: _Toc492992336][bookmark: _Toc492992604][bookmark: _Toc493022874][bookmark: _Toc150240695]Withdrawal of Subjects
1.25 Subjects will be withdrawn without their consent if they do not attend the study, do not complete all of the stations, or are accidentally enrolled without holding a paramedic license.
1.26 N/A
1.27 If subjects voluntarily withdraw from the research, they will not receive the HPH EMSS continuing education credits, and will have to obtain them through other system continuing education sessions. 
[bookmark: _Toc150240696]Risks to Subjects
1.28 No risks are foreseen. This is a simulation study, and participants will be practicing a skill on a manikin which they already train on and are licensed to practice. 
1.29 N/A
1.30 N/A.
1.31 N/A
[bookmark: _Toc150240697]Potential Benefits to Subjects
1.32 The subjects benefit by gaining Highland Park Hospital EMS System continuing education credits. Those who do not participate, however, will be given other, similar opportunities for continuing education.
1.33 The subjects benefit by gaining Highland Park Hospital EMS System continuing education credits. 
[bookmark: _Toc150240698]Data Management and Confidentiality
1.34 Statistical analysis will be conducted by Chi Wang, PhD, head of the Endeavor Health Biostatistics department. The comparisons will be made using a two-sided, paired difference Wilcoxon signed-rank test powered to 90% with a 0.05 significance level of alpha. Since no prior studies have been found, we chose a conservative effect size of 0.5. 
1.35 Data is not sensitive, as it only has to do with the tidal volumes delivered by participants to a simulator manikin, recent experience utilizing a BVM, and years of experience as a paramedic. Participants’ names will be recorded with their identification numbers in a secure Excel Document as a means to ensure that no participant is enrolled in the study twice, and to ensure all participants are able to recieve continuing education credits through HPEMSS. Data will be stored in a share drive assessable to GCSI under anonymized participant numbers, and distributed to other collaborators via email and Microsoft Office products.  
1.36 N/A
1.37 Describe how data or specimens will be handled study-wide:
· N/A
[bookmark: _Toc150240699]Provisions to Monitor the Data to Ensure the Safety of Subjects
This section is required when research involves more than Minimal Risk to subjects.
· N/A, this study does not pose a risk to participants as it is a simulation study. 
[bookmark: _Toc150240700]Provisions to Protect the Privacy Interests of Subjects
1.38 The participants name and years of experience as a paramedic are the only pieces of information that will be recorded. The participants’ names will be recorded exclusively to ensure that nobody is enrolled in the study more than once, and will only be recorded in a secure excel document within GCSI’s share drive. Participants’ data will otherwise be linked only to a randomized identification number. 
1.39 N/A no personal questions shall be asked of subjects. The data collected will be from the manikin and Zoll monitor.
1.40 The researchers will all be able to access the quantitative data about tidal volume, which shall not be linked personally to research participants. 
[bookmark: _Toc150240701]Compensation for Research-Related Injury
1.41 N/A
1.42 N/A
[bookmark: _Toc150240702]Economic Burden to Subjects
1.43 N/A. Participants can participate while on duty at participating fire departments as a part of their training/continuing education requirements. 
[bookmark: _Toc150240703]Consent Process
1.44 Indicate whether you will you be obtaining consent, and if so describe:
· Researchers will obtain verbal consent from subjects using a script which has been attached and submitted with this protocol. 
· We are requesting an exemption to HRP 090, and will obtain verbal consent using the script which has been submitted along wit this protocol. 
· N/A
· N/A
· N/A
· Coercion will be prevented by offering alternate opportunities to obtain continuing education credit should they chose not to participate in the study.
Non-English Speaking Subjects
· N/A 
Waiver or Alteration of Consent Process (consent will not be obtained, required information will not be disclosed, or the research involves deception)
· N/A There is no emergency consent due to it being a simulation study. 
Subjects who are not yet adults (infants, children, teenagers)
· N/A
Cognitively Impaired Adults
· N/A. 
Adults Unable to Consent
· N/A All would-be participants are able to consent for themselves.
Humanitarian Use Device (HUD)
· N/A. This study does not involve a humanitarian use device. 
[bookmark: _Toc150240704]Process to Document Consent in Writing
1.45 We will obtain verbal consent following a consent script which has been submitted to IRB along with this document.
1.46 We are requesting an exemption to HRP-091. We are doing so because we believe it would compromise the validity of the study to reveal to participants the nature of the data that is being collected. There will be no more than extremely minimal risk of harm to participants, as this shall be a simulation study. The moving ambulance portion of the study will be done in participants’ own ambulances for familiarity, and said ambulances shall be driven at a safe speed within a parking lot, or an area that is not busy on a pre-determined route. Participants are not employees of Endeavor Health, and participants’ names will not be linked to the data they provide as it is irrelevant to the goals of the study. As such, the performance of individual firefighter/paramedics will not be reported to their employers, but fire departments will be able to view the overall results of the study when it is released. 
1.47 See attached consent script 
[bookmark: _Toc150240705]Setting
1.48 Describe the sites or locations where your research team will conduct the research.
· Subjects will be recruited from 3 fire departments within the Highland Park Hospital EMS System—Deerfield Bannockburn Fire Protection District, Northbrook Fire Department and Highland Park Fire Department.
· Research will be performed in participants’ own fire stations, utilizing GCSI equipment and ambulances. The research shall be conducted at the headquarters/main station for each department (Deerfield-Bannockburn Fire Protection District Station 20, Northbrook Fire Department Station 11, and Highland Park Fire Department Station 32.)
· In order to minimize any potential impact of the study on 911 response times, the study (similarly to other HPHEMSS simulations conducted by GCSI) shall not be conducted unless reserve apparatus staffed with personnel are available to respond to 911 calls. Any participants whose participation is interrupted by a 911 call will be excluded from the study, but shall still receive continuing education credits for their efforts.
· Members of HPHEMSS, the group of physicians, registered nurses, and paramedics who write and advise protocols for and oversee the education of all Highland Park Hospital System Paramedics within Illinois EMS Region 10 will be involved in the research.
· Members of GCSI will be involved in the research.
[bookmark: _Toc150240706]Resources Available
1.49 Describe the resources available to conduct the research: For example, as appropriate:
· We have around 110 paramedics to recruit from. We need 57. 
· We will utilize the Simbulances—mobile simulation units built out of ambulances—to transport materials to the fire stations. A Laerdal SimMan ALS will be utilized for the experiment which will be provided by GCSI. The SimMan ALS will send data to a laptop also provided by GCSI. Zoll will provide additional tidal volume monitoring capabilities. The experiment will be conducted in the respective fire departments’ own ambulances or reserve ambulances to decrease the impact unfamiliarity with an ambulance or a novel environment could have on participants’ behaviors and performances. 
· Participants will be informed that they can withdraw if need be and will be read a pre-approved consent script. Researchers will be informed of the consent process, and are all completing CITI training. 
[bookmark: _Toc150240707]Multi-Site Research
N/A not a multi-site study. 
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