




Abstract

Fifty firefighters die each year in the line of duty from a cardiac arrest event. This is thought to be the high level of cardiac risk factors amongst firefighters. The majority of these deaths have been linked to overexertion in a population with undiagnosed or untreated hypertension. The Haz-Mat community is the oft forgotten part of the fire service that faces significant exposure to heat stress and therefore risk overexertion injuries including myocardial infarction and sudden cardiac death due to working in chemical protective clothing (CPC). Preliminary work with Haz-Mat responders on treadmills and our own pilot observational study suggests significant changes in heart rate and blood pressure due to work in CPC. Our preliminary work showed that median heart rate increased, temperature increased, median systolic blood pressure decreased and diastolic blood pressure stayed the same between the pre and post screenings. We hypothesize that capturing vital signs at 6 key moments will determine what proportion extremes of heart rate and blood pressure compared to standard monitoring (prior to donning  CPC and after removing the CPC) will help determine which operators may be at risk for cardiovascular injury. The public heath relevance of real time medical surveillance is that it will allow us to immediately identify responders with health conditions associated with sudden cardiac death such as severe hypertension and tachycardia; allowing us to intervene prior to the event thus reducing harm to the cardiovascular health of this population. Our intervention, if successful, could reach a population of 18.000-36,000 responders responding to over the 9.000 Haz-Mat calls in the US each year. The efficacy of this monitoring will be greater since it will be contemporaneous rather than the old model which was retrospective. Third, it will provide for the potential for risk stratification. We will need to measure how many responders are impacted by our intervention utilizing a near miss database similar to the one operated for firefighters by the National Fire Incident Reporting System (NFIRS) and by continuing to monitor line of duty deaths from overexertion.
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1.0  Introduction

Background 

First responders including firefighters and Hazardous Materials (Haz-Mat) teams respond to approximately 9000 Hazardous Material Calls per year.10 Roughly 50 firefighters each year die of sudden cardiac death in the line of duty.9 The majority of deaths occur during or shortly after firefighting activities. Retrospective epidemiological studies have demonstrated that strenuous physical activity is associated with line of duty death due to coronary heart disease.9,10 Strenuous physical activity within 12 hours was implicated as a contributing factor to 67% of the 52 coronary heart disease related firefighter fatalities per year.9  Therefore vital sign changes particularly heart rate may be associated with an increased risk of sudden cardiac death. The ability to detect responders who exceed 100% max heart rate may help those performing medical monitoring to better quantify the risk being faced by these responders. This study will also help us better determine the specific physiologic stress faced by Haz-Mat responders. 
We will also seek to validate our prior retrospective observational studies that showed that vital sign changes occur in Level A chemical protective suit including increasing heart rate and decreased systolic blood pressure,. We will compare vital sign changes that occur during monitoring heart rate at 6 distinct points to measuring heart rate during prescreening (prior to donning chemical protective clothing and post screening (after doffing chemical protective clothing). 

Our multidisciplinary team draws on experts in physiology, hazardous materials management and responder health and safety. The innovative methods of continuously remotely monitoring haz-mat operators from this study will improve the safety and effectiveness of medical surveillance of responders during Haz-Mat incidences  

1.1 Specific Aim #1

Determine if physiologic data measured at 6 distinct points (of operational relevance) identifies a greater proportion of people who meet or exceed 100 % max heart rate during work in chemically protective clothing.
Hypothesis 1: : Real-time monitoring at 6 key points will identify people who reach 100% age adjusted max heart at a greater proportion than pre and post screening alone.

Hypothesis 2: Heart rate > 100 beats per minute at screening will be associated achieving a heart rate of > 100% age adjusted heart rate during the other points. 

Hypothesis 3: Median Systolic blood pressure will decrease in response to work in chemical protective clothing by a 5 mmHg. 

1.2 Specific Aim # 2 
Confirm our data from our previous trials. We hope to provide validation of our preliminary work that demonstrated that work in chemical protective clothing resulted in increased heart rate, decreased systolic blood pressure and unchanged diastolic blood pressure. We hypothesized that this trend will continue when vital signs are able to be measured during 6 key phases of a haz-mat operation,
2.0 
SIGNIFICANCE
There is a significant lack of data in the occupational health and medical literature regarding the impact of wearing specialty chemical protective equipment on responder health. A large amount of the understanding is based on extrapolation of firefighting data. A trial performed by Slattery et al of firefighters during fire suppressing activity with remote physiological monitoring demonstrated that firefighters had spent about 11.5 minutes at HR of >85% max heart rate and spent median 4 minutes at 100% max.8 Hazardous Materials Responders are at increased risk of heat stress and cardiovascular strain by the mire fact that they wear self-contained breathing apparatus (SCBA) plus chemical protective clothing. In one trial, done by White et al, demonstrated when performing work at either 30 or 60% of maximal aerobic capacity in chemical protective suits and Self-Contained Breathing Apparatus (SCBA), both groups who wore SCBAs had HR 15 points higher than the control group. White et al also showed that the responders’ in the group wearing chemical protective suits and Self-Contained Breathing Apparatus (SCBA) had increased heart rates and their heart rates never reached a steady state compared to the control group or the group wearing light work clothing and SCBA.1 Additionally, the mean tolerance time for the responders in chemical suits with light work was 73 minutes but only 13 minutes in heavy work. Northington et al demonstrated that for work in Level C clothing the limiting factor was the responder cardiovascular capacity.2 The physiologic burden from wearing respiratory protection plus the added heat stress of the impervious clothing may place these responders with elevated blood pressure or heart rates at increased risk of secondary injury to the cardiopulmonary system. Geibe et al demonstrated in their multivariate analysis of firefighters’ fatalities that hypertension was not only statistically significant related to line of duty death but also showed a strong association with an OR of 4.15. Greater even than the OR of 4.09 seen in responders with prior history of Coronary Artery Disease.6 Kales et al demonstrated based on seventh report of the Joint National Committee on Prevention, Detection, Evaluation and Treatment standards that the prevalence of hypertension is high amongst public safety personal. He found that for firefighters/EMTs the rate of pre-hypertension is around 59%. Hypertension of either class I or II ranged from 9-23% in the same groups.7Despite these early studies, little information is available in the literature about the physiologic effects to Hazardous Materials responders in fully encapsulated suits (Level A).
The goal of this study is to validate our existing knowledge of vital sign changes and determine if capturing six distinct set of vital signs would be better at determining the proportion of responders who exceed certain thresholds that have been associated with physiological stress compared to capturing pre and post entry information alone. We will determine the proportion of responders who exceed 100% max heart rate and class II hypertension determined by real time remote monitoring..  We will use real-time continuous vital signs monitoring utilizing remote monitor to access vital sign changes in Haz-Mat operators at 6 key points of a simulated hazardous material exercise. 
2.1 Public Health Relevance

The public heath relevance of real time medical surveillance is that it will allow us to immediately identify responders with health conditions associated with sudden cardiac death such as severe hypertension and tachycardia; allowing us to intervene prior to the event thus reducing harm to cardiovascular health of this population. Our intervention, if successful, could reach a population of 18.000-36,000 responders responding to over the 9.000 Haz-Mat calls in the US each year. The efficacy of this monitoring will be greater since it will be contemporaneous rather than the old model which was retrospective. Third it will provide for the potential for risk stratification. We will need to measure how many responders are impacted by our intervention utilizing a near miss database similar to the one operated for firefighters by the National Fire Incident Reporting System (NFIRS) and by continuing to monitor line of duty deaths.
2.2 Innovation
This study will be one of the first to capture, analyze, and quantify vital signs of Haz-Mat responders wearing chemical protective. Measuring changes in vital signs this frequently has been done before on firefighters during live fire exercises but has not been utilized in the same way for Haz-Mat responders.7,8 The technology we are using has been used in the occupational health field before for study of firefighters physiology during both lab designed models of firefighting activities as well as during live fire activities. Our novel work will utilize this technology to measure vital signs (HR and BP) during simulated work with Hazardous Materials wearing chemical protective clothing.

3.0
APPROACH
3.1 Main Objective

We will perform an exploratory, observational study examining the vital sign changes that occur during a bout of work at a Haz-Mat scene to determine the proportion of responders who reach 100% of age adjusted max heart rate. Determine the median absolute change in heart rate, systolic, and diastolic blood pressure during work in chemical protective clothing during a hazardous material exercise.
3.2 Preliminary studies
We performed an observational retrospective review of 193 de-identified medical screening forms from Allegheny County Haz-mat responders and compared their vital signs on a pre and post medical screening form.  We reviewed the physiologic data from 3 consecutive Haz-Mat exercises; all utilizing chemical protective clothing either vapor resistant fully encapsulated level A Hazardous Materials chemical protective clothing or in the case of one exercise some hazmat responders wore non-encapsulating level B.  The study was approved by the University of Pittsburgh Institutional Review Board as an exempted study.  We also identified the prevalence of hypertension in our cohort. We then categorized them as either having pre-hypertension, type I and type II hypertension using the guidelines developed from the seventh report of the Joint National Committee on Prevention, Detection, Evaluation and Treatment of High Blood Pressure. We wanted to determine in this pre-post study if the addition of a pre-screening protocol would identify those responders at high risk for heat stress and secondary injury from responding to a Haz-Mat incident. We also wanted to determine the percentage of responders who would have been excluded by various screening protocols; National Fire Protection Agency Standard 471, Environmental Protection Agency First Receiver Hospital Standard and compare it to our proposed countywide protocol. We used SPSS Statistical package. We determined the mean and SD for four different age groups (18-29. 30-40, 41-59 and 50+). We compared them to see if they were statically different for the three exercises. We determined by age what percentage of responders had pre-hypertension, stage I and stage II hypertension.  The second portion of the study compared the results with the pre-screening and reentry protocols of several regulatory and expert committees to determine if we can identify which protocol can best identify which responders that may be at risk of secondary injury due to the exertional heat stress. We anticipated a non-parametric distribution of vital signs therefore we utilized a Mann-Whitney to compare the medians of the pre and post vital signs-systolic BP, diastolic and heart rate. We also compared the pre-HR to the 70% of max HR (220-age) for all the responders to determine how many may have achieved 70% max. 
There was no difference between the mean ages between the various exercises. The mean age was 44 years +/- 10. There was a statistically significant of 6 mmHg decrease (95% CI -3,-9) in median systolic blood pressure between pre and post exercise. There was a statistically significant increase in heart rate of 15 beats per minute (95% CI 12, 20). 84% of our responders had either pre or hypertension. The distribution of blood pressures was fairly consistent across all age groups. The older age group 50+ and greater had a slightly greater proportion of stage II hypertension. There was only 1% (n=3) of our cohort that had Age adjusted HR > 70% max at screening. But of the 4% (n=9) that had an Age adjusted HR of > 70% max heart rate in rehab all but one had HR > 100 in prescreening.
3.3 Justification of the Primary Outcome

The ultimate goal of medical monitoring of responders is to be able to determine which responders may be at risk of secondary injury from participating in a response activity. Secondarily attempt to reduce potential morbidity or mortality from cardiovascular injuries including heart attacks and strokes related to job duties. We hope to better identify in real time those responders operating with vital signs outside the safe range in order to help quantify the risk for secondary injury in the future. Retrospective data had identified that has-mat responders reach or exceed their max heart rate. For these reasons our primary outcome is proportion of responders who achieve 10% max heart rate. 
3.4 Population

This will likely be a feasibility study on whether the monitors are able to provide real-time vital sign data during a Hazmat Exercise. We will recruit a convenience sample of 10 participants from our local hazmat response teams during an already scheduled county-wide hazardous materials exercise. Two prior trials looking at similar variables have utilized a similar sample size of 9 participants.7,8 Since we will be comparing the vital sign data from the same cohort that our preliminary group came from I anticipate the anthropomorphic data will be the same as our preliminary trial. We will be checking vital signs pre and post entry of all the participants of the exercise as part of standard operating procedure. This will allow us to use the individual recruited hazmat operator as their own control. 

3.5 Heart Rate and Blood pressure Data Source and Collection

The heart rate and blood pressure will be measured by a Athena GTX. (Figure 1)  
Technical Specifications include
ECG: 3 lead (Lead II)

NIBP: Systolic 40-260 mmHg | Diastolic 20-200 mmHg

SpO2: Ranges 0-100% Saturation | Nonin Fingerclip

Communications: 802.11 WiFi 
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Figure 1. Athena GTX WVSMTM
A member of the investigative team will record the times: 1. when responders are suited up (pre-sreening); 2. when responders begin the activity; 3. when the activity ends,; 4. when decontamination begins; 5. when decontamination ends.; and 6. when the suit is removed (post-screening). The vital sign data will be continuously sent wirelessly to a laptop with the matching software to capture the data.  We will the extract the data from the laptop at a separate time. We will look at whether responders will reach 100% age adjusted max heart rate; the change in systolic blood pressure or  change in diastolic blood pressure.   
4.0 DATA ANALYSIS
Our primary outcome will be the percentage adjusted max heart rate. Our secondary outcomes will be the change in systolic BP and/or diastolic BP.  Our independent variables are age and gender. Since this is a study of small proportions, we utilized Bayesian equation developed for determining the appropriate power with a the 95% confidence interval when dealing with a small proportion to determine an adequate sample size to be able to determine the proportion of responders who would achieve 100% max HR. The result was a sample size or N of 10.12 

Table 1. Confidence interval for small proportions
	N
	Clopper-Pearson
	Bayesian
	Arcsin

	9
	0.28312884
	0.25886555
	0.28631544

	10
	0.25886555
	0.23840419
	0.26030343

	11
	0.23840419
	0.22092219
	0.23859909


Also based on our preliminary work, a sample size of 10 providers would allow us to detect the 15 beat difference in heart rate with a 80% power with an alpha of 0.05 with a 95 % CI of (12,20) between the beginning of activity and the other points in time. Primary analysis will be exploratory focusing on the differences in vital signs over time to determine if there is a significant change and when does the change occur in relation to the activity. We hypothesize that obtaining vital signs at 6 distinct points from data collected every 30 seconds will be better at identifying vital sign changes then the current standard of measuring it at two points in time (pre and post screening). We will be utilizing the Athena GTX to determine if hypothesis 1, hypothesis 2, and hypothesis 3 are correct. 
We will assess the data for normality.  If parametric, we will use the paired student’s t-test to compare pre- and post-screening data points.  If nonparametric, we will used the Wilcoxon sign-rank test.  We will use the generalized estimating equations to account for the correlated, time-dependent nature of the continuous (every 30 seconds) data. We will perform a univariant linear regression model to determine what demographic or vital sign data was associated with reaching a heart rate of 100% age adjusted max.
5.0 Alternative Approach – Recruitment

We believe our sample size is obtainable given the large number of participants that take part in the county wide Hazardous Materials exercises. These exercises are held quarterly throughout the year. The next scheduled one will be in March 2014. If we are unable to recruit sufficient participants during the exercise we will work with members of the Haz-Mat Medical response team to provide us with additional potential recruits. We otherwise will need to use the recruits who often participate in the Emergency Responders Human Performance Lab studies. 
6.0 Alternative Approach - Independent Variables

Although we feel that our proposed plan will be successful, we have developed alternative methods of evaluating measures.  All responders will undergo pre and post screening of heart rate and pulse as part of standard operating procedure, therefore this data can again be analyzed in a retrospective fashion if unable to capture the prospective date. 

We will attempt linear regression to determine if a smaller number of measurement combinations would provide us with the same data as the 6 distinct moments.
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