Chapter 21
Occupational injury prevention and management
P. Daniel Patterson, Matthew D. Weaver, and David Hostler
Introduction
The delivery of prehospital emergency care by EMS personnel, including EMS physicians, is physically and mentally demanding. In contrast to many other occupations, the need or demand for prehospital care is not scheduled, and the amount of physical or mental work required for each patient is unpredictable. EMS workers must possess both physical strength and aerobic capacity to safely access and extricate patients. An EMS worker must lift and move patients onto stretchers, hospital beds, and other equipment, which requires core strength and flexibility [1]. Many EMS workers are at risk of injury due to poor physical health and conditioning. Other common EMS activities, such as driving/operating ambulances, pose significant safety risks to both patient and EMS worker [2,3]. A large proportion of fatal injuries while on the job are the result of driving ambulances or other EMS vehicles (e.g. “fly cars,” helicopters). Preventing fatal and non-fatal injuries in the EMS setting requires a multifaceted approach [2].
Occupational fatalities
There are few studies of EMS worker occupational fatalities. A recent study of the Bureau of Labor Statistics (BLS – this acronym will be used in this chapter for this agency, and not for Basic Life Support) Census of Fatal Occupational Injuries (CFOI), years 2003–2007, identified 65 fatalities and showed that the rate of fatalities for compensated EMS workers exceeds the rate of the general working public (6.3 per 100,000 full-time equivalents (FTE) versus 4.0 per 100,000, respectively) [4]. A recently published study using the same dataset for the same time period (2003–2007) identified six fewer fatalities (n = 59) [5]. An earlier study by Maguire et al. involved a collation of events from multiple databases: the BLS CFOI, Fatality Analysis Reporting System (FARS), and National EMS Memorial Service database [6]. Findings suggest that the rate of occupational fatalities among EMS workers may be more than 2.5 times greater than rates experienced by the general working public [6].
Most documented EMS occupational fatalities have been linked to motor vehicle or aircraft crashes. A retrospective review of the FARS data from 1987 to 1997 determined that more than half (53%) of ambulance crashes involved an ambulance crossing an intersection. The review identified 339 ambulance crashes, 405 fatalities, and 838 injuries [7]. A majority of fatalities resulting from an ambulance crash involved the ambulance driving in emergency mode, also known as “lights and sirens” [7]. In Maguire and Smith’s study of BLS data, 86% (n = 51) of documented fatalities were linked to transportation [5]. Findings from the same BLS dataset by Reichard and colleagues linked 76% of fatalities to crashes involving motor vehicles and aircraft [4].
Occupational injuries
There are few studies exploring non-fatal injuries among EMS workers. A study by Reichard and colleagues identified an estimated 99,400 non-fatal injuries between 2003 and 2007 that were severe enough to be evaluated and treated in emergency departments [4]. Based on standardized coding in the Occupational Injury and Illness Classification Manual (OIICS), 33% were linked to “bodily exertion and exertion,” 21% to “exposure to harmful substances or environments,” and 18% to “contact with objects and equipment” [4]. The most common non-fatal injury diagnoses were sprain/strain (38%), contusion/abrasion (17%), and laceration/puncture (14%). The neck and back were the most commonly cited body parts affected by non-fatal injury (31%), suggesting that lifting and moving patients and/or equipment are common causes of injury.
Research by Suyama and colleagues examined worker compensation reports for three public safety bureaus (police, fire, and EMS) in a large urban area [8]. The study determined that the absolute frequency of reported injuries was higher for police and fire compared to EMS. When adjusted for the size of the workforce, however, the rate of injuries that led to lost work time was highest among EMS workers [8].
Emergency medical services workers face repeated exposure to bodily fluids, including blood, elevating their risk of infection and illness from human immunodeficiency virus (HIV), hepatitis B virus (HBV), and hepatitis C virus (HCV). Findings from a 2002 survey sample of 2,664 paramedics determined that the rate of any exposure to blood in past 12 months was 6 per 10,000 calls and 3.7 per 10,000 patients [9]. Most exposures appear to involve intact skin and were attributed to the higher frequency of uncontrolled bleeding in the prehospital setting versus in-hospital [10].
There is a high probability that a violent patient will injure EMS workers [11–15]. Corbett and colleagues determined that >60% of EMS workers in a southern California urban system were assaulted while on the job [12]. A separate study by Mock and colleagues determined that EMS workers are exposed to at least one violent patient or event every 19 calls/patients [14]. A more recent study by Grange and Corbett determined that while violent patients accounted for <9% of patient encounters, more than half (53%) involved violence (verbal or physical) against EMS workers [15]. While it is widely known that EMS workers are often exposed to violence and violent patients, few EMS workers report receiving enough training to respond appropriately and safely [11,12].
One limitation of previous research is underreporting of injuries through the required or standard channels within organizations. As many as 32% of injuries go unreported to employers due to a complex set of factors, including but not limited to stigma associated with being injured, worker-perceived low injury severity, and other unknown factors [16]. Anonymous reporting via survey research may reveal that the proportion of EMS workers injured while on duty is greater than that counted based on injuries reported to the emergency department, employer injury logs, or worker’s compensation databases. Recent research by the University of Pittsburgh’s EMS Agency Research Network (EMSARN) shows that a large proportion of EMS workers are injured during shiftwork. Figure 21.1 shows self-reported injury data from 2,367 EMS workers in the US and Canada taking part in EMSARN research studies in 2011 and 2012. When asked to reflect on the previous 2 months, nearly half of EMS workers (45.8%) self-report injuries occurring during shifts. Injuries while lifting or moving patients were the most common injury type reported.













[image: C:\Users\cnesbit\Dropbox\AGH EM Emergency Medical Services EMS Curriculum\AHN EMS Fellowship\EMS Fellowship Documentation\Fellowship Curriculum\Supplemental Reading Assignments\c21f001.gif]


[bookmark: _GoBack]
Figure 21.1 EMS worker self-reported injury.
Source: Data from the 2011 and 2012 cohorts of the EMS Agency Research Networks (EMSARN.org) and responses version 2 of the EMS Safety Inventory (EMS2-SI).
Ambulance crashes are not an uncommon occurrence, with somewhere between 4% and 9% of all EMS providers having been involved in ambulance crashes [17,18]. Drivers involved in ambulance crashes are at increased risk for additional ambulance crashes in the future [19]. Half of drivers involved in crashes have been involved in multiple crashes [20]. Risk of an accident is also increased for younger/inexperienced drivers and those reporting sleep problems [18]. Ambulance crashes represented the greatest source of tort claims against EMS agencies in one analysis of a national insurance company, comprising 37% of all claims [21]. Crashes are also the leading cause of fatal injury [6].
There are few published studies that focus specifically on injuries incurred during EMS transport. Available data suggest that ambulance crashes occur in both emergency and non-emergency modes of transport [20]. Becker et al. examined ten years of data from two national databases: the FARS registry and the General Estimates System (GES) [22]. The analysis from this national dataset included a comparison of EMS, fire, and police crashes [22]. EMS crashes represented the highest proportion of crashes where emergency vehicle operators were killed or injured [22]. Becker et al. also noted that restrained occupants were significantly less likely to be killed or seriously injured in ambulance crashes when compared to unrestrained occupants [22]. This is consistent with findings from Kahn et al. [7]. Authors noted that improperly restrained occupants were 2.5 times as likely as unrestrained occupants to sustain serious or fatal injuries, and that serious or fatal injuries were nearly three times more likely to occur in the rear compartment compared to the front. Few EMS workers report wearing seat belts while providing care in the rear compartment of the ambulance, and providers report the need to be unrestrained in order to perform patient care tasks [23,24]. Seat belt behavior may be modifiable with EMS agency policy intervention [25].
One method of mitigating the risk associated with ambulance response and transport is the use of “drivecams” or onboard event recorders. These recorders are activated when the vehicle exceeds preset G-force limits. One large EMS agency conducted a prospective study, outfitting its fleet of 54 vehicles with onboard event recorders and observing the changes in driving behavior over time [26]. They noted that the proportion of activations per mile and activations per response steadily decreased over time [26]. The installation of these devices may influence providers to adopt more conservative driving behaviors.
Brice and associates published a comprehensive report on the proceedings of a conference of ambulance safety experts [2]. The authors implemented a Haddon matrix to conceptualize the problem of safety during ambulance transport and propose actionable solutions. A central tenet of several proposed solutions is the fostering of a culture of safety within the EMS agency.
Emergency medical services worker injuries have been linked to poorer perceptions of workplace safety culture [27]. Workplace safety culture refers to the aggregated beliefs that EMS workers create through their work and exposure to the safety conditions, policies, and practices within their EMS agency [28]. Common domains of EMS workplace safety culture include safety climate, teamwork climate, perceptions of management, working conditions, stress recognition, and job satisfaction [28]. There are few studies of EMS workplace safety culture [27–30]. Recent research by EMSARN linked a higher number of EMS workers reporting recent injuries to lower (poorer) scores on five of six domains of safety culture [27]. This association suggests that worker injuries are more common in EMS agencies where EMS workers perceive safety conditions as poor or “less positive.”
Injury prevention
A large proportion of non-fatal EMS injuries are musculoskeletal and associated with lifting and moving patients or equipment. Carrying equipment and patients over long distances is part of the daily occupational tasks of the prehospital provider. In spite of ergonomic improvements in patient movement devices, physical force must be applied to move patients in the course of prehospital care. Musculoskeletal injuries, including back injuries, hinder the job performance of EMS providers. To prevent back injury, it is essential for the prehospital provider to have adequate strength and flexibility. The core muscles of the hip and torso contain an individual’s center of gravity and initiate movement. The muscles that attach to the core provide proximal stability for efficient upper and lower extremity movements. Activation of trunk musculature precedes any upper or lower limb movements and compensatory changes in trunk muscle recruitment have been demonstrated in people with low back pain [1].
Adequate hip flexibility is also another important key for prevention of low back injuries. Tightness of the hip musculature can lead to reciprocal inhibition of the core musculature. For example, a tight iliopsoas (an important muscle for sagittal plane hip function) can lead to reciprocal inhibition of the gluteus maximus, transversus abdominis, internal abdominal oblique, and multifidus muscles. All of these muscles play important roles in spinal stabilization in the sagittal and transverse planes.
Improving the biomechanics of patient movement has received considerable attention in recent years. One research group used an ecological model of musculoskeletal injuries in the fire service to identify targets for ergonomic interventions for moving and lifting [31]. Focus groups were conducted with 25 firefighter/paramedics from 13 suburban fire departments. The participants identified lateral transfers, bed-to-stairchair transfers, and stair descent transport as areas needing improved technology. A separate study by the same group reported that a simple strap placed around the feet of the patient being transported down stairs while strapped to a long spine board reduced the strain on the EMS providers carrying the patient [32]. Although more expensive, descending control devices, which alter a movement from a carrying-type configuration to a push-pull configuration, also reduce muscular activation and could reduce injury. Interventions for reducing muscle activation and strain during lateral transfers have been less successful [32].
Ambulance stretchers have evolved over time from models requiring the providers to lift the stretcher from the ground to the ambulance deck to those requiring the provider to lift only the wheel carriage to fully powered stretchers that demand virtually no lifting. While there is a growing literature documenting a reduction in injuries after implementing mechanical patient movement devices in the hospital, little is known about the role of these devices for EMS workers. One study conducted in a large urban EMS system examined the rate of injuries before and after placing electrically powered patient stretchers on every ambulance in the system [33]. The incidence rates for overall injury before and after the intervention were 61.1 and 28.8 per 100 FTE with a corresponding risk reduction of 0.47 (95% confidence interval (CI) 0.41–0.55) [33]. The subcategory of stretcher-related injuries had the lowest risk reduction (0.30; 95% CI 0.17–0.52) when comparing pre- and postintervention time periods [33].
Comparing studies
Few studies have been performed using directly comparable datasets, denominators, numerators, and methodologies. For this reason, there remains a great deal of uncertainty about the true magnitude of fatal and non-fatal injury rates and risks for EMS workers. Much of this uncertainty can be attributed to variation in the methods and data used to quantify fatal and/or non-fatal injuries, and it is worth highlighting for the benefit of medical directors charged with monitoring these data in their own systems. There are multiple appropriate methods by which to estimate rates. Subtle differences in the method used to calculate the rate can lead to substantial differences in the final estimate. One example could be differences in the selection of the denominator for an incidence density calculation. It is critical to report this information in full, and be mindful of the decision made by authors when evaluating and comparing relevant literature. The true rate of fatal and non-fatal injuries among EMS workers is undetermined due in part to the lack of a uniform database of EMS workers. Differences in data collection threaten confidence in the ability to aggregate data and accuracy in statistics.
In the broadest sense, an injury rate is calculated in the following fashion. The numerator is the number of events in a population for a given time period. The denominator is the number of people in the population at risk during the time period. The denominator of employed and volunteer EMS workers is poorly documented, as is often true with large and dynamic populations. Estimates of EMS workers in the US range from between 800,000 and 1 million [34–37].
In this chapter, we cite two studies that examine fatal and non-fatal injuries among EMS workers. Investigators in one study defined their population for determining non-fatal injuries as “EMTs employed in the private sector with injuries resulting in at least one day of lost work time,” and for fatal injuries as “private sector and government-employed EMTs” [5]. Investigators of the separate study included compensated and volunteer EMTs, ambulance drivers and attendants, while excluding military workers [4]. Investigators also included injuries among firefighters if it was documented that the firefighter was performing EMS duties at the time of the injury (e.g. patient transport/rescue) [4]. Differences in denominators and identification of numerators result in differences between seemingly similar studies involving similar worker populations. Differences in rates may then be misinterpreted as one workplace, agency, region, or other defined area having a much higher or lower rate of injuries or fatalities.
Emergency medical services systems should have mechanisms in place to capture all injuries to workers within the system. Using the cumulative incidence rate (number of injuries per period of time divided by the number of workers at beginning of time period), the system can calculate the risk of individual EMS worker sustaining an injury over a given period of time and determine if that rate meets internal and external benchmarks. A uniform, centralized national reporting system has been proposed and would be very useful in refining the estimates of the risk of occupational injury in EMS [2].
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