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Abstract

The novel Coronavirus disease of 2019 had an acutely catastrophic effect on almost every tier of emergency medical services in the United States. The Pro Bono EMS Pandemic Response Research Lab led the national effort into the investigation of prehospital pandemic response in the US mainland, interrogating key systemic issues, infectious disease best practices, and provider safety. This chapter — led by Adj. Prof. Christian Ventura, the Co-Principal Investigator of the lab and adjunct lecturer in prehospital resuscitation science and colleagues — serves as a retrospective analysis into how EMS responded to the global pandemic in the critical year of 2020, what we did right, what we can learn, and implications for the urgently warranted paradigm shifts EMS must consider adopting to prevent infrastructural collapse. 
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Introduction

The prominence of Emergency Medical Services (EMS) in pandemic response is a compelling public health issue with critical implications for global infection control, continued education of healthcare providers, and community awareness. The role of EMS in the United States pandemic response model is not rigorously studied, and recent literature suggests stringent evaluation of EMS may be beneficial to national public health, especially during the era of the novel coronavirus (COVID-19) pandemic. As of 15-April-2021, SARS-CoV-2 has been responsible for approximately 31.1 million cases of infection with 560,000 deaths in the United States [1]. Investigation into current infection control methods employed by EMS agencies and used by providers is of increasing salience, due to the unprecedented severity of the COVID-19 pandemic. This study aimed to closely analyse available relevant literature, and discuss implications of twenty-first century EMS preparedness and response in the United States. Additionally, the present study examines the impact of telemedicine utilization in EMS encounters, as well as the contribution of EMS systemic factors to the noticeable rise in stroke-related mortality observed during the period of the COVID-19 pandemic. 


METHODS

Methodical Quality

Although this study was not a meta-analysis or systematic review, standard systematic review methods were used to ensure methodological quality and quality of data analysis. The study remained consistent with PRISMA statement recommendations [2]. PROSPERO registration was not considered as the study was not a full meta-analysis systematic review. The Institute of Health Economics (IHE) Quality Appraisal of Case Series Studies Checklist was used to assess the quality of the methodological approach [3].


Recruitment Strategy

A search of the National Center for Biotechnology Information was performed using the search string “EMERGENCY MEDICAL SERVICES; INFECTION; PANDEMIC” on 12-April-2021 and the resulting articles were identified. The repository resulted in 2,158 items. The investigators independently reviewed abstracts to identify articles eligible for a full-text review. These investigators then independently reviewed full-text articles to determine studies that were eligible for inclusion based upon established criteria. 


Risk of Bias Reduction

A 95% confidence interval was used to standardize prevalence and pooling of data, and a funnel plot was created to analyze the presence of any publication bias using the Egger’s test [4].


Institutional Ethics Reviewal

An ethics approval was not considered, because this study does not involve laboratory animals or human test subjects, invasive procedures, or a prospective evaluation.





Results

The NCBI repository returned 2,158 items, 37 of which were selected for analysis and inclusion in the study, based upon determined eligibility criteria.


Discussion

Decontamination Practices

Decontamination practices of EMS equipment that are consistent with standards models of infection control are key to the prevention of the spread of pathogens and infectious diseases between patients and personnel. Current decontamination practices and protocols in the United States do not follow a national standard, but rather vary per each specific agency or local protocol. The most common types of disinfectants used in EMS agencies across include commercial industrial disinfectants and bleach, making up 45% and 47% of products used, respectively [5]. 
Ventura et al. found that decontamination of stethoscopes after each patient contact was not a regular practice. Additionally, a 2000 study showed that stethoscopes are ideal fomites for carrying pathogens, but responded well to treatment of isopropyl alcohol which significantly reduced the amount of pathogens present [6]. Within the patient compartment, Gibson located samples of Methicillin-resistant Staphylococcus aureus (MRSA) on the rear floor area, rear door handles, and oxygen cylinders, implying an increased presence of various pathogens in these areas [7].
There is evidence to suggest that many municipal and private EMS agencies of highly populous cities do not follow currently accepted hygiene standards, as many providers fail to use soap and water or commercial disinfectants or alcohols for items that come in contact to mucus membranes [8]. It has also been increasingly evident that ultraviolet germicidal irradiation may be a more effective method of reduction of microbial surface contamination, especially when paired with optimal positioning of the fixture and labor to increase the reflectivity of interior ambulance surfaces [9].
EMS personnel, as healthcare providers, play an integral role in preventing and containing the spread of healthcare associated infections (HAIs) during their occupational operations. Unlike in-hospital settings, the bacterial, fungal, and viral microbiome of the pre-hospital setting (i.e., ambulances) is not rigorously studied [10]. Although bloodborne pathogens certification is often a requirement for employment, little training or continuing education is provided for the containment of aerosolized pathogens. Additionally, availability of respiratory-related personal protective equipment (PPE) is decreasing as demand exceeds available supply [11]. Lindsley et al. examined the efficacy of an ambulance ventilation system using a patient cough aerosol simulator, and found that risk of airborne particle exposure was reduced, but not eliminated [12]. Further investigation into novel methods to reduce EMS provider exposure to aerosolized particles is warranted.


Outbreak Preparation Model

The EMS system is a critical constituent to the overall infrastructure of pandemic response in the United States and requires careful consideration of its framework and involvement with other organizations, authorities, and systems. It has become evident, however, that minimal pandemic preparedness exists for U.S. EMS agencies, observed as recently as the 2008 influenza pandemic [13]. EMS may also not be adequately prepared to respond to a pediatric infectious disease surge, due to limitations within four domains: i. structure; ii. staff; iii. resources; and iv. space [14]. There is evidence to suggest that sole reliance on education and training are insufficient in preparing prehospital providers to respond to pandemics. Tippet et al. recommends addressing concerns and perceived concerns of EMS personnel to increase response efficacy in pandemic conditions [15].
EMS providers are likely at high risk due to the lack of disease-specific triage-management protocols during pandemics. These risks include: i. needless exposure; ii. loss of functional capacity; and iii. inappropriately triaged patients [16]. The lack of a cohesive outbreak response model and specific protocols for each aspect of EMS pandemic response demands for more effective optimization and utilization of EMS resources, especially for providers often at the first patient points of contact.


Response Motivation

Willingness of first responders and healthcare workers to respond to a pandemic may not be ideal. In a study done regarding the previous Influenza pandemic, 12% of respondents stated they would not work if asked to and 7% would not work if it was required. A significant portion of respondents also stated that they would not work if there was a risk that the disease could be transmitted to family [17].
In another study evaluating the same pandemic, it was found that several factors could be influential in willingness to work, such as sex, position, employment type, training and education, availability of personal protective equipment, and trust in one’s employer [18]. In contrast, state-level emergency preparedness laws did not have a significant impact on willingness of healthcare providers to respond. It is also hypothesized that the perceived and objective legal environments for healthcare workers may not be aligned [19]. Additional training in pandemic response has also been seen to increase the rates of compliance and willingness to respond in EMS professionals [20]. 
Undoubtedly, mental health of First Responders is a compelling concern, especially in pandemic conditions. Pandemic conditions are known to exacerbate predisposed comorbidities including depression, post-traumatic stress disorder, and addiction [21]. The mental health of healthcare workers could also be negatively affected by moral injury. Increased monitoring of healthcare workers and focused group debriefings among other implementations of support systems may be beneficial in supporting the mental health of EMS personnel during and post-pandemic [22].


COVID-19 Implications

The current national guideline for EMS response to the COVID-19 pandemic as of 15-April-2021 is the Centers for Disease Control and Prevention’s Interim Recommendations for Emergency Medical Services (EMS) Systems and 911 Public Safety Answering Points/Emergency Communication Centers (PSAP/ECCs) in the United States, last updated 15-July-2020 [23]. Recent literature has encouraged further investigation into EMS response to COVID-19, specifically examining whether current EMS practices are contributing to the spread of infection [5].
In Europe, EMS systems have reportedly been overly stressed and severe working conditions put providers at great risk for transmission and contagion of the virus [24]. As the U.S. continues to exponentially exceed the quantity of COVID-19 cases within European countries, U.S. EMS systems are likely experiencing comparable overload. Additionally, there is much evidence that reveals concerning deficits within COVID-19 education mandated for EMS providers by their administrations (i.e., disease symptomatology presentation). This finding is self-reported through a survey of EMS personnel in all 50 U.S. states including the District of Columbia [5]. Watt et al. recommends that EMS organizations address gaps involving infection, transmission, and decontamination procedures in pandemic conditions [25].
The transport of COVID-19 patients via helicopter and fixed wing air ambulance has been studied in Switzerland, and options for aeromedical transport of infectious patients are plentiful. However, it is worthy to consider how much this level of transport would cost for patients in the U.S. healthcare model. There are currently no recommendations for aeromedical transport of COVID-19 patients in the United States [26].
Viral load also poses a critical risk to EMS providers, as increased exposure has historically correlated with severe disease presentation [27]. Resource allocation to support PPE shortages may reduce this risk. Programmatic strategies and changes to EMS operations to identify high-risk patients, limit exposure, and conserve PPE, as studied by Murphy et al. have been associated with reduced exposure and PPE use [28].
The U.S. EMS pandemic response model is severely lacking in the domains of: i. resource availability; ii. continued education; 
iii. administrative protocols; and iv. decontamination practices. The data suggest that the EMS system as it currently stands is inadequately prepared to respond to a severe pandemic as a unified front. In the context of the COVID-19 outbreak, continued investigation is urgently warranted due to the limited existing literature on this issue. 


Telemedicine in a Pandemic

As seen in the COVID-19 implications on EMS pandemic response in the United States, EMS services require quick and frequent adaptations to the constantly evolving circumstances of the pandemic. EMS providers experience significant exposure through emergent procedures such as advanced airway management or cardiopulmonary resuscitation [29]. To limit further exposure and adapt to the pandemic for interactions that do not require in-person intervention, telemedicine has been on a rise in both the prehospital and hospital settings; this has been promoted by the policy changes to the Emergency Medical Treatment and Labor Act. Emergent policy changes during the pandemic has allowed for the conservation of personal protective equipment and limiting exposure to providers through opportunities for technology-based clinical evaluations. Turer et al. defines this as “electronic PPE” where telemedicine tools are used to help perform electronic medical screening exams [30].
Telemedicine has served as a great potential to conserve PPE in a time of need and protect providers from more exposure. Telemedicine also allows for ill patients, patients with pre-existing conditions, and the general patient population to seek care remotely while minimizing their exposure and in-person interactions. Digital health tools have been further developed during this period to be used for online triage, checking symptoms, video visits, remote monitoring, and to conduct epidemiological surveillance studies; artificial intelligence has also been used to aid in diagnosing patients with COVID-19 and identify those at risk [31].
Since the pandemic, many health plans and employers offer some coverage for telemedical services, and the Centers for Medicare & Medicaid Services and commercial health plans have mostly waived co-pays for telemedicine to encourage utilization of remote services during the pandemic [32].
To continue promoting the use of telemedicine during the time of COVID-19, Medicare agreed to pay for COVID-19 treatment and other medical purposes with telemedicine if patients are seeing the same providers as in the past. There have also been more relaxed regulations around Health Insurance Portability and Accountability Act (HIPAA) in order to allow providers to provide telemedical treatments to patients with their personal phones [32].
Although there has been much growth to the telemedicine infrastructure over the past year in order for providers to provide effective care, there continue to be many new developments to the infrastructure. As an increasing amount of the population receives COVID-19 vaccinations with 31.4% of the total U.S. population already fully vaccinated as of 1-May-2021, both providers and patients are seeking to resume routine in-person visits [33]. Nevertheless, telemedicine can continue to be used moving forward to provide convenient and cost-effective care.


Stroke

The COVID-19 pandemic has had a considerable impact on the delivery of care for stroke patients in America. To be more exact, as the demand for EMS has risen due to the emergence of COVID-19, the number of stroke-related deaths have risen in excess. This evidence suggests that due to weekly COVID-19 infections and subsequent deaths, this prompted orders from the government to stay home to prevent viral spread. These measures heightened significant public fear of the virus, resulting in decreased utilization of emergency medical services related to cerebrovascular complications. This decrease in stroke-related EMS calls nationally resulted in the excess of cerebrovascular deaths as shown by Ikenburg et al. The increase in stroke-related mortalities could possibly be explained in part by the cerebrovascular pathology of COVID-19, in conjunction with public hesitancy and other in-facility factors [34]. 
A similar effect has been observed in Germany during their lockdown period imposed by the COVID-19 pandemic. It was discovered that while the referral of stroke patients by emergency medical services remained stable, the level of public fear, similar to the United States, resulted in a decreased usage of emergency medical services. There has also been an increase in the severity of strokes during the lockdown as measured by the National Institutes of Health Stroke Scale [35]. To address this discrepancy, it is recommended that public health education of stroke should be given prior to the onset of a lockdown to reduce stroke mortality rates. 
Presentations to emergency departments of time-sensitive conditions such as myocardial infarctions and stroke significantly decreased during the emergency declaration of the SARS-CoV-2 pandemic. In Massachusetts, these findings suggest decreased EMS contact for emergent conditions due to patients failing to seek timely medical care. While early presentations decreased, late presentations of these conditions increased, which resulted in significant morbidity and observably worsened patient outcomes. This has been attributed to the perception that encounters with the health care system would subsequently increase one’s risk of getting infected. However, delays in obtaining emergency care due to fear induced by the aforementioned perception would independently result in an increase in unfavorable outcomes. This also concerns the topic of patient motivation in pursuing emergency medical services, which could possibly be influenced by public health education on stroke [36].
With the increase in social distancing procedures that occurred due to the onset on the pandemic, stroke care has become more complicated on the part of the providers. To avoid these complications and ensure lower rates of cerebrovascular mortalities, it would be beneficial to promote patient education protocols for those at risk of acute strokes. Additionally, emphasizing diligence in response to stroke calls or other pandemic-related illnesses is important even in areas with relatively low disease prevalence [37]. Lastly, maintaining patient transport volumes at or near pre-pandemic levels through the patchwork of EMS systems prevalent in the United States could also help to counterbalance the increase of stroke mortality. 


Conclusion

A novel evidence-based national EMS pandemic response protocol may be beneficial in structuring uniform countermeasures to subdue the rapid spread of COVID-19 and similar threats that may emerge in the future. Investigation on whether EMS providers or their equipment are inadvertently serving as fomites for SARS-CoV-2 is warranted, and the use of reverse transcription polymerase chain reaction (rtPCR) to detect SARS-CoV-2 on EMS equipment surfaces may be helpful in understanding the efficacy of current decontamination practices. Nontraditional methods to reduce the risk of exposure to aerosolized pathogens should be explored, in light of the increasing PPE shortage. In addition to this, implementing telemedicine into EMS protocols could serve as another tool towards delivering care that is safe for both the patient and the EMS provider. Furthermore, by addressing the drastic rise in cerebrovascular mortalities during the COVID-19 pandemic, this could emphasize the importance of educating stroke patients to seek emergency health services despite increased public fear and negative perceptions. This would greatly benefit the timely delivery of care that is necessary for stroke cases related and not related to COVID-19.
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