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Abstract

:

Even before the year 2020, telemedicine has been proven to contribute to the efficacy of healthcare systems, for example in remote locations or in primary care. However, with the outbreak of the COVID-19 pandemic, telehealth solutions have emerged as a key component in patient healthcare delivery and they have been widely used in emergency medicine ever since. The pandemic has led to a growth in the number of telehealth applications and improved quality of already available telemedicine solutions. The implementation of telemedicine, especially in emergency departments (EDs), has helped to prevent the spread of COVID-19 and protect healthcare workers. This narrative review focuses on the most important innovative solutions in emergency care delivery during the COVID-19 pandemic. It outlines main categories of active telehealth use in daily practice of dealing with COVID-19 patients currently, and in the future. Furthermore, it discusses benefits as well as limitations of telemedicine.
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1. Introduction


The COVID-19 pandemic resulting in a sudden appearance of a large number of patients infected with the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is one of the greatest challenges to healthcare systems worldwide. In the COVID-19 pandemic, healthcare providers needed not only to help numerous patients with a new, highly-contagious disease, but also to provide care to patients with chronic diseases, emergency conditions, or other health conditions and diseases, and not expose them to SARS-CoV-2.



Despite effective prevention, such as vaccinations, new waves and evidence of new variants of COVID-19 are still expected to emerge. Therefore, the situation should be thoroughly analyzed and conclusions should be drawn from the experiences from the onset and the course of the pandemic for new effective solutions to be developed and implemented.



One of the results of the COVID-19 pandemic is a rapid adoption of digital tools and technologies such as telemedicine and virtual healthcare in healthcare systems. The terms “telehealth”, “mobile health” (mHealth) and “telemedicine” are often used interchangeably. Telemedicine is defined as providing remote healthcare services using information and communication technologies [1]; however, at its core, it was about supporting long-distance clinical care, professional health-related education, public health, and health administration. Hence, although telehealth (mHealth, eHealth) is often referred to or referenced as telemedicine (which refers specifically to remote clinical services), it embraces a wider variety of healthcare services, including those provided by professionals other than physicians, such as nurses and pharmacists. It may include clinical care services, education for both patients and providers, and public health or healthcare administrative services [2]. Telehealth can be used as a tool to monitor, diagnose, treat, and counsel patients in circumstances where in-person care is not feasible, or when telehealth is more convenient or economical. Although telehealth has been in use for a few decades now, the COVID-19 pandemic made apparent its many advantages and previously unthought of uses. Moreover, the use of telemedicine in the COVID-19 pandemic has been promoted by international organisations, such as, e.g., the World Health Organisation [3]. Numerous studies have investigated the use of telemedicine in Emergency Departments (EDs), and many papers have discussed telehealth methods and attempted to determine the feasibility of these systems for emergency settings [4]. EDs are critical to the management of acute illness and injury, and therefore the provision of healthcare system access. The overcrowding of emergency departments may be a serious public health issue worldwide whereas reducing interpersonal contact has been one of the least expensive and most widely used COVID-19 control strategies. The pandemic and excess patient flow into emergency departments may be a huge challenge for emergency medicine [5]. There is evidence suggesting that the employment of telemedicine accelerates triage, as well as positively impacts both patient care and cost reduction in the healthcare systems [6]. However, not all healthcare providers and patients are equally ready for a wide-scale implementation of telehealth solutions. Structured efforts need to be made to assess the skills demanded from telehealth/telemedicine workers and to amend their education and training. The aim of this narrative review is to show the possible application of telemedicine in pre-hospital, inpatient, and post-emergency departments in the pandemic and beyond.




2. Telehealth Application in Emergency Medicine


Emergency departments have typically used telehealth for remote consultations. However, as the pandemic evolved new areas of the possible use of telehealth services have been identified also in emergency medical systems. One of these new areas is telemedical support for paramedics/ambulance nurses as an important factor in effective prehospital emergency care, especially due to the pandemic-related shift from traditional on-scene physician missions to telemedical-supported missions. Innovative telehealth solutions may be implemented in (i) prehospital/pre-ED settings, (ii) within ICUs and Emergency Departments, (iii) post-ED discharge, and (iv) education.



2.1. Prehospital/Pre-ED Telehealth


Telemedicine may enhance the quality of prehospital emergency medical services by improving remote prehospital consultations, helping to dispatch urgent patient transfer, and enhancing the supervision of healthcare providers. The excess flow of patients into emergency departments was a major issue early in the pandemic. Patients with COVID-19 symptoms or under investigation for COVID-19 reported to EDs increasing the risk of spreading the virus to other patients. These experiences demonstrate the need for prehospital and emergency department coordination to best serve communities during unpredictable situations related to the COVID-19 pandemic. The use of telehealth services may help to coordinate emergency systems, and thus improve the functioning of the whole healthcare system.



Numerous studies in emergency medicine and telehealth have investigated the use of telemedicine in prehospital/pre-ED settings [7,8,9,10]. A significant increase in the number of patients admitted with SARS-CoV-2 infections was found during the early stage of the COVID-19 pandemic, which indicates difficulty in obtaining medical help at the beginning of the pandemic, before the implementation of pre-hospital teleconsultations [9]. Tele-triage decreased waiting time for treatment, and thus reduced the overcrowding resulting from the input factors [10].



A small number of studies describe telemedicine used for a remote evaluation of patients before on-site care with evaluation being conducted not only by the ED staff but also by medical students, nurses, and physicians [11,12].



Telemedicine has the potential to improve the quality of prehospital emergency medical services by addressing triage and by collaboration with local and governmental emergency services providers [13]. Pre-hospital telehealth systems have been developed to provide faster, more efficient care for COVID-19 patients triaged to appropriate levels of care. New technologies including mobile units, telemedicine, and wearable technology have been implemented to optimize this process [12].



The main interventions in prehospital/pre-ED settings were to evaluate and screen patients prior to ED presentation and to communicate with patients prior to their arrival in ED. In some countries, additional COVID-19 dedicated call centers, together with additional call takers, even such as volunteers, allowed the main ED dispatchers to focus on routine emergency calls [14,15]. It seems that cooperation with national emergency medical services organizations in some countries, from the beginning of the COVID-19 pandemic, helped them slow down the spread of the disease. This was done by enabling suspected patients to avoid hospitals and community clinics and by managing the treatment of mild cases of COVID-19 at home, allowing hospitals to cater for more severe cases.



Paramedics in ambulances would often hold telemedicine meetings with specialists to facilitate pre-hospital diagnosis and reduce treatment delays in progressive respiratory failure of COVID-19 patients [16]. Telehealth allowed for better decision-making for boarded ED patients awaiting transfer to Intensive Care Units or other hospitals [17]. Tele-triage, defined as a videoconference between emergency medical services and EDs, is the subject of only one paper [18].



Telemedicine has also been used by emergency medicine doctors to supervise nurse practitioners and general practitioners in long-term care facilities or skilled nursing facilities. The main goal of these interventions was to enable appropriate triage of patients at risk for COVID-19 disease and to compensate for the lack of medical resources [19].



In conclusion, telemedicine may contribute to supporting prehospital decision-making for diagnoses, lifesaving interventions, and hospital destinations. Most importantly, telemedicine can be used to ensure that healthcare resources are used in the most efficient and effective way.




2.2. Telehealth within ICUs and Emergency Departments


The following areas of interest can be distinguished in the application of telehealth within the Emergency Departments: (i) saving personal protective equipment (PPE); (ii) assessment and remote monitoring of ED and ICU patients; (iii) interaction of specialist services with ED physicians, or how specialists may interact with patients either for emergency conditions or in the ED; (iv) remote supervision of trainees by attending physicians and (v) enabling patient contact with “virtual visitors”.



Telehealth initiatives and virtual communication decrease patient and ED staff exposure to COVID-19 by limiting personal contact and, thereby, decreasing the use of PPE [20]. To limit the exposure and curb the spread of COVID-19 in EDs, some hospitals eagerly deployed telehealth software used for ED inpatients to communicate with all patients, regardless of whether they were being admitted or discharged. Consultant services and hospitalists were able to contact the patients via their devices and assess them remotely [21,22,23,24]. Moreover, in case of foreign-speaking patients, the healthcare provider could easily invite a certified interpreter to join in the conversation to improve communication. Emergency departments have also used telehealth as a screening tool for acute care needs to limit staff and patient exposure to the virus and the use of PPE.



In spite of its high cost, there has been an increased interest in remote patient monitoring (RPM) ever since the outbreak of the coronavirus (COVID-19) pandemic [25,26]. The tele-ICU systems (with audio and visual virtual solutions) have been developed to address the increasing demand for intensive care services and the shortage of intensivists. The implementation of tele-ICU offers potential advantages and makes critical care delivery more efficient in disasters or pandemics. Risk prediction algorithms, smart alarm systems, and machine learning tools augment conventional coverage and, as research has shown, can potentially improve the quality of care [27]. Moreover, not only do RPM programs allow for closer monitoring of patients, but also trends in patient reporting may reflect clinical courses of COVID-19 that may otherwise have remained uncharacterized [28]. Steinberg at all., after deploying an RPM programme to monitor and triage patients tested positive for SARS-CoV-2, observed a reduction in ED utilization or even hospital admission and ICU care [29].



Numerous medical centers with no access to professional RPM systems used a combination of nursing phone calls, telemedicine appointments, and other remote communication methods to minimize the spread of the virus.



Even the best virtual ICU care systems and remote patient monitoring fall short of providing clinical decision support tools required to effectively care for critically ill patients. Hence, specialty consultations are common and important in emergency medical practice. They affect patient flow. A rising number of COVID-19 and non-COVID-19 ED patients increased the need for specialist consultations (internal medicine, anesthesia, radiology, trauma surgery, pulmonary and critical care medicine). Limited human resources and the need for reducing healthcare worker exposure have resulted in a rising number of consultations via telemedicine in many EDs. Thus, in the COVID-19 pandemic, telemedicine was used for no-touch patient evaluations by ED specialists [30]. Conversations with patients regarding discharge planning or follow-up, as well as discussions with health care providers about patient care plans, tele-supervision of low-risk procedures and disposition planning, were held virtually [31].



Due to an increased risk of morbidity and mortality among senior medical doctors, some measures have been taken to decrease the risk of COVID-19 exposure for these healthcare professionals, e.g., by introducing virtual oversight over residents and non-advanced practice providers [32].



Telehealth was also used by emergency physicians infected with COVID-19 who were well enough to work from home, but not yet beyond the recovery period allowing them to return to physical work [33]. Virtual hospitalist programs expanded the ability to confront the challenges of the COVID-19 crisis at the epicenter of the pandemic and expanded mechanisms to train and support new or inexperienced hospitalists to provide and expand health care services. A virtual hospitalist program expanded a mechanism to train and support new or inexperienced hospitalists to provide and expand palliative care services [34]. COVID-19 infections have raised numerous safety concerns. To comply with infection control concerns, access to visitors/family members was restricted for both COVID-19 and non-COVID-19 patients in ICUs. Hence, a new research area emerged for investigating virtual visiting under strict personal visitation policies in hospital wards. Critical care units would substitute in-person visits with virtual visitation programs, e.g., by video chat to ease stress on patients and family members to improve communication [35].



Conclusions regarding the use of telehealth in EDs and ICUs are as follows: ED patients and staff were able to decrease exposure to the virus, save PPE and improve communication between patients and healthcare providers, as well as patients and their families [7,18,35].




2.3. Post-ED Discharge Telehealth


In the context of post-ED discharge telehealth, were explored the extension of ED care through remote patient monitoring (RPM) at home or in long-term care facilities [36]. Remote patient monitoring with the transmission of physiological data from the home setting to clinicians, is typically used in the management of chronic conditions such as diabetes or hypertension [37]. Suitable mobile health solutions used for post-ED discharge patient monitoring enable COVID-19 patients to be routinely followed-up outside the hospital setting. In the pandemic, this also reduces potential disease spread and prevents the overloading of healthcare systems. There have been a variety of RPM programs recently discussed in the literature. However, few of these programs were developed to address coronavirus disease patients in particular [38,39]. In a study from New York, discharged patients were provided with pulse oximeters, thermometers, and a symptom reporting app. The data collected by the software may help not only to secure particular patients who may benefit from early intervention but also to trace the natural history of COVID-19, enabling evidence-based identification of the course of infection. Moreover, there are mobile-assisted respiratory rehabilitation programs for COVID-19 convalescents. Some research data indicate the need to develop new education and training programs with a focus on the interdisciplinary rehabilitation of patients with post-COVID-19 syndrome.



The reduction in the availability of inpatient rehabilitation for non-COVID-19 patients, for example post-stroke patients, due to the pandemic, has had many consequences. Telerehabilitation contributes to significant patient improvement, at the same time, it eliminates the problem of transport, which is cited as a major limitation in the access to inpatient therapy [40,41].



Further research is needed to understand the efficacy, cost, risk, and implications of using RPM in the acute or post-acute settings for COVID-19 as well as for other diagnoses.




2.4. Tele-Education


The COVID-19 pandemic has affected many aspects of human life and it is clear that it has had a serious impact on medical education by disrupting the traditional education of students, future health care providers, medical staff and their continuing medical education, postgraduate medical education, as well as patient health education [42,43].



Practical training of healthcare personnel has been one of the biggest logistical challenges in the COVID-19 pandemic. Many different teaching and learning strategies had to be implemented, e.g., technology-enhanced learning (TEL), simulation-based learning, technology-based clinical education, mobile learning, and blended learning [44].



Video tutorials with interactive instructions for numerous procedures, e.g., putting on and removing PPE or the use of ventilator service, allowed healthcare workers to develop the necessary skills and perform the procedures step-by-step (COVID-19 and SIM Program Trains for Proper and Efficient Use of PPE) [45]. Research has demonstrated that using in situ simulations to improve the effectiveness of PPE in COVID-19 improved teamwork and the work of individual team members.



One of the biggest challenges of the COVID pandemic was the shortage of medical staff and the need for newly trained clinicians/health care students, to enter workforce without compromising the integrity of core learning outcomes. Some pilot programs were created in which students remotely participated in COVID-19 ward rounds via videoconferencing. The virtual bedside rounds were implemented to successfully engage students in learning about the diagnosis and treatment of COVID-19 [46,47].



Despite the pandemic, tele-OSCEs (Objective Structured Clinical Examinations) were carried out with appropriate planning, consensus building, and technology readiness assessment. Tele-exams played a critical role in sustaining the flow of health care students into the workforce during the pandemic [48].



Distance learning has its merits and is an important tool in medical education. However, medical students and medical staff need to develop clinical, practical, hands-on medical examination skills, and communication skills [49]. Hence, it is impossible for even the best tele-education to replace traditional ways of acquiring practical skills.



On the other hand, tools, methods, and learning resources associated with these distance learning strategies have the potential to improve the learners’ level of knowledge and performance by access to online learning resources such as Massive Open Online Courses, virtual clinical cases, or blended courses. Nonetheless, the long-term impact of these learning methods on medical education remains unknown.





3. Telehealth Use Perspectives


Telemedicine holds great promise in facilitating emergency medical practice and, as research shows, it is increasingly being used in emergency medicine. The use of remote monitoring devices capable of obtaining physiological parameters remotely and the creation of a machine learning derived risk score may facilitate triage in outpatients with COVID-19 and other disorders, or in accident situations. All this is particularly suited to medical emergencies where treatment delays adversely affect clinical outcomes. The ambulance nurse/paramedics are often the first point of contact for the patient with healthcare in an emergency situation. The first applications were developed for transmitting real-time video to facilitate consultation between prehospital health care providers and regional medical support (RMS) for ambulance care [50]. Live imaging allows to reach a consensus on the patient’s current medical care needs and contributes to a feeling of increased patient safety in the ambulance. Hence, video consultations are a likely future not only within ICUs and Emergency departments but also in prehospital settings [51,52].



Although most EDs had some prior experience with telehealth, the COVID-19 pandemic has accelerated the implementation of telemedicine. The use of telecommunications technology reduced the risk of exposure to the virus, decreased ED visit volume, conserved personal protective equipment, and contributed to human resource optimization. After the pandemic, RPMs will be more frequently used in EDs.



There are several issues to be taken into consideration by individual hospitals, EDs, or emergency management departments that wish to implement telehealth applications bearing in mind possible subsequent waves of COVID-19 or future disasters/pandemics. One of them is offering medical telehelp in multiple languages, which is particularly difficult to implement quickly but is needed in a multinational setting. Technical and infrastructural issues in implementing such software solutions may have an impact on patient safety. Hardware integration is yet another issue. Healthcare facilities should consider investing in a stockpile inventory of relatively low-cost, validated devices that can be repurposed as needed. EDs and hospitals should develop staffing plans, and consider engaging not only retired clinicians, and medical students, but also technical assistance to accommodate for new telehealth programs.



It is important to assess how new technology will interact with the existing protocols and how it will affect load balancing across multiple systems.



Greater efforts should be made to ensure the availability of all telehealth services, not only those related to combating the effects of SARS-CoV-2 infections. Telehealth has many advantages, especially during an infectious disease outbreak. However, not all healthcare providers and patients are equally ready for a wide-scale implementation of telemedicine. Hence, an obvious change to medical training is required across all specialties. In the post-COVID era, all healthcare providers need to be prepared to provide remote medical services.



Some educational innovations brought about by the COVID-19 pandemic will be maintained post-pandemic. Online learning improves the level of both patients’ and healthcare providers’ knowledge and it may be a valuable supplement to health education and staff continuing medical education. Without any doubt, tele-education and virtual training components will never completely replace hands-on, face-to-face clinical experience, but they may supplement the traditional approaches with more participant-centric and convenient content.



Ongoing research will be needed to assess the factors that may affect such an adaptation by both healthcare providers and patients as well as the quality and clinical outcomes associated with telemedicine implementation in all health fields, including emergency medicine.




4. Limitations of Telehealth Use


The COVID-19 pandemic resulted in a major paradigm shift in health care delivery with the universal adoption of telemedicine. Some researchers highlight the crucial role of online tools in promoting public health, especially during the pandemic [53]. However, telehealth has major limitations. Current literature points to some of the barriers associated with, e.g., funding, time, infrastructure, equipment, skills, or preference for a face-to-face consultation. Elderly low-educated or low-income patients with little or no access to computers or smartphones are less likely to use video-enabled telehealth and communication portals. Some ethical issues have also been raised, including autonomy, beneficence, non-maleficence, justice, and professional-patient relationships [54].



One of the biggest problems faced by patients and doctors during remote consultations is the lack of a physical examination, which may lead to misdiagnosis or delay in diagnosis [55,56]. Moreover, the lack of direct physical examination reduces the patient’s preferences for virtual consultations in the future [57]. Ramaswamy et al., in a retrospective observational cohort study, compared in-person and video visits in the pre–COVID-19 period to in-person and video visits during the COVID-19 period, respectively. In adjusted analyses, video visits and the COVID-19 period were associated with higher patient satisfaction. Surprisingly, younger age and female gender were associated with lower patient satisfaction [58]. A high level of satisfaction with telehealth was observed in studies across medical specialties, but emergency medicine was not included in any of the research [59]. Lack of opinions of emergency department patients may result from the difficulties in measuring patient satisfaction in a situation of an imminent threat to one’s life. COVID-19 has made health care providers move rapidly from traditional personal appointments to telephone or video consultations in challenging circumstances. Before the COVID-19 pandemic, technological challenges, professional scepticism and ethical, financial, administrative or legal barriers had limited the uptake and use of remote consultations, ensuring they accounted for a limited proportion of patient consultations [58,60]. The overall assessment of mHealth by patients and the medical staff is inconclusive. Some doctors and patients found telemedicine more convenient than in-person consultations, pointing to benefits that included COVID-19 safety, no need to travel, and reduced waiting times as benefits. This was especially true for people who felt comfortable with quick checks, prescriptions or administrative inquiries, or for those patients who had difficulty getting to the appointment. However, some healthcare professionals, especially clinicians, have expressed concern that telemedicine may be misused as a cost- and time-saving but not in the best interest of patients. Publications that would represent the opinion of clinicians have not been found. One of the important factors in favor of a face-to-face meeting is the establishment of a doctor-patient relationship. It is notable that the attitudes of patients to the health systems have changed. The concept of the passive patient is now outdated and has been replaced by the concept of a patient who is more active and involved in all processes. More robust data on eHealth’s long-term efficacy, safety, and costs are necessary.



Health professionals report gaps in knowledge and skills needed for the safe and effective use of digital tools by healthcare professionals. Governments have published guidelines for telehealth practice and explicit patient consent is required for remote consultations to be provided [61]. Principles of medical ethics, including professional standards to protect the privacy and confidentiality of patients, should be binding, observed and complied with. Suitable training, enhanced documentation templates, guidelines for communication and observing regulations for information management may contribute to a decrease in the number of dangers and pitfalls associated with remote consultations.



The integration of telehealth in the curricula for nursing and medical students varies across study programs. The level of medical staff competencies for using telehealth technology to deliver care and manage specific disorders varies as well [62].



Some regulatory barriers and low reimbursement rates are also obstacles to widespread telehealth use. Insurers and policymakers should consider appropriate payment mechanisms, reimbursement rates, and financing for telehealth appointments because telephone or video encounters are similar in length, content, and quality to face-to-face consultations. It should be mentioned at this point that cybersecurity and the protection of personal health information are one of the most frequently overlooked, yet one of the most crucial aspects of telemedicine research with security risks, confidentiality issues, and unauthorized access to medical data emerging as major concerns [63].



A fully-functional application of telehealth solutions in EDs is yet to come, and there are many unknown areas that need to be investigated. There are many factors, both internal and external to the ED which play a role in determining the sustainability of telemedicine in the acute care setting, in the case of trauma, unforeseen emergency events, or managing the pandemic situations. Findings from many pandemic studies provide data-informed insights into possible guidelines for employing telemedicine to increase healthcare system resilience to future health crises.




5. Conclusions


The evolution of telemedicine is one of the biggest changes that have occurred in emergency medicine in the COVID-19 pandemic. Advantages and barriers to the adoption of telehealth practices in emergency department services are summarized in Table 1.



The main goal of telemedicine in the COVID-19 pandemic has been to reduce direct face-to-face contact in the hope of curbing virus transmission and healthcare providers’ protection while ensuring high standards of treatment and therapy not only to the SARS-CoV-2 infected but also to all patients. There have been numerous attempts to harness new technologies in prehospital settings, within ICUs and hospitals (such as RPM), and in post-ED discharge emergency medical services to meet the demands placed on the healthcare systems in the COVID-19 pandemic. Despite its many advantages, telehealth does have a number of limitations. However, during the COVID-19 pandemic, patients, healthcare providers, administrators, and policymakers could see that the telemedicine model works. This cannot be undone. In the 21st century, telehealth services will be expected as part of routine and integrated service provision, medical training, and professional activity.







Author Contributions


Conceptualization, investigation, methodology, writing, review and editing, supervision—M.W.-Z.; funding acquisition, review and editing—B.N.-I. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Sood, S.; Mbarika, V.; Jugoo, S.; Dookhy, R.; Doarn, C.R.; Prakash, N.; Merrell, R.C. What is telemedicine? A collection of 104 peer-reviewed perspectives and theoretical underpinnings. Telemed. J. e-Health 2007, 13, 573–590. [Google Scholar] [CrossRef] [PubMed]

	



Telehealth, Telemedicine and Telecare: What’s What? Federal Communications Commission 2019. Available online: https://www.fcc.gov/general/telehealth-telemedicine-and-telecare-whats-what (accessed on 25 June 2022).

	



World Health Organization. COVID-19: Operational Guidance for Maintaining Essential Health Services During an Outbreak: Interim Guidance; World Health Organization: Geneva, Switzerland, 2020. [Google Scholar]

	



Sharifi Kia, A.; Rafizadeh, M.; Shahmoradi, L. Telemedicine in the emergency department: An overview of systematic reviews. Z Gesundh Wiss 2022, 1–15. [Google Scholar] [CrossRef] [PubMed]

	



Brasseur, E.; Gilbert, A.; Servotte, J.C.; Donneau, A.F.; D’Orio, V.; Ghuysen, A. Emergency department crowding: Why do patients walk-in? Acta Clin. Belg. 2021, 76, 217–223. [Google Scholar] [CrossRef] [PubMed]

	



Kichloo, A.; Albosta, M.; Dettloff, K.; Wani, F.; El-Amir, Z.; Singh, J.; Aljadah, M.; Chakinala, R.C.; Kanugula, A.K.; Solanki, S.; et al. Telemedicine, the current COVID-19 pandemic and the future: A narrative review and perspectives moving forward in the USA. Fam. Med. Comm. Health 2020, 8, e000530. [Google Scholar] [CrossRef]

	



Hayden, E.M.; Davis, C.; Clark, S.; Joshi, A.U.; Krupinski, E.A.; Naik, N.; Ward, M.J.; Zachrison, K.S.; Olsen, E.; Chang, B.P.; et al. Telehealth in emergency medicine: A consensus conference to map the intersection of telehealth and emergency medicine. Acad. Emerg. Med. 2021, 28, 1452–1474. [Google Scholar] [CrossRef]

	



Hollander, J.E.; Carr, B.G. Virtually Perfect? Telemedicine for COVID-19. N. Engl. J. Med. 2020, 382, 1679–1681. [Google Scholar] [CrossRef]

	



Morello, F.; Bima, P.; Ferreri, E.; Chiarlo, M.; Balzaretti, P.; Tirabassi, G.; Petitti, P.; Aprà, F.; Vallino, D.; Carbone, G.; et al. After the first wave and beyond lockdown: Long-lasting changes in emergency department visit number, characteristics, diagnoses, and hospital admissions. Intern Emerg. Med. 2021, 16, 1683–1690. [Google Scholar] [CrossRef]

	



Savioli, G.; Ceresa, I.F.; Gri, N.; Bavestrello Piccini, G.; Longhitano, Y.; Zanza, C.; Piccioni, A.; Esposito, C.; Ricevuti, G.; Bressan, M.A. Emergency department overcrowding: Understanding the factors to find corresponding solutions. J. Pers. Med. 2022, 12, 279. [Google Scholar] [CrossRef]

	



Ko, K.J.; Kurliand, M.M.; Curtis, K.M.; Palmer, C.M.; Naimer, M.S.; Rodi, S.W.; Agha, Z. Launching an emergency department telehealth program during COVID-19: Real-world implementations for older adults. J. Geriatr. Emerg. Med. 2020, 7, 1–7. [Google Scholar]

	



Jaffe, E.; Sonkin, R.; Alpert, E.A.; Magid, A.; Knobler, H.Y. Flattening the COVID-19 curve: The unique role of emergency medical services in containing a global pandemic. Isr. Med. Assoc. J. 2020, 22, 476–482. [Google Scholar]

	



O’Sullivan, S.F.; Schneider, H. Developing telemedicine in Emergency Medical Services: A low-cost solution and practical approach connecting interfaces in emergency medicine. J. Med. Access 2022, 6, 1–12. [Google Scholar] [CrossRef]

	



Kobeissi, M.M.; Ruppert, S.D. Remote patient triage: Shifting toward safer telehealth practice. J. Am. Assoc. Nurse Pract. 2021, 34, 444–451. [Google Scholar] [CrossRef]

	



Kyriacou, E.; Antoniou, Z.; Hadjichristofi, G.; Fragkos, P.; Kronis, C.; Theodosiou, T.; Constantinou, R. Operating an eHealth system for prehospital and emergency health care support in light of COVID-19. Front Digit. Health 2021, 3, 654234. [Google Scholar] [CrossRef]

	



Kim, Y.; Groombridge, C.; Romero, L.; Clare, S.; Fitzgerald, M.C. Decision support capabilities of telemedicine in emergency prehospital care: Systematic review. J. Med. Internet Res. 2020, 22, e18959. [Google Scholar] [CrossRef]

	



Kadar, R.B.; Amici, D.R.; Hesse, K.; Bonder, A.; Ries, M. Impact of telemonitoring of critically ill emergency department patients awaiting ICU transfer. Crit. Care Med. 2019, 47, 1201–1207. [Google Scholar] [CrossRef]

	



Uscher-Pines, L.; Sousa, J.; Mehrotra, A.; Schwamm, L.H.; Zachrison, K.S. Rising to the challenges of the pandemic: Telehealth innovations in U.S. emergency departments. J. Am. Med. Inform. Assoc. 2021, 28, 1910–1918. [Google Scholar] [CrossRef]

	



Cormi, C.; Chrusciel, J.; Fayol, A.; Van Rechem, M.; Abou-Amsha, K.; Tixier, M.; Lewkowicz, M.; Laplanche, D.; Sanchez, S. The use of telemedicine in nursing homes: A mixed-method study to identify critical factors when connecting with a general hospital. Int. J. Environ. Res. Public Health 2021, 18, 11148. [Google Scholar] [CrossRef]

	



Hayden, E.M. Telehealth in EM during the COVID crisis: Lessons learned. In Proceedings of the SAEM Consensus Conference, Virtual, 12–15 May 2020. [Google Scholar]

	



Heslin, S.M.; Nappi, M.; Kelly, G.; Crawford, J.; Morley, E.J.; Lingam, V.; Henry, M.; Viccellio, P. Rapid creation of an emergency department telehealth program during the COVID-19 pandemic. J. Telemed. Telecare 2022, 28, 207–212. [Google Scholar] [CrossRef]

	



Kristal, R.; Rowell, M.; Kress, M.; Keeley, C.; Jackson, H.; Piwnica-Worms, K.; Hendricks, L.; Long, T.G.; Wallach, A.B. A phone call away: New York’s hotline and public health in the rapidly changing COVID-19 pandemic. Health Aff. 2020, 39, 1431–1436. [Google Scholar] [CrossRef]

	



FCC Grant to Expand UVA Health’s COVID-19 Telehatlh Care; University of Virginia Health, Newswise.com, Newswise, Inc.: Palmyra, VA, USA, 2020.

	



Hamm, J.M.; Greene, C.; Sweeney, M.; Mohammadie, S.; Thompson, L.B.; Wallace, E.; Schrading, W. Telemedicine in the emergency department in the era of COVID-19: Front-line experiences from 2 institutions. J. Am. Coll. Emerg. Physicians Open 2020, 1, 1630–1636. [Google Scholar] [CrossRef]

	



Steinberg, R.; Anderson, B.; Hu, Z.; Johnson, T.M.; O’Keefe, J.B.; Plantinga, L.C.; Kamaleswaran, R.; Anderson, B. Associations between remote patient monitoring programme responsiveness and clinical outcomes for patients with COVID-19. BMJ Open Qual. 2021, 10, e001496. [Google Scholar] [CrossRef]

	



Aalam, A.A.; Hood, C.; Donelan, C.; Rutenberg, A.; Kane, E.M.; Sikka, N. Remote patient monitoring for ED discharges in the COVID-19 pandemic. Emerg. Med. J. 2021, 38, 229–231. [Google Scholar] [CrossRef]

	



Khurrum, M.; Asmar, S.; Joseph, B. Telemedicine in the ICU: Innovation in the critical care process. J. Intensive Care Med. 2021, 36, 1377–1384. [Google Scholar] [CrossRef]

	



Gordon, W.J.; Henderson, D.; DeSharone, A.; Fisher, H.N.; Judge, J.; Levine, D.M.; MacLean, L.; Sousa, D.; Su, M.Y.; Boxer, R. Remote patient monitoring program for hospital discharged COVID-19 Patients. Appl. Clin. Inform. 2020, 11, 792–801. [Google Scholar] [CrossRef]

	



Kennedy, N.R.; Steinberg, A.; Arnold, R.M.; Doshi, A.A.; White, D.B.; DeLair, W.; Nigra, K.; Elmer, J. Perspectives on telephone and video communication in the intensive care unit during COVID-19. Ann. Am. Thorac Soc. 2021, 18, 838–847. [Google Scholar] [CrossRef]

	



Fisk, M.; Livingstone, A.; Pit, S.W. Telehealth in the context of COVID-19: Changing perspectives in Australia, the United Kingdom, and the United States. J. Med. Internet Res. 2020, 22, e19264. [Google Scholar] [CrossRef]

	



Wittenberg, E.; Goldsmith, J.V.; Chen, C.; Prince-Paul, M.; Johnson, R.R. Opportunities to improve COVID-19 provider communication resources: A systematic review. Patient Educ. Counseling 2021, 104, 438–451. [Google Scholar] [CrossRef]

	



Schrading, W.A.; Pigott, D.; Thompson, L. Virtual remote attending supervision in an academic emergency department during the COVID-19 pandemic. AEM Educ. Train. 2020, 4, 266–269. [Google Scholar] [CrossRef]

	



COVID-19 RESPONSE. ACEP. Medicare Telehealth Coverage Expansion During the COVID-19 Public Health Emergency; Annals of Emergency Medicine: Dallas, TX, USA, 2020. [Google Scholar]

	



Bloom-Feshbach, K.; Berger, R.E.; Dubroff, R.P.; McNairy, M.L.; Kim, A.; Evans, A.T. The virtual hospitalist: A critical innovation during the COVID-19 crisis. J. Gen. Intern Med. 2021, 36, 1771–1774. [Google Scholar] [CrossRef]

	



Mendiola, B.; Gomez, C.; Furst, C.; Rasmussen-Winkler, J. Facilitating virtual visitation in critical care units during a pandemic. Holist Nurs. Pract. 2021, 35, 60–64. [Google Scholar] [CrossRef]

	



Chang, J.H.; Sritharan, S.; Schmitt, K.; Patel, S.; Crew, R.J.; Tsapepas, D.S. Home care delivery and remote patient monitoring of kidney transplant recipients during COVID-19 pandemic. Prog. Transplant. 2021, 31, 381–384. [Google Scholar] [CrossRef] [PubMed]

	



Logan, A.G.; McIsaac, W.J.; Tisler, A.; Irvine, M.J.; Saunders, A.; Dunai, A.; Rizo, C.A.; Feig, D.S.; Hamill, M.; Trudel, M.; et al. Mobile phone-based remote patient monitoring system for management of hypertension in diabetic patients. Am. J. Hypertens 2007, 20, 942–948. [Google Scholar] [CrossRef] [PubMed]

	



Annis, T.; Pleasants, S.; Hultman, G.; Lindemann, E.; Thompson, J.A.; Billecke, S.; Badlani, S.; Melton, G.B. Rapid implementation of a COVID-19 remote patient monitoring program. J. Am. Med. Inform. Assoc. 2020, 27, 1326–1330. [Google Scholar] [CrossRef] [PubMed]

	



Tabacof, L.; Kellner, C.; Breyman, E.; Dewil, S.; Braren, S.; Nasr, L.; Tosto, J.; Cortes, M.; Putrino, D. Remote patient monitoring for home management of coronavirus disease 2019 in New York: A cross-sectional observational study. Telemed. J. e-Health 2021, 27, 641–648. [Google Scholar] [CrossRef]

	



Ostrowska, P.M.; Śliwiński, M.; Studnicki, R.; Hansdorfer-Korzon, R. Telerehabilitation of post-stroke patients as a therapeutic solution in the era of the COVID-19 pandemic. Healthcare 2021, 9, 654. [Google Scholar] [CrossRef]

	



Vieira, A.; Pinto, A.; Garcia, B.; Eid, R.A.C.; Mól, C.G.; Nawa, R.K. Telerehabilitation improves physical function and reduces dyspnoea in people with COVID-19 and post-COVID-19 conditions: A systematic review. J. Physiother. 2022, 68, 90–98. [Google Scholar] [CrossRef]

	



Lee, I.R.; Kim, H.W.; Lee, Y.; Koyanagi, A.; Jacob, L.; An, S.; Shin, J.I.; Smith, L. Changes in undergraduate medical education due to COVID-19: A systematic review. Eur. Rev. Med. Pharmacol. Sci. 2021, 25, 4426–4434. [Google Scholar]

	



Ardekani, A.; Hosseini, S.A.; Tabari, P.; Rahimian, Z.; Feili, A.; Amini, M.; Mani, A. Student support systems for undergraduate medical students during the COVID-19 pandemic: A systematic narrative review of the literature. BMC Med. Educ. 2021, 21, 352. [Google Scholar] [CrossRef]

	



Ahmady, S.; Kallestrup, P.; Sadoughi, M.M.; Katibeh, M.; Kalantarion, M.; Amini, M.; Khajeali, N. Distance learning strategies in medical education during COVID-19: A systematic review. J. Educ. Health Promot. 2021, 10, 421. [Google Scholar]

	



Dabrowski, M.; Steliga, A.; Dabrowska, A.; Smereka, J.; Szarpak, L. Use simulation to improve the effectiveness of PPE in COVID-19. Disaster Emerg. Med. J. 2020, 5, 171–173. [Google Scholar]

	



Rivera, R.; Smart, J.; Sakaria, S.; Wray, A.; Wiechmann, W.; Boysen-Osborn, M.; Toohey, S. Planning engaging, remote, synchronous didactics in the COVID-19 pandemic era. JMIR Med. Educ. 2021, 7, e25213. [Google Scholar] [CrossRef]

	



Runge, A.; Wray, A.; Harding, C. Virtual COVID rounds: A curricular enrichment program for pre-clinical medical students. Med. Educ. 2021, 55, 661. [Google Scholar] [CrossRef]

	



Boardman, C.; Knight, E.P.; Gavilanes, J.S.; MacMillan, C.; Chatelain, T.; Vick, E.; D’Aubrey, J.; Saville Allard, B. Disseminated tele-OSCE during a pandemic: One university’s experience. J. Nurs. Educ. 2022, 61, 107–110. [Google Scholar] [CrossRef]

	



Tsur, A.M.; Ziv, A.; Amital, H. Distance learning in the field of medicine: Hope or hype? Isr. Med. Assoc. J. 2021, 23, 447–448. [Google Scholar]

	



Vicente, V.; Johansson, A.; Selling, M.; Johansson, J.; Möller, S.; Todorova, L. Experience of using video support by prehospital emergency care physician in ambulance care—An interview study with prehospital emergency nurses in Sweden. BMC Emerg. Med. 2021, 21, 44. [Google Scholar] [CrossRef]

	



Barsom, E.Z.; Meijer, H.A.W.; Blom, J.; Schuuring, M.J.; Bemelman, W.A.; Schijven, M.P. Emergency upscaling of video consultation during the COVID-19 pandemic: Contrasting user experience with data insights from the electronic health record in a large academic hospital. Int. J. Med. Inform. 2021, 150, 104463. [Google Scholar] [CrossRef]

	



Dhahri, A.A.; Iqbal, M.R.; Pardoe, H. Agile application of video telemedicine during the COVID-19 pandemic. Cureus 2020, 12, e11320. [Google Scholar] [CrossRef]

	



Maravilla, M.I. COVID-19 Survivors Philippines: Towards the promotion of public health during the COVID-19 pandemic. J Public Health 2021, 43, e565–e566. [Google Scholar] [CrossRef]

	



Keenan, A.J.; Tsourtos, G.; Tieman, J. The value of applying ethical principles in telehealth practices: Systematic review. J. Med. Internet Res. 2021, 23, e25698. [Google Scholar] [CrossRef]

	



Imlach, F.; McKinlay, E.; Middleton, L.; Kennedy, J.; Pledger, M.; Russell, L.; Churchward, M.; Cumming, J.; McBride-Henry, K. Telehealth consultations in general practice during a pandemic lockdown: Survey and interviews on patient experiences and preferences. BMC Fam. Pract. 2020, 21, 269. [Google Scholar] [CrossRef]

	



Kumar, S.; Kumar, A.; Kumar, M.; Kumar, A.; Arora, R.; Sehrawat, R. Feasibility of telemedicine in maintaining follow-up of orthopaedic patients and their satisfaction: A preliminary study. J. Clin. Orthop. Trauma 2020, 11 (Suppl. S5), S704–S710. [Google Scholar] [CrossRef]

	



Satin, A.M.; Shenoy, K.; Sheha, E.D.; Basques, B.; Schroeder, G.D.; Vaccaro, A.R.; Lieberman, I.H.; Guyer, R.D.; Derman, P.B. Spine patient satisfaction with telemedicine during the COVID-19 pandemic: A cross-sectional study. Global Spine J. 2022, 12, 812–819. [Google Scholar] [CrossRef]

	



Ramaswamy, A.; Yu, M.; Drangsholt, S.; Ng, E.; Culligan, P.J.; Schlegel, P.N.; Hu, J.C. Patient satisfaction with telemedicine during the COVID-19 pandemic: Retrospective cohort study. J. Med. Internet Res. 2020, 22, e20786. [Google Scholar] [CrossRef]

	



Pogorzelska, K.; Chlabicz, S. Patient satisfaction with telemedicine during the COVID-19 pandemic—A systematic review. Int. J. Environ. Res. Public Health 2022, 19, 6113. [Google Scholar] [CrossRef]

	



Greenhalgh, T.; Shaw, S.; Wherton, J.; Vijayaraghavan, S.; Morris, J.; Bhattacharya, S.; Hanson, P.; Campbell-Richards, D.; Ramoutar, S.; Collard, A.; et al. Real-world implementation of video outpatient consultations at macro, meso, and micro levels: Mixed-method study. J. Med. Internet Res. 2018, 20, e150. [Google Scholar] [CrossRef]

	



Iyengar, K.; Jain, V.K.; Vaishya, R. Pitfalls in telemedicine consultations in the era of COVID 19 and how to avoid them. Diabetes Metab. Syndr. 2020, 14, 797–799. [Google Scholar] [CrossRef]

	



Emerson, M.R.; Buchanan, L.; Golden, A. Telehealth simulation with graduate nurse practitioner students. Nurse Educ. 2021, 46, 126–129. [Google Scholar] [CrossRef]

	



Bashshur, R.; Doarn, C.R.; Frenk, J.M.; Kvedar, J.C.; Woolliscroft, J.O. Telemedicine and the COVID-19 Pandemic, lessons for the future. Telemed. J. e-Health 2020, 26, 571–573. [Google Scholar] [CrossRef]








[image: Table] 





Table 1. Advantages and disadvantages of telemedicine in emergency practice in the COVID-19 pandemic.
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Advantages

	
Disadvantages




	
Highlights

	
Reference

	
Highlights

	
Reference






	
Remote patients’ evaluation

	
[11,12,21,22,23,24]

	
Misdiagnosis or delay in diagnosis because of lack of a physical examination

	
[55,56]




	
Reduction of the exposure to COVID-19 by limiting personal contact

	
[7,20,32,33]

	
Lack of learning of clinical, practical, and hands-on medical skills by medical staff and students

	
[49]




	
Triage acceleration

	
[6,11,12]

	
Lack of health care providers’ preparation and professional scepticism

	
[58,60]




	
Reduction of the overcrowding in EDs

	
[10]

	
Lack of patient readiness and low patient satisfaction

	
[58]




	
Saving personal protective equipment

	
[18,20]

	
No access to digital tools

	
[54]




	
Telemedical support of medical caregivers and decision-making processes

	
[16,17,30,31,50]

	
Problems with protecting the privacy and confidentiality of patient data

	
[61]




	
Fast communication with foreign-speaking patients

	
[21,22]

	
Lack of telehealth in the curricula study programs

	
[62]




	
Closer and permanent patient monitoring in ICUs and at home.

	
[25,26,28,29,36,37]

	
Regulatory, legal, and administrative barriers

	
[58,60,63]




	
Better coordination of emergency systems

	
[45]

	
Low financing for telehealth appointments

	
[63]




	
Supervision of healthcare providers

	
[34,52]

	
Huge costs of cybersecurity and the protection of personal health information

	
[61]




	
Virtual visitors—substitution of in-person visits by remote contact between family members

	
[35]

	
Difficulties in the creation of doctor-patient relationships.

	
[58]




	
Continuation of student and health care providers’ medical education and patient health education.

	
[45,46,47,48]

	
No possibility of assessing practical medical skills

	
[44,45,48]
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