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Editorial on the Research Topic
 Telemedicine During and Beyond COVID-19



Telemedicine has been at the mainstay of patient care by offsetting the decline in outpatient visits during the Coronavirus disease 2019 (COVID-19) while providing critical patient continuity and limiting exposure to health systems and healthcare workers (1). However, there are concerns that the decline in outpatient visits has not been entirely offset by telemedicine, which may have consequences beyond the COVID-19 pandemic (2). The current Research Topic, “Telemedicine during and beyond COVID-19,” presents a collection of articles on telemedicine during and beyond COVID-19. The COVID-19 pandemic is causing an unprecedented public health crisis impacting healthcare systems, healthcare workers, and communities. The COVID-19 Pandemic Health System REsilience PROGRAM (REPROGRAM) consortium is an independent not-for-profit think-tank of international healthcare physicians, researchers, and policymakers formed to champion the safety of healthcare workers, policy development, and advocacy for global pandemic preparedness and action with a focus on advocacy and building capacity in under-resourced settings [Bhaskar et al. (a), (3)].

In addition to presenting an overview on disparities in telemedicine globally [Bhaskar et al. (a)], and across various medical specialties [Bhaskar et al. (b)], including teleneurology in Sub-Saharan Africa (Adebayo et al.), it also explores the current and potential applications of technologies such as artificial intelligence and robotics in designing futuristic telemedicine (Bhaskar, Bradley, Sakhamuri et al.). A study by Sinha et al. report on the implementation and evaluation of a video visit program at an academic practice in New York (USA) demonstrating promise for telemedicine in the primary care settings during COVID-19.

During the initial phase of the pandemic, acute shortages in global medical supplies were reported. An article in the current topic presents a model to profile critical medical stockpiles and improve the medical supply chain through the use of technologies such as advanced analytics and blockchain (Bhaskar, Tan et al.). Indeed, the provision of adequate medical supplies such as personal protective equipments (PPEs) and mechanical ventilators are warranted to mitigate the risks to healthcare workers and health systems and build capacity for future infectious disease outbreaks. Moreover, COVID-19 disrupted traditional medical education and training (Sharma and Bhaskar). This has led to the integration of telemedicine into medical education and training. The telemedicine enabled medical education system may continue beyond COVID-19 especially in providing mental health support to medical students in general, and especially those from vulnerable backgrounds.

On another tangent, Lehner et al. from Germany, share their experiences on an online blog in assisting psychiatric patients, who have been rendered increasingly vulnerable due to social isolation and loneliness due to lockdown measures, during COVID-19. The ongoing and future mental health toll due to COVID-19 calls for increased attention, where telepsychiatry has a potential role to play as it has been received favorably by patients during various phases of COVID-19 lockdown (4). Merianos et al. present perspectives on the use of telemedicine toward tobacco cessation and prevention in rural areas during COVID-19. Seifert et al. provide key recommendations on mitigating the digital divide in delivering telemedicine to elderly patients in long-term care facilities, which have been severely impacted during the COVID-19. Interestingly, given the focus on telerehabilitation, apropos to which Stasolla et al. present an assistive-technologies based approach in supporting patients with neurological conditions and communication difficulties. COVID-19 has adversely impacted the provision and access of healthcare services to chronic disease patients (5), including those with acute and chronic neurological conditions (3, 6).

In conclusion, despite the broadening scope of telemedicine and rapid roll-out during the COVID-19, systemic issues such as organizational readiness, including digital maturity, licensing, regulatory hurdles, reimbursements, ability to be used by all groups, including the oldest and those with disabilities, infrastructural issues and geographical and digital disparities in telemedicine adoption warrant urgent attention [Bhaskar et al. (a); Bhaskar et al. (b)]. Future efforts should pivot around increasing telemedicine access and provision to those from marginalized communities and under-resourced settings (7). Telemedicine could play an important role in expanding the outreach to remote areas and those from vulnerable backgrounds (8, 9), as well as to developed and under-developed nations carrying a disproportionate burden of vulnerable communities [Bhaskar et al. (a)]. This should be complemented with efforts to standardize telemedicine care and/or workflows using common tools for the clinical examination which could improve telemedicine practice and quality of care (10). The increasing use and expansion of telemedicine are likely to persist beyond the COVID-19; therefore, building equitable telehealth systems should be central to our preparedness and public health response for the future, especially in the advent of a future pandemic.


AUTHOR'S NOTE

The COVID-19 pandemic is causing an unprecedented public health crisis impacting healthcare systems, healthcare workers, and communities. The COVID-19 Pandemic Health System REsilience PROGRAM (REPROGRAM) consortium is formed to champion the safety of healthcare workers, policy development, and advocacy for global pandemic preparedness and action.
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Technology has acted as a great enabler of patient continuity through remote consultation, ongoing monitoring, and patient education using telephone and videoconferencing in the coronavirus disease 2019 (COVID-19) era. The devastating impact of COVID-19 is bound to prevail beyond its current reign. The vulnerable sections of our community, including the elderly, those from lower socioeconomic backgrounds, those with multiple comorbidities, and immunocompromised patients, endure a relatively higher burden of a pandemic such as COVID-19. The rapid adoption of different technologies across countries, driven by the need to provide continued medical care in the era of social distancing, has catalyzed the penetration of telemedicine. Limiting the exposure of patients, healthcare workers, and systems is critical in controlling the viral spread. Telemedicine offers an opportunity to improve health systems delivery, access, and efficiency. This article critically examines the current telemedicine landscape and challenges in its adoption, toward remote/tele-delivery of care, across various medical specialties. The current consortium provides a roadmap and/or framework, along with recommendations, for telemedicine uptake and implementation in clinical practice during and beyond COVID-19.

Keywords: coronavirus disease 2019, COVID-19, telemedicine, telerehabilitation, telepsychiatry, teleneurology


INTRODUCTION

Coronavirus disease 2019 (COVID-19) has challenged the status quo of how we approach, deliver, and receive modern medicine (1–4). According to the American Telemedicine Association, telemedicine is defined as “the remote delivery of healthcare services and clinical information using telecommunications technology” (5). It allows for patient care while minimizing the need for physical interaction, thus reducing infection transmission and healthcare facility burden. It can be utilized for ongoing management of chronic conditions, medication compliance, physician-to-patient consultation, and other remote services (3, 4). This can be leveraged to benefit broader populations through telehealth platforms and assisted technologies such as the Internet of things (IoT). Telemedicine and digital technologies demonstrate exceptional potential in improving access and delivery in remote settings. There is also an opportunity to exploit the power of artificial intelligence (AI) algorithms to design a better pandemic preparedness and response plan (6). Health systems have had to adapt to address emerging needs quickly, and many medical subspecialties have transitioned from in-person outpatient care to remote tele- or e-health.

Broadly, telehealth technologies can be deployed for targeted purposes relevant to a pandemic (7). Remote assessment of patients could be undertaken, circumventing visits to outpatient clinics or primary care providers. Patient continuity for those with chronic diseases is essential during a pandemic (3, 4). Such patients are also at high risk of infection and poor outcomes, including mortality, among COVID-19-positive patients (3). Notably, telemedicine also limits infection exposure to healthcare staff, can provide rapid access to subspecialists who are not immediately available in person, and allows for multidisciplinary team discussions. This is crucial in pandemic settings, as the safety of healthcare professionals is essential to ensure the sustainability of health systems to cater to emergent cases and maintain ongoing care. Patients with flu-like symptoms can be triaged, and telemonitoring using video surveillance could be considered for patients who are homebound such as the elderly or frail.

Telemedicine can increase access for certain populations who are challenged during limited healthcare facility visitation, stay-home orders, and quarantine, such as single parents, immunocompromised patients, and patients who rely on the assistance of others for transportation. Monitoring of patients along with remote delivery of home-based exercise, physiotherapy, psychological counseling, social work consultations, and speech and language interventions could be undertaken through telemedicine. Our previous work analyzed the status and deployment of telemedicine during COVID-19 across the geographical divide (Bhaskar et al., under review). In this article, we analyze the uptake of telemedicine across various medical subspecialties and organizational settings with a focus on the current COVID-19 pandemic and propose an operational roadmap for further integration of telemedicine or tele-technologies across health organizations.



TELEMEDICINE IN EMERGENCY CASES AND TRIAGE

As hospital systems become strained by the surge of COVID-19 patients, methods to improve the efficiency of emergency departments (EDs) are required, while maintaining standards of patient care. Telemedicine supplies a potential avenue for triage of critical cases. Remote and ambulatory monitoring of patients can allow for remote triage and assessment of emergencies such as acute myocardial infarction (MI), allowing patients to bypass the ED (8). Automated forward triage systems that use algorithms to categorize patients into risk groups could also be utilized, as ED physicians experience considerable time pressure. Current examples include the Multi Sources Healthcare Architecture (MHSA) algorithm and the Electronic Modified Early Warning Scorecard (9). Telemedicine has also been used to triage, expedite, and streamline the local COVID-19 screening process, thereby reducing the strain on healthcare facilities and practitioner exposure.

The New York Presbyterian Hospital, a world leader in digital health innovation, has demonstrated an effective method to reduce the burden of milder presentations (10). They established an ED-based Telehealth Express Care Service, in which after presentation and triage at the ED, patients with milder cases are taken into a private room for a teleconsultation with a physician. Prescriptions and patient instructions are then printed to the room, and the patient is discharged. This dramatically reduces ED waiting times and allows the hospital to deal with ever-increasing ED presentation numbers (10). As patients become anxious about ED infection risk, systems such as these are required, and patients need to be able to effortlessly contact EDs to query whether their symptoms require a presentation.


Telecardiology

Cardiology is one of the first specialties in which comprehensive telemedicine systems have been implemented. Monitoring of heart rhythm in patients with implanted or real-time wearable devices has allowed ECG with Holter monitoring, echocardiography records, and virtual auscultation. An emerging body of evidence suggesting cardiac involvement in COVID-19 patients has concerned cardiologists (3, 11). This includes cardiovascular complications such as cardiac injury, heart failure, myocarditis, pericarditis, vasculitis, and arrhythmias (12–14). Patients with pre-existing cardiovascular conditions who contract COVID-19 also experience inordinately poor outcomes, including a 5- to 10-fold rise in mortality (15). Due to the COVID-19 pandemic, the American College of Cardiology urgently updated its guidance on “Telehealth: Rapid Implementation for Your Cardiology Clinic,” in which it encouraged remote monitoring and virtual visits of patients with cardiac problems (16). The development of prognostic models based on the recently launched new European register CAPACITY-COVID will help to understand the role of underlying cardiovascular disease (CVD) in patients with COVID-19 (17).

Virtual options can significantly increase efficiency compared to in-person doctor appointments (18). Notably, non-invasive telemonitoring in patients with heart failure reduces all-cause mortality and number of hospitalizations, as well as improves the quality of life (19). In February 2020, the Italian Society of Cardiology published data on the implementation of telemedicine in CVD patients and reported crucial involvement of telemedicine in the prehospital triage for ST-elevated myocardial infarction (STEMI) cases and remote monitoring by primary care physicians (20). An American Heart Association (AHA) statement emphasized the role of telemedicine in pediatric cardiology through advanced video technologies like tele-echocardiography, fetal echocardiography in prenatal diagnosis, screening for congenital heart diseases, and confirmatory echo tests, external rhythm monitoring, catheterization laboratory, and personal tele-electrophysiology (21). Due to their comorbidity risk, efforts to prevent COVID-19 infection in CVD patients should be undertaken seriously by reducing hospital admission and outpatient visits (3).

Treatment adherence is one of the significant issues in the long-term management of CVDs (22). The utilization of mobile phones through mobile health (Mhealth) can be one of the reliable potential solutions in this area through measures such as electronic pillboxes and text reminders (22). The unique advantage of portable devices and smartphones is the ability to reach most patients and caregivers. The widespread use of mobile technologies makes medical support more effective, faster, safer, and less expensive in both outpatient and inpatient settings (23). Mhealth can play an increasingly important role in cardiac care, extensively applied in triage, interventions, management, patient education, and rehabilitation. Telehealth solutions are critical now, as we aim to minimize patients at high and very high cardiovascular risk being hospitalized and provide ongoing support to CVD patients during the COVID-19 pandemic. In Poland, some other systems have been tested in heart failure patients (24, 25), including e-oximeter, allowing for monitoring of heart rhythm and blood saturation, which might help to decide whether those quarantined should be hospitalized during COVID-19.



Tele–Acute Neurology

Telemedicine allows for prompt assessment of potential emergent neurological cases and can aid those with hospital access issues and those requiring fast acute assessment (2, 4). Acute stroke outcomes are vastly impacted by the speed at which treatment is given, whether it be through tissue plasminogen activator (tPA), endovascular clot retrieval (EVT), or anti-hypertensives. During times of physician shortages, as doctors become re-purposed for COVID-19 purposes, rapid approaches to acute stroke management are needed (2). Reperfusion treatment viability through computed tomography (CT) can be assessed remotely, allowing reperfusion treatment using tPA and/or EVT to be efficiently undertaken. Furthermore, telemedicine can be utilized to determine which patients require an urgent transfer from non-EVT-capable hospitals to EVT-capable hospitals (26). A program developed in Germany known as TRANSIT-stroke, in which rural hospitals established a telemedicine network, saw an improvement in patient outcomes as neurological assessment was made faster, treatments were issued within the required timeframe, and 24 h neurologist access was enabled (27). Similarly, successful programs have been undertaken worldwide, such as telestroke programs in Hawaii and South California (28). There is also evidence to suggest that patients who receive acute stroke assessment through telemedicine do not perceive decreased physician empathy compared to those who receive physical consultation (29). This somewhat relieves concerns about impaired patient–physician connection through telemedicine. While telemedicine decreases the time it takes to analyze head CTs, more work is needed to ensure that this benefit applies equally across different telestroke programs (30).

Mobile stroke units (MSUs) go beyond this to provide CT scanners and stroke personnel within an ambulance vehicle. Such programs exist in locations such as Melbourne (Australia), various states in the US, and Hamburg and Berlin (Germany), among others (31). MSUs improve acute ischemic stroke outcomes by reducing the time to reperfusion; however, further development is needed in the treatment of hemorrhagic stroke. Telemedicine could also allow CT assessment of mild traumatic brain injuries (such as concussions). This can help to determine if the patient requires transfer to a major hospital or can be treated locally and will also allow for post-concussion checkups (32).




TELEMEDICINE IN CRITICAL CARE AND RESPIRATORY MANAGEMENT WITH AN EMPHASIS ON COVID-19

Vulnerable patients who require respiratory management and/or critical care are at increased COVID-19 risk due to their impaired state and require effective management with the aid of technology (33). In 2019, the Society of Critical Care Medicine (SCCM) Tele-ICU Committee in the United States published an update on developments in telehealth critical care (TCC) (34). They described three emerging trends in TCC: hub-and-spoke structure in which a central hub provides remote technical support, administrative support, and integration to a network of hospitals; decentralized structures in which consultations and patient reviews will be made on a case-by-case and request basis between two sites; and a hybrid structure in which a centralized structure exists but direct contact between spokes can be made for, e.g., specialist consultations. Barriers to TCC included cost and reimbursement issues, lack of responsibility for individual hospitals, and legislative issues (34).

A 2012 systematic review and meta-analysis of telemedicine in the US intensive care unit (ICU) setting demonstrated decreased mortality and length of hospital stay with telemedicine incorporation (35). However, a statistical difference between an active model or high-intensity passive model, in which continuous patient telemonitoring is conducted, and a low-intensity passive model, in which only teleconsultation with an intensivist is conducted, was not ascertained and is an area for further research (35). Patients with respiratory issues are at higher risk of COVID-19 severe infections due to issues such as ventilator reliance and decreased cough function (33). This includes patients with chronic respiratory conditions such as chronic obstructive pulmonary disease (COPD), bronchial asthma, interstitial lung diseases, as well as chronic neurological conditions such as neuromuscular diseases (33, 36). Telemedicine aids respiratory patients through data collection, such as monitoring of vitals and ventilator status, and by transmitting these data for constant monitoring. In the case of under-resourced or under-developed critical care units in low and middle-income countries (LMICs) (Bhaskar et al., under review), frequent international tele-education can serve to upskill doctors and spread critical care knowledge, such as ventilator management (37).



CHRONIC DISEASE, PRIMARY CARE, AND THE NEED TO FOCUS ON NON-ACUTE CARE

Patients with non-acute diseases require ongoing support and cannot be neglected during COVID-19 times (1, 3, 4, 33). Studies have shown that telemedicine can lead to similar outcomes as face-to-face delivery of care in the management of patients with heart failure, hypertension, and diabetes (38, 39). Ongoing monitoring of these patients is required to prevent acute manifestations, hospitalization, or disease progression (3, 4). The differences within medical subspecialties and individual patients need to be considered, rather than broadly implementing uniform telemedicine approaches across all departments. For example, infectious disease cases can be complicated and require careful consideration of patient history and investigation findings. In these cases, asynchronous consultations, in which the physician reviews data before supplying patient recommendations, will be helpful (40). In other fields such as neurology, cardiology, and endocrinology, real-time, interactive consultations might be more applicable (3, 4).

Patients with neuromuscular issues are particularly at risk due to COVID-19 (4). Patients with motor neuron disease (MND)/amyotrophic lateral sclerosis (ALS) are among those who experience considerable disability and will require multidisciplinary telehealth (4). Types of telehealth include tele-advice, teleconsultation, tele-prescription, videoconferencing, home-based self-monitoring, and remote non-invasive-ventilation (NIV) monitoring. Videoconferencing involves consultation with a health professional, home-based self-monitoring involves taking one's own measurements and submitting them to a physician, and remote NIV monitoring involves remote monitoring of the patient's NIV data (41). The use of telehealth with ALS patients has been shown to be associated with positive benefits such as reasonable adoption rates, personalized data, and efficient consultations (42). Other movement disorders such as Parkinson's disease (PD) also require ongoing multidisciplinary care (43). Established programs such as the Ontario Telemedicine Network, the ParkinsonNet infrastructure in the Netherlands, and that of Kaiser Permanente in the US all display the ability to integrate telehealth into PD patient care (44). Areas for growth include the reimbursement of nursing homes that utilize telemedicine, acceptance by patients and physicians, and reimbursement of at-home telemedicine programs (44). Furthermore, global partnerships can increase international telehealth integration. For example, the International Parkinson and Movement Disorders Society Africa Section, established in the USA, launched a 5-year program to deliver specialist care to disadvantaged areas in Africa using WhatsApp™. Diagnosis of PD could also be aided by telehealth, with the Unified Parkinson's Disease Rating Scale (UPDRS) and Montreal Cognitive Assessment (MoCA) for PD both being able to be performed remotely (45). Such tele-tools have also been recently proposed in the times of COVID-19 for familial hypercholesterolemia patients, who require continuous monitoring of their health due to lifelong high levels of cholesterol and increased CVD risk (46). In migraine and headache patients, telemedicine could be used to assess new headache profiles for possible COVID-19 symptomology or standard outpatient consultations (4, 47).

Cancer patients are another group at risk of COVID-19 infection due to their immunosuppressed states, which could have fatal outcomes subsequent to infection (48–52). Oncologists would use telemedicine for ongoing monitoring and compliance with cancer patients (49, 51). This could be useful in monitoring adverse reactions to ongoing chemo- or radiotherapy, as well as to identify patients who might be at high risk of emergent medical attention, such as those at risk of venous thromboembolism. Cancer patients could also be offered multidisciplinary care, including psychological interventions, physiotherapy, and specialized interventions such as mindfulness training, to improve the overall quality of life (49). Overall, telemedicine offers opportunities for cancer patients to access specialist care in the comfort of their homes. Approaches to the use of telemedicine and mobile technologies in increasing access to novel drugs or interventions through clinical trials should be expeditiously pursued. Telemedicine could also be used in palliative care and end-of-life planning involving patients' carers, family, and multidisciplinary care team (53). Teledermatology is another promising perspective in the diagnosis and monitoring of skin lesions, including cancer (54).

Non-acute ophthalmological telemedicine has been implemented for retinal scans relating to diabetic retinopathy, retinopathy of prematurity, and other non-acute retinal monitoring (55). Fundus scanning and optical coherence tomography imaging are being sent to remote trained healthcare practitioners (HCPs) for evaluation and additionally are being evaluated by AI analysis using deep learning. These non-acute services are also being utilized locally by emergency and urgent care services to a certain extent (55).

Chronic patients must adhere to medications during this time and should not stop treatment regimens without consulting their physician (3, 4). Patients taking immunosuppressants, steroids, or pain medications may be concerned about their COVID-19 risk, and contact with their physicians needs to be ensured. Adherence to medications can be monitored through Mhealth and telehealth means (56). Such examples include digital adherence technologies (DATs) or electronic directly observed therapy (eDOT) for patients with tuberculosis (56). Measures include ingestible sensors, video observation, digital pillboxes, and smartphone applications and have been trialed in China, India, Belarus, and the US (56, 57).



IDENTIFYING THOSE WITH BULBAR AND RESPIRATORY WEAKNESS

The European Respiratory Society (ERS) task force has described the implementation of remote home mechanical ventilation and physical therapy for patients with chronic respiratory disorders (58). The emphasis is on promoting common standards of clinical criteria as well as analyzing the cost/benefit ratio and evaluating reimbursing rules to implement in different countries (58). Tele diagnosis uses patient data to aid remote diagnosis and can be utilized to identify those with bulbar and respiratory weakness. Telemedicine strategies such as electronic inhalers, chipped nebulizers, self-monitoring through apps, and text reminders increase medicine compliance in patients with asthma, COPD, and cystic fibrosis (CF) (59). Furthermore, the diagnosis of COPD through telemedicine means such as spirometry tracing and teleconsultation provides an opportunity to utilize technology to increase patient care. Further studies are needed to stratify which patients, in terms of severity, will be best suited to a telemedicine management approach. Another area of potential growth is in using AI algorithms to determine developing COPD exacerbations (60). Telemedicine for asthmatics tends to be more focused on treatment compliance and self-monitoring and can be useful in helping patients learn more about their disease, such as recognizing patterns of asthma triggers (61). Other barriers to care include the risk that patient data may be manipulated, networks potentially becoming compromised, and inconclusive data on the benefit of telehealth on specific diseases such as COPD (62).

Obstructive sleep apnea (OSA) is one such disease in which remote monitoring can be utilized to prevent patients from having to spend time in a sleep clinic or respiratory clinic (63). Home polysomnography devices can be used to track patients' breathing and oxygen levels; however, further work is needed to lower the rate of false negatives to the level of in-person sleep clinics (63). A 2018 prospective study of 780 patients used a portable spirometer, with Bluetooth capabilities and connected to a mobile phone application, to trace results and connect the patient to a physician for analysis (64). This allowed the patient's breathing difficulties to be assessed and categorized as asthma, COPD, or normal breathing function (64). This study shows promising results for remote diagnosis of chronic breathing conditions; however, it does not preclude the need for future testing in some more complicated cases. Other smartphone applications have utilized microphones and questionnaires to analyze and detect breathing difficulties associated with other pulmonary conditions such as coughs and lung cancer (65). COVID-19 could impose severe stress on sleep clinics and may limit in-laboratory polysomnography sleep studies for OSA assessments and diagnosis. Home-based tele-polysomnography for OSA assessment could be explored so that the delayed diagnosis and the associated impact on patients could be minimized.

Patients with OSA often require continuous positive airway pressure (CPAP) while sleeping to improve symptoms and achieve proper rest (66). In order to see sustained results, patients need to use CPAP for at least 4 h at night, combined with lifestyle changes such as weight reduction and smoking cessation (66). Low adherence to CPAP remains a continuous problem for OSA patients due to lack of motivation, discomfort, loud noise, and claustrophobia (67). Telehealth provides an opportunity to increase CPAP adherence by monitoring device output data and patient self-tracking of lifestyle factors. When usage falls, the patient can be contacted to discuss their reasons for low adherence and to motivate them to continue use (68).

Telemedicine could be used to monitor bulbar function in patients with a compromised bulbar function such as ALS (4, 69). The rapid decline in bulbar function could be captured using technologies that are useful in delivering specialist multidisciplinary care (69). Other diseases in which bulbar function may be impaired include myasthenia gravis, spinal–bulbar muscular dystrophy, and riboflavin transporter deficiency (4, 70–72).



TELEMEDICINE-ASSISTED FOLLOW-UP AND REHABILITATION

Telemedicine can aid with rehabilitation following acute incidents such as stroke and traumatic brain injury (TBI) (2, 4), as well as chronic conditions that require ongoing rehabilitation efforts such as COPD, CVD, diabetes, and obesity (3). Stroke telerehabilitation programs involving consultations, exercises, games, and therapy aspects have shown positive outcomes such as improving patients' functional abilities and mental health (4). Other benefits include increasing patient motivation and ease due to being in a home setting (73). It is important that patients receive enough support in areas such as technical setup and troubleshooting. The Telerehabilitation in Heart Failure Patients (TELEREH-HF) trial in Poland demonstrated that a 9-week hybrid comprehensive telerehabilitation (HCTR) program consisting of remote monitoring of training at patients' homes was well-tolerated (24, 25). However, the positive effects of the intervention didn't translate into improvement in clinical outcomes over a follow-up period of 12–24 months in comparison to standard care (24).

A 2018 systematic review similarly found that telerehabilitation allowed for equal or more significant patient outcomes than center-based rehabilitation programs in stroke (74). Furthermore, wearable devices can be used in the rehabilitation of various neurological diseases such as stroke, PD, multiple sclerosis, and TBI. Inactivity is associated with various comorbidities and is often a result of chronic neurological disease or acute accident recovery. Remote monitoring through wearable devices can track activity, gait, and any falls throughout rehabilitation (75).

TBI can result in cognitive issues such as sleep disturbance, photophobia, memory, and behavioral changes (76). It is crucial that patients are not discharged without a follow-up plan. A neuropsychological test battery in the few years following moderate-to-severe brain injury and inpatient rehabilitation is vital to assess any cognitive decline and plateau. During COVID-19 times, it is necessary to move outpatient testing of this sort to remote delivery, wherever feasible and while maintaining efficacy. The Brief Test of Adult Cognition (BTACT) has been shown to be effective over the telephone in patients with TBI to assess cognitive state (77). Remote monitoring of physical activity by physiotherapists and patient consultation with neurologists can also be achieved through telemedicine. However, clear guidelines for rehabilitation management and evidence of efficacy through different delivery systems are lacking (78).

Pulmonary rehabilitation is essential for patients with chronic respiratory issues such as COPD and can be achieved through telehealth measures such as monitoring, consultation, and education (79). This is important in COPD, as potential exacerbations need to be monitored, and lower levels of rehabilitation access are associated with increased rates of hospitalization (79). Additionally, personal movement tracking devices involving accelerometers are helpful in tracking patient exercise, which is an essential area of pulmonary rehabilitation (80). Telehealth rehabilitation still faces major hurdles, however, such as cost-effectiveness, patient training, and the lack of regulatory frameworks surrounding personal health devices (80).



TELEMEDICINE IN PALLIATIVE CARE

According to the WHO, about 40 million people annually need palliative care, and only 14% of them receive it (81). The importance of primary healthcare in palliative care was highlighted by the first WHO global resolution on palliative care in 2014. The Project ECHO (Extension for Community Healthcare Outcomes), as one of the examples, shows the potential of telemedicine in the training of patients, their family members, and medical workers in palliative care (82, 83). The training of palliative care via telemedicine/telehealth for outpatients in primary care will increase the coverage and quality of both care and life for these patients. Telehealth, including mobile applications, plays a role in making patients more adherent to both pharmacological and non-pharmacological therapies; in remote monitoring of clinical parameters such as cardiovascular and respiratory system function; as well as in monitoring of diet and physical activity. Given the overload of respiratory diseases and the flu-like presentations in routine practice, telemedicine offers an alternative that is particularly relevant in the COVID-19 era.



TELEMEDICINE/TELEHEALTH APPLICATION IN MENTAL HEALTH

Mental health support to frontline health workers, patients, and carers will be crucial, as long isolation, lack of social interaction, as well as anxiety over one's own and others' health will take a toll on well-being (2–4, 84). Psychotherapy, psychiatry, and counseling are easily converted to a teleconference format through platforms (such as—but not limited to—Zoom™ and Skype™) and should be utilized by frontline health workers, patients, and carers where necessary (85). Anecdotal evidence also suggests that patients experiencing paranoid, anxiety, or post-traumatic stress disorders, who may be particularly affected by the COVID-19 climate (84), may feel more comfortable undergoing telepsychiatry over in-person psychiatry. Online delivery will further help to resolve issues such as lack of access to practitioners in rural settings and cultural and linguistic barriers (86). Furthermore, psychoeducation and mental well-being advice can be leveraged through smartphone apps and digital outreach programs (87). These services will become increasingly crucial in the pandemic setting, as physical isolation and frontline work pose both access issues and mental health stressors. The ethics of such teleservices needs to be ensured, with patient confidentiality, referral and billing practices, and physician eligibility being upheld (88). Psychiatrists, psychotherapists, and psychologists need to ensure that they are maintaining their own mental health during this time, with programs such as professional supervision being of help (4).



TELEHEALTH/TELEMEDICINE FOR THE ELDERLY

In 2018, nearly one-fifth of the European population was aged over 65 years old (89). An aging population has put significant pressure on public spending; therefore, telemedicine can improve the scale and efficiency of delivery and ongoing management of elderly patients. Elderly patients with mild cognitive impairment or dementia who might be at high risk of an acute condition should be identified using mobile technologies and telemedicine, and telemedicine solutions for the elderly should be easy to use and possibly automatic (4). This would avoid unnecessary burdens to public health facilities. Telemedicine can also be used to act as an interface of the local nursing care staff, carers, and patients with medical specialists. Elderly patients will benefit from remote allied health delivery. Patients who have had a recent surgery could be monitored at home or in nursing care facilities, preventing extended hospital stays. Elderly patients with diagnosed mental health conditions could also benefit from telemedicine. However, self-efficacy and digital literacy presumably have a significant impact on the uptake of telehealth among the elderly (90).

Recent data from the US confirm that the most vulnerable age group for COVID-19 is people over 65 years old, and the highest mortality is observed in those aged 85 and older (91). In Ontario, Canada (as well as in Italy and the US), 54% of deaths related to COVID-19 occurred in retirement homes and long-term care (92, 93). Strict zero-visitation policies have had debilitating effects for some elderly patients, particularly those with dementia (4). Telemedicine has been utilized to connect family members with these patients to prevent further decline in mental status and provide comfort. This is useful, as family members have voiced concerns that physically distanced visits such as through windows may further confuse their loved ones.

Telehealth allows continual monitoring of vitals, physical examination, ongoing clinical management, and communication with patients. In elderly patients with limited accessibility, telemedicine could provide an alternative, easy-to-access service. Elderly patients often suffer from social isolation, and telehealth can bring a sense of community. Furthermore, by using AI, falls can be detected among elderly patients (94). AI can provide personalized medicine solutions to help identify patients at risk of harm. Primary healthcare physicians and nursing homes should watch for signs of depression in the elderly, particularly as it has been shown that telemedicine is competent in managing depressive symptoms in the elderly (95).



TELEHEALTH/TELEMEDICINE FOR CONGREGATE SETTINGS

Telemedicine can be useful in delivering interventions in congregate settings (96, 97). Challenges in congregate settings include high population density, limited mobility, built environment issues, and limited access to health. This can make the prevention and management of COVID-19 onerous while preserving human rights and ethical issues. Some of the potential target populations include refugees and migrants (96), those living in incarceration, orphanages, old-age homes, or childcare centers; and schools. These populations are especially vulnerable to infection such as COVID-19, where an outbreak can have facility-wide implications and adverse health consequences and fatality. A simulation study on the possible impact of COVID-19 outbreak in a Bangladeshi refugee camp found a dire need for dramatic increases in healthcare capacity and infrastructure (97). Existing approaches to control an outbreak, should it occur, would not be practically feasible, necessitating innovative solutions as well as novel and untested strategies in humanitarian settings (97). Telepsychiatry to monitor and deliver interventions in congregate settings, especially among refugee populations living in resource-constrained areas (98, 99), could be an alternative when traditional therapy is not possible. Telepsychiatry programs for congregate settings should be developed, and further studies are needed to evaluate their long-term impact on patient monitoring and care (99, 100).



COST–BENEFIT ANALYSIS

Telemedicine systems are not novel concepts and have been used to good effect for programs such as forward triage in EDs, critical care monitoring, and physician communication. Existing systems will need to be reallocated, and innovations will be pushed through in order to provide care across all medical fields and to reduce hospital burden. This needs to be achieved within the constraints of funding, legislation, and supply-chain barriers. Temporary government funding will be necessary to roll out telemedicine to both rural and urban settings, as well as relaxations to legislation that allow practitioner reimbursement of telemedicine services (101). A study by Sayani et al., addressing the cost and time barriers in chronic disease management through telemedicine in LMICs, found telemedicine to be economically beneficial not only by reducing the socioeconomic barriers to cost and access but also by increasing the uptake of services (102). Another systematic review of studies conducted on costs of home-based telemedicine programs from 2000 to 2017 found that home telemedicine programs reduced care costs, although detailed cost data were either incomplete or not presented in detail (103). The data on the cost-effectiveness of telemedicine solutions in different medical areas remains inconsistent and confounded by many variables, including the type of disease and “digital maturity” of healthcare systems. However, in critical situations such as the COVID-19 pandemic, telemedicine is proven necessary, and costing, billing, and reimbursement solutions are needed.



REIMBURSEMENT OF ALL TELEHEALTH PROVIDERS

There are variations in reimbursement policies across regions and healthcare systems. One of the major barriers has been harmonizing a standard reimbursement policy that is acceptable to all stakeholders and sustainable. We recommend that an integrated framework involving public and private parties could help develop a less complicated and streamlined reimbursement structure. Notably, the adoption of a “flip the switch” health insurance strategy in North Carolina to reimburse telehealth visits “at parity” with conventional office visits for all healthcare providers and specialists is timely and essential. In the long term, the impact of these strategies on healthcare quality and healthcare costs needs further study. Healthcare providers must lead the way here in the COVID-19 crisis to explore innovative approaches such as B2B monitoring.



LIMITATIONS OF TELEMEDICINE

Certain limitations may act as roadblocks in the uptake, implementation, and scale-up of telemedicine and supporting technologies. Considerable training is required to ensure patients can familiarize themselves with video teleconsultations and the use of supportive technologies. Physicians also need targeted technical, clinical, and communication training based on their subspecialty needs. Issues of limited access to broadband and Internet facilities are an area that particularly limits the deployment of telemedicine in remote areas and under-resourced settings. Telehealth requires reliable broadband access, which is not always acceptable both for clinics in rural areas and for patients living in such areas. When using telemedicine technology, legal restrictions and a lack of clarity as to what is permitted are possible, and these restrictions force telemedicine providers to proceed with caution. Some conditions are not considered in the legislation of health systems. It is still not entirely clear whether virtual consultations and video surveillance will be fully paid in hospitals or will be evaluated as shorter visits so that the rates will be lowered. Physician licensing and stability of the telemedicine infrastructures are issues of relevance in under-resourced settings.

Several critical medical procedures cannot be replaced by telemedicine, nor can it be offered to everyone, and there are many excluded groups of patients, including those with deficiencies (e.g., deaf and blind patients) and elderly patients. The effectiveness of telemedicine relies on the possibilities of the implementation of these tools in the given hospital/healthcare system, preparations/training of physicians/nurses, and awareness of the patients.

Beyond this, when introducing technologies and measures to overcome gaps in the healthcare system, it is essential not to simply ask, “where are the gaps,” but also to define the standards and ideals of care and continually iterate toward these ideals. As mentioned before, telemedical consultations do not approach the same level of fidelity that an in-person physical exam yields, between physical exams, body language, vocal intonations, and odors. As such, the fidelity of the technology involved with telemedical consults must continually iterate to reach the same level of fidelity and information that an in-person visit might yield. In this vein, virtual and augmented reality technologies, while evolving, hold promise for the future of telemedicine, particularly in envisioning a future in which high-fidelity physician and patient “avatars” may meet in a virtual space for a telemedical consult, replicating aspects of an in-person visit through immersive technologies.



CONCLUSION AND FUTURE DISCUSSION

COVID-19 has expedited the uptake of telemedicine across various specialties. The rapid move by various bodies, associations, and providers to use telemedicine in maintaining patient continuity while limiting COVID-19 risks of exposure to patients and healthcare workers will have a long-term impact well-beyond the current pandemic. Teleconsultation needs are varied across specialties, and therefore, specialty-specific guidelines and recommendations need to be developed. A scoping list of various telemedicine studies across medical subspecialties (telemedicine vs. standard care) has been provided in Table 1. A comprehensive workflow that critically profiles various telemedicine enablers has been proposed in Figure 1, and recommendations to improve various factors are listed in Table 2.


Table 1. Telemedicine across various medical subspecialties.
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FIGURE 1. Various requirements and considerations for streamlined telemedicine implementation and the Pandemic Health System REsilience PROGRAM (REPROGRAM) consortium workflow for routine teleconsultation and management of patients. Patients and healthcare providers can interact through telemedicine via text, audio, or video means. Effective telemedicine has several requirements, including culturally appropriate and available infrastructure; regulatory oversight and privacy compliance such as through the Health Insurance Portability and Accountability Act of 1996 (HIPAA); integration of technologies with existing data such as electronic health records (EHRs), apps, and monitoring devices; and insurance coverage such as Medicare or private-payer schemes. Credentialing on both sides is essential. The consultation should start with verification of the patient's identity through name, age, phone number, date of birth, and address. The physician should then clearly specify that this is a telemedicine consult and that no audio or video of the communication will be recorded. It is imperative that health record information is protected. The physician should then clearly and explicitly ask for consent, whether that be verbal, text, or video. At the start of the consultation, the physician should assess if acute care is required and make a cursory determination if telemedicine consultation is sufficient. If necessary, the physician should supply an immediate referral or advise the patient to seek immediate medical attention. During a typical consultation, the patient will be evaluated; and specific diagnostics and treatment would be recommended based on the assessment of the healthcare provider; and follow-up could be scheduled either in person or virtually. The physician should go through records, clinical history, and investigations including pathology and diagnostic reports, and obtain any additional information that the patient can provide. A general, non-specialist examination should be obtained, and any vital signs that the patient has the means to measure should be gathered.



Table 2. Various factors in telemedicine implementation and corresponding recommendations from the consortium.
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The proposed workflow (Figure 1) provides a practical telemedicine framework cognizant of relevant requirements and considerations, and a step-by-step pathway to streamlined telemedicine delivery. This could be used as a template (for further customization or adaptation) by individual medical subspecialties. Current challenges and recommendations to improve telemedicine include (130): (i) infrastructure capacity [formation and expansion of dedicated telemedicine units and workforce; cloud-based infrastructure to support telemedicine associated bandwidth traffic; liability, maintenance, and safety of telemedicine platforms; ongoing and regular maintenance and servicing of telemedicine hardware and software; awareness, education, and training to build confidence about telemedicine use among providers and consumers; compulsory telemedicine modules for medical students and continued professional development (CPD) workshops/courses for healthcare providers and medical informaticians/technologists; targeted courses aimed at re-skilling clinicians]; (ii) integration with existing data (standardized patient-specific information and consent form with telemedicine opt-in/out option); (iii) regulatory oversight issues (setup of telemedicine regulatory authority; accreditation/licensing of providers using telemedicine; guidelines for telemedicine use in inter-state and -nation settings; standardization of telemedicine related technologies and services with regulatory oversight, audit, and reporting; appropriate measures and oversight to protect privacy, security, and confidentiality of patient data; legal frameworks for telemedicine-specific information storage, sharing, and access); and (iv) insurance/payers (guidelines for telemedicine insurance; streamlined payment facilities for making and receiving payments; bundled services payments and insurance coverage).

Another important and emerging area is the use of text messaging [short message service (SMS) or multimedia message service (MMS)] as a model for service delivery (131–136). Text messaging has proven efficacious in diabetes self-management, smoking cessation, weight loss, physical activity, and adherence to medication regimens [such as in human immunodeficiency virus infection and acquired immune deficiency syndrome (HIV/AIDS) patients who are on antiretroviral therapy] (132). A systematic review on text messaging interventions identified the following issues: identification of intervention characteristics, ensuring intervention effects last over a longer duration of time, and cost-effectiveness of these interventions (132). Issues of privacy and security are also poignant in this context. Nevertheless, text messaging offers potential benefit as a public health intervention toward chronic disease management (133–136), medication adherence, and secondary prevention (134).

Perceptions and experiences/satisfaction, regarding telemedicine services, of the patients and providers is important in improving telemedicine implementation, delivery, and impact (137–141). A systematic review on patient satisfaction with telemedicine highlighted methodological deficiencies in published studies (137). A study on patient and clinician experience with telemedicine found that virtual video visits may provide effective follow-up and increased convenience in comparison to routine in-person visits (139). Another study found a perception of patients with type 2 diabetes that telemedicine can improve their access to care (140). Further studies focusing on communication issues and the quality of interpersonal relationships during telemedicine consultations and how these factors affect healthcare delivery using this medium are required (137, 141).

Some specialist examinations, including neurologist consultation, can also be conducted. The American Academy of Neurology has issued guidelines for telemedicine consultation (142). Physicians can assess mental status; any visual, auditory, or cognitive deficits; comprehensive speech; cranial nerves; apparent tremors; and gait. Motor examinations can also be conducted with the aid of a caregiver in order to help ascertain strength, tone, reflexes, dermatome sensation, and cerebellar function. In such a case, consent must be gained from both the patient and the assistor. Special considerations may apply for pediatric patients or adults with intellectual disabilities. Based on the severity of symptoms, the patient may require a management plan, including specific treatment, health education, and counseling if necessary. Patients can be prescribed ongoing prescriptions, specific medications, or add-on medication to optimize regimes, given that there is no ambiguity about diagnosis and the medications are not dangerous. If there is any ambiguity about diagnosis, this must be recognized as a limitation of this mode of telemedicine, and documentation must be made. Further tests should be done or referred for in-person consultation if necessary. It should be noted that detailed examination of tone, strength, and reflexes; comprehensive eye examinations; and examinations that require specific maneuvers such as vestibular examinations should be avoided, as examination findings won't be accurate. These recommendations will also need to be adjusted according to individual state or federal legislation. The future of telemedicine beyond the current COVID-19 pandemic will depend on how we address existing challenges, building resilient health systems (2–4). Further randomized controlled trials to evaluate the long-term effects of telemedicine-based interventions in various patient populations should be planned. Telemedicine will play a major role as a “safety net” during the pandemic.



AUTHOR'S NOTE

The COVID-19 pandemic is causing an unprecedented public health crisis impacting healthcare systems, healthcare workers, and communities. The COVID-19 Pandemic Health System REsilience PROGRAM (REPROGRAM) consortium is formed to champion the safety of healthcare workers, policy development, and advocacy for global pandemic preparedness and action.
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Background: During the height of the coronavirus (COVID-19) pandemic, there was an unprecedented demand for “virtual visits,” or ambulatory visits conducted via video interface, in order to decrease the risk of transmission.

Objective: To describe the implementation and evaluation of a video visit program at a large, academic primary care practice in New York, NY, the epicenter of the COVID-19 pandemic.

Design and participants: We included consecutive adults (age > 18) scheduled for video visits from March 16, 2020 to April 17, 2020 for COVID-19 and non-COVID-19 related complaints.

Intervention: New processes were established to prepare the practice and patients for video visits. Video visits were conducted by attendings, residents, and nurse practitioners.

Main measures: Guided by the RE-AIM Framework, we evaluated the Reach, Effectiveness, Adoption, and Implementation of video visits.

Key results: In the 4 weeks prior to the study period, 12 video visits were completed. During the 5-weeks study period, we completed a total of 1,030 video visits for 817 unique patients. Of the video visits completed, 42% were for COVID-19 related symptoms, and the remainder were for other acute or chronic conditions. Video visits were completed more often among younger adults, women, and those with commercial insurance, compared to those who completed in-person visits pre-COVID (all p < 0.0001). Patients who completed video visits reported high satisfaction (mean 4.6 on a 5-point scale [SD: 0.97]); 13.3% reported technical challenges during video visits.

Conclusions: Video visits are feasible for the delivery of primary care for patients during the COVID-19 pandemic.

Keywords: telemedicine, video visit, ambulatory care, implementation science, primary care, COVID-19


BACKGROUND

Shortly after its first confirmed case on March 1, 2020, New York City became the epicenter of the novel coronavirus, SARS-CoV-2, pandemic in the United States (1). As social distancing became a key public health strategy to minimize viral transmission, medical centers, and physician practices were urged to rapidly implement new models of healthcare delivery which met patients' needs, but also limited exposure risk (2). As a result, there was a demand for virtual care, especially video visits, as an alternative to traditional in-person care (3).

Although video visits have been previously used and have been found to be feasible (4), their adoption and utilization have been limited (5–7). As of 2019, only 8% of Americans had ever done a video visit with a physician (8). Reasons for low adoption rates had included: lack of reimbursement, inadequate digital infrastructure, and incompatible workflow (6, 9). For patients, language barriers and inadequate access to technology platforms and the internet (10, 11) were often cited as barriers to video visits (6).

Nevertheless, given the need to care for patients remotely during COVID-19, the demand for video visits increased, potentially outweighing many of these prior utilization barriers. Herein we report the experiences of one large, academic, urban primary care practice with implementing a video visit program during the COVID-19 pandemic in New York City. Using a modified version of the RE-AIM Framework (12), we report on the Reach, Effectiveness, Adoption, and Implementation of video visits in order to describe our experiences to other primary care practices across the country who may need to adopt a similar care model.



METHODS


Setting and Patient Population

This is a retrospective case study of consecutive adults scheduled for video visits during the 5-weeks period from Monday, March 16, 2020 to Friday, April 17, 2020 at Weill Cornell Internal Medicine Associates (WCIMA). WCIMA is a large, academic, hospital-based primary care practice of Weill Cornell Medicine and NewYork-Presbyterian Hospital (https://weillcornell.org/wcima). As a high-volume tertiary-care clinic, it averages 53,000 office visits per year and serves a diverse patient population (13). At WCIMA, 31 attending physicians, 11 nurse practitioners, and six registered nurses provide care, alongside 129 residents and interns. Because we report on the video visit technology itself, as well as the effectiveness of its implementation, this study is a Hybrid Type 2- Effectiveness Implementation design (14, 15).



Context: Limited Use of Video Visits Pre-COVID-19

Video visits were first introduced at WCIMA in September 2019. However, only a few providers utilized this technology with their patients. Barriers for use pre-COVID-19 included: limited understanding and training on the technology among providers and staff and uncertainty about how best to divide clinician time between video and in-person visits. To address these barriers, training sessions demonstrating how to schedule and perform video visits occurred during faculty meetings in the fall of 2019 and providers were asked to complete training modules. Despite these efforts, adoption remained low.



Developing Infrastructure for Video Visits During COVID-19

WCIMA utilized the Epic system for video visits [Epic Systems, Verona, WI]. Patients connected to video visits through a Weill Cornell Connect App on their smartphone (any brand) or tablet whereas providers conducted video visits through Epic Haiku (iPhone) or Epic Canto (iPad). The practice purchased iPads for providers without an iPhone or iPad to use. During or after visits, providers documented encounters using traditional Epic notes via their phone, tablet, or desktop.

To minimize COVID-19 transmission and the use of personal protective equipment, starting on March 16, 2020, the majority of care at WCIMA was transitioned to video visits. Providers conducted video visits for patients with COVID-19-like symptoms, as well as for patients with acute and chronic care needs. While providers were encouraged to maximize the use of video visits, they were permitted to conduct in-person visits for urgent complaints where they deemed a physical exam was needed. To guide providers on how to conduct video visits for COVID-19 and usual care, a group of physicians developed a Video Visit Handbook (Appendix 1). This handbook was updated twice during the study period to reflect rapidly changing clinical recommendations for the ambulatory management of COVID-19. Weill Cornell's Physician Organization Information Services (POIS) created an electronic health record template for COVID-19 assessments (Figure 1). Providers were asked to use this template for all COVID-19 related video and in-person visits. As shown in Figure 1, the template contained 10 structured data elements (free-text or drop-down) for the COVID-19 video visit. In addition, POIS developed smartphrases in Epic for patient instructions, based on CDC guidelines for COVID-19 including how to socially distance, and perform self-care monitoring. These smartphrases were developed in English and Spanish.


[image: Figure 1]
FIGURE 1. COVID-19 assessment ambulatory note template to accompany video visit encounters.




Video Visit Workflow During COVID-19

To prepare for the shift to video visits, starting on March 16, 2020, clinic staff received training on how to schedule patients for video visits, including how to teach patients to download and use the app. Each week during the study period, staff and providers reviewed upcoming scheduled visits for that week, and determined who should be seen in person and who could be converted to a video visit. Those eligible for a virtual visit but without access to a smart device and internet connection were offered a telephone visit. A hybrid scheduling model was used, in which providers had half-day sessions devoted to seeing their own patients virtually and others for which they were available for video visits with any patient in the practice, to maximize access. Similar to in-person visits, video visits were 20 min in duration, but could be longer at the discretion of the provider. Video visits took place Monday through Friday, with occasional Saturday visits. Providers conducted video visits from WCIMA offices or remotely. Practice administrators worked with hospital compliance to understand billing procedures, and physicians were trained to document and bill for video visits in accordance with the new rules regarding broadened telehealth payment policies during COVID-19 from the Centers for Medicare and Medicaid Services (CMS) (16). Documentation of verbal consent from the patient to engage in a telemedicine visit was required in each note. The same evaluation and management codes and the same rules for determining level of service for in-person care were used for video visits.

As outlined in the Video Visit Handbook, a main goal of each video visit for COVID-19 was for providers to determine if patients could be managed safely at home with supportive care, if they needed to be evaluated in-person at WCIMA's newly established cough, cold, or fever clinic, or if they needed to go to the emergency room. Another goal was to provide counseling on management of symptoms, warning signs of clinical deterioration, and prevention of transmission. The goal of non-COVID-19 video visits was to approximate traditional, in-person care.

Although physical examinations were limited by the video visit format, providers were able to assess a patient's general appearance, respiratory effort, and affect. When indicated, providers could visually examine patients' skin, sclera/conjunctiva, and the oropharynx. A limited neurological examination could also be performed. Heart rate and respiratory rate could be measured by the patient with provider guidance. For patients with home blood pressure monitors or pulse oximeters, additional vital signs could be collected.

Depending on the visit type, providers chose to document the visit using the COVID-19 assessment template or the usual primary care assessment template.



Quantitative Data Collection

We used a modified version of the RE-AIM Framework to describe the implementation of video visits at WCIMA during the COVID-19 pandemic (12). As such, we evaluated the Reach, Effectiveness, Adoption, and Implementation of the video visit initiative. We plan to collect data on Maintenance in the future. De-identified, practice-level data were generated from our electronic medical record and billing data.

To assess Reach, we obtained data on the number of completed video visits over time during the study period, demographics (age, gender, race, ethnicity, insurance type, relationship to practice) of the patients seen via video, the level of service of these video visits, and the most frequent diagnoses for which these video visits were billed.

To assess Effectiveness, we collected data on the proportion of scheduled visits that were: completed (as above), failed (due to technical difficulties), canceled, or no-shows. During the study period, but separate from our work, the Weill Cornell Physician Organization conducted a satisfaction survey via email among patients who completed video visits within the Department of Medicine. From this survey we obtained aggregate responses from patients for video visits conducted by WCIMA providers. The survey asked patients to: (1) rate their video visit experience (5-point Likert scale; one worst, five best); (2) report if they were satisfied with the care they received, compared with in-person visits (yes/no); (3) report what percent of care they would like to have as video visits in the future, compared to in-person (fill in %); and, (4) report if technical challenges occurred during the video visit (yes/no).

To assess Adoption, we collected data on the number of staff who assisted with video visit scheduling and the number and types of providers conducting video visits (attending vs. resident vs. nurse practitioners).

To assess Implementation, we collected data on the frequency with which the COVID-19 template was used and the number of iPads our clinic purchased to conduct video visits.

Because this study used de-identified, practice-level data, it was deemed exempt by the Weill Cornell Medicine Institutional Review Board. As such, written informed consent was not required for participation in this study.



Data Analysis

We present absolute counts and percent frequency of occurrence. We used the Kruskal-Wallis test to evaluate differences between median age categories, and the chi-square test to compare proportions. Analyses were conducted using the software package R (version 3.4.1, Vienna, Austria).




RESULTS

In the 4 weeks prior to the study period, 12 video visits were completed at WCIMA, with 6 (50%) occurring 1 day before our study period. During the 5-weeks study period, we completed a total of 1,030 video visits. The number of these visits by week is shown in Figure 2. In week 1, 113 video visits were completed, followed by 261 in week 2, 228 in week 3, 249 in week 4, and 176 in week 5.


[image: Figure 2]
FIGURE 2. Number of completed video visits by week pre-COVID-19 and during COVID-19. Video Visit Program began during week of 3/16-3/20 in response to the COVID-19 pandemic.



Reach

Of the 1,030 completed video visits, 817 unique patients participated. Of these, 675 patients (82.6%) had 1 video visit each whereas 142 (17.4%) had >1 video visit (range: 2–9.) The demographics of patients with completed video visits are shown in Table 1. They had a median age of 50 years (Interquartile range: 40.6–61.3), 69% were women, nearly 25% were African American, 23% were Hispanic, 49% had commercial insurance, 28% had Medicaid, and 13% had Medicare. Compared to patients who completed in-person visits in our practice during July 1, 2019 to February 29, 2020 (our fiscal year-to-date data prior to the study period), those who completed video visits were younger (median age of 41–50 vs. 61–70 years [p < 0.0001]). The video visit group included more women (69 vs. 65%, p = 0.004), more Non-Hispanics (61 vs. 51%, p < 0.0001), more Whites (39 vs. 35%, p = 0.008), more commercially insured patients (49 vs. 36%, p < 0.0001) and fewer Medicare patients (13 vs. 32%, p < 0.0001) than our baseline population. Approximately one-fourth (28%) of the video visit group were insured by Medicaid, similar to our baseline population, of which 31% are insured by Medicaid (p = 0.158).


Table 1. Demographic characteristics of patients who completed video visits during the study period compared to patients who completed in-person visits during the prior fiscal year.
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Effectiveness

During the study period, 1,475 video visits were scheduled, of which 1,030 (69.8%) were completed and 30 (2.0%) failed due to technical problems and were converted to telephone visits. A total of 19.1% of scheduled video visits no-showed and 9.1% were canceled either by the patient or provider.

Satisfaction data was obtained for 113 (13.8%) of the 817 patients who completed 1 video visit. Patients reported high satisfaction with their video visit (mean score of 4.6 on a 5-point scale [SD: 0.97]) and the vast majority (94.5%) of patients were satisfied with the level of care they received during their video visit compared with prior in-person visits (Table 2). Overall, patients preferred that 49% (SD 0.26) of future encounters with their provider be video visits instead of in-person visits. A total of 13.3% reported technical challenges during the video visit.


Table 2. Patient satisfaction and attitudes toward video visits.
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Adoption and Implementation

Overall, 70 providers (23 attendings, 38 residents, and nine nurse practitioners) conducted these 1,030 video visits and 22 staff members helped orient and schedule patients to video visits (Table 3). Among the video visits completed, the majority (92%) were associated with level 3 and four billing codes, indicating moderate complexity. Review of ICD-10 codes associated with primary billing diagnoses revealed that 428 encounters (42%) were potentially covid-19 related with diagnoses including: cough, upper respiratory infection, fever, chills, shortness of breath, anosmia, wheezing, pneumonia, asthma, musculoskeletal pain, and COVID-19. Overall, 22.9% of video visits used the COVID-19 template. A total of 17 iPads were purchased during the study period.


Table 3. Description of providers, level of service, and template usage for completed video visits.
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DISCUSSION

This study describes the implementation of a video visit program at a large academic hospital-based primary care practice in New York City during the COVID-19 pandemic. Overall, 70 providers completed a total of 1,030 video visits over a 5-weeks period, compared to 12 video visits completed in the preceding 4 weeks. Video visits increased greatly during weeks 1 and 2, plateaued in weeks 3 and 4, and dropped off in week 5, which may reflect the overall trend of health care utilization for COVID-19 in New York City during this time (17). Video visits occur more often among younger adults, women, and those with commercial insurance, compared to those with in-person visits pre-COVID. Although we were only able to obtain satisfaction data on a subset of patients, the majority reported high satisfaction with their video visit experience.

Another key finding was that despite our quick ramp-up period, issues with the technology itself among those with scheduled visits appeared to be modest. For example, only 2% of initiated video visits were not completed and converted to telephone encounters. Additionally, only 13% of patients reported challenges with technology during their video visit encounter. Although we could not assess the number of patients who did not engage with video visits, our findings suggest that video visits may be more feasible than previously thought. That is, prior studies have found patients were uncomfortable with the technology and had technical issues during video visits (18, 19). We hypothesize that during COVID-19, patients and providers may have been more willing to engage with and troubleshoot technological challenges in order to be seen. Of note, during the study period, our video visit no-show rate was 19%, which is similar to our in-person no-show rate of 20%. All told, these data signal that in the context of social distancing, and with appropriate workflow and administrative processes, implementation of video visit technology is feasible in primary care.

To our knowledge, this is one of the first studies to describe the implementation of video visits during COVID-19 in the primary care setting. There have been studies describing the implementation of video visits pre-COVID-19 across a range of clinical specialties (20) as well as three studies describing the implementation of video visits during COVID-19, one among an inpatient urology consultation service (21), one among an obstetrics practice (22), and another in urgent care (23). A recent NEJM Catalyst article (3) qualitatively described the experiences of four primary care practices who have gone “virtual” since COVID-19. Like us, they report low utilization of video visits pre-COVID and high utilization during COVID-19. Our study adds to this body of literature by offering a detailed description of video visit implementation, including a Video Visit Handbook, as well as data on reach, effectiveness, and adoption.

Our findings not only have implications for clinical care and healthcare delivery during COVID-19, but also raise questions about the utilization of video visits in primary care moving forward. First, although we lack data on our entire sample, satisfaction scores for video visits were high and patients preferred to have half of their future visits occur via video, compared to in-person. Future research will need to determine if this preference persists after social distancing policies are relaxed. Additionally, studies are needed to assess providers' perceptions regarding the clinical effectiveness of video visits for COVID and non-COVID symptoms. Second, although video visits minimized transmission risk, they also limited the ability of providers to perform a complete physical examination and measure vital signs. Some practices, including ours, have incorporated aspects of remote monitoring into video visit encounters (24). Moving forward, key questions include: How to best deploy this equipment to patients? Which patients benefit from monitoring? How can these data be captured electronically? Will the cost of such devices will be reimbursable (25, 26). Third, attention to who is not utilizing video visits will be important to avoid exacerbating existing inequities in health and healthcare. We found that older adults and Medicare beneficiaries were less likely to engage, which may be due to difficulties with technology, lower levels of internet use, sensory impairments, or lack of confidence with technology (10, 11, 27). It is also likely those with limited English proficiency and health literacy, as well as structurally disadvantaged populations, may lack the ability and/or resources to access technology (28). Understanding these barriers will be critical for more equitable implementation. Fourth, primary care physicians may need to create new processes and pathways with specialty providers to co-manage COVID-19 patients who have persistent or multi-organ complications (29, 30). Finally, as CMS and other payers broaden their telehealth payment policies during COVID-19, the economic impact of expanding video visit use will need to be monitored.


Limitations

Patient satisfaction data was only available from some patients who utilized video visits, which may introduce response bias. Additionally, we do not yet have outcome data on patients with completed video visits. Finally, this study did not include the perspectives of providers and staff on implementing video visits.




CONCLUSION

At the height of the COVID-19 pandemic in New York City, we implemented a video visit program at our primary care practice to evaluate and treat patients for their symptoms while maintaining social distance. During a 5-weeks period, 70 providers completed 1,030 video visits, compared to only 12 video visits completed in the preceding 4 weeks. New workflows for staff, providers, and patients were developed to implement this program. Overall, patients reported high satisfaction with the care they received during their video visits. Our findings suggest that video visits provide a feasible way to care for patients with and without COVID-19 symptoms. Additional study on the sustained implementation of video visits in primary care, as well as their effect on patient outcomes, is warranted.
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Coronavirus disease 2019 (COVID-19) has accelerated the adoption of telemedicine globally. The current consortium critically examines the telemedicine frameworks, identifies gaps in its implementation and investigates the changes in telemedicine framework/s during COVID-19 across the globe. Streamlining of global public health preparedness framework that is interoperable and allow for collaboration and sharing of resources, in which telemedicine is an integral part of the public health response during outbreaks such as COVID-19, should be pursued. With adequate reinforcement, telemedicine has the potential to act as the “safety-net” of our public health response to an outbreak. Our focus on telemedicine must shift to the developing and under-developing nations, which carry a disproportionate burden of vulnerable communities who are at risk due to COVID-19.

Keywords: telemedicine, telehealth, digital technologies, health policy, COVID-19, framework, recommendations (guidelines), geographics


INTRODUCTION

The novel coronavirus disease (COVID-19) emerged at the end of 2019 in Wuhan (People's Republic of China) and the viral outbreak was declared as a pandemic by World Health Organization (WHO) on March 11, 2020 (1). During the conception of this article, the pandemic is still spreading, and the fight is still ongoing. The World Health Organization (WHO) COVID-19 situation report, as of September 10, 2020, showed over 27.7 million confirmed cases and over 899,000 total deaths spread across continents (2). As we continue to grapple with the “sky-scraping” deaths around the world, the difficulties of ensuring the continuity of care and maintaining the capacity of health systems pose a continued threat (3–6). The global public health response to manage and contain the pandemic has placed a paramount emphasis on telemedicine toward remote delivery of care cutting across various medical sub-specialities (7). With the exponential growth in internet users, the availability and/or accessibility of already existing telemedicine services have been bolstered. In 2018, the global telemedicine market was valued at USD 38,046 million and is expected to rise to USD 103,897 million by 2024 (8). Variations in digital preparation/maturity of hospitals, availability, access, and implementation of telemedicine are experienced across the world (9).

Pandemics challenge the preparedness of health systems-exposing the structural barriers (10). Amidst global lockdown or quarantine measures imposed due to COVID-19, access to telehealth becomes increasingly crucial and efforts to rectify disparities are warranted (11). In particular, telemedicine has a vital role to play in low- and middle-income countries (LMICs) and remote areas by improving access to healthcare to under-resourced regions (12). This article seeks to analyse the status of implementation of telemedicine around the world, and factors that influence the uptake and implementation of telemedicine. We will also discuss progress and challenges in telemedicine faced by various geographics during the COVID-19 era.



METHODS

Existing telemedicine frameworks and policies of various countries/regions and their implementation stage are analyzed using Gladhart (13) and Pan American Health Organization (PAHO/WHO) hat (14) models. An evidence synthesis approach, to summarize pre-COVID-19 and current (during COVID-19) policy frameworks and changes due to COVID-19, was undertaken to develop expert recommendations for strengthening telemedicine across the globe. Using a case-based approach, the official ministry of health or government websites, media sources, and published literature were examined to critically analyse the telemedicine frameworks and COVID-19 specific response. For each country analyzed, following policy questions were examined: (a) Is there a national telemedicine framework before COVID-19?, (b) What stage that framework is in?, (c) What are the gaps in the telemedicine implementation?, (d) What telemedicine specific policy changes, if any, have been adopted in response to COVID-19? and (e) What could be done to potentially improve the telemedicine implementation in the future in the respective country/region? Based on specific challenges identified using the analyses across geographics, specific policy-based targeted recommendations poignant to telemedicine use, during the current COVID-19 pandemic and beyond, are made.



RESULTS

The existing telemedicine framework/s across various regions/countries, status or maturity of telemedicine implementation, and various developments or changes that have been adopted during the COVID-19 are summarized. A comparative analysis of existing telemedicine frameworks using Gladhart and WHO/PAHO hat models, their stage, and recommendations from this consortium on improving telemedicine uptake during and beyond COVID-19 have been provided in Table 1.


Table 1. Status of telemedicine in different geographical regions and recommendations from the Consortium.
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Status of Telemedicine Services in East, Southeast, and South Asia

A 2016 multi-country study by Suzuki et al. assessed the possibility of introducing telemedicine services in several developing Asian countries (15). Indicators including healthcare environment, national information technology (IT) progress and economic status were used to assess the viability of internet-based medical services. It was found that countries such as Thailand, which have a shortage of physicians, but high levels of internet and mobile phone penetration, have a high possibility of telemedicine implementation. Despite high gross domestic product (GDP), countries like India and China face substantial variations in telemedicine uptake between urban and rural areas. Rural-urban gaps need to be reduced to leverage nation-wide telemedicine effectively.

Asian telehealth platforms are reporting drastically increased usages, such as Indonesian telehealth platforms Alodokter, Halodoc, and GrabHealth, driven by government support and recommendation (16). The Doctor Anywhere COVID-19 Medical Advisory Clinic has also been rolled out across several Asian countries such as Singapore, Thailand, and Vietnam, in which members of the public can undergo a video consultation through the app if they suspect they might have COVID-19 (17). Screening questions about symptoms, travel history, and close contacts will help determine if the person should admit themselves to the hospital. However, the level of subsequent support and payables differ between countries, with Singapore leading the way in ambulance-linkage and free consultation. Collaboration across Asian regions is needed, as well as bridging any access gaps within countries.



Singapore

Singapore is a front-runner in Asia in terms of telemedicine adoption and healthcare system efficiency. In 2018, the Singapore Ministry of Health launched a regulatory sandbox to facilitate innovation and form relationships between the government and telehealth partners (18). In April 2019, the Health Science Authority released regulatory guidelines to clarify existing regulations around telemedicine and telehealth in Singapore, including categorization and risk stratification of services and regulatory controls surrounding medical devices (19). There are now 11 start-ups in the sandbox, with platforms such as MyDoc and DoctorAnywhere experiencing major upturns in use during COVID-19 (20). In April 2020, the Ministry of Health also announced that patients who qualify for Community Health Assist Scheme and MediSave, with a listed chronic disease, can now be covered to see their regular physicians through teleconference. However, this does not apply to new patients that have not yet had a physical consultation (21). In the context of COVID-19, Singapore Medical Association has issued specific guidelines and advice on the use of telemedicine during an infectious disease outbreak (22).



India

Before 2020, telemedicine in India was governed by the IT Act, 2000, with gaps in clarity on privacy, security, and patient confidentiality, putting both patients and clinicians at risk (23). The Indian government issued new guidelines for telemedicine practice in March 2020 (24). Previously, a National Telemedicine Task Force was set up by the Ministry of Health (MOH) in 2005. A policy action toward digitizing healthcare was initiated by the Ministry of Health and Family Welfare of India (MoHFW) following the launch of the “Digital India” campaign by the Government of India in 2015. Later, in 2017, the National Health Policy (NHP) set forth goals to create an integrated health information system for all stakeholders in the health system, to improve efficiency, transparency, and citizen experience (25). The National Digital Health Blueprint (NDHB), released in January 2020, presents a detailed architectural framework of a “Federated National Health Information System.” It proposes to link systems within private- and public-health provider organizations across primary-, secondary-, and tertiary-care value chains (26). Another initiative by MoHFW is the start and delivery of online OPD services for all Indian citizens through the National Teleconsultation Service (eSanjeevaniOPD) (27). The eSanjeevani OPD- “Stay home OPD” will potentially improve accessibility and enable citizens to avail free health services through teleconsultations (27). More recently, on 15th August 2020, on the occasion of the 74th Indian Independence Day celebrations, the Prime Minister of India, Mr. Narendra Modi, officially launched the “National Digital Health Mission,” under the aegis of which every Indian citizen will be given a “Digital Health Card” containing all the information on their health issues, diagnosis, and relevant reports (28).

Telemedicine projects have been pursued by the Indian Space Research Organization (ISRO), Department of Information Technology, Ministry of External Affairs and MoHFW (29). However, these programs have been limited in their implementation and efficacy, barring few corporate hospitals that have developed and implemented their telemedicine networks (29). Despite the importance of telemedicine laid out in Digital India and NHP, telemedicine in India warrants a comprehensive strategy toward rapid implementation and scale-up. For example, the Telemedicine Pilot Project initiated by the ISRO has shown snail progress and uptake, connecting only 45 remote and rural hospitals and 15 super-speciality hospitals in 20 years (30). This has been attributed to limited infrastructure and lack of regulation (31).

Some of the national projects undertaken by the Ministry of Health and Family welfare are Integrated Disease Surveillance Project (IDSP), National Cancer Network (ONCONET), National Rural Telemedicine Network, National Medical College Network, and the Digital Medical Library Network (23). The framework developed by the MoHFW included five scenarios (32): (1) Patient to Registered Medical Practitioner; (2) Caregiver to Registered Medical Practitioner; (3) Health Worker to Registered Medical Practitioner; (4) Registered Medical Practitioner to Registered Medical Practitioner (31) and (5) Emergency Situations. The lack of clear policy and legislation has also deterred investments in telemedicine from the private sector. While a set of guidelines is available, it is neither comprehensive nor binding. There is no standardized format to qualify patient-physician interaction or to seek patient consent for privacy and confidentiality. Furthermore, there is no accountability framework to tackle medico-legal negligence matters or malpractice liabilities (31, 32). Sustained funding from the government to improve internet and telecommunications availability across the country, an extensive network of primary healthcare centers for service delivery, and a trained health workforce are critical to realizing NDHB proposal (33).



Bangladesh

Currently, no national telemedicine framework in Bangladesh exists; and current systems suffer from lack of technological infrastructure, healthcare inequities, and poor treatment quality (34). The current system is modeled on multiple hubs and spokes where consultations and training are provided between providers over video conferencing using Skype. The sub-district hospitals can consult district hospitals, which in turn can connect to central specialized hospitals. The system will benefit from gaps analyses to ensure that various aspects of telemedicine from infrastructure to privacy are adequately addressed. No comprehensive telemedicine efforts to boost capacity have been pursued amidst COVID-19.



China

China has a sizeable urban-rural health gap, which major telehealth networks such as the International MedioNet of China network, Golden Health Network, and the People's Liberation Army Telemedicine Network have not been able to rectify (34). In September 2018, the National Health Commission and the National Administration of Traditional Chinese Medicine released new e-healthcare rules to expand telehealth capabilities and develop the telehealth industry. This included guidance around a collaboration between commercial companies and hospitals, telehealth diagnosis, patient consent, and third-party collaborations (35). This broadened telemedicine definitions beyond physician-to-physician consultations to include physician-to-patient interactions, but still lacks some clarity in implementation and regulation (36). Like other Asian countries, online healthcare platforms are projected to see drastic increases in market share in the coming years, particularly following COVID-19, with companies supplying direct-to-patient telehealth subscriptions such as Good Doctor, Alibaba, and Tencent experiencing growth (36). China is also breaking new ground in terms of contactless innovations, such as a Smart Field Hospital trial in Wuhan during COVID-19, in which patient care is delivered through robots and digital devices (37).



Central Asian Region at a Glance-Focus on Kazakhstan

Kazakhstan implemented a national telemedicine network (NTMN) in 2004 (38). Its purpose was to eliminate the gap in the availability of specialized medical care for the urban and rural populations of the remote areas. This telehealth network combines 199 healthcare objects of districts, regions, and republican organizations (38). Patients in regional and urban district hospitals receive teleconsultations from the doctors of regional hospitals and republican clinics of Almaty and Nur-Sultan cities in Kazakhstan. More than 500,000 telehealth consultations have been provided via video conferencing over the last 15 years. The first large-scale project in Kazakhstan, “Development of telemedicine in rural health care,” was launched in 2005 within the framework of the state program (39). During a typical session, doctors send the patient's data such as ultrasound, electrocardiography, X-rays, laboratory tests to the specialist consultant of the telemedicine center. The medical consultant gives his view for the diagnosis and recommendations for an additional examination and treatment. In 2018 a 5-year state program “Digital Kazakhstan” was run. Five critical areas, including medicine, are planned for digital transformation (40). As a part of the program, for the last 2 years, unified electronic medical records and doctor appointment mobile application systems have been implemented all over the country. In Kazakhstan, telemedicine is especially essential due to the nation's vast geographical spread and low population density. It is becoming increasingly crucial and being expanded to rural areas, 100–500 kilometers away from the city. In the COVID-19 era, telemedicine centers organize video consultations of patients with COVID-19 by sub-specialists, if necessary. The first COVID-19 case in Kazakhstan was confirmed on March 13, 2020, and more than 1,200 new cases have been confirmed to this date (41). At present, patients diagnosed with COVID-19 are being treated at regional hospitals. As soon as the first messages about COVID-19 were received, administration of the East Kazakhstan region established telehealth center headquarters at the premises of Semey Medical University (42). This experience was shared with other regions. The purpose of the headquarters is to limit exposure to physicians allowing doctors to consult with patients via videoconferencing. There is a mobile tablet at the patients' wards, which enables them to carry out visual monitoring and assessment of the patient's condition. The doctor who treats a patient in the department may request the consultation of their colleagues via videoconferencing, who are members of the headquarters, including: emergency physicians, pulmonologists, or infectious disease specialists. Telehealth enables access to consultations of any specialized health professional and, consequently, ensures the ensures the quality of care provided to the patients while avoiding exposure of the medical staff to potential CVOID-19 contagion. The positive experience of telehealth-laden headquarters has led to the Ministry of Health of the Republic of Kazakhstan and WHO proposing this model to be used in other regions of the country (42). Kazakhstan sets an example to other countries with a large geographical area but low-density populations in optimal use of telehealth platforms during COVID-19.



Spotlight on Africa

Sub-Saharan Africa is a region of swift telehealth development, as program implementation increases, and smartphone penetrance is expected to reach 66% by 2025 (43). This region suffers from the world's highest burden of disease and shortage of health workers, as well as barriers to telehealth implementation such as connectivity issues, limitations in device ownership, language barriers, high costs, and electricity access. This highlights the necessity for building supporting infrastructure, government support and involvement, upskilling of the workforce, and legislative compliance. Suzuki et al. reported that in countries such as South Africa, Egypt, Morocco, and Algeria, high internet and mobile penetration rates open up the possibility for telemedicine to compensate for large physician shortages (15). Economic development, mobile phone penetrance, and internet speed all need to be considered when considering future telemedicine possibilities. A systematic review of initiatives in Kenya showed that there were several eHealth projects, mostly focused on primary care and HIV/AIDS, but vast inequalities existed between more central and remote parts of the country in terms of delivery (44). In other African countries, such as Burkina Faso and Nigeria, lack of political support may be a cause of slow implementation (45). In 2014, the Health Professions Council of South Africa (HPCSA) released guidelines to deliver healthcare to underserved communities.

Telemedicine is still in its infancy in Africa due to ongoing conflicts and war, inadequate information communication technology (ICT), and lack of funding and political support for technology diffusion and policy (46). In light of the COVID-19 pandemic, disagreement between the HPCSA and the South African Medical Association ensued over matters such as the HPCSA's adversity to widespread telemedicine replacement over face-to-face consultations and requirement for previous face-to-face doctor-patient consultation (47). This resulted in amended guidelines in early April 2020. Africa in general, Sub-Saharan Africa in particular, suffer a high burden of disease and physician shortages and hence require international support to assist instigation of digital health efforts (48, 49). Digital health innovations such as mobile technologies offer a cost-effective strategy to improve health service delivery in Africa (50).



Focus on Latin America

Latin America has one of the fastest-growing elderly populations worldwide and has a big divide in access to healthcare providers between rural and urban regions (51). A 2019 study analyzed telemedicine expansion capabilities across 9 Latin American nations (52). It reported that since 2014, certain countries, including Peru, Colombia, Guatemala, Panama, Uruguay, Mexico, Costa Rica, Chile, and Argentina have developed a national telehealth strategy; other countries such as Panama, Mexico, and Guatemala do not have a national policy. It also reported an imbalance between public and private hospitals, with telehealth adoption in public hospitals being 30% higher. Notably, Chile has the highest telemedicine uptake in the region and has successfully transitioned from international funding to government funding (52). Innovative inter-country programs for myocardial infarction treatment have been set up, which facilitates linkages between patients in Columbia, Mexico, and Brazil through a centralized network (53). The Enlace Hispano-Americano de Salud (EHAS) Foundation also seeks to provide healthcare to rural Latin American communities through technology (54). It researches into communication networks, and how-to bring infrastructure to underdeveloped regions, through means such as low-cost Wi-Fi solutions (54). In 2006, a Telemedicine University Network (“Rute”) was set up in Brazil that connects 124 universities and teaching hospitals-making it, to our best knowledge, the biggest telemedicine/telehealth program in the world (55). Rute has allowed healthcare providers in Brazil to connect with their peers around the world, especially Portuguese speaking countries.

Targeted government support of telemedicine is needed in this region, as telemedicine in countries such as Mexico falls under the standard practice of medicine regulations, instead of being governed by a focused telehealth department (56). In 2018, the United Telemedicine Network was established in the Dominican Republic as a private network (57). As a result of COVID-19, telehealth is becoming increasingly popular in the region, with countries such as Brazil relaxing regulations for the duration of the pandemic. However, countries such as Argentina are still slow on the uptake of telemedicine (58). Overall, telemedicine adoption is becoming more widespread in Latin America, but certain regions need work before its full potential could be realized. This could be possible by implementing change management strategies with the support of various stakeholders.



Focus on the Caribbean

Telehealth in the Caribbean is in a relatively early stage, with a lack of cohesive telehealth strategies and policies. The National Health Authority in the Bahamas announced a new Electronic Health Record (EHR) system at the end of 2019 (59), which reduces the need for paper records and allows the effortless transfer of patient care, whilst the Dominican Republic is yet to have a national EHR system (60). Some burgeoning initiatives include a 2018 Telemedicine Pilot Project initiated by the Jamaican Minister of Health in the West Indies and the SickKids-Caribbean Initiative (SCI) that uses telemedicine to provide medical services for children with cancer and blood disorders across the Caribbean region (61, 62). Ongoing work is needed in this region to bring telehealth solutions to the broader population especially those from remote locations.



Focus on Australasia
 
Australia

Australia is in the process of making telehealth implementation more accessible for providers since the COVID-19 outbreak (63). New Medicare Benefits Scheme (MBS) items will allow access to telehealth services to all Australians with a Medicare card, and bulk-billing for all concession card holders (63). The MBS is a list of the medical services for which the Australian government pays Medicare rebates. Expansion of telehealth beyond primary care to specialist care with the help of relevant medical colleges and societies is currently being planned (64).



New Zealand

The Ministry of Health in New Zealand has released an advisory on available teleconsultation technologies for health care practitioners and best practices around patient privacy (65). The Medical Council of New Zealand has also released guidelines, particularly around prescription practice and the need for face-to-face consultation, whether that be in-person or via teleconference, before writing any scripts (66).




Focus on Europe and North America
 
Europe

The threat of COVID-19 in Europe has necessitated the need for telehealth platforms readily available to patients. Telehealth startups such as French Doctolib and Qare, Swedish LIVI, UK's Push Doctor, and Germany's Compugroup Medical SE have all seen considerable increases in European uptake numbers (67). In Europe, telemedicine is considered both a health service (Directive 2011/24/EU) and an information service (Directive 95/46/EU, Directive 2000/31/EC, and Directive 2002/58/EC). Due to lack of pan-European uniform medical liability and medical legislative regulations, a Europe-wide framework is far from being realized (68).



UK

In the United Kingdom (UK), telecommunication companies such as BT, Virgin Media, and Sky in the United Kingdom have agreed to support the National Health Services (NHS) in rolling out telehealth for healthcare practitioners (69). Primary care, clinical trials, counseling, and chronic disease reviews are all rapidly being moved to telehealth delivery (70). Prior to COVID-19, the government had already announced a centrally funded “Long Term Plan” to reduce the number of outpatients presentations (71). This had to be put into place much faster than anticipated as the need for telehealth to replace outpatient visits has drastically increased.



Italy

It has been reported that many Italian hospitals lack the infrastructure for effective telehealth platforms, due to supply-chain breakdown and insufficient internet capabilities (72). Italy also does not include telemedicine as an essential item to patients within its National Health Service (11). This is despite the implementation of telemedicine guidelines by the Italian Health Council in 2012, aimed at increasing telehealth penetration (73). Being one of the first countries to become overwhelmed by COVID-19, Italy was unprepared for the surging requirement of medical resources and personnel, and Italian physicians are urging other countries to avoid hospital-acquired transmission, wherever possible (74). No advisory on telemedicine was provided by the Italian health authorities until March 24 (75, 76), when an open call for telemedicine and monitoring system technologies were made by the Italian Health Ministry and Ministry for Technology Innovation and Digitalization jointly with the WHO (77).



France

The telemedicine regulations in France developed before COVID-19 allowed tertiary and primary care physicians to switch scheduled in-person consultations to teleconsultations, as and when appropriate (11). All video consultations and tele-expertise were allowed reimbursement, for those with COVID-19 or with COVID-19 symptoms, by the French National Health Insurance (NHI) by a decree signed by the Ministry of Health on March 9, 2020, without the requirement of the patient being known to providers beforehand (78). This change was aimed to reduce exposure to providers and patients, and also to identify patients who are likely to be COVID-19 positive. On March 19, 2020, additional funding for follow-up via video or phone consultations by nurses were provided. This was expanded to include teleconsultations by speech therapists on March 25, 2020.



Spain

Spain, like Italy, has been overwhelmed by the current pandemic, and tertiary hospitals have had to adopt new telemedicine strategies rapidly. In 2012, Spain's national health authority launched a health IT strategy; however, it does not have a national policy that directly implicates telemedicine (79). To some extent, telemedicine adoption varies from region to region in Spain. Hospitals such as Denia Marina Salud Hospital have reported a rapid switch to telemedicine for outpatients and staff conferences to good effect (80). Interestingly, Spain's leading telehealth app, MediQuo, has now made consultations regarding COVID-19 free of charge (81).



United States

In the COVID-19 era, Medicare in the United States will now cover eligible telehealth consultations, and individual states are being encouraged to roll out Medicaid cover for such services (82, 83). Several commercial insurers have also followed suit in paying healthcare providers for telehealth services or are directly providing telehealth access to their members as part of benefits. The relaxation of prior regulations also includes an expansion of covered telehealth services and allowing new patients to be treated through telemedicine rather than only those with a prior relationship (84). Penalties for HIPAA violations for telemedicine are currently waived in the face of the COVID-19 pandemic when HCP are acting in good faith. Additionally, to facilitate telemedicine, practitioners licensed out of state and in good standing are allowed to practice across state lines. Furthermore, the Federal Communications Commission recently launched a $200 million Coronavirus Telehealth program (85). One of the challenges in the adoption of telemedicine has been the variations in uptake and differential policy frameworks across the different states. These variations merit a federal telemedicine policy initiative to harmonize and accelerate an overarching framework which would potentially improve its penetration across the United States.



Canada

In Canada, the availability of telehealth varies from province to province (86). A particular issue has been that telemedicine technology has primarily been allocated to rural services in the past, where now urban centers have a sudden need for them (87). However, the government has sought to rectify this by promising to increase the telehealth capabilities of healthcare facilities. The Royal College of Physicians and Surgeons of Canada has also put together a guideline for physicians from each province, outlining in which situations to use telemedicine and any changes to billing codes (88).




Telemedicine/Telehealth Application in Mental Health

Populations in LMICs, particularly those impacted by war, experience disproportionate levels of mental health burden compounded by lower levels of mental health treatment (89). Telehealth programs such as public health campaigns to reduce stigma and telehealth programs through mobile phones have shown effectiveness in Afghanistan and may be implemented in other LMICs (90). E-health, or digital health, in which mental health information can be sourced online, has implications for countries worldwide, as mobile phones are becoming increasingly prevalent. Individuals often go online to find information about mental illness, and hence digital platforms such as digital informative programs, not-for-profit organizations, and free helplines should receive ongoing international support (91).



Telehealth in Public Health Response and Community Engagement

In a public health crisis, telehealth could be a great tool to foster community engagement. Through targeted education programs aimed at training community leaders from underserved populations, telehealth could help to expand access to health care providers in remote areas. It could be used to provide medical services, including allied health services, and ongoing professional development of students and staff at remote healthcare facilities. Clinical supervision and mentoring could also use telehealth infrastructure (92). The coronavirus pandemic has shown that continuous learning, or rather e-learning is not only possible, but very effective, and can include a much wider group of people (93).



Telemedicine for Unstable Regions

A potential role of telemedicine can be realized in areas affected by war, ongoing violence and conflict, terrorism, and natural disasters (94–96). People inhabiting these regions suffer from an acute lack of basic medical provisions and access to health services. Telemedicine can complement and enhance the capacity of medical humanitarian agencies, organizations, or missions such as Doctors Without Borders. An international teleintensive care unit program was launched in 2012 to provide medical services in war-torn Syria (95). This model, leveraging telemedicine and artificial intelligence could also be deployed in other unstable regions to mitigate infectious disease vulnerability (IDV) in resource-limited settings such as the African countries (especially those in a civil war-like Burkina Faso) that scored lower than the average global health security (40.2) index. This could be important in building global health security while maintaining critical access and sustainability of health systems.



Language Barriers in Telemedicine in LMICs

Language barriers are associated with risks to patient safety and quality of care. They can pose a significant barrier in telemedicine uptake, specifically among culturally and linguistically diverse populations across low-resourced settings and developed regions alike, affecting providers and patients alike (9, 97–106). Communication barriers have been shown to impact patients adversely. With an increasingly diverse demographic makeup, patients from culturally and linguistically diverse backgrounds (CALD) or ethnic backgrounds are at increased risk of widening disparities in healthcare access and quality (107). Moreover, this population also consists of uninsured migrants or refugees who have limited knowledge of healthcare services and diseases that could be risk-managed (101, 107). Language barriers could potentially exacerbate the structural disparities, and therefore, telemedicine approaches should consider resources or technologies that could provide appropriate language support to the vulnerable communities (32).




DISCUSSION

Public health crisis, such as COVID-19, severely challenges the health systems (5, 7, 11). In this paper, we have critically examined the current state of telemedicine across geographics and the various steps taken amidst COVID-19 for its uptake and implementation. Some of the identified challenges/barriers and potential benefits to stakeholders are summarized in Figure 1. There is a compelling need for resources within individual states, countries, and regions to harmonize policies to establish an international framework on telemedicine (108). The consensus on uniform standards for telemedicine practices is missing. International organizations, including WHO, International Monetary Fund, World Economic Forum, and current consortium, could take the lead in facilitating such initiatives. The recommendations and considerations made by this consortium are to facilitate a policy-based international debate on the integration of telemedicine within the public health preparedness and response strategy during outbreaks (Table 1). We postulate that by identifying the gaps in policy, framework, and implementation, while considering various structural barriers and interfering factors, telemedicine would act as a “safety net” while mitigating the devastating impact of outbreaks such as COVID-19.
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FIGURE 1. Various regional and structural factors in telemedicine framework development and implementation.


Regional frameworks that allow for collaboration and sharing of resources need to be strengthened. In pandemic settings, when existing health systems are under enormous stress, open platforms for connectivity to use telemedicine and corresponding legislations to accommodate such provisions, so that telemedicine facilities could be readily available, in a secure manner while maintaining confidentiality and privacy in the doctor-patient relationship (33). Data sharing could also accelerate research programs by harnessing the data thus gathered. Commitment to equal access to quality care to all and digital health is a critical enabler for the overall transformation of the digital health ecosystem. Some barriers, such as technology and infrastructure specific to telemedicine in remote settings, including language barriers, need priority attention. Telehealth access is dependent on broadband access, smartphone usage and the presence of basic digital skills. A systematic review on the evaluation of barriers to telemedicine adoption worldwide found technology-specific barriers and lack of digital literacy as major impediments in telemedicine implementation (9). Not acknowledging and addressing these factors can further increase the digital disparity and lack of care access to those who may need it the most. This could be addressed through training, alternating in-person and telemedicine consultations, policy, and legislative changes, and change management strategies that consider local and cultural factors (9, 98). Digital literacy is a major barrier to telemedicine during COVID-19 (109).

Mainstreaming telemedicine in health systems could reduce healthcare inequities (110). Digital health is fast emerging as one of the most defining trends of this decade and will have a profound influence on geopolitical and socioeconomic realities in the future (111). Policies advocating the use of digital tools should be implemented that lays significant focus on the use of telemedicine services, especially in the Health and Well-ness Centers at the grassroots level wherein a mid-level provider/health worker can connect the patients to the doctors through technology platforms in providing timely and best possible care. This would improve efficiency, and clinical outcomes while also reducing costs of the healthcare system.

Therefore, for several countries, the fast implementation of telemedicine tools is still laborious and even impossible currently. Therefore, joint initiatives, like this consortium, might be instrumental in helping the governments to propose concrete solutions and policy directives to have these systems available. Despite advances in telemedicine and urgency in its deployment during COVID-19, people from vulnerable populations and/or from geographically disparate regions who have limited access to technologies may be at a disadvantage. Not all clinical examinations can be performed through telemedicine, and therefore, various clinical subspecialties need to develop guidelines for disease-specific telemedicine consultation programs complementing in-person appointments (7). Language and socioeconomic barriers need to be addressed along with maintaining patient continuity during COVID-19, including the need for in-person consultations when it is necessary.

An action plan centered around a global effort to integrate telemedicine into public health response to disease outbreaks such as COVID-19 is required (11). This would require embedding telemedicine as an integral part of national and international guidelines on health system preparedness (112). This along with international standards of interoperability can help widen telemedicine base (9). Barriers pertinent to digital divide needs to be addressed through targeted communication and engagement in respective languages on access and use of telemedicine. This has to be complemented with rigorous evaluation of telemedicine penetration and impact during public health emergencies or disease outbreaks. Beyond acute care, telerehabilitation is an important consideration, allowing long-term monitoring of patients who may require ongoing treatment and/or rehabilitation, especially those living in remote areas, where provision for traditional rehabilitation may be limited or relatively less accessible (113).



CONCLUSION

In conclusion, despite the variabilities in telemedicine uptake across the world; increasing evidence suggests a positive role for telehealth or telemedicine in improving health systems performance and outcomes in developed countries (114). In the COVID-19 era, telemedicine has taken a springboard trajectory, as governments and partnerships, thus made, have forged a way to support and accelerate its roll-out especially in developed countries. Telemedicine during COVID-19 has demonstrated organizations' ability to deliver quality care remotely (at home) while also reducing costs (115). This is likely to be sustained beyond the COVID-19 era with strengthening and widening of telemedicine services. However, in resource-constrained settings, a significant number of structural issues remain which have been exacerbated due to COVID-19. Moving further, one particular area warranting attention is improving telemedicine use among sub-specialities, complementing primary care. There is an emerging role of building partnerships between various stakeholders and promoting open innovations to allow benefits of telemedicine/telehealth to reach the disadvantaged populations/geographics (116). Regional efforts such as pan-European initiatives may be explored around appropriate regulation and governance frameworks once the COVID-19 period ends. International efforts toward developing public health preparedness framework, with telemedicine at the core of public health response during outbreaks such as COVID-19, are warranted.



AUTHOR'S NOTE

The COVID-19 pandemic is causing an unprecedented public health crisis impacting healthcare systems, healthcare workers, and communities. The COVID-19 Pandemic Health System REsilience PROGRAM (REPROGRAM) consortium is formed to champion the safety of healthcare workers, policy development, and advocacy for global pandemic preparedness and action.
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BACKGROUND

The COVID-19 pandemic has especially limited older adults from engaging in personal contact with others, as they have been classified as a high-risk population (1, 2). Increasing evidence shows that COVID-19 has taken a particularly heavy toll on older adults in long-term care facilities (LTCFs) (3). Older residents of LTCFs (e.g., nursing homes, retirement homes) often have daily care needs and are at especially high risk of COVID-19 due to the existence of multiple medical comorbidities and pre-existing conditions (4). As such, measures have often been put in place where such patients must shelter in place, maintain physical distancing from others during the pandemic and be subject to quarantine if they need to leave the facility for medical care. The context of living in LTCF means that older adults may be subject to even more protective measures that are administratively mandated, more so than the general population, including preventing their loved ones from visiting.

Telemedicine (also referred to as telehealth) has been recently shown to play an important role in distance-based treatment during this pandemic (5–8), despite the lack of quality, evidence-based trials that exist (9). Telemedical solutions are often feasible and acceptable in delivering care to older adults in LTCFs, even in those with sensory impairments such as hearing or visual loss (9). However, older adults are less likely than younger people to be able to take advantage of the opportunities enabled by modern information and communication technology (ICT) or telemedicine (10–14). Older adults living in LTCFs often (a) opt not to use the internet, (b) cannot afford internet access or ICT devices, (c) lack technical solutions with which to use telemedicine to connect virtually with doctors or other health professionals, (d) have physical or cognitive limitations that may limit possible telemedicine use or prevent them from using telemedicine at all without assistance, and (e) lack the skills to use ICT or telemedicine even if they do have access (9, 11, 15–18). Furthermore, the institutional may prevent the individual use of telemedicine; for example, individual use may depend on internet availability, ICT access, and telemedicine tools/software at a given facility. This article will outline and discuss the problems in this field and make recommendations for future discussion.



ICT USE IN LONG-TERM CARE FACILITIES

While modern ICT use (such as the use of the internet, smartphones, and tablets) in healthy older adults has increased precipitously in recent years, the situation differs for those with multiple medical comorbidities and functional impairments and those with advanced age who are the primary residents of LTCFs (19–23). Seifert and Cotten (19) showed in their 2019 study that 21% of retirement home residents used the internet, 13% used a smartphone, and 5% used a tablet. Compared with non-users, internet users within LTCFs were more likely to be younger, healthier, and more functionally unimpaired (23, 24). The residents in this study (19) were also asked about their difficulties with modern technology with the statement, “Do you have difficulty operating modern technical devices?” Respondents rated the statement based on a 5-point Likert scale format (1 = “No, not at all” to 5 = “Yes, very much”). Among the respondents, 6.3% answered “No, not at all,” 10.1% answered “Not very much,” 26.9% answered “Partly,” 34.3% answered “Yes, somewhat,” and 22.5% answered “Yes, very much.” Schlomann et al. (22) recently conducted a study using data from North-Rhine–Westphalia, Germany, involving people aged 80 years and older living in private households and LTCFs. The researchers found that fewer than 3% of people in LTCFs used internet-connected ICT devices. ICT-device adoption was associated with the living environment and individual characteristics, including functional health, chronological age, education, and technology interest (22). These results indicate that individual characteristics and the living environment are both related to technology usage among the oldest age groups (21, 24).



TELEMEDICINE AND DIGITAL INFRASTRUCTURE IN LONG-TERM CARE

Whether LTCF residents have access to using telemedicine is highly dependent on an underlying telemedicine infrastructure (e.g., internet availability, ICT access, telemedicine tools/software, ICT skills). The availability of modern ICT is limited within LTCFs, thus highlighting a significant deficiency in ICT infrastructure (25, 26). This deficit, in part, also includes a lack of technical skills among LTCF staff and potentially their apprehension of using technology within care facilities (27, 28), all inhibiting opportunities for telemedicine. The ongoing COVID-19 pandemic has prompted discussions of the positive outcomes of telemedicine for residents of LTCFs (29, 30). However, these discussions have also created awareness of the existing limitations of these facilities' current telemedicine infrastructures (11, 31).

Based on a Swiss representative national study (32) among managers of 466 LTCFs conducted in winter 2019, 14.6% of the LTCFs in Switzerland did not provide internet access to their residents. The survey was carried out as a standardized online survey of inpatient old-age homes throughout Switzerland. The respective managers were interviewed (32). Of the institutions that provided internet access, 66.3% offered residents an internet connection for free. The results show that basic internet access is not provided by every LTCF; however, Switzerland's ICT infrastructure and internet use of people aged 65 years and older are more equipped than other countries where individual residents need to pay for such services (33). Nevertheless, the results also show the degree of missing infrastructure for widespread telemedicine solutions within LTCFs (e.g., free internet access or mobile devices to use telemedicine apps privately).

The above-mentioned study (32) also asked the LTCF managers if they already used telemedicine (teleconsultation of doctors and/or health practitioners) within their facilities; only 3.9% of all 466 participating LTCFs used telemedicine. When asked if the managers evaluated telemedicine as useful for their facilities, 21.7% found it “rather useful” and 14.5% found it “very useful”; the rest (63.8%) found it rather not so useful or very non-useful. For this study, the authors did not have information related to the barriers or attitudes toward telemedicine; nevertheless, the authors demonstrated that telemedicine solutions were available in the minority among LTCFs in Switzerland, with few managers (36.2%) finding telemedicine useful. Only 11.1% of the managers in this study (32) said they involved their residents in decision-making about purchasing new technology for the institution. This corroborates the assumption that LTCFs are contextual settings with potential elements of a self-contained institution (34) with modest participation of residents in the process of initiating new technology solutions such as telemedicine.



RECOMMENDATIONS

Based on the presented data, we recommend (1) education and training of staff and residents, (2) a solid telemedicine infrastructure, and (3) a system that promotes and integrates telemedicine in daily workflows within LTCFs.

First, given the rapid expansion of telemedicine, it is paramount to educate both LTCF staff and residents about how to use telemedicine, which could be useful in their daily lives during and beyond the current pandemic. The LTCF staffs are the coordinators and attend consultations with the patient; therefore, they are very important to include in all learning settings of telemedicine. It would be helpful to offer support and training to these people to increase their digital literacy skills. Establishing a workforce within LTCF environments with telemedicine competencies is important; this has not yet been anchored in education or evidence-based training (35). Learning new technical skills can even foster a certain sense of competence and autonomy (36) within older adults that can encourage the efficient use of other digital interventions. The special learning needs and cognitive resources of older adults need to be considered in these educational services, with attention paid to things such as the tempo of the learning session and the technological skill background of the older participants (37). These learning tools can be generally provided by LTCFs with the help of technical and management experts in telemedicine.

Second, besides the user side of telemedicine, the results from Switzerland reveal that LTCFs before, during, and probably beyond the COVID-19 pandemic have low levels of telemedicine infrastructure. This situation has pointed out that although telemedicine solutions would be ideal for medical treatments and consultations during physical distancing; however LTCFs are not yet ready for this task. It is critical to motivate developers and professional users (e.g., researchers, medical practitioners, and companies within the health sector) of telemedicine to take a closer look at how different designs and content can be tailored in a way that encourages trust and facilitates use among older people and LTCF staff. All stakeholders are encouraged to address these challenges and collaborate to promote the safe and evidence-based use of telemedicine during the current pandemic and future outbreaks (38, 39). The integration of end-users into workflows and the design process increases the usage and effectiveness of interventions, particularly as a partner in community-based participatory research in advance of developing a new digital intervention (40, 41). During any intervention, a real-time, support hotline, and contact partner can be used to assist the older participants when needed.

Third, telemedicine should not be system only used during a pandemic, but rather a routine method of providing services in our health system (31, 38, 42), and especially in LTCFs. We propose the following hurdles need to be overcome: (a) stable and high-performance internet access in all areas (cities or rural areas), (b) computers or mobile devices and software tools capable of engaging in telemedicine, (c) technical and software skills and skills in managing telemedicine processes among all stakeholders (e.g., residents, LTCF staff, doctors, medical staff), (d) willingness of all stakeholders to practice telemedicine, (e) interoperable communication systems and systems of exchange of health-related information and data, (f) availability of telemedicine support for staff or time for staff to do this within the daily business of care duties, (g) guidelines regarding the appropriate use of telemedicine, and (h) clinical and economical evidence from longitudinal studies within LTCF to support the effectiveness of the telemedicine services. Also, user focused studies are needed to better understand practical experiences from the perspective of resident and staff; and factors influencing uptake and acceptance in the health system.

Telehealth can be considered a “disruptive innovation process” by implying changing the way we provide service delivery. The importance of managing this change process well cannot be overstated by including all of the stakeholders associated with successful telehealth are accounted for. One way to further the “digital connection during physical distancing” idea would be to not limit communication applications such as chatting or video-calling to doctors, but to use such tools also for connecting with friends and relatives. The pandemic has fostered the potential of those social tools for digital connections within LTCFs (43), so why not also use those tools to help residents connect with the world beyond LTCFs? Current projects (44) use Skype, for example, for telemedicine under control for privacy and security requirements. However, also potential socio-economic inequalities in the use of telemedicine (45–47) or technology in general among older adults should be taken into account (15, 19, 33). Telemedicine enables cost savings (e.g., no transfer to the doctors' office), but also causes additional costs for older people (economical cost and acquired technical skills). Furthermore, potential barriers for digital excluded groups, such as older adults in LTCF, should be discussed and existing policy opinions should be considered when integrating telemedicine in everyday practice (48).



CONCLUSIONS

The current pandemic highlights the challenges of providing LTCF residents with timely medical treatment during physical distancing and the potential of routinely using telemedicine in clinical care. Although the benefits of telemedicine have been widely reported, its routine use and its systematic evaluation for residents in LTCFs has been relatively limited. Integrating telemedicine is reliant on many complex and interrelated factors which must be addressed for successful adoption. Aside from the technical requirements, it is just as important to ensure that a supportive infrastructure are in place to support telemedicine services, systems are interoperable between service providers and recipients of care, staff are trained in its use, procedures are in place to ensure the safe and effective delivery of care, responsibilities for telemedicine care are clearly articulated, and funding is available to support the effort. The current pandemic has reminded us that innovative models of care that include telemedicine can be helpful, but organizational readiness to adopt telemedicine needs urgent attention.
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Technological innovations such as artificial intelligence and robotics may be of potential use in telemedicine and in building capacity to respond to future pandemics beyond the current COVID-19 era. Our international consortium of interdisciplinary experts in clinical medicine, health policy, and telemedicine have identified gaps in uptake and implementation of telemedicine or telehealth across geographics and medical specialties. This paper discusses various artificial intelligence and robotics-assisted telemedicine or telehealth applications during COVID-19 and presents an alternative artificial intelligence assisted telemedicine framework to accelerate the rapid deployment of telemedicine and improve access to quality and cost-effective healthcare. We postulate that the artificial intelligence assisted telemedicine framework would be indispensable in creating futuristic and resilient health systems that can support communities amidst pandemics.
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INTRODUCTION

Telemedicine or telehealth is the use of medical information to improve patient's health (1, 2). Reorganization in healthcare delivery, financing, and advancement in electronic health records and clinical decision support systems can accelerate the telehealth adoption into healthcare delivery (2). In this context, artificial intelligence (AI) and robotic technologies can play an important role in the use and delivery of telemedicine during coronavirus disease (COVID-19) and the post-pandemic world (3–10). Our previous two reports have identified gaps in telemedicine across geographics and medical specialties (11, 12). The current paper is a call for the integration of AI, robotics, and telemedicine with an organizational framework powered by AI to accelerate healthcare delivery and improve access to healthcare in the context of public health preparedness and response during outbreaks or public health emergencies such as COVID-19.



ARTIFICIAL INTELLIGENCE ASSISTED TELEMEDICINE

Diagnosis is a multidisciplinary process that may involve multimodal testing such as clinical, imaging, blood, and genetic markers. Moreover, discipline-specific testing such as neuropsychological tests may be needed, for example, to obtain comprehensive mental health assessments (13). In a telemedicine framework, some of these testing may be unavailable, while others may be cost-prohibitive. To address this complex multivariate problem in finding an optimal diagnostic protocol, innovative data-driven artificial intelligence (AI) algorithms may offer a solution by applying machine learning to large datasets of disease populations (14, 15). These models can learn directly from the data without any prior statistical modeling, thus producing more objective results while focusing on prediction generalizability for diagnostic purposes on diverse populations. Since the COVID-19 outbreak, international efforts toward COVID-19 forecasting, prevention and treatment are underway using data-driven tools and pooled datasets (16). Moreover, the ML model features an important analysis that enables the search for more cost-effective protocols (17). Unlike traditional statistical hypothesis testing, data-driven computational approaches can test for synergistic variable combinations and redundant feature elimination enabling more effective diagnosis under the specific constraints of telemedicine (18).

Analysis by Collier et al. found that the use of AI applications could result in ~$150 billion in saved healthcare costs annually by 2026 in the United States (19). According to Wahl et al., the ubiquitous use of smartphones, combined with growing investments in supporting technologies (e.g., mHealth, electronic medical record (EMR), and cloud computing), provide ample opportunities to use AI applications to improve public health outcomes in low-income country settings (20). Rapidly increased usage of electronic gadgets accelerates digital shifts in healthcare that appear to become essential in sharing information between and within medical workers and patients (21).

AI exhibits clear advantages over humans in analytical reasoning and problem solving (especially when large amounts of data are involved) and can effectively address the limitations of human function (22). However, the use of AI in healthcare must consider or mitigate the potential loss of vital physician skills if AI is over-utilized (17). Furthermore, rigid algorithm protocols and decision-making trees are subject to the consequences of the inability of AI to fully take in and interpret contextual information or delineate between relevant vs. non-relevant informational input even when employing deep machine learning (23). Contingencies are the norm in healthcare, and the human skill required to navigate and manage this off-nominal, or unpredictable situations must be carefully weighed against the advantages of using AI technology (23–28). User interface and data input methods are critical as voice recognition and interpretation is a major challenge of AI utilization (29). Generalized challenges to utilizing AI in healthcare are created by the fact that many cares and treatment decisions, especially in emergent and time-restricted scenarios hinge on human thought processes that occur in the subconscious, such as intuition, insight, subjective evaluation, and the analyzation of ambiguous or qualitative data (30). Jarrahi illustrates the benefit of the symbiotic use of AI combined with a human in the loop by showing the statistically significant reduction of error (85%) in detecting cancer in images of lymph nodes when compared to AI or human interpretation alone (30).

Telemedicine has provided a critical patient continuity pathway in times of disruption in health service during COVID-19 (10–12). This also helps protect healthcare facilities and minimize risks to health workers during pandemics, which/who are increasingly under pressure (31–33). Telemedicine has the potential to minimize the economic impact on society and healthcare services. Quarantined doctors can provide these services in medical institutions with remote access or care via telecommunications directly to the consumer, freeing other doctors to provide immediate assistance to more needy patients. Teleconsultations allow doctors to evaluate patients, detect signs of infection, and quickly and easily document patients who might be at higher risk of illness (34). Telemedicine solutions work promptly, filling out insurance documents, which allows doctors to devote more time to treating patients. Clinics are expanding their telehealth services to screen patients for COVID-19, which is critical to identifying patients and speeding up medical care, as well as limiting public exposure (11, 32). Bundling of various specialties such as teleradiology, tele-oncology, and telepathology is another area of crucial consideration to facilitate comprehensive management (35).

Further upstream in the telemedical framework, it is important to consider the integration of educational models for physicians and trainees, and particularly how these technologies may address the issues of connecting distributed learners (particularly in the era of a pandemic) (36), and providing high-quality educating, training, and just-in-time training, in a way that is trusted, safe, and replicates the quality of “in-person” training, particularly when it comes to surgical procedures (37, 38). Immersive technologies such as virtual reality and augmented reality could enhance capabilities for collaboration, both amongst learners and physicians in practice (39). Lastly, as has been mentioned elsewhere in this paper, immersive and telemedical technologies, whether used for consultations, treatments, and diagnostics, or education, must be resilient and capable of maintaining at least some degree of functionality even in the absence of internet or network connectivity (40). This is relevant to areas where broadband internet access is poor which limits the effective implementation of these technologies (41).



ROBOTICS ASSISTED TELEMEDICINE

Robotics is a promising cutting-edge tool in telemedicine that has potential applications in transforming physical exam and clinical care, as well as monitoring patients in remote conditions (42, 43). Such experience with the Ebola outbreak and with the COVID-19 pandemic has revealed a wide range of robotic uses and telemedicine options (43, 44). Robotics can be used in outbreaks of infections to minimize further exposure (45, 46): for disinfection, delivery of drugs and food, measuring vital signs, facilitating border control, and automatic disinfection (43). Telepresence robots allow for two-way communication and can be remotely controlled to provide support to those in isolation by connecting patients with family and physicians (35). Exposure to COVID-19 may stimulate further robotics research to address the risk of infectious diseases (42). Facilitating the integration of engineering, video technology, and infectious diseases specialists with government funding can have a notable impact on preventing future pandemics. A Smart Field Hospital trial in Wuhan, China, used robots to minimize COVID-19 exposure to patients and healthcare workers as robots and internet of things (IoT) devices provided medical services in the facility (47). The adoption of robots could be explored in infectious disease and crisis settings as a means to potentially improve health systems capacity and preparedness (47).

The Society of European Robotic Gynecological Surgery has released guidelines for robot-assisted surgery (RAS) and promoted the use of RAS over conventional laparoscopic and open surgery in managing infection risk (48). Where RAS is not possible, conventional laparoscopic is preferred over open surgery due to the reduced amount of physicians and PPE required, aerosol and bodily fluid risk, and shortened hospital stay (48, 49). The European Association of Urology similarly released COVID-19 guidelines, in which they pressed the need to manage smoke dispersion in robotic or laparoscopic surgery through the use of lowest intra-abdominal pressure and management of flow systems (50).

Potential issues associated with robotics-assisted telemedicine, include precision and interaction issues due to distance between patient and operator, network issues, and communication issues (49). Robot-assisted surgery has the potential to reduce COVID-19 exposure risk to medical professionals (51).



TELEMEDICINE ORGANIZATIONAL FRAMEWORKS

Various traditional organizational frameworks are illustrated in Figure 1. One example of a traditional organization is the hub-and-spoke framework for stroke reperfusion therapy delivery (52), which is based on a framework of conventional and hierarchical positioning. It involves a centralized hub, which serves as a point of contact and instruction to several spoke sites that deliver care (53). This structure is suitable for the set-up and integration of telehealth networks but ultimately slows decision-making, depresses innovation, makes it difficult for spokes to communicate, and not everybody in the spoke has the capability of the hub (54). Due to cost-benefit and infrastructural reasons, as well as a shortage of neuro-interventionalists, not every spoke will have endovascular therapy capabilities. Additionally, barriers in access to health systems, applicable to culturally and linguistically diverse communities (CALD) as well as those from marginalized backgrounds or low resourced settings, merit special consideration (55, 56).
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FIGURE 1. Traditional organizational frameworks such as (A) Decentralized, (B) Centralized, (C) Hub-and-spoke, (D) Dandelion, and (E) Holistic are shown.


Centralized systems require strong leadership, otherwise, issues such as lack of efficiency, productivity, and physician well-being may develop (57). Decentralized systems can slow down the speed of uptake and pose inefficiency. Multiple hub-and-spokes are another framework that can be leveraged (58), e.g., in Africa, a capital city can have a hub overseeing the local state governments, which could further branch out. There also exists a holistic model, in which there is no hierarchy (59). Each element in the holistic structure is guided by the overarching vision of the organization.



DISCUSSION

Telemedicine offers a new modality of delivering medical & allied health services and communicating with patients (11). The current COVID-19 pandemic has catalyzed the uptake of telemedicine (12, 60). However, there are challenges concerning its geographical penetration, organizational structures, and infrastructure-related issues (12, 41). The consortium has outlined gaps in current telehealth approaches (11), including challenges to telemedicine implementation across geographics (12) and reliance on outdated organizational frameworks or operational structures discussed in the current report.

We propose a novel AI-powered staged-wise telemedicine organizational framework (61), which can potentially overcome the challenges associated with traditional organizational structures (Figure 2). Hub-and-spoke can be used as a foundational set-up to trigger the quick adoption of technology initially. However, after an initial period, once such a structure begins to stagnate and is no longer effective in skilling-up, a new organizational framework will replace the foundational model. The replacing model will consider leadership, technological, and organizational structure competence (61). This will involve a move toward performance and competency-based systems (62). For example, when an acute stroke call is made, an AI system will automatically find the best site of care depending on several variables, distance, availability of resources, clinicians' availability, and time constraints. This will focus on linking the patient to the best provider, thereby removing any elements of bureaucracy. An independent governance and ethical framework are necessary for oversight over the AI performance and any ethical issues (63, 64). An AI-powered system should prioritize the collective good and performance of the organization based on evidence-based management principles (65). It will be utilized to form linkages between providers. For instance, in the event of a cardiac emergency, the system could use the existing information on the patient to find the best teams to manage the patient. Links between a cardiologist and cardiac surgeon will be made so that they can communicate quickly. This involves role-based linkage based on questions such as who is available quickly, who is available in the region, and whether the practitioner agrees to treat such patients, rather than subjective person-to-person linkage. Ultimately, however, such an autonomous framework must also be able to assign responsibility in case of oversights. Hub-and-spoke systems allow teams to compete with each other and to curry favor from management. The proposed AI-assisted telemedicine organizational framework is focused on role-competence and linkages, rather than individuals or teams. We anticipate this would foster regular and continuous collaboration. Powered by big data and advanced data analytics dashboard, AI-powered systems can be insightful because they generate information about resource utilization in different regions, providing recommendations on system reorganization and clinician mobilization in a COVID-19 pandemic situation. This involves scoping the landscape and realigning across multiple levels to embed that particular intervention within the health systems, thereby promoting rapid research and innovation translation as well as integrating contributions based on local needs. Such a framework would imbibe resilience, innovation-driven technology, and scaled intelligence to enable systems to evolve and be responsive to local and emergent needs such as during an outbreak. COVID-19 has led to a sharp increase in the demand for telemedicine services (5, 34). It also has an impact on telemedicine providers, a sector that is facing unprecedented demand, which by some estimates has grown by 150% or more (66). For telemedicine to expand across geographics, it is necessary to account for geographical variations, cultural factors, and involvement of local stakeholders (12).
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FIGURE 2. The proposed artificial intelligence assisted framework for telemedicine. This system centers around artificial intelligence (AI) engine that looks within the network to find the optimal resources within the geographical constraints and route incoming calls to the appropriate node (affiliated healthcare provider/facility). This self-evolving and innovative approach processing system would potentially allow increased telemedicine penetration while reducing the inefficiencies of the top-down or conventional organizational frameworks.




CONCLUSION

To summarize, AI and robotics could play an important role in providing telemedicine services during an outbreak or public health emergency while limiting exposure to healthcare workers and health systems (14, 42, 43). The AI-assisted telemedicine framework proposed by the current consortium could be an enabler in improving telemedicine access and spread across medical specialties and geography. An international collaborative effort led by WHO, the current consortium, or similar organizations could pave a way to greater telemedicine penetration, especially to benefit the underprivileged and those living in the low-resourced settings (12).



AUTHOR'S NOTE

The COVID-19 pandemic is causing an unprecedented public health crisis impacting healthcare systems, healthcare workers, and communities. The COVID-19 Pandemic Health System REsilience PROGRAM (REPROGRAM) consortium is formed to champion the safety of healthcare workers, policy development, and advocacy for global pandemic preparedness and action.
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The tragic failure of the global supply chain in the face of the current coronavirus outbreak has caused acute shortages of essential frontline medical devices and personal protective equipment, crushing fear among frontline health workers and causing fundamental concerns about the sustainability of the health system. Much more coordination, integration, and management of global supply chains will be needed to mitigate the impact of the pandemics. This article describes the pressing need to revisit the governance and resilience of the supply chains that amplified the crisis at pandemic scale. We propose a model that profiles critical stockpiles and improves production efficiency through new technologies such as advanced analytics and blockchain. A new governance system that supports intervention by public-health authorities during critical emergencies is central to our recommendation, both in the face of the current crisis and to be better prepared for potential future crises. These reinforcements offer the potential to minimize the compromise of our healthcare workers and health systems due to infection exposure and build capacity toward preparedness and action for a future outbreak.
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INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic has inflicted severe shortages of acute healthcare materials, equipment, and resources such as personal protective equipments (PPEs), intensive care unit (ICU) beds, hand sanitisers, and mechanical ventilators (1–6). The World Health Organization (WHO) estimates global monthly consumption of 89 million masks, 76 million gloves and 1.6 million goggles (6). This is expected to increase, worsening pressures on health systems that are already under tremendous strain (7, 8). A public health emergency of this scale and scope is unprecedented in developed countries. The tragedy promises to challenge developing countries even more severely in the coming weeks and months. The pervasiveness of COVID-19 globally has exposed that many countries are unprepared and ill-equipped to confront this viral mammoth (9).

There are several initiatives to address the acute need caused by this tragedy. For example, existing manufacturers have expedited the manufacturing process to meet the demands along with many other non-ventilator manufacturers such as Tesla, General Motors, Ford, Dyson and Rolls-Royce, exploring ways to repurpose their existing facilities to manufacture ventilators. Individual user initiatives are also responding to the lack of PPEs in many societies, with online instructions for making one's mask, and homemade recipes for hand sanitizer (3, 4, 10, 11). Despite current initiatives, much more coordination, integration, and management of global supply chains will be needed to mitigate the impact of the pandemics. Below, we first analyze the global supply chain, which has led to the current tragedy, we then propose a new strategy to overcome the pandemics shortfall and finally provide specific policy recommendations concerning regulation and governance of a new supply chain solution. In this paper, we call for a restructuring of governance over the global supply chain in the wake of the critical shortages arising during the COVID-19 pandemic.



KEY PROBLEMS WITH THE CURRENT GLOBAL SUPPLY CHAIN IN RESPONSE TO THE PANDEMIC

The global supply chain for critical medical equipment evolved after World War II to reflect multifaceted goals, including broad access, improving quality, and affordability. The large expenditures required to implement technological advances, together with the limited resources of tax-paying patients, has led over time to an intensification of the trade-offs between these goals. The lean supply chain was thus introduced in a bid to improve financial and operational performance. As of now, “lean” management has allowed for more efficient and effective logistical flow as well as improved customer satisfaction (12). But leanness has also led to adversity. Unfortunately, in reducing costs via labor and supply avenues, this has led to a reduction in medical stockpiles which act as “buffers” during crises like COVID-19 (13).

The dominant approach of leanness in managing global supply chains has been accompanied by the implementation of alternative models in several specific countries. For instance, medical units of militaries e.g., the Indian Armed Forces Medical Services, store 6 months' worth of short shelf-life items and 8 months' worth of long-shelf-life items, to create capacity for fast disaster relief (14). Finland, likewise, understood the importance of stockpiling since World War II and kept at it consistently while neighboring Nordic countries like Sweden, Denmark and Norway eventually abandoned their stockpiles (15). Finnish pharmaceutical companies, healthcare units and importers were thus mandated to stockpile medications for up to 3–10 months while being compensated by the government for the cost of preserving such reserves. These models are not without their challenges. Significant variations in supply chain performance arise in individual countries. Some of the existing challenges include lack of a single national procurement unit, disorganized supply chains and most importantly bureaucratic inefficiencies which cause delays across the entire continuum and hence compromise appropriate preparedness for pandemics (13, 16). Information on the current/ongoing efforts is detailed elsewhere (Supplementary Material).


Low Initial Supplies

Regardless of the supply-chain model, the current global stockpile has been insufficient to support the health system of any country during the pandemic. As of 4 March 2020, the Department of Health and Human Services declared that the United States (US) had ~12 million N95 masks and 30 million surgical masks, making up a mere 1% of the actual required numbers during the pandemic (2). The shortage was exacerbated by the extraction in the US of the 100 million masks held in the national strategic stockpile during the 2009 H1N1 pandemic, as none of these extracted masks were subsequently restocked (17). Similarly, Australia faced a great shortage of masks from the outset of the pandemic. In January 2020, the National Medical Stockpile of Australia was reported to have a stockpile of only 12 million masks (18). However, during the 2009 H1N1 pandemic, the same agency held 40 million masks in reserve (19), implying a lack of restocking since the previous pandemic, more than a decade ago.



Low Supply From Suppliers

As the virus became pandemic, countries then took steps to protect local supplies (20). China, which normally produces half the global supply of masks at approximately 10 million masks daily, ramped up production to 115 million daily during the early phases of COVID-19 (20). However, the Chinese government simultaneously terminated all mask exports leading to a gradual depletion of global stockpiles. Germany banned the export of the majority of its PPEs (21). In other areas, where local production is not significant, vulnerabilities in the procurement of essential equipment arose. For example, Australia, which imports 90% of its medications, is vulnerable to shortages should supply be impeded (13, 22).



Sudden Rise in Demand

The exhaustion of PPEs, including masks, and ventilators early in the pandemic led to a rapid plummet in available supply just as an international surge in demand arose in late February and March. The figures are tragic: In 2019, a mere 77,000 ventilators were required globally (11). However, as of 11 March 2020, the US alone required 60,000–160,000 ventilators (4). By mid-April, reports of shortages in critical chemical compounds required to produce essential medicines were rising. The production of other medications might be impeded too, especially if certain required pharmaceutical ingredients can only be sourced from countries that happen to be severely affected by COVID-19. The most important example would be China which exported many raw materials but was temporarily under an economic shutdown. Fortunately, the Food and Drug Administration (FDA) in the US reported shortages of just one drug (22). It is being discussed that the lack of national and public health led cohesive pandemic response and alacrity may have contributed to the rapid increase in cases and high fatality rates.



Breakdown of Trust Among Supply Chain Stakeholders

The COVID-19 has exposed the fragility of our existing supply chain frameworks. Increasing reports on lack of trust and pressures between various stakeholders have been reported (23). This can be attributed to the presence of middlemen or intermediaries (for contracts and procurements between supplier and buyer), who presumably use opportunistic and unfair business practices underpinning lack of transparency in reporting of stock supply numbers and the ambiguity in movements of transactions. This creates an environment which is fertile for speculation, leading to a breakdown of trust and hence the inter-institutional relationships. In a pandemic setting, this could have disastrous consequences. This is especially poignant as buyers don't believe the data coming from suppliers/middlemen, especially during crises (24, 25).




PROPOSAL FOR NEW STRATEGIES OF THE SUPPLY CHAIN TO MEET PANDEMICS SHORTFALL

During pandemics, global supply chain systems security and capacity are challenged (26, 27). To this end, technologies such as blockchain, big-data analytics and artificial intelligence could act as enablers toward building robust supply chain models for future (28, 29). In the current proposal, we propose a supply-chain integration framework, that is built around strong governance, minimal bureaucracy and uses technology (e.g., blockchain) as a connector for direct linkages between supply chain stakeholders (buyer and suppliers), that could potentially address the gaps, reduce inefficiencies and build resilient systems. The new proposed supply chain model will optimize inventory and product recall, streamline processes, smoothen procurement and liaison with the suppliers especially the international manufacturers and will provide leadership and accountability in public health crises such as pandemics. It will leverage blockchain technology as connectors between the stakeholders to automate tasks connecting the suppliers directly to the organizations, hence cutting the intermediary while automating audit and reporting on process-related tasks. Hospital-supplier integration has been proven to improve hospital supply chain performance (30). Furthermore, trust enhances the strategic relationship and integration which is mutually beneficial to both hospital and supplier (31). This proposal consists of various elements including governance and organizational structure for supply chain (Figure 1).


[image: Figure 1]
FIGURE 1. Flowchart of the proposed global supply chain model for healthcare supplies that harnesses blockchain technology as “connector”.


The proposed model consists of the following elements:

(1) A National Supply Chain Command Centre (NSCCC) is formed with representations of chief medical officers, independent domain experts (including supply chain, infectious disease, public health, pharmaceuticals etc.), operational experts with appropriate representations from individual states and the federal government. The NSCCC will oversee the procurement and distribution of all health and medical supplies from the country. It will also act as the one-stop command center for regular operational demand and supplies as well as for pandemics or public health emergencies.

(2) Under the NSCCC, three arms will be constituted: National Procurement Centre, National Supply Chain Quality Control Centre and National Distribution Centre.

(3) The National Procurement Centre will be responsible for opportunity assessment, engagement, sourcing strategy, tendering, invitation to supply, evaluation and negotiation of contracts, implementation of contracts, and purchase of contracts. It will also be responsible for creating purpose-driven inventory checklists to identify the necessary medical supplies for pandemics. The National Procurement Centre will liaise with the National Supply Quality Control Centre to ascertain needs amidst ongoing and evolving crises such as pandemics.

(4) The National Supply Chain Quality Control Centre will ensure due diligence in the quality, staged wise stockpiling and appropriate time-buffer for pandemic requirements, and for non-pandemic stocks with pandemic inventory be given high priority and longer buffer/stock period. This stockpile will have three levels of procurement and buffering period: Level 1 (Red) will cater to pandemic needs such as PPEs, surgical and N95 masks, oxygen cylinders, mechanical ventilators and telemedicine capacity including software that can be deployed. There will be a buffer zone of 9–12 months' worth of safety stock. Level 2 (Yellow) will cater to the supplies of pharmaceuticals and devices inventory that don't have a short expiry period. There will be a buffer zone of 6–9 months' worth of safety stock. Level 3 (Green) will cater to drugs, medical supplies and devices for non-immediate use. There will be a buffer zone of 3–6 months' worth of safety stock.

(5) The National Distribution Centre will be the one-stop center that meets the demands of individual hospitals by directly supplying them. This would ensure supply chain consolidation, the economics of scale, efficiency of processes, and optimized distribution. Each hospital will have its own local supply chain operations unit to ensure the local demands of the individual wards and other facilities are met.

(6) Blockchain as “connector”: In today's world, global supply chains are dynamic where factors such as the life cycle of drugs and medical devices, varying periods of demand surge and decline make the current supply chain complicated. This is further exacerbated in crises such as pandemics (27). Blockchain addresses the global healthcare supply chain from an “ecosystems” approach which provides an integrated view of the elements (29). Blockchain synchronizes data transactions across the network, where each stakeholder can verify the work and calculations. It builds access to reliable, real-time, digital ledger of information on all these transactions across the relevant timepoints (“time and process audit stamp”) in the continuum of the supply chain and process (32). This helps build trust between stakeholders who can access relevant operational details on the supply chain while also allowing stakeholders to negotiate better deals on better terms, cutting down delays between the signing of the contract and product delivery. From an operational and feasibility perspective, it is worthwhile to note blockchain can leverage existing digital infrastructure such as enterprise resource planning (ERP) software, allowing for easy deployment through integration as a single layer onto the existing platform (32, 33). Blockchains can make a huge impact on bringing transparency, improving efficiency and delivery during extended periods of crisis (27). It also cuts down intermediaries and serves as a platform for stakeholders to share data in real-time.

(7) Predictive big-data analytics in supply chain demand forecasting: The proposed model, built on blockchain technologies, can indeed make use of complementary predictive big-data analytical applications to address future demands through customer behavior analysis, trend analysis, and demand prediction (34). Data collected through the Internet of things (IoT) can also feed real-time data from various sources for big-data analytics (35). The predictive analytics uses various algorithms (e.g., time-series forecasting, support vector machines, K-nearest-neighbors, neural networks) in supply chain demand forecasting to allow the stakeholders to prepare supplies in advance (34). This could also include artificial intelligence platforms toward data-driven proactive demand forecasting which could be useful during infectious disease outbreaks (35). Furthermore, these predictive algorithms can be trained or optimized on the demand and supply data from the current COVID-19 pandemic or previous infection outbreaks such as H5N1 Avian influenza and Ebola outbreaks. Epidemiological studies and modeling should be used to predict the locations of future demand spikes too (36).

The proposed model implements a staged-wise supply chain strategy. Concurrently, manufacturing companies should map out their entire supply chain allowing for more swift decision making. Identifying companies that can produce masks during crises or providing incentives for companies to set up masks production facilities in peacetime that can then be ramped up. Unfortunately, many manufacturers are unwilling to do so due to the perceived large amount of manpower and time (26). Manufacturers should also branch out to more suppliers and consider paying more for backup suppliers in the event of supply disruptions (5).

To mitigate the risk of product expiry, governments may step in to cover the cost of replacing expired products held within stores (37). Ensuring all parts of the “ecosystem” are involved and engaged is important to enabling open innovation across organizational and regional boundaries (38, 39). There needs to be a connection with how much utilization is so that supply can stay ahead of the curve. This can be done through logistics tracking enabled via artificial intelligence (40). Individual users can design, sew and wear their masks, reducing demand on hospital-grade supplies. This is applicable not only for masks but also other critical essential equipment such as ventilators, other PPEs. Some emergency medicine physicians are adapting ventilators to support multiple patients, for example (41–43).


Regional Stockpiling

Regional stockpiling is another dimension that merits further consideration (44). The Association of Southeast Asian Nations (ASEAN) countries with Japan has made a similar effort previously for avian influenza (45). In the context of COVID-19, the South Asian Association for Regional Cooperation (SAARC) leaders have set-up a COVID-19 emergency fund (46). Such efforts need to be built around a normative framework and institutional arrangements such as the international health framework, created by the WHO's 2005 International Health Regulations (IHR) (47). The 2005 WHO IHR framework pivots around the notion of due diligence (48), the principle of no-harm, and principles of general international law and international human rights law (47). Notwithstanding the limited efficacy and implementation of these initiatives in the past due to regional politics and vested interests, regional approaches to enhance global health security should be intensified (49). We recommend that regional stockpiling infrastructure and framework should be considered and actively pursued for Asia, Middle East, North and South America, Africa and Asia-Pacific regions and that the public-private partnership models be explored.

Eventually, with the proposed streamlined supply chain model, not only will the systems be robust enough to meet demand and supply during pandemics, but the ongoing demands of medical supplies will be appropriately addressed and actioned. This proposal will create a centralized organ that will have proper governance and quality control structures to address future pandemics. Additionally, a hidden army of individuals can contribute user-based designs for masks, gloves, and gowns. Our model would also enable philanthropic groups to identify areas of greatest need and mobilize support for those areas. The public sector must also adapt in these times, to support this initiative. Normal regulatory processes must be accelerated tremendously to get PPEs from this supply chain to those who need it most urgently. If a regulator approves a ventilator for sale in Japan, that approval should have standing in Germany and the US, provided that the approval process and supporting data are provided openly and transparently. Regulators must align their respective procedures and approaches in that regard. Product liability rules that protect consumers should be temporarily relaxed (50), as consumers will be more protected if and when front-line medical staff and other first responders have adequate access to PPEs.




POLICY IMPLICATIONS FOR REGULATION AND GOVERNANCE: THE IMPORTANCE TO EMBED RAPID RESPONSES WITHIN SUSTAINABLE REGULATORY SET-UPS

The aforementioned need for accelerated regulatory approval pathways merits considerations of significant accompanying legal implications. Society should be willing to accept somewhat higher risks—if accompanied by transparency and robust informed consents—during this crisis period in return for faster availability of crisis relevant products. But to find more sustainable solutions that protect consumers, patients and healthcare workers, incentivise value-based innovation and enhance global multi-sector collaboration, it is also important to appropriately consider established standards and legal frameworks to the greatest possible extent. While radical emergency responses to ramp up crisis-critical supplies and encourage open innovation can be very nuanced and do not necessarily have to break with rules and traditions of the innovation system (51), such approaches may challenge the legal system as we know it.

Our proposed initiatives must be embedded in the wider legal frameworks and initiatives. These include recent efforts to create voluntary patent pledges and intellectual property (IP) pools, as well as more invasive approaches to increase access to essential technologies through compulsory licensing (52); and competition law (comfort letters by competition authorities, Canada sunset clause, etc.). Yet, many forms of data and know-how protection would often be excluded from these initiatives. We, therefore, call for an international framework for open-source platforms and through international institutions, such as the WHO that also facilitates the Findable, Accessible, Interoperable and Reusable (FAIR) data sharing (53). In the long-term, it will therefore also be important to consider “stick and carrots.” This could include harsh responses by antitrust law to “excessive pricing” and “collusion,” but also fair and reasonable compensation for IPR and data holders, as well as clarity and transparency about both demands and rewards.

Similar considerations must be made with regards to the privacy and data protection implications of the employed technologies, such as blockchain and product tracking or other surveillance systems that could help to stem the spread of coronavirus (54) and facilitate open innovation. This requires finding a balanced middle ground which respects essential privacy principles and democratic rights but also makes sure that overly restrictive data protection rules do not prevent necessary, effective and proportionate measures in the fight against the coronavirus pandemic (55). Lastly, for such an organizational and governance framework to succeed, an autonomous structure is envisioned that's not intimidated by the nation or institutional bureaucracies.



CONCLUSION AND RECOMMENDATIONS

Current pandemic has exposed the supply chain and responsiveness of the institutions. The COVID-19 has also forced development and adoption of new triage and patient management protocols or pathways to minimize risks to patients, healthcare workers and health systems (7, 56–58), and to maintain patient continuity, using telemedicine, especially to those at high risk of infections or with underlying chronic illnesses (8, 9, 28). The outcry for PPEs especially among healthcare workers, at the forefront of the crisis, warrants overhaul of systems. Political leadership is also being scrutinized and its inefficiencies are getting revealed (59). A robust global supply chain combined with public health strategies and/or interventions such as masks, healthcare worker protection, quarantine, contact tracing, massive testing and travel restrictions could limit rapid COVID-19 spread and build the capacity of our institutions to respond to future pandemics. The army of user contributors should also be crowdsourced and mobilized for this effort.

We suggest that the current “lean” based approaches of the healthcare supply chain model are not appropriate for healthcare and may compromise the economic, global health and national security in crisis such as COVID-19. A scaled open innovation approach, that can provide the buffer to the system should an acute and prolonged need emerge, should be part of future global supply chain systems. This would ensure continued provision of essential healthcare supplies and resilience of the healthcare systems. Technology such as blockchain can act as drivers to further improve the efficiency of supply chains.

Additional efforts and resources will be required to achieve a truly global response that comprises all regions of the world and in particular those which are likely to face the most severe consequences. This requires careful consideration of regional disparities in terms of economic capacities, technical infrastructures and cultures. Most importantly, to be better prepared for the next pandemic it will be important to learn lessons from the current COVID-19 crisis to improve global fast-track emergency procedures and global stockpiles with several suppliers on a more sustainable level. Building on the proposed supply chain model, aspects of integration and implementation of national public health policies would also need to be considered. Ideally, the processes that lead to these solutions should be characterized by more effective interdisciplinary collaboration, evidence-informed decision-making, proportionality, flexibility, precautionary approaches combined with established practices, improved regulatory frameworks and ethical decision-making. Good governance, openness and collaboration will be key to effectively fast-track responses–even in the next pandemic. It is therefore important that time-limited radical responses, required right now, will be re-evaluated when the situation improves, to achieve a more dynamic and adaptable but still sustainable model in times of crisis.

The COVID-19 is undoubtedly a public health crisis of a scale not witnessed in a century (60). Fears of impending economic crises reminiscent of the “great depression” abound. Should the economic doomsday predictions come true, the already challenged global health status could take a downward spiral with long-term implications for health and well-being of people (61). Therefore, a crisis like this warrants an unprecedented global effort. Lukewarm responses of governments and health care institutions in determining what work is essential and what the correct PPE is for each situation has caused the build-up of anxiety, confusion, possible increased viral transmission and misuse of PPE (62). Public awareness campaigns on the need to use masks and gloves have also been confusing. As a result of the confusion, the public and healthcare staffs are generally left to look after themselves and use their own. Therefore, clear public health and occupational safety policies and guidelines should be developed for implementation right from the hospital level to the national level to increase public and healthcare workers' adherence to best practices in adherence to infection control including the practice of wearing PPEs, hand-washing and social-distancing (63). Coupled with a lack of regulation, this has seen a surge in the number of “intermediaries” buying and selling PPEs. Moreover, existing “lean” based approaches of healthcare supply chain models have resulted in a shortage of PPEs, possibly compromising economic, health and national security.

In the advent of a lock-down and strained global supply chains, the lack of policies or frameworks to ensure the limited PPEs reach those who need it most (healthcare workers) has caused an outcry, warranting an overhaul of existing systems. Perhaps by enforcing such regulation, that guarantees the provision of critical supplies to protect healthcare workers while they continue to treat patients, the deaths of healthcare workers could be avoided (64–66). We thus call for an international body such as the United Nations to create and implement the proposed framework through which private- and public-sector institutions analyze, restructure and implement new systems to ensure that health-system resilience is no longer compromised by the failure of global supply chains. Such a body would be complementary to the WHO and would amplify its impact. The COVID-19 Technology Access Pool (C-TAP) launched by the WHO, aimed at equitable distribution of medical supplies, can also be a potential solution (67). The C-TAP initiative would allow worldwide sharing of patents covering pharmaceuticals, vaccines, and/or methods of treatment related to the COVID-19. Call for waiver of IP rights to World Trade Organization, by countries like South Africa and India, to enable widening of, and ease of, access to, COVID-19 drugs, diagnostics and vaccines, especially by low-income countries is a promising development toward ensuring equitable access (68). European Commission has also released antitrust guidance to allow limited cooperation among companies, concerning critical hospital medicine shortages during the COVID-19 outbreak (69).

A robust global supply chain combined with public health strategies and/or interventions such as contact tracing would build the capacity of our institutions to respond to future pandemics. In this way, we will not only be able to address the urgent needs across the world—not the least in developing countries—but also be better prepared for the next pandemic.



LIMITATIONS

We acknowledge that the real-world implementation of the model proposed in this article and the global coordination depends on several factors including good relations between the participating countries which is subject to several geopolitical and diplomatic considerations. Given the current geopolitical situation, its feasibility for a global roll-out may be challenging. However, we believe the implementation should be pursued in a stage-wise plan with the initial implementation, to begin with, to involve countries more amenable to collaboration. This requires to enable openness and collaboration across levels of analysis, for example, not only across organizations but also on an international level (38). Nevertheless, the modular nature of the proposed supply chain model makes it appropriate for scaling-up, including at a global level. Furthermore, a pilot implementation would also provide data for further improvement in improving the system's workflows.
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Medical students are the future of sustainable health systems that are severely under pressure during COVID-19. The disruption in medical education and training has adversely impacted traditional medical education and medical students and is likely to have long-term implications beyond COVID-19. In this article, we present a comprehensive analysis of the existing structural and systemic challenges applicable to medical students and teaching/training programs and the impact of COVID-19 on medical students and education. Use of technologies such as telemedicine or remote education platforms can minimize increased mental health risks to this population. An overview of challenges during and beyond the COVID-19 pandemic are also discussed, and targeted recommendations to address acute and systemic issues in medical education and training are presented. During the transition from conventional in-person or classroom teaching to tele-delivery of educational programs, medical students have to navigate various social, economic and cultural factors which interfere with their personal and academic lives. This is especially relevant for those from vulnerable, underprivileged or minority backgrounds. Students from vulnerable backgrounds are influenced by environmental factors such as unemployment of themselves and family members, lack of or inequity in provision and access to educational technologies and remote delivery-platforms, and increased levels of mental health stressors due to prolonged isolation and self-quarantine measures. Technologies for remote education and training delivery as well as sustenance and increased delivery of general well-being and mental health services to medical students, especially to those at high-risk, are pivotal to our response to COVID-19 and beyond.

Keywords: medical education, training, remote delivery, tele-education, telemedicine, technologies, digital humanities, Coronavirus Disease 2019 (COVID-19)


INTRODUCTION

The COVID-19 pandemic is a public health crisis with enormous and diverse social, economic and health consequences (1). Vulnerable and minority groups are being disproportionately impacted, often due to underlying social inequities, health disparities, and comorbidities (2, 3). Medical students are also vulnerable, particularly those from underprivileged or minority backgrounds. However, the plights of medical students in COVID-19 has drawn limited attention. Our previous reports highlighted that frontline medical professionals are vulnerable to mental illness or psychological distress (2, 4, 5). However, medical students are not considered part of the healthcare workforce, lacking access to COVID-19 mental health support available to healthcare workers. We postulate that medical students are especially vulnerable during the pandemic and hence require additional and tailored support, distinct from the general population or medical professionals. Whilst in specific instances or institutions, final year medical students' induction to the healthcare workforce has been expedited to meet increased demands during COVID-19, it's poignant that those in formative years of their education and clinical training have also been removed from structured in-person clinical environments (6, 7). The aim of this article is to critically evaluate the impact of COVID-19 on medical education, training and medical students; and to make targeted recommendations to maintain continuity and support mental health, well-being and education needs of affected students.



METHODS

Relevant literature was identified via PubMed and Medline review, including original, opinion and perspective articles, topic reviews, official national medical associations/bodies and societal guidelines and media sources. The PubMed/Medline search was performed using the keywords “Medical Students,” “COVID-19” and “Medical Education” until July 31, 2020. The PICO template, with the population (medical students), intervention (COVID-19), comparator (standard medical education pre-COVID-19) and outcome (impact on medical students/education and changes adopted due to COVID-19), was used. The literature was examined to critically analyse existing structural and systemic challenges of medical education, with an emphasis on the use of technologies such as telemedicine or remote education, and formulate a synthesis on the impact of COVID-19 on medical education, students and training. Appropriate articles relevant to COVID-19 were included in this synthesis. Medical students who are especially vulnerable, such as those with pre-existing mental illness, disadvantaged backgrounds, overseas medical students and those in under-resourced settings are considered and impact of COVID-19 on these subgroups are presented. We also provide targeted recommendations to address acute and systemic challenges during and beyond COVID-19.



RESULTS


Impact of COVID-19 on Medical Students

Medical students are at increased risk of mental or psychological disorders, with a significantly higher prevalence of depression, depressive symptoms and suicidal ideations relative to the general population (8) (Table 1). Disruptions in traditional medical education and training due to COVID-19 have increased risk of poor mental health among medical students worldwide (Table 2) (8–16). The mental health burden could be exacerbated in those with pre-existing mental illness (4, 42). Concerns around inadequate skill development due to suspension of hospital placements, ambiguity around future prospects and subsequent financial implications have been reported. Poor health behaviors, sleep deprivation during COVID-19 and pre-existing chronic diseases among medical students could adversely affect physical and mental health (29), with cardiovascular disease, diabetes, obesity and chronic neurological comorbidities associated with increased risk of hospitalization and severe illness due to COVID-19. Targeted support and specific recommendations for these subgroups have been made elsewhere (2, 5).


Table 1. Data illustrating the burden of mental health in medical students.
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Table 2. Impact of COVID-19 on medical education, training and mental health of medical students and trainees.
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Impact of COVID-19 on Medical Education

Clinical clerkship is fundamental to medical students learning from more experienced practitioners, and becoming more independent and confident clinically (43). The Association of American Medical Colleges (AAMC) released guidelines recommending withdrawal of medical students from clinical environments after the COVID-19 outbreak (44). This was followed by suspension of clinical placements by several Australian medical schools to reduce risks associated with more personnel in clinical environments (45). This trend is true worldwide and has caused widespread concerns from medical students about their learning (46). Lost in-hospital clinical clerkships have caused fears surrounding deficiency in practical skills, training and “imposter syndrome” (17, 20, 46, 47). This extends beyond medical students, with surgical trainees reporting fears around preparedness for surgeries due to the suspension of elective surgeries and face-to-face training (26, 48).

Owing to the climate of uncertainty and limited clinical exposure, concerns surrounding progression through the medical course, training pathways and job prospects have been reported (45, 47, 49), including exploration of alternative career paths (24, 28). This also applies to those at advanced stages in their training, such as trainees and specialists-in-training (26, 28).



Impact of COVID-19 on Medical Students From Vulnerable Groups

Impact on various segments of vulnerable populations within the broad medical students' community is presented below.


Students With Pre-existing Mental Health Issues

The pandemic has caused increased stressors, with social isolation measures particularly associated with, and resulting in, increased depression, anxiety and suicidal ideations, as well as poor health behaviors among medical students during COVID-19 (32, 34), and also medical specialists and trainees (23, 50). This issue is exacerbated by lower uptake of mental health services due to stigma surrounding mental health issues, confidentiality concerns, and the belief that medical students should be self-sufficient in addressing and coping with their mental health issues (51). Social isolation is known to be linked to psychological disorders and/or mental health issues in otherwise healthy individuals, and those with existing mental illness are especially vulnerable, with an increased likelihood of concomitant social factors that can worsen their vulnerabilities (52). These may include conversion disorders, acute stress disorders, mood disorders and frustration (25). Such issues can persist beyond periods of social isolation and are associated with longer-term disorders such as post-traumatic stress disorder symptoms and exacerbation of obsessive-compulsive disorder like symptoms (4), as reported after the severe acute respiratory syndrome outbreak (52). Additionally, medical students currently on psychotherapy or psychiatric interventions may face difficulty in the prescription refill and attending regular therapy sessions (52).

Recent studies show that whilst poor eating behaviors are being seen in the general population, this is more pronounced in those with pre-existing eating disorders (41, 53). Medical students may also be at increased risk of developing eating disorders due to academic and emotional stressors (54). Those with existing eating disorders may be vulnerable to COVID-19 infection and resultant anxiety concerning their health (55). Fears about inability to obtain foods consistent with individual meal plans presumably increases anxiety, and fears of relapse (41, 53). Increased social isolation, gym closures and social media use may also precipitate relapse, and body image concerns, causing withdrawal from engaging with others through video calls, leading to heightened isolation (55). Whilst video-based cognitive behavior therapy (CBT) has shown efficacy, the success of this in pandemic situations is largely unknown (56), with patients in the early transition feeling their quality of care was reduced. Individuals with childhood traumas are also more vulnerable to mental health impacts and warrant special consideration (29).



Students From Financially Disadvantaged Backgrounds

Telecommunications technology has provided an effective way to address gaps in learning caused by the pandemic. However, for those engaging in online learning, there may be inequities, and subsequent frustration and stress, as even in developed countries, not all students have access to the digital devices or infrastructure required to effectively partake in online learning (57). Moreover, those in remote and rural areas often have poor internet connections (58). Prolongation of the course length can have significant financial consequences and hence impact academic progression (18).

The widespread redundancies, job losses and closure of non-essential services due to COVID-19 have forced several students to resume work to support their families (57). This can negatively affect their ability to engage in online learning activities due to concurrent work responsibilities (18). Medical students from disadvantaged backgrounds reliant on public transport to commute also face greater infection risks.



Students in Developing Countries

Students in developing countries face unique challenges such as limited availability of online teaching resources for medical education (59). The frontline healthcare workers handling COVID-19 associated hospitalizations are limited in their ability to develop teaching resources (36). Given that online teaching modalities have been largely unexplored in many of these countries, these issues have been exacerbated (60). Poor internet access and stability are also reported, causing an unwillingness on students' part to transition to online teaching modalities, and negative perceptions surrounding use of telecommunications technology for learning (35). Perceived poor responses by governments and public leadership have also inflicted psychological stress among students (37).



Students From Minority Groups

Medical students belonging to racial, ethnic and linguistic minority groups face unique challenges due to systemic barriers (61, 62). A 2019 American study showed that white students were more likely to have grading disparities favoring them than minority groups (62). Implicit bias, along with factors such as inappropriate learning environments for minority groups, were reported to drive these disparities. Incorporation of concrete rubrics and marking criteria to limit subjectivity and implicit bias training programs to educate examiners may reduce these (62).

A 2020 study similarly found that underrepresented minorities, Asian and multiracial students, were more likely to be deprived of opportunities based on race than white students (7.3, 4.4, 3.6 vs. 1.5%, respectively) and be subjected to racially offensive comments (18.9, 12.9, 9.6 vs. 2.5%, respectively). Additionally, female students were more likely to be discriminated than males (28.2 vs. 9.4%) (63), and lesbian, gay and bisexual students were more likely to be mistreated than heterosexual students (43.5 vs. 23.6%) (63).

There are concerns that people from racial and ethnic minority backgrounds, already reported to have higher rates of infection and racial discrimination during the pandemic, will present later and at more advanced stages of disease due to fears of structural racism, thereby increasing clustering and community transmission risk (64–66). Systemic issues around underreporting of racial harassment also exist, contributing to increased mental health risks among minority groups, with beliefs existing that complaints pertaining to discrimination will not be taken seriously and/or addressed appropriately (67). To our knowledge, there is limited research into impacts of COVID-19 on the lesbian, gay, bisexual, transgender, queer and intersex (LGBTQI+) community. However, systemic inequalities and inequities are known to cause long-term stress, increasing vulnerability to negative mental health implications. Of particular concern is isolation and separation from trusted family and friends due to quarantine measures (68). Medical students are particularly reluctant to discuss sexual orientation, thereby raising concerns over their ability to seek help (61). Confidential telehealth services have sprung up worldwide and may assist students from minority groups.



International Medical Students

International medical students are particularly impacted, with several institutions shifting to online delivery methods soon after the start/resumption of the academic year (58). Resultantly, there is an increased risk of isolation and subsequent mental health issues, with an Australian study showing that international students have higher baseline depression risk than local students considering loneliness, anxiety and stress scores (69). Additionally, loss of employment, financial insecurity and lack of family support are significant, especially for international students not returning to their home countries (52), as social and family support may be protective against mental health sequelae (29). With university campuses closing down, accommodation may become an issue, exacerbated by job losses from closure of non-essential services (70).

For students having returned to their home countries, concerns surrounding academic progression are likely stressors, amidst new immigration measures including indefinite sealing of borders to non-citizens, temporary-residents or immediate family thereof by several countries (71). Variation in time zones during online learning for overseas courses or seminars may impact sleep cycles, with insufficient sleep associated with various mental disorders including depression (72). Once border restrictions are eased, and foreign students return to their host countries, it may not be feasible for them to return home to loved ones (73, 74). Travel restrictions could prolong course length and incur subsequent financial burden (70).

The inability to access clinical environments is particularly relevant, as engaging with patients and peers of their host country is pivotal to developing cultural competence and understanding socio-cultural norms, expectations and communication methods, along with language skills. Lack of this can be a stressor and contribute to imposter syndromes (75). Telecommunications technology may revive some degree of communication. However, non-verbal body language, pivotal in communication, cannot be adequately simulated (76).




Medical Student Parents

Medical students who are parents may have hindered engagement in interactive learning via telecommunications due to a need to take care of children, which other students might not appreciate, causing feelings of isolation and exclusion, and frustration (77, 78). Additionally, individuals may feel caught between notions of service and personal responsibility to their family, which can have personal mental health implications pertaining to guilt (79).




DISCUSSION AND RECOMMENDATIONS

The COVID-19 pandemic has not only presented acute challenges to medical education and students but also exposed systemic issues that merit consideration. Given the COVID-19 pandemic has had an exacerbated impact on vulnerable populations, including but not limited to students from vulnerable backgrounds; evidently, these students would need targeted interventions, while recognizing the unique challenges in the COVID-19 era and accounting for socioeconomic aspects. Technologies such as telemedicine and tele-education are emerging as important platforms in mitigating the devastating impact of COVID-19 (80–82). Given the acute impact vis-a-vis rising mortality globally (5, 83), and long-term effects of this outbreak that may last beyond the pandemic (2), strategies toward capacity building are necessary.

We provide recommendations to address the negative impacts of the COVID-19 pandemic on medical student mental health and well-being and to build sustainable healthcare and education systems beyond the pandemic.


Technology in Remote Delivery of Medical Education and Training
 
Restructuring Teaching and Examination Processes
 
During COVID-19

COVID-19 has led to rapid uptake and development of online teaching to minimize disruption to student learning. Telecommunication technologies are an important component in this, with several institutions having implemented online teaching webinars, simulations and educational clinical skill videos (21, 46). Multimodal teaching approaches catering to various aspects of learning have been implemented (84), along with flipped learning methodologies, which involve students engaging with content prior to class and using later face-to-face time to clarify concepts. This is useful for teaching anatomy using online 3D modeling applications considering suspension of traditional cadaver-based anatomy demonstration at several institutions (85). Online teaching can be made more engaging and effective for students through interactive tools such as voting polls, chat functions and videos (86). Additionally, intensive anatomy and clinical skills workshops, building on online learning resources, can be run when students return to in-person teaching to address deskilling and imposter syndrome concerns (58). Virtual tools such as virtual reality simulations, homemade simulations and smartphone modalities could benefit surgical trainees (46, 87).

These approaches, reliant on effective use of telecommunications technology facilitate enhanced student pedagogy, and thus address the stressors of deskilling, progression and hindered knowledge. Involvement of students in telehealth to provide clinical exposure and help triage patients during the pandemic has been well-received and facilitates controlled patient exposure with feedback (21). Tele-health-based services to partially replace overseas elective placements, although not equivalent, may allow students to gain an enhanced understanding of another healthcare system (88).

Accelerated progression may help ease burdens on the healthcare system. However, immediate transition into clinical practice could instigate higher rates of work-related stress, and this needs to be monitored (89). Concerns around litigation also exist (90), and mandating indemnity guarantees before students are offered jobs could be a solution. Additionally, students can be recruited into hospitals they are familiar with, to facilitate easier and less stressful transitions (91). Increased repurposing of specialists into different roles to assist with the response to the pandemic, and the increasing reliance on telemedicine, sustained supervision and detailed training are necessary to facilitate a seamless transition (4).

Considering higher levels of baseline stress, anxiety, and mental health implications during the pandemic, and the recency of the changes to learning modalities having been implemented, variations in exam structure could be considered. Open book examinations provide an alternative that could reduce students' stress and anxiety, with some institutions also considering pass/fail grading (92, 93). Additionally, students need education about evidence-based medicine, research methodologies and reliable sources, as several students rely on social media for their information on the pandemic (30, 31, 33). Consequently, medical students can be involved in curating evidence-based recommendations and research, to deepen understanding of bias and confounding, and assist in fighting misinformation in the community (94, 95).

Finally, for those entering clinical environments, targeted training in addressing the unique needs of the COVID-19 pandemic would be necessary, with a recent systematic review suggesting a multimodal training approach, which improves student skills, knowledge and attitudes (96). This would also entail teaching around effective communication using telemedicine, including professionalism and catering for patients with different technological capabilities (97).



Beyond COVID-19

Flipped learning could be of great utility toward encouraging independent learning, an integral part of ongoing medical professional development. Due to limited access to cadavers for medical education, such learning methods may be necessary beyond the pandemic (98) and may provide students greater flexibility. Training or volunteering opportunities to work in infectious disease outbreak settings, particularly via teaching around effective telemedicine consultations, could be embedded into medical school curricula to develop student confidence and resilience should an epidemic occur in future (96, 97).

Considering minority groups, training examiners on the role of implicit biases may facilitate longer-term benefits in education and assessment of medical students, and in establishing equitable and fair training, which will indelibly influence students' mental health positively (62). Finally, the misinformation propagated through social media with regards to this pandemic illustrates the role for doctors to act as educators, which could be a key part of medical school curricula going forward (99). Medical students should also be encouraged to be proactive to gain knowledge about COVID-19, to increase awareness on and contest misinformation (100).




Skill Building
 
During COVID-19

Incorporating inclusive language in everyday practice is pivotal in preventing marginalization of patients from the LGBTQI+ community, who already experience increased levels of stress and fear (68). Mental health first-aid training can help medical students develop strategies to cope with stressors, and help reduce stigmatizing attitudes toward mental health in the broader community (101, 102), with the Australian Government announcing funding to this end (103).

Webinars by experts from various medical disciplines have set a benchmark toward upskilling students and trainees and maintaining their interest and motivation. Using staggered timings to overcome issues related to time zones has been highly effective and can contribute to a global sense of community (46, 104). One such initiative is a collaborative series of recorded seminars and accompanying associated modules by the American College of Surgeons Division of Education and Association for Surgical Education (105), which specifically assist medical students with core surgical knowledge (105). Numerous institutions have also successfully implemented volunteering initiatives including research, assisting hospital triage, contact tracing, and support hotlines to support medical services during the pandemic but also boost student morale as they develop skills and feel “useful” (21, 106, 107). Telehealth service forms the backbone of such initiatives, allowing students to develop skills safely (108, 109).



Beyond COVID-19

Evaluation of skills development programs and their effectiveness is critical. Should they prove beneficial, their incorporation into regular teaching through telecommunications technology could potentially positively influence medical student and trainee mental health in an accessible and convenient manner. Additionally, considering the unpredictability surrounding further spread of the virus, and future outbreaks, such programs may inform future methods of addressing pandemics (108).




Telemedicine for Care of General Well-Being and Mental Health of Medical Students
 
Creation of Mental Health Support Networks

Supporting medical students and trainees should not be limited to times of crisis such as this pandemic, but this pandemic has brought this important issue to the forefront. We discuss various strategies that can foster mental health support networks for students harnessing technology as an enabler (95).



Mentoring groups

During COVID-19. The creation of mentoring groups for students can facilitate sharing of ideas, advice and combating feelings of isolation. This can be particularly beneficial for international students who have not returned home and may feel isolated, as well as minority groups (69). Such groups can be stratified, with senior students providing advice and guidance to junior students, which may help address stressors related to progression and encourage participation in other areas such as research and peer teaching (110). Discussions with other students can provide a sense of unity and reassure students that they are not alone in feeling “imposter syndrome,” with sharing of online resources such as 3D anatomical models also being beneficial (111). Students from various backgrounds, including international, minority and medical student parents can be placed together in groups to facilitate increased understanding of the various challenges others from different backgrounds face, which may assist with developing empathetic competence (111). Such mentoring doesn't need to be faculty-driven but can be led by medical students themselves, who can use existing social media networks and telecommunications to overcome barriers imposed by social distancing policies (104, 111–113).

Beyond COVID-19. Mentoring groups or networks developed during COVID-19 should be continued beyond this pandemic. This would provide students an opportunity to interact with others, and obtain advice and guidance about study, research, and future training prospects (24, 110). Also, the social media-enabled hashtag support networks should be encouraged and propagated, with the “pay it forward” attitude (104, 112).



Tele-Psychiatry and Support Services

During COVID-19. Considering increasing reports of mental health consequences of the pandemic on medical students and trainees, telemedicine can be harnessed to provide constant support to these individuals and resultantly safeguard our future generations of medical professionals from longer-term sequelae. Confidentiality would be crucial to such a system, as many individuals, particularly those from minority groups, are reluctant to share their vulnerabilities (61). Additionally, training psychologists and psychiatrists involved in this service about unique demands of different groups will be critical to providing personalized care (74). Several telepsychiatry and support services have been started worldwide (Table 3).


Table 3. Various support services available to doctors and medical students in various countries and regions*.
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Additionally, CBT has been found to have utility for both depression and generalized anxiety disorder in university students. Although online CBT is not as effective as face-to-face equivalents, COVID-19 precautions and restrictions mean it is a useful way provide students with positive coping skills, and can bypass fears of stigma within medical student populations. Engagement has been problematic with online platforms in the past, and thus constant appraisal and remodeling are critical (123–125).

Beyond COVID-19. Maintenance of such telemedicine services provide medical students and trainees with a convenient and accessible outlet for any mental health concerns they may have and resultantly can assist in early identification or prevention of longer-term impacts of known stressors associated with the medical profession (95). Additionally, normalizing health-seeking behaviors through supportive rhetoric can help overcome barriers related to stigma (51).



Increase Accessibility to Support Services

During COVID-19. Support services are being implemented for vulnerable students. For instance, the NSW state government in Australia has provided funding for crisis accommodation for international students under financial duress due to the COVID-19 pandemic (126). Informing students to whom such support mechanisms are relevant is pivotal, with use of social media, targeted mail-outs, and newsletter segments being possibilities.

Beyond COVID-19. Appraising and optimizing such targeted communication with student subgroups can make them feel more valued and allow early access to any support required. Additionally, incorporating student input into developing programs can make these more effective and targeted to their needs.

Minority groups may be unlikely to make complaints about harassment and bullying for fear of their complaint not being taken seriously or retaliation. To address this, and increase the accessibility of support, public statements of zero tolerance for bullying, harassment and discrimination should be made. Additionally, diversification of staff and complaints committees and incorporation of lived experience members may be useful in highlighting to students that their viewpoints and challenges will be respected and that they will get fair redressal for untoward experiences or incidents (67, 127).

In conclusion, medical students, the future of our healthcare system, are vulnerable during the current pandemic, with subgroups of medical students from specific backgrounds more impacted. Targeted support for these subgroups, and students overall, is warranted. COVID-19 has exposed systemic issues within our healthcare and education systems. Recognizing these issues and developing strategies to combat them is pivotal to our response to an infection outbreak in the future.
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Health systems worldwide are challenged by the coronavirus pandemic and all medical specialties have struggle to meet the conflicting requirements for virus containment on the one hand and treatment of other medical conditions on the other. This holds true also for psychiatry. Per se, psychiatric patients are highly vulnerable to suffer from social isolation and loneliness. As a result of the Covid-19 pandemic and lockdown measures, unfortunately, this vulnerability is even further increased. As a part of its pandemic risk management, the outpatient clinic of the Psychiatric District Hospital Regensburg launched an online blog as a means of assisting patients who were required to stay home. Aim of the blog was to stay by patients' side in those uncertain times by offering an online connection to their therapists, by providing important information about the pandemic situation, by offering some ideas on how to build a daily routine and how to meaningfully spend their time at home during the lockdown. We also aimed at involving patients as experts in their own affairs by inviting them to contribute to the blog's shape and content. As a result of coordinated team effort, it was possible to launch a blog within few days, and this was perceived helpful by many patients. Overall, however, patient involvement turned out to be a challenge requiring more attention in future work.
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INTRODUCTION

In order to slow down the rapid spread of SARS-CoV-2, many countries worldwide have to face restrictions in public and private life. For health care professionals and hospitals, this implies the challenge of balancing preventive measures to stop the spread of the virus and, at the same time, address the needs of patients suffering from other medical conditions.

Patients with serious psychiatric illness are known to be particularly vulnerable during crises of health care systems (1, 2). Recently, it has been shown that patients with mental disorders do have an increased risk of Covid-19 infection and mortality (3). There have already been some suggestions on how to manage in- and outpatient units during the pandemic in order to provide the best possible treatment (2, 4). For outpatient treatment, this includes the limitation of face-to-face appointments and the shift toward telemedicine wherever possible (5, 6).

As psychiatry is mostly based on verbal, paraverbal and nonverbal communication and less on analytical tests or physical examination, video or telephone appointments are easier to accomplish in psychiatry compared to many other medical professions (7). Furthermore, the repertoire of telemedicine is expanded by a growing amount of online programs and apps offering support for patients suffering from mental illness (8). In the last decade, telemedicine has been increasingly examined in outpatient care of psychiatric patients and has been shown to have comparable outcomes as in-person treatment e.g., for patients suffering from depression (9). Telemedicine has also been shown to improve clinical outcomes for patients suffering from post-traumatic stress disorder by supporting them to initiate and ideally complete evidence-based psychotherapy (10). Furthermore, telemedicine enables continuous psychiatric care for patients from more rural areas who might otherwise not be able to attend appointments on a regular basis (11).

With respect to the Covid-19 pandemic, telepsychiatry has been reported to be well-accepted by patients during phases of public lockdown (12). It involves phone calls and video-based appointments both of which are able to compensate for one-to-one contacts between patients and health care professionals.

However, pandemic risk management often includes the complete shutdown of group therapies (4), an important part of psychiatric treatment. It is much more complicated to cover those group activities by phone or video calls due to technical challenges and digital privacy protection issues. Consequently, in many cases, those therapies are paused without replacement during phases of lockdown. This applies e.g., to occupational therapy, sports therapy or musical therapies, often an integral part of patients' daily routines, especially when suffering from severe or chronic psychiatric conditions. Many of those patients live socially isolated and have difficulties keeping a stable daily routine in general, and during public lockdown in particular, increasing the risk of symptom deterioration.

Corona risk management in the Psychiatric District Hospital Regensburg, Germany, also included the reduction of such group activities for inpatients and the complete cancellation of group therapies for outpatients (13). As patients reported facing problems staying at home and feeling deserted by their health care professionals, therapists from the outpatient clinic joined forces with patient representatives and the hospital's Public Relations department to launch a patient-centered online Blog as an add-on to phone-calls and video-meetings. Aim of the blog was to make patients feel connected to the clinic and their therapists, to provide them with some ideas on how to build a daily routine and how to meaningfully spend their time at home in those uncertain times. We also tried involving patients as experts in their own affairs, with the objective to allow them to contribute to and shape the blog's content. A colleague with a degree in “experienced involvement,” a German training for peer support, was involved in implementing the blog. Peer support has been shown to improve self-efficacy, sense of hope and quality of life of patients with mental disorders (14, 15).



METHODS

Through this paper, we provide information about the launching and content of the blog and about adjustments we had to make. In addition, the total number of page views will be reported. Only page views from outside the clinic are counted, i.e., page views inside the clinic's network were'nt taken into consideration. Furthermore, mean page views on working days (Monday to Friday) were compared with mean page views on the weekend using an unpaired t-test. IBM SPSS Statistics 24 (IBM Corporation, Armonk, NY) was used for data analyses.

The main target group of the blog was a subgroup of the clinic's outpatients. The outpatient department serves over 8,000 patients/year. However, the blog targeted primarily patients, who suffer from chronic psychiatric disorders such as affective disorders, schizophrenia or personality disorders, and who receive regular multidisciplinary treatment in our outpatient clinic. This group comprises about 300 patients. As the information about the establishment of the blog were communicated through many different channels, it is very difficult to estimate, how well we reached the target group and how many more patients received the information. As the blog was open to the public and could therefore be used and read by anyone interested, the users of the blog are hereinafter referred to as “readers” instead of “patients.”

Furthermore, readers' feedback will be reported including feedback given during phone calls or by email, as well as feedback provided during an online survey. Readers were continuously encouraged to write emails in case of questions or ideas concerning the blog. After 7 weeks of blog activity, we asked for readers' wellbeing and their feedback in an anonymous online survey that was approved by the Ethics Committee of the University Hospital of Regensburg, Germany (reference number 20-1862-101). In order to facilitate the survey, there was an explanatory blog post, also providing the link to the questionnaire. Thereby, we ensured that only blog readers could participate in the survey. The survey was generated and launched using the services of www.soscisurvey.de.

In this survey, we asked for readers' age, gender, place of residence, current or past experience of a psychiatric illness and whether the reader had been under medical treatment in the Psychiatric District Hospital Regensburg. Furthermore, a modified version of the Clinical Global Impression (16) was used to enquire about any changes in subjective clinical global impression of somatic and mental wellbeing in comparison to before the beginning of lockdown measures (from 1 = much better to 7 = much worse) and for unexpected improvements or impairment in everyday life due to public lockdown. With respect to the blog, we asked (a) for how many weeks the blog had already been known by the reader, (b) for how many weeks the blog was actively read, (c) how useful the blog was perceived to be, (d) how often the blog was visited, (e) how often the new articles were read and, (f) how often information and tips were actively transferred into everyday life. Finally, we asked which aspects of the blog were perceived as being useful. The readers' feedback will be presented descriptively.



RESULTS


Blog Content

The blog comprised two categories: The first category contained general information about the Covid-19 pandemic and rules of conduct, as well as tips for everyday life. For instance, there was a video on face masks, links to reliable sources of information regarding the coronavirus pandemic and a blog post on how to explain the current situation to children. These articles could be read anytime. The second category consisted of two articles per day providing tips given by different professions: psychotherapeutic tips, mindfulness, recovery, occupational therapy, healthy and easy recipes, ideas for home workouts, musical therapy and positive news. Furthermore, we tried to foster peer support by asking patients what was helpful for them during their daily life in this period of lockdown. The incoming information was then shared anonymously on the blog.

The articles consisted of written information, links to online resources and amateur audios and videos created by the clinic's health care staff. As many of the regular treatment offers paused, it was possible for the staff to invest a certain amount of time for producing blog content. Thereby, it was ensured that patients saw familiar faces and heard familiar voices in those uncertain times, whilst staying at home. Additionally, readers could write an email if they had questions with respect to the content of the articles.

There were two new articles per day from Monday to Friday, published on 9:00 a.m. and 3:00 p.m. These articles could only be retrieved for 1 h (i.e., until 10:00 a.m. and 4:00 p.m., respectively) in order to provide a certain daily routine. On Saturdays, there was one article at 3:00 p.m. On Sundays and bank holidays, there were no regular articles published.



Timeline and Adjustments

On March 20, 2020, a partial lockdown was announced in Bavaria, Germany, due to the corona pandemic, leading to a rapid shutdown of the outpatient unit of the Psychiatric District Hospital Regensburg (13). Within 10 days, the online blog “Bleib Zuhause” (German for “Stay at home”) (www.medbo.de/bleibzuhause) was launched with its first article being published on March 30 2020. On the first days, informative articles were published containing information about reliable sources of information concerning Covid-19, about rules of conduct for everyday life in order to stop the rapid spread of the virus, about face masks and current procedures within the hospital. On April 3, 2020, the regular blog activity started, presenting two articles per day. After 10 days, the 1-h-limit of article availability was changed, as it turned out to be too short for the blog's readers. From then on, all articles were visible for the whole day of their publication. From May 25, 2020 to June 1, 2020, the feedback survey was online. After relaxation of the lockdown measures, blog activity was reduced to one article per working day, from June 2, 2020 onwards. On July 1, 2020, the blog was stopped for a summer break.



Announcement of the Blog

In order to inform patients about the launching of the blog, it was mentioned in scheduled phone calls. In addition, flyers and posters were printed and made available. Flyers were also added to regular mail to patients (e.g., prescriptions). Additionally, local newspapers and local TV and radio stations reported on the blog in order to bring the news to its potential recipients.



Page Views

Overall, the blog was viewed 12.358 times from April 1, 2020 to June 30, 2020. There were a mean of 135.80 page views per day. The blog was mostly viewed from Monday to Friday with least views on Sunday (see Table 1). The unpaired t-test comparing page views on weekdays (155.06 ± 127.20) with page views on weekends (87.65 ± 85.10) showed a statistically significant difference [t(89) = 2.485; p = 0.015]. In Figure 1, mean page views for all 13 weeks during which the blog was online, are depicted.


Table 1. Mean page views per weekday.
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FIGURE 1. Mean page views for all 13 weeks, in which the blog was online.




Results of the Online Survey and Patient Feedback

Ten readers answered the survey, nine of them being female. All reported to have experienced psychiatric illness before. All of them had been under medical treatment in the Psychiatric District Hospital Regensburg and also lived within the area served by the hospital. The change of clinical subjective global impression can be found in Table 2.


Table 2. Change of clinical subjective global impression in comparison to pre-lockdown (simple frequency count; n = 10).
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Reasons for worsening were social isolation, weight gain, worsening of pain due to missing physiotherapy and the need to wear a face mask. Reasons for improvement were going for a walk more frequently (going for a walk individually was allowed in Bavaria at all times), unexpected support by others and stress reduction.

With respect to the blog, seven of ten readers knew and read the blog from the very beginning. Six readers said the blog was helpful or very helpful, three said it was “neutral,” one did not answer the question. The frequency of blog visits, reads and active usage of the content is summarized in Table 3. When asked about useful aspects of the blog, readers named relaxation techniques, variety of content as well as the knowledge that “someone is interested in me and my need for support.”


Table 3. Frequency of blog usage (self-report by the readers).
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Outside of the survey, some patients told us in phone calls or emails that the blog was like an Advent calendar for them, triggering positive feelings like curiosity and pleasant anticipation about the content that might be online next. All in all, however, the option to write an email if there were questions, comments or feedback concerning the blog content was scarcely used.




DISCUSSION

In times of the covid-19 pandemic, there is increasing awareness of the possibilities and advantages telemedicine has to offer: it helps protecting hospitals, vulnerable patient groups and health care professionals alike by limiting direct interpersonal contact (17). Furthermore, telemedicine ensures treatment continuity for chronically ill patients even in times of public lockdown (18). While telemedicine is mostly used in terms of phone or video calls, there are many additional resources which might be useful especially in times of a pandemic. There are many mental health-related websites known to be used by psychiatric patients (19). Therefore, there have already been ideas about telehealth services which support patients in their use of such online resources (20). In addition, there are many online blogs on different psychiatric diagnoses or on mental health in general written by patients themselves, psychiatrists or e.g., the American Psychiatric Association (APA) (21). Those blogs mainly contain individual reports on mental illness and recovery or general content on psychoeducation and current research. A huge advantage of blogs is their broader audience (21): Many patients are able to read, use and benefit from the same blog post. As blog posts can be read anonymously, being at home without anybody watching, patients may also be more willing and able to deal with the provided content in more depth; or experiment with exercises they would feel embarrassed about in the presence of others. On the other hand, only few blogs contain scientifically sound information. Moreover, in most cases blogs are written by authors that patients do not know and with whom they have no direct personal relationship. Our approach set out to combine the possibility of reaching a broader audience, i.e., the clinic's patients as a whole, as well as providing content by authors that patients already knew from their usual treatment sessions and with whom there already existed a therapeutic relationship. Content could be used in addition to personal or tele-appointments by providing e.g., current information, psychoeducation, tutorials for exercises or ideas for daily healthcare routines.

The blog aimed at supporting patients suffering from chronic psychiatric disorders during public lockdown, by providing daily content from different therapeutic professions and thus helping to maintain a daily routine. It was used as an add-on to scheduled tele-appointments and was by no means meant to replace one-to-one-contact or regular therapies. Due to the rapid spread of coronavirus and the sudden need of support for mentally ill patients who were instructed to stay at home, a quick start of the blog was given top priority.

There were both advantages and disadvantages implicated by the pressure of time that have to be kept in mind. The blog's content was created by the clinic's healthcare staff. An important advantage of this approach was that information was given by therapists that patients were already acquainted with from their regular treatment sessions, which might have fostered the feeling of still being connected despite the need to stay at home. Furthermore, it was hoped that ideas and tips from familiar healthcare staff might be taken seriously and therefore result in more active behavior than general tips found on the internet. However, these assumptions were not evaluated and have to be seen as hypotheses requiring future investigation. A disadvantage of having clinical staff create blog content was that obviously this was not their usual field of activity. Therefore, audios and videos produced could not meet professional standards but were of amateur quality. Furthermore, some efforts had to be made to win staff for the project within a few days. Some of them reacted with initial uncertainty concerning the creation of all-available online content that could be read by anyone interested. Nevertheless, many therapists were highly motivated to contribute to the blog since they felt a strong need to support their patients during the lockdown period. In order to address the existing uncertainties, it was especially important for the staff to (a) be thoroughly informed about the blog and about how the content will be used, (b) get technical support if needed for audio or video recordings, and (c) have free choice concerning the medium they desired to use: Some therapists decided against self-made videos in favor of text-based content including links to online-resources. After some blog articles had been published, the willingness to add content increased markedly, resulting in about 15–20 therapists from different disciplines contributing single or multiple articles to the blog.

A huge challenge was limited contact possibilities to patients during lockdown which made it hard to inform them about the launch of the blog. Of course, the blog was mentioned in scheduled phone calls. However, as many regular therapies had already stopped and phone calls could only cover a small amount of those therapies, many patients were not regularly contacted by the clinic within the first days of lockdown. Therefore, additional measures as stated above (flyers etc.) had to be taken to inform patients about the initiative. Additionally, it became clear that, although usually participating in the same therapy groups, patients were barely staying in contact with each other outside of treatment settings. Consequently, it was hardly spread by word of mouth or social media contacts between patients that the clinic offered the blog as support for everyone in need. Presumably the still existing stigma of psychiatric disorders prevents patients to share content in social media related to their role as a patient of a psychiatric clinic.

All in all, we realized that psychiatric patients are not well connected among each other by social media and it would have been much easier to reach patients if there had been a mailing-list with the permission to use it for such purpose.

With respect to page views, there were more views on weekdays than on weekends, which might mainly have been caused by the schedule of the blog (only one blog post on Saturdays and no new post on Sundays). On Sundays, only the archive containing informative blog posts was available. Consequently, an archive does not appear sufficient to reach patients on a daily basis in order to support them in their everyday routine. In this regard, very regular posts seem to be necessary.

The development of views in the course of time shows an initial peak of page views. In the first week, many efforts were made to inform patients about the blog's existence. As patients could not be contacted directly due to data protection issues, the news about the blog was spread using local radio and newspaper. Therefore, in the first week, many readers might have viewed the blog that were not necessarily part of its primary target group, i.e., individuals affected by chronic psychiatric illness. After about 4 weeks, a downward trend of page views started. This coincided with the time when in Bavaria, the partial lockdown was relaxed a bit and people were again allowed to leave their houses without cause. This and maybe a certain tiredness with respect to coronavirus-associated issues or a habituation to the situation may have gradually reduced the interest in online content.

We also experienced that patient feedback or ideas concerning the blog were hard to come by. Only 10 readers filled in the survey and only about 25 emails in total were written containing feedback, questions or suggestions concerning blog content. This may, at least in part, be due to characteristics of the patient group addressed: patients suffering from severe and/or chronic psychiatric conditions who might have little belief in their self-efficacy and who might not have been confident that their feedback was of real interest, or was able to change the blog's content. If asked during scheduled appointments, many patients gave very positive feedback with respect to the blog. We therefore assume that giving feedback online or via email was difficult for many patients – maybe as they did not know who exactly was receiving the message or maybe because of a fear to reveal sensible information by writing an email (i.e., coming out as someone who reads a blog for patients with psychiatric disorders). After all, the blog was conceptualized as an interactive project including both input from the clinic on the one side, and patient involvement on the other. We are still convinced that in phases of public restrictions and lockdown, offering a blog or some other form of interactive, low-threshold online-program including a lively exchange with and active involvement of patients would be desirable. However, as is already known from other forms of content on the internet, active reader involvement is not easy to accomplish and there is an urgent need for more sophisticated structures and tools to make patient involvement easier and more attractive. It may be of particular importance to offer tools which enable an anonymous, yet interactive, form of interaction. Thus, even if one would assume that the possibilities offered by the various forms of electronic communication might facilitate interaction among patients, patient empowerment and patient involvement, one has to realize that this might be more difficult to achieve for psychiatric disorders as compared to other chronic diseases. Therefore, the establishment of efficient communication structures for patient involvement in psychiatry presents a challenge that needs to be addressed in the future.

The little feedback on the blog considerably limits the conclusions that can be drawn from the added benefit the blog might have had on the regular treatment of patients during periods of lockdown. Nevertheless, the numbers of blog visits indicate that a considerable number of patients was reached during the time of restrictive anti-coronavirus measures. The authors are well aware about the limitations of this paper and the preliminary nature of the project. The blog was set up to address a suddenly arising need and with the aim to offer support for our patients as quickly as possible. We decided to aim for a publication of our experience with this project, hoping that everyone interested in supporting psychiatric patients in times of lockdown public health measures might benefit from our ideas and practical insights.

In sum, it was possible to launch a blog within few days, being supported by clinical staff, leading to positive patient feedback patients. Based on the daily visits, it can be assumed that the blog had a constant readership. Furthermore, different patients repeatedly reported that the feeling of the clinic still being interested in their wellbeing was an important and helpful message of the blog during the shutdown of much of public and private live. However, given the relatively limited feedback received, including a low response rate to the final online survey, we have to assume that only a small part of ideas and tips given in the blog were really translated into active behavior. Moreover, the blog didn't reach as many patients as was hoped, and overall, patient involvement turned out to be the most challenging part of the project. The blog did not generate its own considerable, interactive momentum, but lived from the clinic's input. Further development of this format including more sophisticated structures and tools will be necessary to make involvement by the target group more attractive.

As the blog was launched and operated by the clinic's health care staff who returned to full-time work after the end of the most restrictive lockdown measures, there were no resources anymore available to continue with the blog intensively. Therefore, it was not possible for the clinic to further improve and develop the format. In all, it's our hope that this paper will raise awareness for the situation of psychiatric patients during the Covid-19-pandemic and for the need for the development and improvement of low-threshold tele-health interventions for this particular patient group.
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INTRODUCTION

The coronavirus disease 2019 (COVID-19) outbreak has reached pandemic proportions with a large global footprint (1). In December 2019, COVID-19 was first reported in Wuhan, Hubei Province, China (1). On 28 January 2020, the National Health Commission of People's Republic of China released national strategies for assisting prevention efforts for rural areas and the older adult population (2). Nevertheless, this outbreak was not contained, and as of 16 December 2020, it has spread to 191 countries resulting in over 74 million cases and 1,646,687 deaths worldwide (3).

To date, over 16.9 million cases and 307,064 deaths have been reported in the United States (U.S.), with numbers climbing disproportionately on a day-to-day basis (3). New epidemiologic and clinical evidence is constantly evolving related to this infection while the pandemic is hastily progressing worldwide. Rapid efforts are needed to protect vulnerable populations including those living in rural areas. For example, before this pandemic, U.S. urban hospitals were over twice as likely to have growth in number of intensive care unit (ICU) beds available over a 1-year period compared to rural hospitals (4). Thus, rural hospitals are not as likely to have the higher level of resources and medical care needed for this crisis. Preventive and resource allocation strategies [e.g., ventilator availability (5)] are needed to reach and care for vulnerable rural populations.

To help address this public health challenge, telemedicine efforts have greatly expanded to provide a “safety-net” of medical and preventive care for vulnerable populations worldwide (6, 7). Although offering telemedicine services in rural areas is encouraged to reduce in-person infection risks, geographical disparities exist in the access and availability of telemedicine. This is in part due to unreliable internet in some U.S. and international rural areas (7, 8). Economic-related concerns for offering virtual services in rural areas include weakened healthcare system infrastructures, physician shortages, and a disproportionate number of residents having low-income, no health insurance, or inadequate insurance coverage for telemedicine visits (9).

There is a call to action to address COVID-19 disparities that are disproportionately affecting vulnerable communities, including those: living in remote areas, with chronic diseases and risk factors such as tobacco use, and from low socioeconomic backgrounds (10). An early systematic literature review (11) hypothesized that smoking behavior may be associated with adverse progression of COVID-19, and a subsequent meta-analysis discovered that smokers were nearly two times more likely to have severity progression than non-smokers (12). However, there are limited data available on the clinical characteristics of COVID-19 infected individuals living in rural areas. The purpose of this commentary is to review information on existing U.S. tobacco use disparities in rural areas and knowledge available on tobacco use and COVID-19 outcomes. We also provide suggestions on future directions for tobacco cessation efforts reaching rural smokers during this pandemic.



TOBACCO USE AND COVID-19


Tobacco Use and COVID-19 Disparities Among U.S. Rural Adults

Tobacco users living in U.S. rural areas may represent an additional subgroup at risk for higher COVID-19-related morbidity. Irrespective of COVID-19, individuals living in rural areas have high rates of tobacco use and related morbidity compared to urban or metropolitan area dwellers due to several factors including: low income, low educational attainment, higher social acceptability to tobacco use, permissive tobacco control policies, and lack of healthcare access (13, 14). Rural communities are heterogenous in nature, but low socioeconomic indicators largely contribute to the rural-urban disparity gap of poor health behaviors such as smoking and COVID-19 mortality rates (15).

Table 1 shows that U.S. rural residents generally have higher tobacco use rates and lower smoking cessation rates than urban residents (16–19). Rural adult residents also have a high prevalence of smoking-related, long-term health consequences and causes of mortality (20). Over one-quarter (26%) of rural adult residents have one chronic health condition (e.g., diabetes) and about 36% have two or more conditions (21). The top leading causes of death among rural dwellers include cancer, heart disease, chronic lower respiratory disease, and stroke (22). The Centers for Disease Control and Prevention indicates that those deemed high risk for severe COVID-19 are older adults, individuals with medical conditions including those with lung disease, heart conditions, and diabetes, and individuals living in rural communities (23). A meta-analysis (24) suggests smoking and chronic health conditions are the most common underlying factors reported among patients hospitalized for COVID-19. Given that rural residents have high rates of combustible and non-combustible tobacco/nicotine product use and related chronic health conditions that place them at risk for poor health outcomes and excess mortality, it is important to synthesize the evidence available on adverse COVID-19 specific outcomes in this population.


Table 1. Prevalence of current tobacco product use overall, and by rural-urban geographical location among U.S. Adults >18 years old.
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Tobacco Use and COVID-19-Related Morbidity and Mortality

The initial epidemiological and clinical data available retrospectively assessed adult patients who sought treatment in Wuhan where COVID-19 first emerged (25–28). It is important to note that approximately 45% of individuals in China reside in rural areas and face similar issues to the U.S. rural population, such as lack of healthcare access and affordability (29, 30). These studies report that patients who presented with COVID-19 had symptoms similar to commonly reported symptoms of tobacco use (e.g., cough, respiratory-related symptoms) as outlined by the U.S. Surgeon General (20). Patients presenting with COVID-19 also had high rates of comorbidities (25–27, 31) that have been causally linked to tobacco use including hypertension, cardiovascular disease, and diabetes (20).

Recent literature reviews found that tobacco use is associated with poor disease progression (32), and that severe COVID-19 outcomes among tobacco users are further perpetuated among those with these pre-existing conditions (33). One study found patients with a smoking history were over 14 times more likely to experience disease progression than patients with no smoking history after adjustment for important factors including patient age (27). Additional research reports that over one-fourth (26%) of current smokers and about 8% of former smokers were admitted to the ICU, needed mechanical ventilation, or died (17). Concerning COVID-19 mortality-related risk factors, of 11 admitted patients who were current smokers in China, five did not survive (28). A more recent U.S. study found that current smokers, when compared to never smokers, were at increased risk of needing mechanical ventilation, having severe-to-critical illness, lower survival time in days, and more deaths (34). Concerning non-combustible tobacco products, a study found that 13–24-year-olds who engaged in exclusive e-cigarette use and dual-use of e-cigarettes and combustible cigarettes were at significantly increased odds to have positive COVID-19 diagnoses, while accounting for clustering by U.S. states and regions (35). Despite limitations of the rapidly emerging available data, such as relying on electronic medical record data for smoking status, it is likely that combustible and non-combustible tobacco product use influences COVID-19 progression and negative health outcomes including death. Thus, a recent review concluded that smoking cessation is expected to reduce COVID-19-related risks and severe complications, and acknowledged telemedicine as one tool that can be employed to promote quitting smoking (36).



Telemedicine for the Treatment of Tobacco Use and Dependence During and Beyond COVID-19

A recent epidemiologic model that has informed related policy suggests that public health measures including physical distancing would be needed for 3 months to decrease the COVID-19 peak impact on the healthcare system (37). The model suggests these measures should be maintained intermittently over 12–18 months while the disease remains detected in individuals and until a vaccine is made widely available (37). Social distancing mandates naturally reinforce the need to rapidly implement or augment communication modalities that can be used with individuals and groups who may not be able to meet face-to-face and live in multiple locations (38). Fortunately, there are many tobacco cessation programs that have already expanded their reach to rural tobacco users with high prevalence rates (39) who may have limited access to in-person programs, irrespective of COVID-19 restrictions. These programs have demonstrated acceptability and efficacy and include smokefree.gov and other internet-based programs (40, 41), telephone programs (e.g., tobacco Quitline) (42) and mobile phone-based programs (e.g., texting) (43). Therefore, it is important to expand the reach of telemedicine to address the rural-urban geographic inequities and improve the access, delivery, and efficiency of preventive health services among rural areas globally (7).



Promoting Evidence-Based Treatment for Tobacco Use and Dependence Delivered via Telemedicine to Rural Areas During and Beyond COVID-19

In light of the concerns that tobacco use increases the risk of COVID-19-related morbidity and mortality, measures are needed to mitigate illness progression in infected individuals. Given concerns about contracting COVID-19 and evidence of possible increased risk for smokers and vapers, this pandemic may have a positive impact on decreasing smoking and vaping rates. During this pandemic, telemedicine modalities can continue to provide, expand, and improve the delivery of evidence-based information, which includes the “5 A's of tobacco cessation (44).” The first step is to Ask about tobacco use—this would be complete if the smoker has enrolled into a program. The second step is to Advise to quit—during this step, telemedicine-based programs should capitalize on this “teachable moment” (45) by incorporating messaging that leverages concerns about COVID-19 and the benefits of quitting smoking and/or vaping as a way to reinforce the “Advise” portion. There are increases in smoking abstinence rates when cessation interventions are conducted during “teachable moments” such as during children's visits for acute illnesses (46), during cancer screenings (47), when having a cancer diagnosis (48), when initiating HIV treatment (49), and during pregnancy (50). The third step is to Assess readiness to quit—this can be easily assessed by phone-, video-, or web-based programs. The fourth step is to Assist in quitting—this includes the recommendation to offer pharmacotherapy such as nicotine replacement therapy, which has shown efficacy in increasing cessation rates (51). The fifth step is to Arrange follow-up—during this time of social isolation, tobacco users need help and support. The knowledge that there are many options such as online chat groups or telephone counselors that are available will provide them with much needed support and encouragement.

Incorporating telemedicine during this critical period may increase its use among remote and hard-to-reach rural populations over time. One U.S. cancer center successfully used telemedicine to deliver individual and group tobacco treatment virtually to tobacco-dependent cancer patients (52). They reported improved attendance and engagement at telehealth visits compared to prior in-person visits. Another study conducted among current smokers <25 years old who participated in the Youth Quitline services in Hong Kong found that over 4-in-10 agreed the pandemic was a motivator to quit tobacco use, over 7-in-10 changed their tobacco use habits due to public health measures (e.g., wearing a mask), and nearly 6-in-10 reduced their daily cigarette consumption (53). Therefore, telemedicine has the potential to decrease patient-level barriers to in-person tobacco cessation treatment among all ages worldwide, such as lack of transportation, childcare, and travel costs. Moreover, the opportunity to offer continuous cessation encouragement and support may also increase quit rates during and beyond COVID-19 restrictions.




DISCUSSION

Public health campaigns that reach vulnerable rural populations are highly warranted to promote the availability of remote tobacco cessation and prevention initiatives during this pandemic. Rural populations have higher rates of poverty, chronic illnesses, poor healthcare access, and lack of insurance—all of which are risk factors for COVID-19 (8, 9). Thus, they could greatly benefit from low-cost telemedicine programs that are easily accessible to decrease tobacco-related morbidity. Some countries have implemented tobacco product sales bans and other policy measures during the pandemic to help mitigate possible viral transmission (e.g., sharing tobacco products), which provides an exceptional opportunity to decrease the global tobacco use burden (54). In addition to telemedicine services, these measures include leveraging new technology to encourage and support tobacco users to quit smoking with evidence-based resources. For example, the tobacco Quitline number could be promoted among rural smokers and vapers. Healthcare professionals and tobacco treatment specialists who interact with rural residents, for example, should be involved in offering evidence-based tobacco cessation interventions via telemedicine. Large-scale public health interventions delivered via telemedicine should be targeted to tobacco users who live in rural areas.
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Africa has over 1.3 billion inhabitants, with over 60% of this population residing in rural areas that have poor access to medical experts. Despite having a ridiculously huge, underserved population, very few African countries currently have any form of sustained and organized telemedicine practice, and even fewer have dedicated tele-neurology services. The ongoing COVID-19 pandemic has proved to be one of the most significant disruptors of vital sectors of human endeavor in modern times. In the healthcare sector, there is an increasing advocacy to deliver non-urgent care via telemedicine. This paper examined the current state of tele-neurology practice and infrastructural preparedness in sub-Saharan Africa. Currently, there is over 70% mobile phone penetration in most of the countries and virtually all of them have mobile internet services of different technologies and generations. Although the needed infrastructure is increasingly available, it should be improved upon. We have proposed the access, costs, ethics, and support (ACES) model as a bespoke, holistic strategy for the successful implementation and advancement of tele-neurology in sub-Saharan Africa.
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INTRODUCTION

Coronavirus disease-2019 (COVID-19), caused by severe acute respiratory syndrome-coronavirus-2 (SARS-COV-2), broke out in the Hubei province of China in December 2019 and later became a pandemic that has now afflicted over 200 countries of the world (1). So far, COVID-19 has caused over seven million infections and over 400,000 deaths worldwide, with the highest burdens being in the United States of America (USA), selected Western European countries, and China (2). As the epidemic intensified, healthcare systems in many parts of the world rapidly became overwhelmed with severe and complicated cases of the disease for which hospitalizations and critical care are needed. Consequently, the re-deployment of healthcare workers and the repurposing of healthcare resources and facilities became a necessity in many countries to combat the existential threat posed by the virus (3, 4).

Neurology services came under severe pressure during COVID-19 due to the limited availability of neurology specialist providers and reconfiguration of existing healthcare services (4–6). Although the chronic neurology outpatient clinics were disrupted, acute services continued under the aegis of ED or neurosurgery, in those requiring critical attention (7). The situation became compounded by the widespread enforcement of lockdown measures, making it difficult for non-COVID-19 patients to access health services in places where they were still available. Furthermore, the extreme vulnerability to COVID-19 of the elderly population and those with underlying chronic medical conditions, which typify a large proportion of our neurology patients, created additional disincentives and barriers to seeking healthcare by this category of patients even when there were obvious and urgent indications for such. For example, stroke centers in Europe reported receiving much fewer acute stroke cases during this period than previously (8).

Although the full impact of the COVID-19 pandemic is yet to be evaluated in the sub-Saharan Africa (SSA) context, empirical evidence suggests a severe restriction of conventional service provision and face-to-face consultations. Few centers around the continent continue to provide neurology services via tele-neurology. Some centers with no existing tele-neurology scheme have had to develop an ad-hoc system that served their patient population (9). Given the low median neurologist to population ratio in Africa (0.03;100,000) compared to Europe (4.84: 100,000) (10), it is posited that tele-neurology will continue to assume increasing expansion and uptake in SSA post- COVID-19 era (11, 12). However, an estimate of the population that may benefit from tele-neurology expansion and lack of evidence for its cost-effectiveness are current gaps. Although a part of the world's second-largest continent, SSA is the region with the lowest level of economic, technological, and internet development globally, in addition to its colossal healthcare burden (13–15). In this paper, we have briefly highlighted the low-hanging fruits, and categorized them into access, costs, ethics and support (ACES) issues, which, if addressed, will improve tele-neurology practice to become a well-organized and attractive practice and service option in SSA.



CURRENT STATE OF TELEHEALTH AND TELE-NEUROLOGY IN SUB-SAHARAN AFRICA

The delivery of health care, health education, and health information services via remote technologies is referred to as telehealth (16). Telemedicine, often used interchangeably with telehealth, refers explicitly to the remote diagnosis and treatment of patients utilizing telecommunications technology such as telephone or exchange of information through video or images (16). Teleneurology may be defined as remote provision of neurological care, conferencing and education using various technologies to achieve connectivity, including telephone and the internet (17, 18).

Africa currently has over 1.3 billion population, with about 60% of this population residing in rural areas (19, 20). This is particularly true of sub-Saharan Africa. Despite having more people living in rural areas, medical specialists, including neurologists, are concentrated in the urban areas making access to specialist medical care difficult for most. The existing condition of healthcare service delivery in SSA is viewed as a kind of ongoing crisis-management, complete with rationing and triaging (21). This prevalent situation is occasioned by inadequate funding, inadequate personnel, inadequate training, and underserviced equipment. It is an uphill task in the light of the foregoing, to provide the desired level of quality care that SSA deserve in rural and urban settings (21).

There have been pockets of Telehealth services and Teleneurology initiatives across SSA before the pandemic. Telemedicine has been effectively utilized in other disciplines such as Opthalmology (22), HIV medicine (23), clinical psychology and psychiatry (24, 25), radiology (26), dermatology (27), neurosurgery (28), and maternal and child health (29). Although reports of organized teleneurology are limited, few teleneurology initiatives are beginning to emerge from the subcontinent. The Disease Relief through Excellent and Advanced Means (DREAM) program has incorporated a teleneurology service into its operation (30). DREAM has been operating in 11 SSA countries since 2002. The initiative provides free-to-all health services for the prevention and treatment of HIV/AIDS. The DREAM teleneurology effort proves that an established telemedicine system can launch other telehealth initiatives. In 2016, the first Arab-African teleneurology conference was held, and a “treat and teach” teleneurology initiative was recommended. The initiative aims to nurture local neurology leaders by using new telecommunication technologies to improve their knowledge and management skills while ensuring sustainability by integrating teleneurology into daily clinical practice within an existing health system using the hub and spoke model (31). One of this initiative's successes is the regular hosting of the African Movement Disorders Grand Round, a multicentre webinar series to which many African neurologists may freely connect for educational purposes (32). Most available telehealth programs deploy mobile health services to increase access to healthcare and health education (33). This model has enhanced monitoring of blood pressure control in stroke survivors (34, 35), epilepsy diagnosis, care and follow up (36), movement disorders education (37), and the care of patients with Parkinson's disease (38). Its potential role in telerehabilitation has also been evaluated (39). During the pandemic, mobile health has sustained teleconsultations (40) and remote care for epilepsy (41).

Although no randomized controlled trials have evaluated the efficacy and cost effectiveness of teleneurology in SSA, Sarfo et al. (42) had proposed the establishment of trans-continental, inter-regional, intra-regional, and national networks of neurologists to utilize teleneurology platforms to improve the reach of neurology care in SSA (42). The feasibility and acceptability of such modalities require extensive research given the different political situations, different subcontinental and national laws, healthcare as well as data sharing policies across countries in SSA. The above been said, SSA is no less prepared to utilize the advantages that teleneurology offers.



AFRICA'S TELECOMMUNICATION INFRASTRUCTURE

Available information reveals mobile internet as the major source of internet connectivity in most of Africa, with many countries having high mobile phone penetration, reaching up to 90% (Figure 1). By early 2019, countries such as South Africa, Botswana, Gabon, Kenya and Mauritius had well over 100% mobile phone penetration (mainly attributed to the fact that most users own more than one SIM card either from the same or different service providers) (43), though there were few countries which still had <50% penetration at that time, mostly due to political upheavals and wars (44). Such countries included Madagascar, Malawi, and Sudan (16). Mobile internet services are dispensed or sold to citizens in monthly/weekly data plans that are separate from calling plans. The mobile internet connections are often not available in rural communities. Also, not all of the cities where the connections exist have access to broadband internet. In many of such cities in SSA, the governments and internet service providing companies are still in the process of either upgrading outmoded existing infrastructures to provide broadband capabilities or expanding them to provide some form of basic low bandwidth internet connectivity in places where they have not yet existed.
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FIGURE 1. Africa's mobile cellular penetration map.


Nigeria currently has broadband coverage of about 30% and plans to increase it to 70% by 2021. Ghana also recently began to implement an upgrade from 2G low bandwidth to 3G (44). In the cities where mobile broadband has become available, high pricing and congestion remain as obstacles. The situation appears different in northern Africa, with Egypt having a decent coverage of fixed-line broadband internet connectivity in homes and offices in addition to ubiquitous mobile internet available for personal use (44). Similarly, Tunisia is reputed as having one of the most sophisticated telecommunications and broadband infrastructures in North Africa. Outside of northern Africa, there is evidence that South Africa is making increasing strides in the area of fixed-line broadband (44).

Although broadband internet is still not universally available in all countries in Africa, the fair availability of modest internet technology coupled with decent mobile penetration provides the opportunity to improve telehealth and indeed, tele-neurology practice. Certainly, some types of teleneurology practices such as remote patient monitoring (RPM) might be impracticable in rural communities where the internet connectivity and the available technologies are too basic or weak to support the required mobile applications.

The model of transcontinental and transnational tele-neurology approach proposed by Sarfo et al. (42), has already been practiced by other disciplines. For example, Wamala et al. reveals the existence of some form of organized telepathology services in Uganda (33), as well as organized telemedicine and tele-education programs in Bamako, Mali which had internal collaborations with Geneva, Switzerland (45). Furthermore, there is evidence of a growing structured and regulated telemedicine practice in South Africa (46). Interestingly also, there is a recently implemented pilot telemedicine initiative in maternal and child health in Nigeria covering few handpicked states in the country (47).



IMPLICATION OF COVID-19 PANDEMIC FOR TELEHEALTH AND TELENEUROLOGY IN SUB-SAHARAN AFRICA

Before this era in SSA, the bourgeoning use of telehealth has been found to have both clinical and educational significance in a way similar to high-income countries (HIC) within the disciplines that have deployed telemedicine services and in movement disorders (32, 37, 48). The COVID-19 pandemic has created undeniable and unprecedented difficulties with continuing to offer non-urgent, but certainly needed, care to a large group of our patients, including those with neurological disorders. Even after the lockdown measures are relaxed as they are beginning to, the sparse distribution of newly lauched vaccines against Sars-Cov-2 might continue to deter in-hospital care. To bridge this gap, many medical societies and associations worldwide are encouraging the adoption of telemedicine and telehealth to meet the needs of patients whose care does not necessitate direct physician contact. For example, the Association of British Neurologists (ABN) has recently published guidelines on how to establish teleneurology services during the COVID-19 pandemic effectively. In this guideline, the ABN encourages all neurology consultations to be done via telemedicine except in cases where in-person consultation is unavoidable (49).

The pandemic has undoubtedly provided an opportunity to adopt tele-neurology as a viable addition or alternative to conventional neurological practice. An obvious drawback to teleneurology is the inability to touch the patient or perform some neuro-examination aspects. The examination will need, therefore, to rely on visual inspections with the patient's assistance (49). Apart from the potential to reduce cost and improve outcomes, the real value of tele-neurology in this era lies in its ability to prevent the spread of and the exposure to potential Sars Cov-2 infection. Anecdotal report from Kenya suggests a good uptake and responsiveness to a new tele-neurology service initiated in response to the COVID-19 pandemic (9). In the same vein, the Health Professions Council of South Africa (HPCSA) had to amend the pre-existing requirements for telehealth in response to the pandemic. Now, physicians in South Africa do not need to have had prior in-person consultation with a patient before such a patient could be seen via telemedicine (46).

Going forward, institutions in SSA would need to progressively integrate an organized teleneurology practice into their neurology service delivery. We are proposing the ACES (Access, Cost, Ethics, and Support) framework, which attempts to put into clear perspective, the adaptable core scalable goals which institutions and telehealth stakeholders in SSA can work with. We acknowledge that political will, training, education, advocacy, and the continued level of interest in telehealth beyond COVID-19 by the different national health regulatory authorities, will play an essential role in determining whether telehealth and indeed tele-neurology will assume a different pedestal in the subcontinent.



ACES STRATEGIC FOCUS

The COVID-19 pandemic has raised pertinent questions about the delivery of health care even in urban societies. It is posited that telehealth and tele-neurology would increase with time. Currently, in SSA, tele-neurology faces a plethora of challenges such as dependency on funding, unclear healthcare system responsibilities and shortage of neurologists as well as non-physician health workers (NPHW) to provide care, leadership, and drive. In addition to the aforementioned factors, inadequate and unreliable infrastructural support for telehealth services significantly limits tele-neurology in SSA (42). Although we did not estimate the population that can potentially benefit from tele-neurology services in SSA, emerging evidence reveals that the potential for tele-neurology uptake is enormous. For example, Mcginley et al. reported a 533% increase in the usage of a tele-neurology service for all patients in an academic institution during COVID-19 era (50). The ACES model (Figure 2) summarizes our idea of driving new tele-neurology services beyond the COVID-19 period.
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FIGURE 2. ACES model for expansion of teleneurology services in Sub-Sahran Africa.



Access

To be effective and far-reaching, tele-neurology services in SSA will have to consider the demography and location of the population that it is meant to serve. Efforts to include all social classes and specific groups of people (for example, vulnerable groups) will facilitate service uptake and promote equity in access. Tele-neurology service model will have to be inter-regional and intra-regional as proposed by Sarfo et al. (42) but cannot be limited to academic institutions because there are neurologists and neurological service delivery outside of academic centers. According to the world federation of neurology (WFN) survey, only a small proportion (0–25%) of neurologists work full time in academic centers. A substantial majority (75–100%) of neurologists also work in private practice in many countries, including those in Africa (51). Using the stroke medicine model, African healthcare institutions may employ the hub-and-spoke system—a structure of telemedicine in which a certified comprehensive stroke center, usually in a large urban area, serves as the primary stroke center (the hub). The spokes are in remote areas, generally smaller regional rural or underserviced hospitals. In the context of tele-neurology, the neurology specialists at the hub (an institution of health) will consult with doctors and people with neurologic symptoms at the remote sites (spokes) (52). The principles of task-shifting may be blended in this endeavor because health system development is still not even across SSA (53). The novel strategy of task-shifting has been shown to build relevant competencies among NPHW to bridge the human resource gap in the provision of services for non-communicable diseases such as HIV/AIDS and stroke. Our earlier reported experience with task-shifting for stroke recognition and care in southwestern Nigeria (53) indicates that this model is replicable for tele-neurology. The NPHW will require training and education to recognize common neurological disorders at remote sites and to co-ordinate with neurology specialists at the hub.



Costs

Although some extant literature has suggested that tele-neurology is not more cost-effective compared to conventional neurology service, especially with teleconsultation (54, 55), its long-time cost-effectiveness has now been established (56, 57). In most SSA countries, where a significant proportion of the population are not covered by health insurance, new tele-neurology services will need to demonstrate that people can get quality telehealth and tele-neurology services at cost-effective rates. Tele-health vendors will need to consider financing costs while institutions will need to ensure adequate remuneration and pay parity for physicians. While some schools of thought argue that telehealth and, by extension, tele-neurology services should be free-of-charge to be ethical and equitable, this healthcare delivery model is not without its challenges. Instead, a cost-effective model is advocated by other schools of thought (52). A free-of-charge tele-neurology service, if not adequately funded, can impede innovation in healthcare provision because such designs may not be incentivized. Besides, insufficient medical personnel staffing and a skewed doctor-patient ratio (a result of inadequate budgetary allocation and brain drain) can reduce care quality. For this model to be sustainable, countries in SSA need to increase the budget for health and retain sizeable professional stakeholders involved in tele-neurology service provision. In the context of improved budgetary allocation to health, the benefits of free-of-charge tele-neurology services can be realized. The gains of free-of-charge telehealth services include increase accessibility and affordability, an expanded range of tele-neurology services, and improved health-seeking behavior of the populace (58).



Ethics Issues

Privacy and data confidentiality will begin to take a central place as tele-neurology services advance. The current stakeholders and new service providers will need to address data storage (store and transfer) issues. Current regional or national data protection policies should be standardized and made applicable to tele-neurology services. Matters that may constitute a conflict-of-interest conundrum between stakeholders would need clear definitions from the outset. Data storage, sharing, and forwarding would need to be governed by serious ethical guidelines. New tele-neurology programs must court patient's confidence by having a robust privacy and security plan that should be communicated to the patients (59).



Supports

All the stages of tele-neurology development require adequate support. The preparatory stage requires adequate support for and by the stakeholders which is made up of a multidisciplinary team (administrative staff, neurologists, other specialists, policymakers, telemedicine vendors, and ICT maintenance team). Telemedicine vendors would need to ensure network coverage in geographically isolated rural areas. Policymakers would need to be convinced that investments in telemedicine technology, improved connectivity, infrastructure, and network personnel are justified. Legal support is equally required, as are other supports provided by data-driven initiatives that research, development, and training stimulate. Finally, standards would need to be created for the engagement, training, and supervision of tele-neurology providers like what obtains in conventional practice to assure quality assurance and system organization. This multifaceted support system will ensure the sustainability of new tele-neurology services in SSA (60).




CONCLUSION

Certainly, telemedicine and tele-neurology services are still in their infancy in SSA. The exigency created by the COVID-19 pandemic is a wake-up call to institutions, countries, and indeed, heath authorities in SSA to redefine their posturing to telehealth, including tele-neurology. The proposed ACES model may ensure the sustainability of tele-neurology services in the SSA region beyond COVID-19. Improvement in systemic issues such as infrastructure and political will would play a key role in building and sustaining tele-neurology services in the SSA subcontinent (5, 30).
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The COVID-19 poses an ongoing threat to lives around the world and challenges the existing public health and medical service delivery. The lockdown or quarantine measures adopted to prevent the spread of COVID-19 has caused the interruption in ongoing care and access to medical care including to patients with existing neurological conditions. Besides the passivity, isolation, and withdrawal, patients with neurodegenerative diseases experience difficulties in communication due to a limited access to leisure opportunities and interaction with friends and relatives. The communication difficulties may exacerbate the burden on the caregivers. Therefore, assistive-technologies may be a useful strategy in mitigating challenges associated with remote communication. The current paper presents an overview of the use of assistive technologies using virtual reality and virtual body ownership in providing communication opportunities to isolated patients, during COVID-19, with neurological diseases and moderate-to-severe communication difficulties. We postulate that the assistive technologies-based intervention may improve social interactions in patients with neurodegenerative diseases and acquired brain injury-thereby reducing isolation and improving their quality of life and mental well-being.

Keywords: assistive technology, neurodegenerative diseases, healthcare, COVID19, quality of life, caregivers burden


INTRODUCTION

Persons with neurodegenerative diseases and acquired brain injuries may fail while dealing with everyday life environmental requests. Their independence, social interactions, communication skills, and functional activities may be seriously hampered with deleterious effects on their quality of life (1–3). Isolation, passivity, and detachment may be observed with negative outcomes on caregivers and families' burden (4–6). Both intellectual and motor impairments may emerge with a significant reduction of an overall individual's functioning (7, 8). To be effective, a rehabilitative intervention should be implemented early regarding brain damage and should be intensive and assiduously prolonged over the time. Moreover, to be consolidated and generalized, the learning process should be pursued across settings (9, 10). Unfortunately, COVID-19 pandemic relevantly impeded the implementation and the realization of those conditions (11, 12). In fact, by December 24, 2020, over 72 million of cases have been documented worldwide, with almost 1.7 million of deaths (13, 14). Quarantine and social distancing interrupted public health services and regular medical care delivery (15). Public health preventions have centered around social-distancing, masks, and hand-washing strategies. Patients with chronic neurodegenerative diseases (e.g., Alzheimer, Parkinson, amyotrophic lateral sclerosis), demyelinating diseases as multiple sclerosis, and persons with acquired brain injuries (e.g., stroke, post-coma) have been impacted by lockdowns—making them vulnerable during the COVID-19 (16). In order to deal with these issues, one may envisage assistive technology (AT)-based strategies (17, 18).

AT options are broadly recognized as crucial means of support for individuals with neurodegenerative diseases and acquired brain injuries and multiple disabilities (19). Thus, AT-based programs are commonly planned to favorably fill the gap between behavioral/cognitive skills and environmental requests (20). That is, an AT setup is conceived to build functional bridges between users, environment, and technology. Essentially, it ensures that a helpful interaction (i.e., purposeful behavior and goal-oriented) is achieved for persons with extensive motor delays (21). That interaction is critical to enhancing personal fulfillment, social image, active role, satisfaction, and improving quality of life accordingly (22). Among different targeted areas, communication and leisure opportunities have been promoted (23–25). Scopus database emphasizes different empirical contributions which demonstrate the relevance and the beneficial effects on practical daily issues (e.g., communication, leisure, internet access) of technology-based programs in individuals with neurodegenerative diseases and acquired brain injuries (26–32).

At present, striking changes for public health and medical delivery services have been determined by COVID-19, including the need to find alternative solutions to take action against the substantial interruption of the regular medical care assistance and to social distance limitations forced by this pandemic (33–36). The main goal of this article is to propose a perspective on a new AT-based approach in using VR and virtual body ownership illusions to enable the communication of the patients with neurological diseases and severe-to-profound disabilities in case of isolation inside the hospital or in his/her home during this pandemic situation. In this context, current evidence-based recommendations on the use of AT-based strategies, including virtual reality (VR), as technological-aided solutions to support communication and leisure in neurological disorders, will be explored. Table 1 summarizes some relevant examples of AT-based and VR solutions for both targeted populations.


Table 1. Studies integrating AT-based and VR solutions to improve communication in individuals with neurodegenerative diseases and acquired brain injuries.
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COMMUNICATION AND LEISURE IN NEUROLOGICAL DISORDERS

Failure to positively engage in communication and leisure activities includes the incapacity to handle social interactions independently and profitably. For instance, individuals with neurodegenerative diseases and acquired brain injuries and multiple disabilities may be unable to undertake and pursue leisure activities autonomously, that is, they remain dependent on both families and caregivers. Additionally, people with neurological impairments may be unable to adequately communicate their needs or favorably make requests and choose desired items. Moreover, people with neurological impairments may face difficulties in communicating with distant partners (37, 46, 47). Technological-aided setups may be viewed as helpful supports focused on filling the existing gap between the actual individual's skills and the skill level necessary to achieve functional objectives. Accordingly, AT-based devices, setups, and tools should be rigorously customized in terms of (a) personal skills and (b) meaningful goals to be useful (48). For instance, whenever the individual has extensive motor disorders and lack of speech but is estimated within a normal range of intellectual functioning (e.g., multiple sclerosis), one may design technological aids aimed at helping the patients perform different adaptive responses. Practically, with the AT-based intervention, persons with neurodegenerative diseases and acquired brain injuries and significant impairments may be helped (a) to make small adaptive responses available in their behavioral repertoire and (b) to use adaptive responses to achieve functional tasks and/or pursue meaningful purposes (49). Communication or leisure opportunities or their combination could be embedded in a rehabilitation program using AT (39, 40, 50). Moreover, communication with distant partners through short text messages, telephone calls, or video-calls may be implemented to promote social interactions (51, 52). For instance, (53) the newly developed high-sensitivity mechanical switch for augmentative and alternative communication access in people with amyotrophic lateral sclerosis, namely the Lever Magnetic-spring Mechanical Switch (i.e., LeMMS). Results of the validation study evidenced that all the participants were capable to operate the LeMMS, which could help these patients to communicate even in an advanced stage of the disease.



INTERNET-BASED COMMUNICATION IN NEUROLOGICAL DISORDERS

Internet-based communication has revealed a useful transformative medium for overcoming traditional barriers to delivering healthcare services at patients' homes (38). Through internet-based communication services, it is possible to establish direct communication with the patients and their caregivers despite the distance. The increasing availability of internet access has already changed healthcare delivery and communication routines among patients, caregivers, and clinicians (54). Mental health difficulties are commonly documented across neurological disorders. Moreover, meta-analysis reported high anxiety and depression levels among individuals with multiple sclerosis, Parkinson's disease, and acquired brain injuries (55). Across neurological diseases, poor mental health is linked to poor quality of life, greater disability, poor prognosis and disease improvement, poor benefits after intervention (56). Accordingly, some studies have demonstrated that improving social communication in patients presenting neurodegenerative diseases and acquired brain injuries may improve their quality of life (57). Indeed, the relationship between verbal communication ability and quality of life has been shown. In detail, initial speech impairment in patients with neurodegenerative diseases and acquired brain injuries have a strong impact on their quality of life (58).

Internet connections are crucial to ensure people with timely social interactions, general public awareness, enhanced health conditions, specific knowledge on otherwise less-known neurological diseases, and health-related coping (59). Patients with neurological impairments can easily find numerous opportunities for peer social connections, learning, and leisure options (60). Furthermore, neurologists can easily manage user-generated data to satisfactory have an exhaustive representation of patients' needs and carry out epidemiological investigations (61). For example, a recent study (60) explored when and how technology could help interactions among patients with dementia and their caregivers. Three dyads patient-caregiver living in their homes were equipped with tablet computers and web-based applications and researchers analyzed their interactions. The study outlined benefits in terms of dyad interaction derived from the use of technology, suggesting the importance of an adequate provision of technology-based equipment for individuals with dementia.

Telerehabilitation (TR) offers a medium to deliver rehabilitation services and manage patients remotely using technology-based information and communication (61, 62). The adopted technologies may broadly include emails, data transmissions through videos and/or photos sent by the health provider or the user or both (63). Additionally, tablets and computers, internet-based media or programs, video conferencing, smartphones, and webinars are usually embedded (64). Typically, TR may be adopted as synchronous (i.e., the health provider and user are simultaneously connected) or as asynchronous (i.e., the health provider and user are not simultaneously connected but connected through stored data and virtual technologies or electronic communication) (41, 65). Currently, one of the newest technologies used to engage patients and caregivers in the TR training is VR systems (65, 66).



TELEPRESENCE AND VIRTUAL REALITY

At the end of the last century, VR constitutes the evolution of the old communication interfaces such as telephone, computer, and television toward the emergence of the integration of different data coming from different modalities (67). According to this, Biocca and Levy (68) defined VR as a communication system instead of a piece of technology (69). Then, VR is a communication interface connecting: (1) physical media, (2) codes, (3) information, and (4) sensorimotor channels (69). A main characteristic of VR is that allows the full immersion of the human sensorimotor channels into a vivid and realistic communication experience (68). In fact, VR is a successor of internet-based communication (70). Essentially, VR represents a technology through which it is possible to simulate existing experiences into a fake immersive virtual environment (71). Immersion is related to the extent to which the VR systems can deliver an inclusive, extensive, surrounding, and vivid illusion of reality to the participant's sensory senses. Then, immersion corresponds to the objective and quantifiable description of what the technology can provide (72). For instance, some studies demonstrated the use of VR systems, such as wearable headsets and 3-D smart televisions, to provide enjoyable, leisurely activities, with benefits in terms of quality of life, psychological well-being, and facilitated social interactions in patients with cognitive impairment (73). One example is a VR intervention using a virtual environment displayed on two large screens with head-mounted 3-D glasses and body-tracking sensors to promote engagement in patients with Mild Cognitive Impairment (74).

Another main feature of the VR system is the capability to induce a sense of “presence” into the virtual environment, which corresponds to the psychological perception of being in the virtual environment (72, 75). However, as described by Schroeder in 1996: “The notion of communications technology normally implies two or more people are involved and the emphasis is placed on the messages that pass between them” (p. 146) (76). In this regard, VR allows the possibility to interact with the immersive virtual environment and different virtual characters or avatars (77). Through VR, it is also possible to induce the sense of co-presence, that is the sense of being together in a shared space, combining significant characteristics of being both physically and socially present (78). According to this, it has been argued that the validity of the telepresence depends on the capacity to produce a context in which social actors, or social avatars in the case of VR, may communicate and cooperate between them (79–81). In line with this definition of telepresence, a large number of investigations induced telepresence within a virtual environment by means of virtual body ownership illusions (82–84). In these experimental studies, the researchers induced the illusion, by using synchronous visuo-tactile stimulation of being in the embodied virtual body instead than in the real one, inducing the sense of telepresence among the participants (82–84). Due to the possibility of moving subjects from one place to another when using VR systems, telepresence results as a promising strategy to facilitate communication with patients and their relatives when they are at home (45).



NEW COMMUNICATION TECHNOLOGIES: VIRTUAL REALITY AS A COMMUNICATION TOOL IN CLINICAL POPULATIONS

Based on the above-commented VR systems components, a recent study investigated how VR may contribute to older adult well-being by facilitating greater social VR participation (42, 85). In detail, in the study from Baker and colleagues, the authors conducted three workshops in which 25 older adults aged from 70 to 81 used VR as a medium for communicating with other participants (42). Older adults had to create embodied virtual avatars controlled through natural gestures and subsequently successfully and effectively used these avatars in two social VR prototypes from a third- or a first-person perspective. In this line, others used VR as a communication tool allowing medical staff to virtually interact with a virtual avatar assistant to assess and treat a virtual avatar victim presenting clinical complications (86). Additionally, virtual medical interaction with the patients through virtual avatars and telepresence has also been proposed (45, 87–89). In detail, Perez-Marcos and colleagues presented an innovative VR set-up that allows remote interaction and rehabilitation, including both the patient and doctor body projection into virtual bodies in a fully immersive environment and the physical embodiment at the remote place (45).

According to these promising studies, here we propose a VR intervention to foster and facilitate social interactions with both the clinicians and relatives with virtual avatars and telepresence in patients with neurological disorders. Such an intervention could be used when patients are isolated due to their clinical condition or to the social distance limitations forced by the COVID-19 pandemic situation. The proposed intervention aims to improve the patient's well-being avoiding his/her isolation. Specifically, it is a new VR social intervention by means of full-body ownership illusions observed from a first-person perspective and delivered through a head-mounted display and the activation of a social VR application. The effectiveness of the VR social application for enhancing social interactions through virtual avatars has been previously shown in healthy individuals (90). The intervention aims to reproduce the patients' and their relatives' body representation within the same VR environment, that is a virtual living room. In this regard, the virtual avatars' anthropomorphism characteristics are important to further enhance the sense of ownership and increase the sense of presence in interaction with other virtual avatars (42, 43, 91). This intervention is composed of five different phases: (1) the creation of the virtual avatars by scanning patients' and relatives' real bodies as in the study conducted by Osimo and co-authors or in the study by Orts-Escolano and colleagues (44, 92); (2) the integration of such virtual avatars into the VR social application; (3) delivery and teaching to use the VR social application and the head-mounted display; (4) the creation of daily social VR appointments to meet and interact with the patient's relatives during isolation or hospitalization period; and (5) the creation of weekly social VR appointments between relatives and medical staff for an updating about patient's medical condition.

The proposed intervention may represent a solution to the current worldwide situation caused by the COVID-19 pandemic, which requires suitable and effective technology-based approaches. Many recommendations are indeed proliferating about the need of alternative strategies for delivering health care services in this contingency (33, 34, 93). If some months ago the focus was mainly on the treatment of COVID-19 patients (94–99), now a days we are assisting in a growing interest for alternative ways to support the process of care of non-COVID conditions, including patients with neurodegenerative diseases and acquired brain injuries (100–102). For instance, there are many evidences about the use of telemedicine—understood as an interface in a virtual patient-clinician relationship to provide primary and secondary care (62, 99–102)—and virtual reality for remote delivery of cognitive rehabilitation in various settings of neurological care (103–105). In this frame, we propose a VR-based intervention aimed to support another critical aspect of individual's functioning that is communication, in persons with neurodegenerative diseases and acquired brain injury during COVID-19 pandemic. Thus, by using an AT-implemented strategy such as VR interventions, patients with neurodegenerative diseases may be enabled to communicate his/her needs, feelings, and thoughts to their relatives or medical staff during the hospitalization or isolation period. Accordingly, it may be fostered with positive outcomes on his/her health conditions, with a meaningful reduction of the anxiety and/or depression levels, and with beneficial effects in terms of quality of life (106, 107). Therefore, the caregivers, families, and health care systems may find a significant burden reduction (108, 109). In conclusion, through this VR intervention for communication, the patients may (a) communicate their needs, (b) independently access leisure options (e.g., positive stimulation, favorite videos, amusing songs), and (c) be connected with distant relatives. Then, patients will be more engaged in communication, and with a purposeful behavior (110, 111). In this regard, the use of new technologies for fostering engagement in patients with neurodegenerative disorders has been demonstrated (65, 112, 113).



CONCLUDING REMARKS

The level of independence, social interactions, communication skills, and functional activities may be seriously hampered in patients with neurodegenerative diseases with deleterious effects on their quality of life (1–3). The isolation because of the COVID-19 pandemic situation may enhance such negative aspects with consequences on their quality of life (30, 114). To avoid that, some studies propose VR as a technologically-aided solution for clinical populations (99, 107, 115). However, most of these studies are focused on using VR to continue with the treatments and rehabilitation routines of the patients in case of isolation or social distancing. Depending on their level of functioning, persons with neurodegenerative diseases may be exposed to different aided-technological solutions to enhance communication skills. For example, individuals with extensive motor disabilities and moderate-to-severe intellectual disabilities may be involved in social interactions through vocal output communication aid (VOCA) or speech generating devices (SGD). Else, one may envisage hierarchical computerized systems with adapted software enabling patients with neurodegenerative diseases to request and choice desired items and/or communicate their needs. Otherwise, for individuals estimated with an intellectual normal functioning and extensive motor impairments, the independent access to the literacy through computerized systems and keyboard emulators may be proposed. Moreover, during lockdown or quarantine imposed due to an infectious disease outbreak, one may consider the communication with a distant partner through technology-aided options including a smartphone and a global system for mobile communications (GSM) system (116, 117). Here we proposed a VR-AT solution to enable the communication among patients with neurodegenerative diseases or acquired brain injury, relatives, and medical staff during the COVID-19 pandemic situation. We hypothesized that this intervention may improve the patient's social interactions enhancing their quality of life and mental well-being, avoiding isolation and negative psychological and cognitive effects.
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Pre-COVID-2019 status of telemedicine

Gladhart Model

Central Asian countries
could follow the example set
by Kazakhstanis in the
adoption stage of
telemecicine, in the process
of implementing

Digital Kazakhstan

state program.

China has varied degrees of
implementation across.
telehealth realms. It
demonstrates invention in
novel technologies and
population health
management; however,
‘some telemedicine
regulations and
implementation are stil
entry-level and requires
further clarification.

Singapore is encouraging
invention through its
regulatory sandbox, in
terms of direct-to-patient
telehealth platforms. lts
National Framework has
also allowed for adaptation
from different hospitals and
developers.

Bangladesh is in the entry
stage of telemedicine
progress, with no national
telemedicine framework and
lack of infrastructure.

India is in the adoption
stage of telemedicine, with
governance bodies and
quidelines in place,
indicating the willingness of
the government to
implement telemedicine
programs. However,
ongoing issues such as
limited infrastructure and
lack of comprehensive
regulation inhibit this
process.

The state of telehealth
progress in Africa varies
country-to-country.
Countries with more
advanced infrastructure and
economic development,
such as South Africa, are in
the adoption and adaptation
stages, whilst other LMIC is
in the entry stage and
requie international

support

The level of telehealth in
Latin America is mixed, with
some examples of the
invention, such as
innovative telehealth
partnerships. Increased
adoption is needed across
the population through the
promotion of such
platforms.

Many Caribbean countries
are stil in the entry phase of
telemedicine.

Australia is in the invention
stage of telemedicine
progress. It needs to be
ensured that these benefits
extend to remote Australia,
due to its vast land size and
relatively isolated
communities

New Zealand is in the
invention stage of
telemedicine progress, and
further support of the
technological sector is
needed to bring it to the
level of the likes of Australia
and the USA.

Canada could be
considered as being in both
the appropriation and
invention stage of
telemedicine progress, with
levels of technological
innovation combined with
provincial diferences in
uptake.

The USA s a frontrunner in
telemedicine invention
through hospital and
technological innovations.

The UK is in the invention
stage of telemedicine and
continues to innovate with
support from large
telecommunication
companes.

Italy has mixed progress in
telemedicine, with some:
areas being entry-level and
others at adoption and
adaptation. This is due to
some deficiencies in the
hospital infrastructure,
supply-chain issues, and
internet capabilties.

Spain is in both the entry
and adoption stage of
telemedicine, with progress
varying in region to region.

PAHO Hat Model

Kazakhstan has strategized
programs to account for its
large geographical stage,
has formulated public policy,
and s in the developrment
phase of roling out
programs.

China has begun to
organize and develop
telehealth networks,
particularly in major cities
such as Shanghai. However,
due to large econormic
disparities between rural
and urban areas, a further
strategy is needed to avoid
disparities in access to care.

Singapore has fostered
relationships between
government, commercial
developers, hospitals, and
institutions to implement
and optimize telemedicine
strategies.

Bangladesh hospitals do
have telemedicine systems
in place, with the utiization
of multiple hubs and spoke
structures taking place.
Public policy planning is
needed before further
optimization can take place.
India needs to further
establish a public policy to
progress to the widespread
development of
telemedicine. Issues that
require targeting include
lack of clear policy,
comprehensive uidelines,
formats, or accountabilty
frameworks.

Broady, strategic
consideration of cultural,
economic, and
infrastructural needs is
required to form a
foundation for telehealth
development in many
African regions. Solutions to
internet access and
economic inequalties are
needed for effective
program development.

Many countries have a
National Telehealth Strategy;
however, national telehealth
departments and clear
regulations are required.
Further public policy and
development of telehealth
infrastructure would be
beneficial.

Some telemedicine
networks exist, and
increasing levels of
telehealth programs such as
national EHR systems are
eventuating. Identification of
needs is needed for
strategy, as are coordination
teams for the organization.

Australia continues to seek
to optimize and evaluate
current telemedicine
initiatives. Ongoing public
policy relevant to
disadvantaged communities
and those with limited
mobilty/access is required.

New Zealand's Ministry of
Health and dedicated
National Telehealth Service
allows for targeted
telemedicine strategy.

Policy surrounding
telemedicine and biling
differs according to
provinces. Government
support of telehealth
initiatives promises
continued development.

The USA continues to
implement and optimize
telehealth programs within
and across states.

The UK continues to
implement and optimize
telomedicine services and
has a governmental “Long
Term Plan” in place.

Htaly requires public policy
support of telemedicine, as
itis not considered an
essentialitem to patients
within its National Health
Service.

Spain lacks a national
telemedicine policy, which is
required for the
development of nation-wide
effective telemedicine
strategies.

Current status of telemedicine

Gladhart Model PAHO Hat Model
Kazakhstan was able to Kazakhstan optimized
respond to the COVID-19 telemedicine strategies with
crisis through the the backing of government
adaptation of telemedicine  support to provide primary
and the establishment of and specialist care.

telehealth headquarters.

COVID-19 has seen The Chinese government
continued invention in has taken a serious

China, with innovations approach to COVID-19
such as the Wuhan Al management and continues
hospital. Telehealth to consider public policy
companies are also seeing  and strategization in
increased adoption. affected Chinese regions.
Relaxation of some The continued development
regulations has allowed for  of regulatory support and
the adaptation of integration of telehealth
telemedicine services by start-ups into the health
primary and specialist system has demonstrated
physicians. Continued effective COVID-19

invention and integration of  management solutions.
telehealth apps and services

have also seen improved

patient care.

Limited analysis of telehealth implementation as
aresult of COVID-19 in Bangladesh is available.

Due to COVID-19, more The Indian government

patients have turned to issued new guidelines for

telemedicine and hence telemedicine practice in

pushed the adoption of March 2020. This step-in

telemedicine in more public policy aims to give

healthcare practices. further guidance to the
practioe of telemedicine in
India.

As COVID-19 cases begin  Public policy changes in

to fise in Africa, support countries such as South
from other countries and the  Africa reflect the need for
WHO s needed toassist  expanded telemedicine
with entry of the capabilties during this time.
telemediicine support. Increased strategization is

needed for countries with
limited access to current

telehealth.
Increased adoption of Public policy and promotion
telemedicine as a result of of telehealth platforms have
COVID-19 has been seenin  been seen, but further work
some Latin American could be done ona
countries. governmental level to

increase popularity.

Limited analysis of telehealth implementation as
aresult of COVID-19 in the Caribbean is

available.
Adaptation of current Governmental regutation
telehealth platforms is changes have allowed for
ongoing, and expansion to  increased access to
specialist care is telehealth, through a
recommended. comprehensive Medicare
public health insurance
Scheme.
The adoption of Continued consideration of
telemedicine has been best practices and public
promoted by dlarifying policy surrounding
quidelines and advice to telehealth is ongoing in New
healthcare practitioners. Zealand.
Physician colleges and The GOVID-19 pandemic
government guidelines seek  has pushed the need for
to provide clarity and telemedicine development
increase adoption during  in Canada and highiighted
this time. the need to support urban
regions as well as rural
areas.

Government supportand  COVID-19 has pushed the
regulatory relaxations allow  need for innovation within
for increased penetrance of  the telemecicine sector, and
telemeicine across continued monetary support
specialities. and funds allocation wil help
to continue this trajectory.

Primary care, clinical trials, Telehealth platforms

counseling, and chronic continue to see increasing
disease reviews are all development and utiization
rapidly being moved to as pressure from the
telehealth delivery as. COVID-19 pandernic
different specialiies pushes the need for remote
increasingly adopt services.

telemediiine.

Italian hospitals became Italian health care
overwhelmed during the practitioners are sharing
COVID-19 crisis. Hospitals  their experiences to identify
and regions that were needs and demonstrate the
effectively available to adapt  urgent need for

to telemedicine need to telemedicine solutions.

share their experiences.

Some hospitals have There haven't been any
reported arapid switch o notable policy changes to
telemedicine for outpatients  telemedicine in Spain as a

and staff conferences by~ result of the COVID-19
adapting current crisis. As with ltaly,
telemedicine technologies.  successful hospitals and
Spain has also seen regions need to share their
increased adoption of successful strategies.

telehealth app usage.

Recommendations from
Consortium

Countries with low
population density could
use Kazakhstan's focus on
telemedicine as an example
of how to provide
far-reaching care.
Nation-wide hospital
networks and government
support of telehealth
startups could further
telemedicine development.

Clear regulatory telehealth
frameworks would help
facilitate the wide-scale
application of telemedicine
services. Collaboration
between Asian regions is
also needed to spread
technological innovations.

Ina population-dense
country such as Singapore,
efforts to distance patients
are paramount. With
COVID-19 cases on the
downtumn, the focus should
remain on encouraging
innovation and
consideration of
international strategies such
as mobile stroke units and
artificial intelligence systems.
for Singapore.

The system will benefit from
gaps analyses to ensure
various aspects of
telemedicine from
infrastructure to privacy are
adequately addressed

To achieve widespread
telemedicine in India,
infrastructural and access
issues must first be
targeted. Furthermore, it
must be ensured that
comprehensive and binding
legislation exists that
provides clear
physician-patient formats to
cover issues of consent,
privacy, and utiization.

Different regions of Africa
fequire unique approaches,
with some effective
telehealth programs already
in place. Infrastructure and
government support of
telemedicine partnerships
are required to set the
groundwork in many
countries. International
funding is required before
local government funding
will be sufficient.

Implementing change
management strategies with
the support of various
stakeholders is required in
this region. The pentration
of commercial telemedicine
solutions could also give
more options to patients.

Basic telehealth programs
are required in Cariobean
countries. International
models of technologies
such as EHR systems may
be a building block in this
direction. Region-wide
telehealth solutions through
collaboration could also be
advantageous.

Focus on specialist care
delivery is required.
Furthermore, colaboration
with international thirk tanks
and healthcare bodies is
required for continual
innovation in telemedicine
delivery across the
healthcare system.

Support for innovation and
international collaboration
would be beneficial for New
Zealand.

National cohesiveness
across provinces and
government promotion of
the telehealth industry is
useful.

Disparities in health care
insurance within the USA
result in different levels of
access for patients. It needs
to be ensured that those
patients who are
immunocompromised,
disadvantaged, immobile,
and suffering from chronic
care are receiving
appropriate levels of
support. American social
platforms that are being
utilized for teleconference
means also need to ensure
the privacy and security of
their users.

Ongoing governmental
support of telemediicine:
innovation is necessary, and
sharing of technological
resources with other
successful European
healthcare systems such as
France and Germany would
be favorable.

This pandemic experience
demonstrates the
devastating impact of
sudden surges in medical
resources and personnel
demand can have in the
wake of unexpected
disasters. Public policy
support of telemedicine is
needed in Italy, with
successful hospitals sharing
knowledge at a national
level.

Precise governmental
regulation and legislation
that directly targets
telemedicine are required in
Spain. Furthermore,
cooperation with other
European countries would
help to implement
telemedicine modls.
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Survey domain

Overall experience with video visit (one worst, five
best)

Satisfied with the level of care offered during video
visit, compared with in-person visit?

Percent of future care preferred as video visit vs.
in-person

Experienced technical challenges during video visit

*13.8% survey response rate.

Response (n = 113)*
(mean [SD]) or %

4.6(0.97)
94.5%
49% (0.26)

13.3%
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Characteristics Video visits during
COVID (n = 1,030)

Provider rendering video visit

Attending (MD) 69.1%
Nurse Practitioner 85%

Resident 22.3%
Level of service of visit*

99202/99212 1.9%

99203/99213 445%
99204/99214 47.7%
99205/99215 23%

Other** 3.4%

COVID-19 structured template used 22.9%

“Levelof service of visit: These CPT codes for ambulatory visits denote whether the patient
is new or established and the complexity of medical decision meking.

“*Other includes visits for preventative health, smoking cessation, anticoaguiation
counseling and psychiatric ilness. “Failed"” video visits (N = 30), which were converted
to telephone only, were not counted in denominator.
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Telemedicine in emergency cases and
triage

Telecardiology

Teleneurology

Tele-acute neurology

Telemedicine in critical care and
respiratory management

Chronic disease and primary care

Identifying those with bulbar and
respiratory weakness.

Telemedicine-assisted follow-up and
rehabilitation

Telemedicine in paliative care

Telemedicine in mental health

Telemedicine studies
Brennan et al. (104)

Dharmar et al. (105)
Molinari et al. (106)
Khader et al. (107)
Scalvini et al. (108)

Sable et al. (109)
Capozzo et al. (110)

Ohta etal. (111)

Medeiros de Bustos et al. (112)
Vatankhah et al. (113)
Lyerly et al. (114)
Dharmasaroja et al. (115)
Schwab etal. (116)

Yang et al. (117)

Kuipers et al. (118)
Orozco-Beltran et al. (119)

Dofiate-Martinez et al. (120)

Martin-Lesende et al. (121)

Palrmieri et al. (122)

Pinto et al. (123)

Paganoni et al. (124)

Rawstorn et al. (125)

Kuntz et al. (126)

Nemecek et al. (127)

Ruskin et al. (128)

Salisbury et al. (129)

O'Reily et al. (128)
Chipps et al. (99)

Outcome parameter

Reduced average patient throughput time (from admission to discharge).

Improved physician-rated quality of care.
Reduced hospitalizations in patients with suspected life-threatening cardiac events.
Improvement in the quality of fe 2 months after the first visit

Possible cost reduction due to increased appropriateness of hospital admission and
of diagnostic testing.

Positive impact on referral patterns and time management in pediatric cardiology
practice without increasing the utilization of echocardiography.

Feasible to triage amyotrophic lateral sclerosis (ALS) patients using telemedicine.
Increase in practice outreach and efficiency, especially in COVID-19 times.
Significant improvement in the state and trait anxiety inventories (STAI) scores in
Parkinson's disease (PD), ALS, and spinocerebeliar degeneration (SCD) + multiple
system atrophy (MSA) patients.

Reduction in secondary interhospital transfers.

Immediate impact on clinical decisions.

Telemedicine increased access to acute stroke care.

Telemedicine increased intravenous thrombolysis rates without compromising
favorable and safety outcomes.

Comparable mortality rates and functional outcomes for telemedicine-linked
ccommunity hospitals and stroke centers to the results from randomized trials.
Telemedicine feasible to support acute management of children who present to
community hospitals.

Acceptable positive predictive value of the electronic inhalation monitoring devices
(EIMDs) in patients with respiratory diseases.

Telemonitoring program effective in reducing high risk for rehospitalization or an
emergency department visit.

Telemedicine program improved self-reported qualiy of e and decreased use of
health resources in elderly patients with chronic diseases. High satisfaction levels also
observed in patients on the program

Telemonitoring of in-home patients with heart failure and/or chronic lung disease led
to.an increase in the percentage of patients with no hospital admissions. Trend
toward reduced total and cause-specific hospitalizations and hospital stay.

No significant impact of home-based telemonitoring program on all-cause
hospitalization/mortality. Telemonitoring associated with higher patient compliance
and achievement of therapeutic targets.

Home-based telemonitoring of non-invasive ventilation decreased healthcare
utilization in patients with ALS.

Video visits associated with marked adjusted cost savings for patients and
institutions.

Telehealth exercise-based cardiac rehabiltation is as effective as center-based
rehabiltation for improving modifiable cardiovascular risk factors and functional
capacity.

Note: Systematic review included 11 clinical trials.

Electronic family (e-family) meetings to facilitate in-patient palliative care during
coronavirus disease 2019 (COVID-19) pandemic feasible and well received by
tamilies.

Telemedicine augmented pallative care feasible in patients with advanced care and
their family carers. Significant reduction in anxiety levels in the telemedicine group vs.
the standard care.

Telepsychiatry and in-person treatment of depression have comparable outcomes.
Equivalent levels of patient adherence, patient satisfaction, and healthcare cost.
Telehealth senvice leveraging non-clinically-trained health advisers supporting patients
in use of Internet resources was both acceptable and effective compared with usual
care.

Clinical outcomes of telepsychiatry equivalent to standard of care.

Telepsychiatry programs are feasible in congregate settings.
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Country

Australia

United Kingdom

Canada

India

United States of
America

Name Website
Drs4Drs support service  http:/www.drs4drs.com.au/
(114)

NHS staff support line https://people.nhs.uk/help/
(115)

NHS virtual staff
common room (115)

Projects well-being
support service (116)

hitps://www.project5.org/getsupport

Wellness support line
(117)

hitps://www.cma.ca/supportine

Physician health
program of British
Columbia 24 h helpline
(118, 119)

Quebec physicians’
health program (PAMQ)
Telephone (117, 119)
Alberta Medical
Association-Physician
and family support
program (117, 120)

Doctors
Manitoba-Physician and
family support program
117

Indian Medical
Association
Psychosocial
Counseling Helpline
(121)

Physician Support Line  https://www.physiciansupportiine.
(122) con/

https://www.ima-india.org/ima/

Hotline number

1300 374 377 (1300 DR4 DRS)

0300 131 7000

Text FRONTLINE to 85268
NA

NA

Newfoundland and Labrador,
Nunavut, Saskatchewan and
‘Yukon: 1-844-675-9222

Ontario: 1-800-851-6606
Nova Scotia: 1-8565-275-8215

British Columbia and Prince
Edward Island: 1-800-663-6729

Montreal: 1-514-397-0888
Rest of Quebec: 1-800-387-4166

Alberta: 1-877-SOS-4MDS
(767-4637)

Manitoba: 1-844-4DOCSMB
(436-2762)

+919999 11 6375
+919999 11 6376

1(888) 409-0141

Mode of delivery
Phone
Phone

Text Message (24 h support)

Zoom Video Conferencing
Platform (groups of 10, hosted
by practitioners)

Online-linked with a *supporter”
who is either a Goaching or
Mental Health Professional

24/7 hotlines with dedicated
Physician and Family Support
Program Physicians, who can
link callers with relevant services
for them

24/7 hotlines with dedicated
intake counselors who can
connect callers with physician
support

Hotiine which allows connection
to Physician Advisors

24/7 hotline with dedicated
Physician and Family Support
Program Physicians, who can
link callers with relevant services
for them

Confidential 24/7 hotline

Helpline operational 9 am to 9
pm daily

Confidential helpline for
physicians run by volunteer

psychiatrists. Open 7 days a
week: 8:00 AM—1:00 AM ET.

*This is not exhaustive, and the information provided was current at the time of writing.
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Factors

Physician licensing

Bandwidth and infrastructure

Reimbursement, cost, and
availability

Clinician uptake

Physician leadership

Language barriers

Privacy

User training and technology
deployment/access to hardware

Liabilty

Geographical imitations:

Under-resourced settings

Complex cases

Patient-doctor relationship

Recommendations

Faciltation and harmonization of inter-state
licensing. Specialty-specific considerations for
telemedicine-based care.

Mobile phone-based Internet to avail of
telemediicine, mobile Wi-Fi routers. The
concerted effort through a public-private
partnership involving key corporate players to
improve Internet penetration i these pockets.
Need domain experts to ensure that
technologies are appropriately deployed.
Medicare-for-all coverage. The government
needs to provide funding to develop platforms
with minimal expenditure.

Specialty-specific training for clinicians and
user-centric technology design considerations
for easy and improved access.

Quality control, regular re-skiling of
professionals involved, ensuring infrastructure
is being monitored. Collaboration between
various stakeholders, including providers and
insurance payers.

Technologies such as mobile apps that can be
easly incorporated into telemedicine workflow.
Blockehain-based platforms or applications
could safeguard the privacy of physicians.
Appropriate training addressing bias and
nuances toward adopting telemedicine.
Funding support and rapid deployment of
telemediicine technologies across all providers.
Provision for delivery of “bundied” telemedicine
services. Public and private partnerships can
act as enablers. Performance evaluation,
ongoing assessment of patient and provider
experiences, and adapting to address gaps.
Developing clear-cut guidelines to mitigate
communication and technology-specific isks
and liability. This should be done in consultation
with providers, patients, and insurance/payers.
Use of low-bandwidth applications. Change
management and culture-specific support.
Technology-based health promotion, leveraging
mobile health applications for community
outreach, healthcare buddies who liaise with
the community to educate and inform about
technology and use. The WHO needs to take
the lead in ensuring penetration of telemedicine
in under-resourced locations in collaboration
with philanthropic partners.

Evidence-based guideiines and workfiow
recommendations. Various boards,
associations, and bodies should formalize
standard protocols that could clearly delineate
dos and don'ts of clinical examination,
diagnosis, and management using
telemedicine technologies.

Communication tool kit or handouts to improve
user experience. Privacy and communication to
patients that clinical data and consultations
‘would remain confidential is critical.
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Monday
Tuesday
Wednesday
Thursday
Friday
Saturday
Sunday

Mean page views  standard deviation
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166.85 + 148.34
160.69 + 95.36
140.62 £ 102.27
150.85 + 149.89
100.77 + 95.56
74.54 £ 74.72
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Characteristics Completed video Completed in-person Omnibus p-values* Bonferroni
visits during study visits prior to study adjusted
period (n = 1,030) period (N = 38,614) p-values for

multiple comparisons

Age, median category, y. 41-50" 61-70 <0.0001
Sex

Male 30.8% 35.2% 0.0035

Female 69.2% 64.8%

Race

Black 24.7% 22.0% 0.00003 0.156
Asian / Pacific Isl. 7.9% 8.0% 099
White 39.1% 34.5% 0,008
Other/unknown 28.1% 35.2% <0.00001
Ethnicity

Hispanic 22.9% 19.8% <0.00001 0,042
Non-Hispanic 61.0% 50.5% <0.00001
Other/unknown 16.1% 20.7% <0.00001
Insurance

Medicare 13.0% 31.5% <0.00001 <0.00001
Medicaid 27.6% 30.6% 0.158
Commercial 49.0% 36.5% <0.00001
Self-pay/other 10.4% 1.4% <0.00001
Relationship to Practice

New patient 23% 93% <0.00001

Established patient 97.7% 90.7%

*Two-tailed chi-square test.
‘Median age for adults who completed video visit was 50.0 years (Interquartile range: 40.6-61.3).
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Parameter General population (%) Medical students (Pre-COVID-19) (%)

Australia (9) UK (10) USA (11) Australia (12) UK usA
Depression 4.1" (Depressive 33 7.10" (Major 8.1* Q.74 (HADS > 58.2* (14)
episode) depression) 8(19)
Anxiety disorders 14.4° (include 59" (GAD) 19.10 75" 38.4%4
OCD and PTSD) (HADS>8) (13)
Suicidal 23" 5.4* 43" 19.2% 14.9% (15) 9.4 (14)

thoughts/ideations
Eating disorders

ocp 19* 13
PTSD 64"
Substance use 5.1° Hazardous Alcohol use Hazardous Drinking Alcohol
disorders drinking Moderate: 19.0* (AUDIT>8): abuse/dependence:
(AUDIT>8): 19.4* High: 4.0 % 50.144h# (13) 32.4(16)
Drug Daily Use of: ‘Smokers:
dependence: 3.1 Tobacco: 0.9* 36" (13)
Prescription Drugs: Other
26" Substances” (13)
llicit Drugs 1-6
times/week: 0.5 " M1:26.4
M2:28.4
M3:23.7

BED, Binge Eating Disorder; BN, Bulmia Nervosa; AN, Anorexia Nervosa; PTSD, Post-Traumatic Stress Disorder; OCD, Obsessive Compulsive Disorder; GAD, Generalized Anxiety
Disorder; HADS, Hospitel Anxisty and Depression Scale; M1, 1st Year Medical Students; M2, 2nd Year Medical Students; M3, 3rd Year Medical Students.

“Past Year Prevalence.

Lifetime Prevalence.

“Past Week Prevalence.

*Current Prevalence.

* During Medical Studles.

###Calculated from study data.

Note the differing reporting methods and sample sizes. However, it is well-recognized that medical students are at greater risk than the general population. Recent evidence from the
COVID-19 pandemic suggests that this is contributing to worsened mental health outcomes in this already vulnerable population; see Table 2 (25, 29, 41).
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Study

Olum etal. (17)

Nguyen et al. (18)

Flotte et al. (19)

Compton et al. (20)

Chandra et al. (21)

Collado-Boira et al.
(@2

Khanna et al. (25)

Zingaretti et al. (26)

Taghrir et al. (27)

Guadix et al. (28)

Lietal. (29)

Aker et al. (30)

Bhagavathula et al.
1)

Garcia et al. (24)

Liuetal. (32)

Khasawneh et al.

@9

Meo et al. (34)

Abbasi et al. (35)

Sethi et al. (36)

Ikhlag et al. (37)

Linet al. (38)

Choi et al. (39)

Galiskan et al. (40)

Country/continent
or region

Uganda/Africa

Vietnam/Asia

USA/North America

Singapore/Asia

USA/North America

Spair/Europe

India/Asia

Italy/Europe

Iran/Middle East

USA/North America

China/Asia

Turkey/Middle East

Global (308
respondents from
Asia)

USA/North America

China/Asia

Jordan/Middle East

Saudi Arabia/Middle

East

Pakistan/Asia

Pakistan/Asia

Pakistan/Asia

China/Asia

United Kingdom

Turkey/Middle East

Population

n=741
15t to 5-year medical students

n=15423
Medical students from eight
different medical schools

n=57
Final year Meciical Students

N=179
All medical students at a
graduate entry medical school
in Singapore

n=67

Senior Medical Students

n=62
Final year medical (23) and
nursing (24) students

n=2356
Ophthalmologists
and ophthalmologists-in-training

N=115
Plastic surgery residents in ltaly

n =240
5th to 7th year Iranian
Medical Students

n=127
1st to 4th Mediical Students

N=1,442
Health professional students
(764 medical, 211 nursing, and
467 medical technology)

N=1376
Medical Faculty Students

n=1453
Healthcare workers (137 doctors
and 134 medical students)

N=315
(Medical students and foreign
medical graduates working at US
medical schools)

n=1404
1t to 6th-year medical students.

n=625
1st to 5th-year Medical Students

n=2382
Mediical and Dentistry Students

n=290
Healthcare professionals

n=2384
Medical, dental, nursing and
allied health students

n=2086
Medical students from a single
medical school in Fujian, China

n=440
Final year medical students from
32 UK medical schools

n =860
Final year medical students

Variables/challenges

Knowledge, attitude and practices

Fear of COVID-19 (via the validated
fear of COVID-19 scale)

Students were graduated early and
participated in the workforce as.
limited license physicians

Return to the clinical setting

Concerns around the inabilty to
partake in emergency medicine
clinical environments

Willingness to participate in the
health workforce

Fears about infection, familial
transmission, lack of PPE, confidence
in terms of knowledge and skills

and coping

Impact on training or professional
work. Financial lmplications.
Symptoms of depression using
PHQ-9 validated scale

Impacts of GOVID-19 on didactic
teaching and professional
development

Knowledge, preventive behaviors and
risk perceptions surrounding
COVID-19.

Impacts of the COVID-19 pandermic
oon medical student attendance on
neurosurgery training camps

Factors associated with psychological
distress during the COVID-19
pandemic

Views surrounding the COVID-19
pandemic

Determination of the knowledge and
perceptions related to COVID-19

Determining the impact of the
COVID-19 pandemic on medical
students considering/already
transitioning to neurosurgical careers

Mental health status of medical
students in Wuhan, China

Knowledge, attitude, perceptions,
and precautions surrounding
COVID-19

Psychological well-being, stress and
learning behaviors.

Attitudes and perceptions
surrounding e-learning

Impacts of the shutdown on daily
lives and health

Awareness and attitudes

Impacts of mass and social media on
psychobehavioural responses 1o the
COVID-19 pandemic

Impacts on student learning and
confidence for their 1st year of
training

Knowledge and perceptions toward
COVID-19

Impact/assessment

Good knowledge, attitude and practices.
80% of students wiling to participate in
frontiine care if required.

Better health literacy, older age, later
academic years, male gender and better
financial status were protective from fear.
Those with greater fear scores were more
likely to smoke and drink at an unchanged
or higher level than before the pandemic.

Were able to be deployed in “pods” of 3-4
and provide support to physicians.
Received positive feedback.

Approximately one-third of students did
not wish to return to the clinical setting,
with the major concern being negatively
influencing patient outcomes.

Oniine teleconferencing was used to give
students the abilty to carry out follow-ups
with discharged patients. Students
reported positive feedback and benefits to
their clinical reasoning from discussing
with staff members. Additionally, they were
pleased with feeling worthwhile in the
pandemic.

85.5% of recipients voluntarily joined, with
the major reason being a desire to help in
the COVID-19 situation.

There were profound fears in all domains,
particularly with respect to familial
transmission, their practical knowledge
and skils, and coping with the death

of patients.

52.8% felt their training or professional
would be seriously affected by COVID-19,
37% reported difficulties meeting financial
commitments and 32.6% had some
degree of depression.

Whilst residents reported increased
didactic activities compared to
pre-COVID, the majority reported them as
insufficient. Additionally, most reported
their preparedhess for operations as either
“Not at all’ or “Not Much.”

Good knowledge, and high rates of
preventative behaviors. Risk perception
was moderate but tended to vary between
different groups.

Postponement and cancellation  were
widespread  (76%), and there were
profound  concerns  surrounding
conferences and networking
opportunities, clinical experience and
board examinations.

Interestingly, 1st and 2nd-year students
wanted virtual mentorship to address this,
whereas 3" and 41" preferred virtual
surgical skils workshops.

26.63% of students had psychological
distress that was cinically significant,
whilst 11.10% had a probable acute
stress reaction.

Those with childhood adversity, stressful
lite event experiences in the past year and
internet addiction were at greater risk,
whereas good family functioning

was protective.

Over half of the students used social media
as their source of information, but the
majority did not trust this.

About half of the students were concerned
about receiving education in locations
where COVID-19 patients were treated
and would not want internships in

such locations.

Most participants obtained their
information and knowledge surrounding
COVID-18 from social media.

Knowledge surrounding incubation period
and transmission were poor.

Doctors were found to be more
well-informed than allied health workers.

Approximately 2/3 of respondents
reported postponement of clinical
placements and suspended in-person
teaching.

Greater than 50% of respondents reported
reduced academic productivity. One in five
first-year medical students reported that
they are less likely to pursue neurosurgery
as a career option.

Student-focused webinars and
student-focused sessions at upcoming
neurosurgical conferences were favored by
students as ways to address these issues.

36.6% of students were in a state of
depression and 22.1% anxiety.

The majority of affected students had mild
to moderate symptoms

Most students obtained their information
from social media for information about
COVID-1.

There was adequate knowledge and
appropriate precautionary strategies were
carried out

Feelings of emotional detachment and
disheartenment were prominent.
Additionally, students felt their work
performance and time spent studying was
reduced.

Most students had negative perceptions
surrounding e-learning and preferred
face-to-face leaming. Many students used
their mobile devices for e-learning
purposes.

For academics, work-life balance issues
were identified as online teaching was an
addition to extensive clinical work.
Ensuring mental health impacts were
reported. For some ciinicians in training,
academic delays and subsequent financial
impacts were a concern. There were
cconcerns about the lack of PPE.

Aresounding majority were aware of the
atiology, mode of transmission and
possible symptoms, but in-depth
knowledge was lacking. Medical and
nursing students had better knowledge.
Most students showed positive attitudes,
but a substantial proportion had fears
‘around famillal transmission. There were
also concerns around the government's
abilty to address the COVID-19 pandenic.

Both mass and social media exposure
assisted in increasing positive attitudes
and reducing emotional consequences
and behavioral prevention bariers

Significant impacts on student's
preparediness due to impacts on OSCES,
written exams and student assistantships.
‘The latter also had confidence
impiications.

Moderate knowledge. Those with better
knowedge had lesser fear. Most students
reported not having been trained until the
pandemic hit Turkey. Many students also
felt unprepared if reqired to assist in the
emergency department.
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References Aim of the study

AT-based solutions

Lancioni et al. (17) To study an extended
smartphone-aided program that
supported dally activities in addition
to communication and leisure in
individuals with intellectual and visual
or visuo-motor disabilties

To assess an upgraded
smartphone-based program to foster
independent leisure and
communication activity of participants
with mild to moderate intellectual
disabilty, sensory or sensory-motor
impairments, and limited speech skills

Lancioni et al. (37)

Comeretal. (38)  To present an Internet-delivered
Parent-Child Interaction therapy
(PCIT) directly to families in their own

home

Lancioni et al. (39) To assess (a) the usability and
effectiveness of the technology that
allows the person to access a variety
of stimulus events (e.g., songs and
Videos), to request caregiver's
functional procedures, and to
communicate with relevant partners
viatext messaging, and (b) the
potential impact of the simultaneous
availabilty of these technologies, in 2
post-coma persons who had
emerged from a minimally conscious
state and were affected by multiple
disabilties

Lancioni et al. (40)  To allow persons with multiple
disabilties to (a) write and send
messages to distant partners and (b)
have messages from those partners

read out to them

VR-based solutions

Isernia etal. (41)  Toreport results on efficiency
measures and perceived functioning
in real world of the Human
Empowerment Aging and Disability
program (HEAD), a
DH-telerehabiltation system for
people with chronic neurlogical
diseases

To investigate how 3D virtual
environments can support social
experiences in older acllts

Baker et al. (42)

Slater etal. (43)  Toinvestigate whether a body
swapping to a Freud virtual body,
where participants attempted to
resolve their problem using their own
words from two different embodied
perspectives, or whether a
conversation in which they talk about
their problem with a pre-programmed
animated virtual Freud would be
equally efficacious in producing
positive psychological outcomes
Osimo etal. (44)  To observe how participants
alternately switched between a virtual
body closely resembiing themselves
where they described a personal
problem and a VB representing Dr
Sigmund Freud, from which they
offered themselves counseling

Perez-Marcos
etal. (45)

To propose an integrated approach
that includes three key and novel
factors: (g) fully immersive virtual
environments, including virtual body
representation and ownership; (b)
multimodal interaction with remote
people and virtual objects including
haptic interaction; and (c) a physical
representation of the patient at the
hospital through embodiment agents
(9., as a physical robot)

Patients (Type) Intervention

N = 6 participants with visual or
hearing impairment. Age =
between 35 and 58 years old

The participants alternated
periods in which they could
engage in communication and
leisure with periods in which they
were provided with instructions
for daiy activities

Participants conducted leisure
and communication activities by
placing mini objects o pictures
representing those activities and
containing frequency-code labels
on the smartphone. The
smartphone, via the Macrodroid
application, discriminated the
participants’ requests and
provided them with the
requested activities

Not applicable (methods article)

N = 8 participants with visual or
hearing impairment. Age =
between 35 and 58 years old

Not applicable (methods article)

N = 2 participants emerged from
a minimally conscious state and
affected by multple disabilties. A
wornan and a man of 44 and 24
years of age, respectively

The participants had to select
fflerent options within a
computer program in order to
acoess to a variety of pleasant
stimuli, to request caregiver's
functional procedures, and to
communicate with relevant
partners via text messaging.
Such options were selected
throughout a microswitch, which
was triggered by a behavioral
response and that in turn
activated the choice process
within the computer program
‘The participants had to select
different options within a
computer program in order to
write and send text messages to
distant partners and to have
them read from such partners

N =2 women with multiple
disabilties due to complications
during the gestational period and
to a mild form of Joubert
syndrome, aged 31 and 22 years
old, respectively

Patients received a 3-month
Parkinson’s Disease, Mulliple  rehabilitation training at home
Sclerosis, and chronic stroke.

Age = between 18 and 80 years

old

N = 25 older adults. Age =
between 70 and 81 years old

The older aduts participated in
three workshops that allowed
them to experience core aspects
of social VR, in which they could
design their own virtual avatars

N = 69 healthy subjects. Age =
between 18 and 32 years old

Participants alternating between
being embodied in their own and
the Freud virtual body while
maintaining a self-dialogue, as if
between two different people

N = 22 healthy subjects (males).
Age = between 23 and 24 years
old

Participants alternately switched
between a virtual body closely
resembling themselves where
they described a personal
problem and a VB representing
Dr Sigmund Freud

Not applicable (methods article)  Not applicable (methods article)

Technology (Type)

‘The extended program relied on the use of
aSamsung Galaxy J4 Plus smartphone,
which was fitted with Android 9.0
operating system and MacroDroid

The program was based on the use of (a)
aSamsung Galaxy A3 smartphone with
Android 6.0 Operating System, near-field
communication, music and video player
functions, and Macrodroid appiication, and
(b) special radio frequency-code labels.

Two computers (one in the therapist office
and one in the family’s home). A webcam.
High-speed Internet connection

Leisure stimulus engagement and
procedure requests: portable computer
with commercial software, a microswitch
for the participants’ response, and an
interface connecting the microswitch to
the computer.

Text messaging communication: portable
computer, a GSM modern, a microswitch
for the participants’ response, an interface
connecting the microswitch to the
computer, and specifically developed
software

Anet-book computer connected to the
‘special keyboards arranged for the two,
participants, a global system for mobile
communication modem (GSM), a pressure
microswitch to activate the computer,
interfaces linking the microswitch and the
GSM modem to the computer, and a
specifically developed software program

Acomputer. Internet connection and
motor capture devices, such as Kinect
(Microsoft, WA, USA) and Leap Motion
(Leap Motion Inc., CA, USA). Virtual reality
scenario

Virtual avatars projected on a 180-degree
semi-ciroular screen (workshop 2). Two
Microsoft Kinect 3D cameras in each room
were used to track participants’
movement. Head-mounted display
provided virtual embodiment (workshop 3)

Digital scanning set-up: iPad equipped
with a structured light range sensor +
inverse kinematics techniques the upper
body movements of the participants could
be inferred and mapped to their virtual
representation. Vive
head-mounted-display (HMD) made by
HTG that displays a 3D scene

The head-mounted display used was the
Oculus DK2. Participants wore an XSens
MVN motion capture suite consisting of
the MVN Link 17 tracker tracking suit and
MVN Studio software to stream motion
data. Software Skanect (http://skanect.
occipital.com/) version 1.6 to acqire the
whole body scan

A Head-mounted display with
head-tracking for immersion in the virtual
environment from a first-person
perspective of the avatar representing him.
Awireless body tracking system for
controling over the avatar's movements. A
haptic device with force-feedback is used
for tactile interaction with the environment
and/or remote persons. Physiological
sensors and electrodes for moritoring the
patients’ physiological and emotional state

Main outcomes

After using the smartphone application,
participants maintained successful
communication and leisure engagement
and started and carried out daily activities
successfully

After using the smartphone application,
participants succeeded in
requesting/accessing those activities
independently and spent about 70-90% of
their session time busy with those activities

Internet-based delivery of PCIT (1-PCIT)
may offer a transformative medium for
overcoming traditional barriers to care.
I-PCIT therapists provide remote, real-time
coaching to parents during home-based
parent-child interactions

The participants were successful at each
of the three stages of the study, thus
providing relevant evidence concerning
performance achieverents

The special text messaging
communication system enabled the two
participants to successfully communicate
with distant partners, and both
participants were able to write their text
messages through the technology options.
(i.e., the special keyboards) adopted for
them

“The telehealth-based approach is both
feasible and efficient in providing
rehabiltation care to the patients from
clinic to home. Increasing and maintaining
participation as well as autonomy in daily
foutine

The results from the workshops provide
insight into older adults’ design
motivations when creating embodied
avatars for social VR; their acceptance of
social VR as a communication tool; and
their views on how social VR might play a
beneficial role in their lives. Participants
placed critical importance on behavioral
anthropomorphism—the embodied
avatars’ ability to speak, move, and act in
a human-like manner

The results showed that the
Self-Conversation method results in a
greater perception of change and help.
compared to having a conversation with a
virtual Sigmund Freud

Counselor resembies Freud participants
improve their mood, compared to the
counselor being a self-representation. The
improvement was greater when the Freud
virtual body moved synchronously with the
participant, compared to asynchronously
visuo-motor coordination

“This unique system for telerehabiltation is
the result of the integration of state of the
art technologies developed at different
institutions in the fields of VR, haptics,
computer science, biomedical research,
and neuroscience. This approach
systematically differs from non-immersive
telerehabiltation systems and should
represent a step forward in the field
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Current product use type®

Any tobacco product
Cigarettes

Cigars

Smokeless Tobacco
E-Cigarettes®

e-cigarettes, electronic cigarettes.
#Data from SAMHSA, 2017 (16).

Overall

25.4%
20.6%
4.8%
3.4%

Rural

35.0%
28.5%
2.6%
8.6%
2.8%

Urban

31.0%

26.1%
4.6%

6.0%

21%

®Data from Mumford et al., 2019 (17). Overall e-cigarette prevalence statistic was

not provided.
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