

  applsci-12-07471




applsci-12-07471







Appl. Sci. 2022, 12(15), 7471; doi:10.3390/app12157471




Review



The Use of Modern Technologies in Post-COVID-19 Cardiopulmonary Rehabilitation



Doru Andritoi 1, Catalina Luca 1,*[image: Orcid], Ilie Onu 1,2,*[image: Orcid], Calin Corciova 1[image: Orcid], Robert Fuior 1,3, Alexandru Salceanu 1[image: Orcid] and Daniel-Andrei Iordan 4,5[image: Orcid]





1



Faculty of Medical Bioengineering, University of Medicine and Pharmacy Grigore T. Popa, 700588 Iasi, Romania






2



Doctoral School of Faculty of Chemical Engineering and Environmental Protection “Cristofor Simionescu”, Technical University “Gheorghe Asachi” Iasi, 700050 Iasi, Romania






3



Faculty of Electrical Engineering, Energetics and Applied Informatics, Tehnical University Gheorghe Asachi, 700050 Iasi, Romania






4



Department of Individual Sports and Kinetotherapy, Faculty of Physical Education and Sport, “Dunarea de Jos” University of Galati, 800008 Galați, Romania






5



Center of Physical Therapy and Rehabilitation, “Dunărea de Jos” University of Galați, 800008 Galați, Romania









*



Correspondence: catalina.luca@umfiasi.ro (C.L.); ilie.onu@umfiasi.ro (I.O.)







Academic Editors: Alessandro de Sire and Antonio Ammendolia



Received: 19 May 2022 / Accepted: 22 July 2022 / Published: 25 July 2022



Abstract

:

Featured Application


This is a thematically-structured literature review that reports on the latest medical technologies used in post-COVID-19 cardiopulmonary rehabilitation, which includes not only hospital care medical devices but also telemedicine-based rehabilitation, remote patient monitoring and emerging technologies used in cardiopulmonary rehabilitation. Randomized trials, recommendations, quasi-randomized or prospective controlled clinical trials, reports, guidelines, field updates and letters to the editor were included in English. Two independent authors selected studies that met the inclusion criteria in this review. The inclusion criteria are: the year of publication (2020–2022), the approach of technologies and techniques used in the cardiopulmonary rehabilitation process for COVID-19 sequel, the patient’s accessibility to techniques and technologies and the duration of the reduced recovery period. Exclusion criteria: studies that include pathologies other than cardiopulmonary pathologies post-COVID-19 sequels. Studies for which the complete text could not be found or which did not address the cardiopulmonary rehabilitation treatments or services of COVID-19 patients were excluded.




Abstract


Managing cardiopulmonary rehabilitation in patients with COVID-19 remains a global challenge due to the facets of this virus. The technologies used in the rehabilitation of post-COVID-19 patients fail to keep pace with the global epidemiological developments. The purpose of this article is to review the medical technologies used in post-COVID-19 cardiopulmonary rehabilitation and the innovations that have allowed us to adapt and care for our patients. The pandemic highlighted the need for seismic changes in diagnostic and rehabilitation paradigms. We discuss advances in telemedicine and telemedicine-based rehabilitation, remote patient monitoring and emerging technologies used in cardiopulmonary rehabilitation. The rapid adoption of modern technologies in the practice of post-COVID-19 cardiopulmonary rehabilitation is promising and can improve patients’ access to complex rehabilitation programs with outstanding results.
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1. Introduction


Due to the COVID-19 pandemic and the extremely rapid increase in the number of infected people [1], the medical world has had to consider adapting medical services by adopting new strategies for patient care and monitoring [2,3].



The COVID-19 disease took the medical world by surprise because, although this disease mainly affects the respiratory tract, the sequels also affect the heart, the brain and the digestive tract [4]. At this point, we can say that COVID-19 is a disease of the whole body [5].



Post-COVID-19 syndrome is a condition that is marked by the presence of symptoms (such as fatigue, cough, shortness of breath, headache or brain fog) which persist for an extended period of time (such as weeks or months) following a person’s initial recovery from a COVID-19 infection [6].



The need for cardiopulmonary rehabilitation has increased with the COVID-19 pandemic due to the sequels developed as a result of this pathology [7,8,9,10]. Some studies have suggested that exercise should be applied in the acute phase for early and effective rehabilitation of COVID-19 patients with respiratory failure, while other studies propose the application of a three-stage exercise protocol, beginning in the inpatient phase, continues in the post-acute and continuous phase and at home after discharge for the good physical condition of the patients [11].



At discharge, some studies have shown that most subjects with COVID-19 have cardiopulmonary sequels with reduced functional capacity, exercise tolerance and muscle strength, regardless of previous health condition/level and other pre-existing disabilities [12,13]. Increasing the exercise tolerance, decreasing the intensity/control of symptoms and improving the level of daily activity are the most documented benefits of cardiopulmonary rehabilitation [14,15]. In this case, cardiopulmonary rehabilitation in post-COVID-19 patients with cardiopulmonary sequels is necessary for them to have a normal life [16,17,18].



Readers should exercise caution in applying rehabilitation with exercise training because of the risk of the post-exercise fatigue reported in some patients [19]. Physiotherapists working with people with post-COVID-19 syndrome should determine the patient’s level of exercise tolerance to avoid exacerbation of symptoms after exertion [20,21].




2. Material and Methods


A literature review was performed according to the Preferred Reporting Items for Literature Reviews and Meta-Analyses (PRISMA) guidelines [22].



A literature search was performed from January to April 2022, using the following medical subject headings terms and free-text terms: “post COVID-19 rehabilitation”, “post COVID sequels”, “modern technologies in post COVID cardiopulmonary rehabilitation” OR “telemedicine in COVID rehabilitation” and “monitoring devices used in cardiopulmonary rehabilitation”. Two authors independently performed all searches and removed duplicate records. A narrative synthesis of the selected articles was performed. Out of the 535 retrieved articles, the search resulted in a final total of 53 relevant published articles.



The aim of this study is to show that modern technologies have been a solid tool in the fight against cardiopulmonary sequels in patients infected with COVID-19.




3. Cardiopulmonary Rehabilitation


Cardiopulmonary sequels for post-COVID-19 patients are significant. Recent studies report patient desaturation and dyspnea during exercise in this category of patients. In this case, the therapeutic approach of the rehabilitation program should be based on the principles of cardiovascular and pulmonary rehabilitation with an emphasis on restoring functional capacity and increasing the muscular strength of patients [23].



Prior to the pandemic, cardiopulmonary rehabilitation programs were available in two forms: center-based cardiac rehabilitation at the center and home-based cardiac rehabilitation at home, with an emphasis on rehabilitation in hospitals or specialized institutions for the proper supervision of patients [24].



Since the Centers for Disease Control and Prevention recommends that all high-risk individuals, including those with cardiovascular risk factors, stay home to limit potential COVID-19 exposure, it changes the way the patient approaches the rehabilitation process changes. Rehabilitation programs in hospitals have been closed, suspended or discontinued, as many other elective and outpatient care activities have been suspended. In this way, the patients’ access to high-performance medical equipment used in cardiopulmonary rehabilitation has become limited. Complex medical equipment is used to monitor controlled heart rate, patient training heart rate and continuous ECG recording, which is required for the monitoring of heart rate, arrhythmias, decreased oxygen and blood pressure. A database for complete documentation is no longer available for home use.



At this time, attempts are being made to find solutions for remote cardiac rehabilitation to become a viable alternative. Current studies have demonstrated the efficacy of distance cardiopulmonary rehabilitation, improving patients’ short-term prognosis. At the moment, the solutions found are not necessarily related to e-health and telemedicine [24].




4. Medical Technologies Used in Post-COVID-19 Cardiopulmonary Rehabilitation


4.1. Video Guides


There are few studies that specify the results of following a cardiopulmonary rehabilitation program at home through a video, although there are a large number of free videos on different platforms that offer cardiopulmonary rehabilitation programs. Old studies show us the benefit of cardiovascular rehabilitation at home following a program set by the attending physician [25,26].



Rosen K. et al. mentions that some patients who have participated in remote cardiopulmonary rehabilitation have been offered digital video disc (DVD) guides for rehabilitation at home. After discharge, patients were provided with a telephone consultation service by cardiologists and nurses, every 2 weeks for 5 months. The video addressed to patients explains at a basic level what heart failure is, presents some warm-up exercises, followed by aerobic exercises that can be applied both indoors and outdoors. Possible symptoms requiring emergency visits to the attending physician or the emergency department are also presented [27].




4.2. Hybrid Approach


In order to facilitate the transition to telemedicine, there are studies currently testing the application of a post-COVID-19 cardiopulmonary rehabilitation program with a hybrid approach at the patient level. In this case, the patients are initially offered cardiac rehabilitation in a recovery center and then the long-term maintenance exercises are performed at the patient’s home, using various medical technologies. The complicated part of these studies is the demonstration of the effectiveness of these hybrid systems. This involves active and ongoing contact between patients and professionals through traditional methods, such as home visits and telephone consultations, or the use of technology-based solutions, which include web-based video calling and social networking platforms [28].



There are studies that aim to investigate the effectiveness and safety of the application of cardiopulmonary recovery programs at home, by the patient, without supervision. In this sense, issued application protocols include two parts: an aerobic training using an ergometer, which will be installed at the patients’ homes, and patient education using an e-learning system. Cardiovascular parameters will be monitored remotely during exercise through video chats. An e-learning system that will promote a better understanding of cardiovascular disease is used. The necessary devices for cardiopulmonary recovery such as calibrated ergometers and tablets will be made available free of charge to the patients enrolled in the program. The patients will perform anaerobic exercises at home using the ergometer for 30–40 min at least 3 times a week. During the exercise, an instructor will monitor the patient in real time (using interactive video tools and monitoring tools for various vital data) [29].



It is necessary to use monitoring systems of some important parameters in order to ensure the safety of the patient at home during the implementation of the rehabilitation program.



M. Pinto et al. proposes the development of national public health programs designed to support health systems, in particular regional healthcare and patients cured of a COVID-19 infection, by providing a model for organizing a dedicated network for post-acute rehabilitation. The purpose of this network is to provide continuity of care from acute hospitalization to home rehabilitation. It proposes the evaluation of patients based on a minimum set of early assessment and onset tools of the treatment of post-COVID-19 disabilities. An important emphasis is placed on technological promotion in healthcare, and especially in tele-rehabilitation [30].




4.3. Telemedicine-Based Cardiopulmonary Rehabilitation


The Internet and mobile applications are currently the most widely used technologies in cardiopulmonary rehabilitation, especially in the COVID-19 era, offering patients a wide range of programs. In this sense, it is expected that all groups of cardiac or cardiopulmonary patients will benefit from this type of treatment [31].



In this case, more and more studies show that telemedicine has been applied as a screening option to provide treatment to patients. Telemedicine can be considered as personal protective equipment that reduces the risk of exposure and contamination for both patients and practitioners [32].



The COVID-19 pandemic has highlighted the importance and usefulness of telemedicine in providing a way to connect patients and healthcare professionals when a personal consultation is not possible [33]. Tele-consultations are a safe and effective way to assess suspected cases of COVID-19 and to guide the patient’s diagnosis and treatment, minimizing the risk of disease transmission. Telemedicine also allows many of the key clinical services to continue to operate regularly and without interruption during a public health emergency [34]. Telemedicine legislation varies across countries, but any healthcare institution interested in implementing telemedicine services must assess its technological level before doing so [35].



Digital health technologies use computing platforms, connectivity, software and sensors for health care and related uses [36].



Post-COVID-19 cardiopulmonary tele-rehabilitation has been shown to be effective in several recent studies [37]. Marcelo Dalbosco-Salas et al. developed a tele-rehabilitation program with a duration of 24 session [38]. At the beginning and the end of the rehabilitation program, all patients were evaluated in a primary care center. The tele-rehabilitation sessions were done at the home of the patient. The program included a warm-up (5 min), breathing exercises (3 min), aerobic and/or strength exercises (20–30 min) and stretching (5 min). The protocol was based on the recommendations of the Colegio Profesional de Fisioterapeutas de la Comunidad de Madrid [39] and on the recommendations of the American College of Sports Medicine [40]. The recovery program included weekly phone calls to assess the patients. Physiotherapists performed exercises at the same time as the patients using the online environment and using household objects, constantly assessing the patient’s condition using the Borg scale [41].



A. Gabriela da Silva Vieira et al. showed that breathing exercise programs offered by tele-rehabilitation may improve functional capacity and reduce dyspnea in both patients with COVID-19 in the acute phase and in post-COVID-19 disorders. Tele-rehabilitation seems to be a safe environment for the patient, considering that adverse events occurred were generally mild or moderate. Tele-rehabilitation has also been shown not to increase hospital readmissions in patients infected with COVID-19. Breathing exercises delivered by tele-rehabilitation improved the results of the 6-min walking test, the score on the dyspnea questionnaire and the effort perceived by the patient from 0 to 10 on the Borg Scale [42].



Li J suggests scheduling home visits for patients included in a tele-rehabilitation program at the time of inclusion in the program, at 6 weeks (post-treatment) and at 24 weeks (follow-up). Additional assessments were used for dyspnea performed by consultation by mobile phone or WeChat voice call at 2 and 4 weeks. They also used the 6-min walk test and devices for the monitoring of blood pressure, heart rate, oxygen saturation and lung function [43].



Another method proposed by M. Paneroni et al. assumes that, upon admission to the tele-rehabilitation program that lasts a month, patients receive a pulse oximeter, a journal in which they will note their daily evolution and a leaflet and instructions with the types of exercises indicated. A physiotherapist contacts patients by video-call twice a week to monitor and determine the intensity of the exercise. Patients have a call center available 24/7. After a month, the patients in the program improve their exercise tolerance and dyspnea [44].



Supervised multidisciplinary tele-rehabilitation programs must be included in the application of recovery programs for patients with COVID-19 after discharge from hospital. The implementation of these programs can lead to an effective assessment of the residual deficit [45].




4.4. Virtual Reality in Cardiopulmonary Rehabilitation


Virtual reality (VR) could help patients in need of medical recovery. In the future, they could successfully perform the exercises at home, because the researchers will have been able to combine VR technology with 3D motion capture technology. VR offers high protocol customization capabilities, fully automatic reporting and tele-recovery functionality. It is designed as a “central hub” to which we connect a wide range of specialized peripheral devices, fully synchronized and integrated with this system, and being used as a clinical routine for recovery of a wide range of pathologies through numerous modules containing multiple clinically validated exercises [46].



The application of virtual reality and video games has proven to be an adjunct tool in the conventional cardiopulmonary rehabilitation program. The results show that there was an increase in resistance to fatigue for the patient, an increased quality of life and a cessation of depression reported by patients [47].



It has been observed that the application of virtual reality therapy on cardiac patients has significantly reduced the severity of depressive symptoms, anxiety and stress levels [48].



Resources such as remote patient monitoring devices, artificial intelligence (AI), machine learning and block-chain systems must be combined to achieve complex lower cost cardiopulmonary rehabilitation programs [49].





5. Patient Monitoring Devices Used at Home in COVID-19 Area


At this time, home rehabilitation programs use heart rate monitors to measure the heart rate during exercise sessions. Regarding this aspect, a reluctance of patients is reported, and some studies report only 35% of all patients were willing to use such a device at home. The study shows that reluctance does not take into account age, education or background. The study also reports that 68% of patients who did not use a heart rate monitor felt that heart rate monitoring was important during exercise at home. The same study shows that patients are not much more open to the application of modern technologies, reporting a number of 12% of patients who were willing to use a physical activity monitoring system such as counting steps and energy consumption. This monitoring has been made available through smart-watch devices or smartphone applications [50].



The use of digital technology in healthcare has transformed the way we use health data and health information.



The Sheba Medical Center in Israel has adopted an application that interfaces with various portable medical devices and patient monitoring devices. In this study, the heart rate, the number of steps as well as the daily use of the application were monitored in correlation with a set of aerobic exercises (min) indicated through the application. Remote heart rehabilitation and heart failure programs using Bluetooth technology have been created and are currently monitoring hundreds of patients remotely, which has helped increase patient satisfaction and helped increase compliance with physical activity, even in the global pandemic context. The progress and tasks assigned to the patient are tracked with the help of the application so that the patient is monitored without having to come to the hospital [51,52].



The University of Minnesota sought to assess the early lessons of a commitment and how the remote monitoring of patients can be achieved, thus developing a technological solution for patients with symptoms of the COVID-19 disease. Thus, remote monitoring of patients becomes a fast and efficient solution. The program involved patients who were offered educational materials and the opportunity to share their concerns. The development of the platform and the alerts were carried out with the help of some providers of a virtual care platform together with the medical students. They contributed to this platform by providing information about the patients’ conditions, monitoring the state of health and the vital parameters. The detection of these data resulted in over 2303 alerts, 4613 messages, 13 hospitalizations and 91 emergency room visits. The period in which the statistics were compiled was between 18 March and 20 April 2020, with 3701 patients enrolled in the program, of whom 2255 (60.93%) had symptoms of COVID-19.



This platform (Figure 1) has provided patients with considerable support during the pandemic and of course a safe experience, while reducing COVID-19 exposure and excessive use of medical personnel. In conclusion, it can be highlighted that the remote monitoring of patients is an effective approach to managing the symptoms of COVID-19 at home and alerting medical staff in a very short time [53].



William J. set up a remote monitoring program for patients diagnosed with COVID-19, with the aim of monitoring them after discharge from the hospital [50]. Thus, patients diagnosed with COVID-19 who were discharged from the hospital were selected. They were enrolled in the program and later received an application available for smartphone through which it is possible to record the data from the received pulse oximeter and thermometer.



The patients filled in their personal data in the application to automatically report symptoms as well as O2 saturation and temperature at the end of each day. Abnormal symptoms or vital signs that do not meet the optimal parameters are evaluated by medical staff. Descriptive statistics were used to describe the characteristics of the patient and the program. A mixed-effect logistic regression model was used to determine the chances of a combined emergency department goal. A total of 295 patients were enrolled in the program from five participating hospitals. Many enrolled patients (66%) completed the monitoring period without triggering an abnormal alert. Enrollment was associated with a low chance of re-admission or re-hospitalization (adjusted rate: 0.54; 95% confidence interval: 0.3–0.97; p = 0.039). Sending without enrollment was not associated with a reduced chance of re-admission or re-hospitalization. In conclusion, this study of remote monitoring platforms of patients conducted during the COVID-19 pandemic (Figure 2) provides a mechanism for monitoring patients in their home environment and reducing hospital use [54]. At the same time, having a strong impact on the evolution of patients after discharge, they were associated with a low risk of re-illness, giving hospitals a scalable mechanism to monitor patients at home as quickly as possible [55].



There has been an acceleration of scientific discoveries, data dissemination and the development of new medical technologies to help manage this pandemic [55].



At the same time, the pandemic highlighted the need for seismic changes in care paradigms and technology, with considerations related to the digital divide and health literacy for digital health interventions (HR) to reach their full potential and improve health outcomes. Here we can focus on advances in telemedicine, remote patient monitoring (RPM) and emerging portable technologies.



In conclusion, it can be highlighted that the remote monitoring platforms bring a high contribution in the development of the medical assistance system. Also, on the recommendation of the Virtual Care Task Force for the expansion of virtual health services in Canada, both the medical staff and the IT staff together with the group of medical bioengineers were laid. Thus, the platform’s proposal is based on a model for the optimal implementation of digital innovations in the field of health with five principles, including data management, data security, digital biomarkers, useful artificial intelligence and clinical integration [56].




6. Conclusions


Cardiopulmonary rehabilitation at home has emerged as a necessity following the COVID-19 pandemic, as many patients are reported with post-COVID-19 cardiopulmonary sequels.



This review shows a high rate of use of medical technologies and a high level of interest in home rehabilitation, both by patients and health care providers. Cardiopulmonary rehabilitation in the context of post-COVID-19 sequels can be guided remotely based on current technologies.



The technologies applied in rehabilitation programs in the context of COVID-19 can be divided into: video guides, hybrid approaches, telemedicine-based cardiopulmonary rehabilitation and virtual reality in cardiopulmonary rehabilitation.



In order to ensure a safe environment for patients and to have access to the patient’s physiological parameters during the recovery program, various studies report the use of medical monitoring equipment by the patient at home.



The conclusions we can draw from analyzing existing studies is that there are many question marks related to quantifying the effectiveness of technology-based cardiopulmonary training programs. Another aspect to consider is the possibility of conducting a market study on the type of approach preferred by patients; remote rehabilitation or rehabilitation programs using modern technologies in a special center.
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Figure 1. COVID-19 remote patient monitoring program overview [53]. 
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Figure 2. Detailed enrollment workflow for patients with COVID-19 being discharged from one of the five participating hospitals with the Remote Patient Monitoring program [54]. 
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