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ABSTRACT
[bookmark: _GoBack]Introduction: This study investigated how patients with COVID-19, telemonitoring (TM) teams, general practitioners (GPs) and primary care nurses in Belgium experienced remote patient monitoring (RPM) in twelve healthcare organisations, in relation to the patients’ ‘illness, health and care needs, perceived quality of care, patient and health system outcomes, and implementation challenges.  
Design: A qualitative research approach was adopted, including focus group discussions and semi-structured interviews. 
Methods: Four different groups of participants were interviewed, i.e. patients (n = 17), TM teams (n = 27), GPs (n = 16), and primary care nurses (n = 12). An interview guide was drafted based on a literature review. Interviews were transcribed verbatim, and NVivo was used for managing and analysing the data. The QUAGOL method was used to guide the data analysis process, and was adapted for the purpose of a thematic content analysis.
Results: All participants agreed that RPM reassured patients. The overall perceived value of RPM for individual patients depended on how well the intervention matched with their needs. Patients who did not have the necessary language (Dutch/French speaking) and digital skills, who did not have the right equipment (smartphone or tablet), or who missed the necessary infrastructure (no internet coverage in their region) were often excluded. Remote patient monitoring also reassured healthcare professionals as it gave them information on a disease they had little knowledge about. Professionals involved in RPM experienced a high workload. All TM teams agreed that quality of data was a key factor to ensure an adequate follow-up, but they differed in what they found important. The logistic management of RPM was a challenge because of the contagious character of COVID-19, and the need for an effective information flow between the hospital team and primary care providers. Participants missed clarification about who was accountable for the care for patients in the projects. Primary care nurses and GPs missed access to RPM data. All agreed that the funding they received was not sufficient to cover all the costs associated with RPM. 
Conclusion: Healthcare professionals and patients perceive RPM as valuable and believe that the concept will have its place in the Belgium health system. However, current RPM practice is challenged by many barriers, and the sustainability of RPM implementation is low.
Keywords: Remote patient monitoring, Telemonitoring, e-health, COVID-19, Implementation, Interview, Focus group
Clinical relevance: Remote patient monitoring (RPM) was perceived as a valuable intervention for patients with COVID-19, but there were important concerns about unequal access to care. While the technology for RPM is available, the sustainability of implementation is low because of concerns with data quality, challenging logistics within projects, lack of data integration and communication, and a lack of an overarching guiding framework. 



INTRODUCTION
The COVID-19 pandemic created unseen challenges for health systems. Both patients and healthcare professionals faced an unknown disease. Demands for acute care exceeded the capacity of many hospitals and primary care practices. This fuelled the investment in remote patient monitoring (RPM) to reduce the burden on healthcare and reach patients in times of contact restrictions.  
The impact of RPM has been studied in different chronic care populations. A systematic review with 91 studies observed a reduction in hospital admissions or length of stay, but the authors concluded there was uncertainty about how large the effect was, and what RPM interventions were most effective in different populations. (Taylor et al., 2021) On average, patients have a positive experience with RPM, e.g. increasing their disease knowledge, or improving self-management and facilitating shared decision-making. (Walker et al., 2019) However, patients unfamiliar with the technology may have negative perceptions that can inhibit their participation in RPM. (Walker et al., 2019) 
 A rapid review in 2021 identified 27 studies describing RPM in patients with COVID-19. These projects enabled early identification of deterioration in patients. (Vindrola-Padros et al., 2021) The majority of interventions focussed on preventing hospitalisation, while some aimed to reduce the hospital length of stay. The authors were unable to formulate a conclusion about the impact on outcomes. A second rapid review evaluated experiences and barriers for implementing RPM in patients with COVID-19. (Houlding et al., 2021) The main experiences related to a reduced burden of care, reduced risk for infection, supporting vulnerable populations, reduced costs, and improved patient experiences. The major barriers related to equity, a lack of remote monitoring technology implementation guidelines and research, resources required for technology development and implementation, challenging patient experiences with remote monitoring technologies, and confidentiality-related issues.
Implementation of RPM in Belgium
In Belgium, the National Institute for Health and Disability Insurance (NIHDI) supported a pilot implementation project for RPM of patients with COVID-19, for which twelve healthcare organisations were selected in 2021. The NIHDI aimed (1) to reduce the strain on hospital resources by (a) avoiding hospitalisation for patients with mild COVID-19 symptoms (pre-hospital RPM), and by (b) discharging partially recovered hospitalised patients earlier to their home, while their medical condition was closely monitored by means of RPM (post-hospital RPM), and (2) to reduce the workload of general practitioners (GPs) by referring patients to a telemonitoring team (TM). Funding was provided for recruiting patients, installing telemetry devices, and a lump sum for the follow up of the patients per week.
Nine projects were started in, in Flanders (Dutch language area), and three in Wallonia (French language area) in the period 2020 – 2021 (the second and third wave in Belgium). In all but one, the coordinating centre was a hospital. To be included in a project, patients had to comply with clinical criteria such as presenting with symptoms of COVID-19 and having risk factors for deterioration. The sample of patients included in the projects varied from 2 to 264 persons, with a median of 57. One project had a systematic collaboration with GPs for the follow-up, and four projects collaborated with primary care nurses. Characteristics of the NIHDI projects are shown in table 1. Further details are reported in the research report of the Belgian Health Care Knowledge Centre. (Cornelis et al., 2022)
Aim of the study
This study investigated the experiences of patients, TM teams, GPs and primary care nurses involved in the implementation of RPM in the twelve NIHDI projects in Belgium. The research question was: How do patients with COVID-19, TM teams, GPs and primary care nurses experience RPM in relation to the patients’ ‘illness, health and care needs, perceived quality of care, patient and health system outcomes, and implementation challenges? 
DESIGN
A qualitative research approach was adopted. We used a pragmatic orientation, i.e. ‘seeking practical and useful insights to inform action, focussing on a practical understanding of concrete, real-world issues’. (Patton 2011) An emergent design was used to adapt the qualitative inquiry (e.g. improve the interview guide) as new insights emerge, with the aim of improving the quality and efficiency of the evaluation.  The ethics committee of the Erasme Hospital approved this study (protocol number: P2021/257 / B4062021000134). This study was part of a larger project, and the results reported in this manuscript are a selection of the most important themes. The complete results can be consulted in the research report. (Cornelis et al., 2022)
MATERIALS AND METHODS
Eligibility criteria
Four different groups of participants were interviewed, i.e. patients, TM teams, GPs, and primary care nurses. Patients were eligible for an interview if they were included in one of the twelve NIHDI RPM projects. Members of the TM team were eligible if they were involved in the day-to-day workings of the team, the follow-up of the patients, or responsible for project coordination or project support (e.g. ICT). General practitioners were eligible if they had recruited a patient or seen a patient in follow-up in a RPM project. Practitioners who implemented their own RPM project, or participated with RPM projects external to the NIHDI projects were also eligible because our initial sample of GPs was too small. Primary care nurses were eligible if they participated in the follow up of at least one patient in a RPM project.
Recruitment
Eleven out of twelve RPM projects participated in the recruitment of patients. Patients were sent an email by the project coordinators with a request to complete background information on gender, age, level of education, duration of RPM, hospital admission or readmission, admission to intensive care, type of RPM (pre- versus post-hospital), and the degree to which RPM met their expectations (VAS-scale 0 – 100). Because there were fewer candidate participants than desired, purposive selection was not possible, thus resulting in a convenience sample of seventeen patients (thirteen in the Dutch and four in the French language area). Fourteen interviews were online, and three per telephone. Participants received a gift certificate of 25 euro. Recruitment was situated between July and November 2021, on average five months after the start of the projects.
Interviews with the TM teams were discussed with the project coordinators in order to create the most optimal conditions (date, place and availability of participants) and to obtain rich data about the project. Nine TM teams participated in a focus group (eight in Dutch and one in French) with a total of 36 individual participants across groups. In addition, we had one individual interview with the coordinator of a TM project (in French). Teams were recruited between July and October 2021 (see Table 1).
General practitioners were recruited using email invitations, a newsletter and an invitation via social media, by asking patients who were interviewed for the contact information of their GP, and by using the network of the research team. Practitioners were recruited between September and December 2021. Overall, three GPs with experience from two RPM NIHDI projects were recruited, and three general practitioners were recruited from an external RPM project (who worked outside of the NIHDI nomenclature), and ten general practitioners who had developed their own RPM project. Thus, a total of sixteen individual interviews were performed (nine in Dutch and seven in French; five were online and eleven were via telephone).
Primary care nurses were recruited using an email invitation between September and October 2021. A total of four focus groups (three in Dutch and one in French) with a total of twelve participants, and one individual interview (in Dutch) were performed. All nursing organisations involved in the RPM projects were included in the focus groups.
Interview plan
A combination of individual interviews and focus group interviews was used for the data collection. Individual interviews were carried out by a single researcher, whereas two researchers (one moderator and one observer) were present for focus group interviews; all researchers had previous experience in qualitative research. Interview guides were developed by the KU Leuven/UC Louvain research team in collaboration with researchers from the Belgian Health Care Knowledge Centre.  A literature search was performed to identify sensitising concepts that informed the development of the interview guides.  We used open questions to engage participants in a conversation about their experiences, and we used more active and probing questions to explore meaning and examples in the ‘story’ of the participant. We used a reflective process during the interviewing phase, including completing a methodological report, describing interviewee(s) and contextual characteristics, and defining initial insights and themes after each interview. The team discussed these initial findings to evaluate the interview guides and update these with emergent insights, in order to optimise the quality of the following interviews.
Data analysis
Data collection and data analysis were conducted simultaneously and interactively (the initial steps of the analysis process were started during the interviewing phase; coding was performed after all interviews were completed). Interviews were transcribed verbatim, and interview notes and schemes and NVivo 1.6 were used for managing and analysing the data. The QUAGOL (Qualitative Analysis Guide of Leuven) method was used to guide the data analysis process, (Dierckx de Casterlé et al., 2012) and was adapted for the purpose of thematic content analysis to include the following steps: (Braun et al., 2014) reading interviews; drafting descriptive, methodological and content reports; developing conceptual schemes and coding lists; linking fragments to the codes in NVivo; and description of the themes. (Dierckx de Casterlé et al., 2021). After analysing the themes for the different types of participants separately, a matrix of the different themes and participants was constructed. This matrix was used to find commonalities and differences in the themes and coding to allow integration of the results across participants. The results are reported based on the integrated themes. 
RESULTS
A total of seventeen patients were interviewed. Of the 37 members of TM teams who were interviewed, thirteen were medical doctors, twelve were nurses, and twelve were other staff members (i.e. project coordinators, ICT, managers. The twelve nurses who were interviewed were associated with four nursing care organisations which had a collaboration with four RPM projects. Characteristics of the interviewees are reported in table 2. Table 3 and 4 provides more background information about COVID-19 and RPM for the patients who were interviewed.
Summary of themes and main findings
The COVID-19 pandemic created uncertainty and anxiety in patients and healthcare professionals. The disease prognosis was little understood and the consequences were potentially lethal. Remote patient monitoring had a reassuring effect on patients and healthcare professionals. This was mostly because patients could see their parameters and knew that healthcare professionals were monitoring them, while healthcare professionals would be sure that patients were doing well. The overall perceived value of RPM for the individual patients depended on how well the intervention matched with individual needs of a person. Several needs were observed, i.e. the need for social interaction and communication with providers, the need for information, and the need for adapting protocols to individuals. The ability to tailor the follow-up to individual patients was seen as important. However, remote monitoring was considered a high burden by healthcare professionals because of the many tasks involved in RPM. In addition, funding was considered inadequate to cover all activities. There were concerns about inequality, i.e. non-native speakers and older persons were often excluded from follow-up. Quality of data was also a concern because measurement errors were observed, e.g. abnormal high respiratory rates or low body temperature. Having access to RPM data was also considered an essential element to ensure continuity of care for primary care nurses. The logistic management of the project was a challenge because of the contagious character of COVID-19, and required the cooperation with different hospital support services and, in some cases, primary care partners. A dedicated team was seen as needed for the implementation to cover the different tasks. Healthcare professionals were uncertain about the extent of one’s medical responsibility and participants had different views on this theme. 
RPM reassured patients 
All groups of participants agreed that RPM reassured patients. Patients were anxious because of the negative stories they heard in the media, because they had already experienced severe symptoms, or because they knew a person who experienced severe symptoms. Several TM teams observed that patients were anxious because of the potential lethal consequences of COVID-19. They also attributed this to the negative stories in the media. Several patients said they expected to die.
The reassuring effect of RPM was enacted through several mechanisms, i.e. patients believed that a TM team was monitoring their status and, could observe that their own parameters were normal, and because they were at home. This effect was dependent on certain patient characteristics.
An important factor was knowing that a TM team was monitoring (and observing) the parameters of patients, and that the team would intervene if there was a problem; or that the patient could call the team. This was expressed by patients, TM teams and GPs. 
“Because it did effectively reassure me that the follow-up was there, also for myself to know: ‘I am still ok, all the parameters are ok.’ Even if a parameter was a not so good, that there is that follow-up and that actually an alarm goes off with the person who is doing the follow-up” - Patient 04
Telemonitoring teams and GPs stated that patients had to feel that healthcare professionals were actively involved in their follow-up. This involvement was experienced through receiving a telephone call by the TM team, receiving a message through the RPM system, or a home visit by a nurse for patients who were socially isolated. 
“Because, you mean something to them, because you alone can go and you alone can reassure them, and you really are the person they can count on.” – Nursing team 03   
A second mechanism for reassurance was that patients could also observe that their own parameters were normal, which was expressed by patients and GPs. Informing patients about the safe range of parameter values also contributed to this effect, according to some interviewees from the TM teams and primary care nurses. In some cases, nurses could contribute to this by helping patients interpret the results of the measurements they took for the RPM project. 
A third mechanism for reassurance was ‘being at home’ in comparison to being in the hospital. Patients experienced that RPM was able to ‘provide the same care as being in the hospital’, but without the isolation they experienced in the hospital (note that hospitals did not allow visitors on patient wards at the time of their hospitalisation).    
The perceived value of RPM on reassurance appeared also to be dependent on individual characteristics. For example, patients with less severe COVID-19 symptoms who expressed a high sense of self-care and independence were neutral towards the effect of RPM on their need for reassurance. They stated that they were capable of monitoring their own health status (e.g. determine when a vital sign was abnormal) and would find help if this was needed. On the other hand, another patient expressed a low sense of self-care and independence and had a negative experience with RPM as it increased anxiety. This patient presented to the ED with what (s)he felt were severe symptoms and expected to be hospitalised. However, the patient was sent back home with RPM, which resulted in an increased feeling of anxiety. In other cases, primary care nurses believed that RPM provided a sense of security at a distance for patients but for many isolated patients it was not sufficient to reduce anxiety. 
Social interaction and information were important needs
The overall perceived value of RPM for the individual patients depended on how well the intervention matched with individual needs of a person. Two needs were observed, i.e. the need for social interaction and communication, and the need for information.
The need for interaction with healthcare professionals, which could be members of the TM team, the GP, or the primary care nurse, was observed in both pre- and post-hospital patients and across projects. However, there were differences in how this need was met across the projects. Spontaneously calling patients was a valued strategy for pre-hospital patients, because they felt isolated due to quarantine measures. Receiving a telephone call from the TM team when parameters were abnormal was valued by patients because they could “tell their story”. Several TM teams noted that some patients called the them on their own initiative or prolonged the conversation when the TM team called them. While the team recognised that this was important for patients, they also reflected that this was not their main function or role, and could result in frustrations because they felt that they did not have enough time. 
There was a reason why they called us, there was no waiting line. We always answered the phone immediately. […] This way they could ask their questions, but I had the feeling that we were often a psychologist. […] We're in healthcare, so we really do want to help people, but it's lack of time.  Sometimes you have something like "yeah, I really don't have time to do this right now", and I also see that less as part of our job. – RPM project 01
However, some patients who were recovering with normal parameters had no contact with the TM teams, because several teams only performed actions when an alarm was triggered. Some of these patients missed this interaction with and feedback from the TM team. Examples include a need to have confirmation that parameters were seen by the TM team, and having unanswered questions that could be related or unrelated, to COVID-19. Most patients did not contact the TM team themselves even if they had questions. In some patients, this was remedied by calling their GP, which replaced the need for interaction with the TM team. 
Several patients discussed their need for information about RPM. For some patients the information they received in the hospital was sufficient, this was not the case for all patients. Patients stated that they were not able to retain the information they received in the hospital, which was also observed by healthcare professionals. While patients in the post-hospital trajectory received RPM information about the intervention at the moment they were (partially) recovered from severe symptoms, patients in the pre-hospital trajectory were informed about RPM at the time of diagnosis and experiencing more acute symptoms. Patients did not consider that ‘the appropriate moment’ to receive information about RPM. 
You can't, you're just dead (very strongly emphasized), you feel bad, you're tired. You come there (the emergency department) because you actually feel like: "I'm dying here." Then they go, "No, you can go home." Then they give you an explanation, but that (information) doesn't come in at that moment, you don't absorb that. I didn't record anything. My wife had also said that she had actually heard very little about it (the instructions). – Patient 17
However, patients who did not retain or understand the RPM information when recruited in the project were able to figure out how the system worked based on the information materials they had received. GPs indicated that patients needed information related to their follow-up and what was expected from them (e.g., when to contact the GP), on COVID-19 in general, on general regulations about quarantine or isolation, and on COVID-19 symptoms and symptom progression, management of symptoms, feedback on COVID-19 progression and recovery. 
Health equality was a concern for healthcare professionals
Healthcare professionals stated that patients who did not have the necessary language (Dutch/French speaking) or digital skills, who did not have the right equipment (smartphone or tablet), or who missed the necessary infrastructure (no internet coverage) were often excluded; only a small proportion of non-native speakers and persons with a geriatric profile were included.
TM teams and nurses observed that RPM was only proposed to a selected group of patients.  Several projects noted that persons who were not fluent in Dutch or French constituted the largest demographic group of patients who presented to the hospital with COVID-19 (in their region), but were excluded. Lastly, it was reported that fewer older people could be included in the pre-hospital RPM trajectory because there was less time in the emergency department to explain how the RPM system worked 
 “Certainly the patients that went home from the emergency department turned out to be a big problem, especially in terms of language (They did not speak Dutch and were therefore not eligible for follow-up). That's one of the main reasons why there were so few inclusions.” – RPM project 06 
RPM reassured TM teams and general practitioners
Remote patient monitoring reassured healthcare professionals as it gave them information about a disease they had little knowledge about. The remote monitoring allowed them to detect deterioration, which was a concern. 
Remote patient monitoring was experienced as a reassurance by TM teams on several levels. First, at the patient level, healthcare professionals felt less uncertain because they could monitor the patient’s recovery process from a distance. They were confronted with a new disease and the prognosis was uncertain. For example, they worried about the occurrence of silent hypoxaemia (in which the patient subjectively feels good, while desaturation is present). The RPM system enabled them to detect (potential) problems and to react quickly when necessary, e.g. by correctly referring patients to the emergency department. This experience was shared by the GPs. Furthermore, RPM allowed GPs to adjust the follow-up, e.g. intensify the follow-up of parameters and to have more frequent contact with patients as to better identify tipping points in the patient's evolution. In the case of the few general practitioners involved in NIHDI RPM projects, this was possible through an external monitoring service with nurses. GPs who had implemented RPM in their own practice perceived that they could anticipate complications better, and monitor the appropriateness of treatment.
“It is also a relief for us, because as a doctor I also feel more reassured. Those patients are followed up, the saturation (oxygen) is observed, and if they call, the RPM centre calls for example, that patient doesn't call you himself anymore if he's troubled, but they pick up on it and you can go and respond in a targeted way” – PRM project 08
Second, some projects benefitted from the support of primary care nurses at the patient's home, which also reduced the uncertainty experienced by the TM team. Personal information about the patient, how (s)he felt or about his or her environment were relevant in addition to the data obtained by RPM. 
“I love the nurse's backup, I couldn't do without it. I think it's... It was very good with the teleconsultations, and for all the future projects, I wouldn't do without the primary care nurse who was a big added value. By confirming or going against me by telling me "you know he's not that good." But the patient showed me a beautiful image of himself on the video, when in reality he wasn't doing so well.” – RPM project 12
Third, on a more general level, it also reassured physicians of the hospital’s capacity to handle critical moments of the pandemic. Medical doctors were concerned that the demands of the pandemic would outweigh the capacity of hospitals. The TM teams believed that the RPM projects reduced the pressure on the hospitals mainly through 1) freeing up beds by shortening hospital stays and reducing avoidable hospitalisations due to COVID-19, 2) increasing the hospitals’ capacity to cope with new COVID-19 admissions and 3) allowing the hospitals’ usual activity to be maintained as far as possible.
RPM was associated with a high workload for TM teams and GPs
Remote patient monitoring was associated with a high perceived workload. The investment required in terms of human resources for a comprehensive RPM follow-up was seen as significant and had to be organised on top of the routine care. Most projects did not hire or allocate additional staff, and TM teams felt that this limited the capacity needed to scale up RPM projects.  In some cases, other work was side-lined, other actors were trained to support the activity (e.g. for administrative tasks) or the TM team members involved worked additional hours. 
“After some time, it (the work) really became too much with only the people from our team. After a while, we also had to rely on the head nurses of the COVID-19 unit. – RPM project 03
Some patients believed that RPM could reduce the burden on GPs. Remote patient monitoring provided GPs with a means to deal with the workload and burden resulting from the COVID-19 pandemic. For instance, RPM provided an alternative to home visits and consultations and gave GPs a sense of control over the situation. However, GPs also associated RPM with a higher workload, e.g. because of the high volume of patients with COVID-19 and due to an increased administrative burden and limited resources. In some cases, primary care nurses who collaborated with GPs could reduce the burden of follow-up by monitoring patients.
Implementation challenges
Quality of data was important
[bookmark: _Int_EkdRpcUr]All TM teams agreed that quality of data was a key factor, but they differed in what they found important. Quality of the data was described as having two dimensions, i.e. the type of data needed for follow-up, and the reliability of the measurements. 
While some teams positioned objective data (e.g. temperature) as key to their follow-up, others valued subjective general health and well-being data. Objective data was valued because some TM teams stated that they did not always trust the answers of patients. 
“A lot of the information you ask in the questionnaires is subjective and can actually be derived from other parameters. And if you have to choose between the answers from the questionnaires or the parameters, then you will use the parameters, because they are objective.” - RPM Project 04
Telemonitoring teams systematically reported errors in the measurement of the respiratory rates (which was in most cases self-reported), and several teams reported problems with thermometers. Teams had different ways of dealing with such errors, including sending a nurse to the patient’s home to verify the measurement, or relying on experienced staff to filter the information. There was consensus that measurement of data should be easy and intuitively (easy to use without the need for formal training or education on its use).
Logistic management was challenging
The logistic management of the project was a challenge because of the contagious character of COVID-19, and the collaboration with hospital support services and primary care partners. A challenge was organising a system for the safe return of previously used and ‘contaminated’ RPM devices in the hospital, decontaminating the telemetry devices and returning these to the TM team for the next patient. Teams that collaborated with primary care nurses experienced an additional challenge as RPM systems also had to be transferred from the hospital to the primary care partners and back. 
“I think the technology was the least of the challenges, except for the oxygen saturation meters, which was also a challenge, but it was mainly, ‘how do we organize the care pathway’? How do we ensure that the saturation meters get to the patient and are returned afterwards? And that they are disinfected and prepared to be used again. How do we follow up on the patient, how do we communicate with the first line? Those were the big challenges.” – RPM project 02
Access to data is needed for collaboration and continuity of care
Having access to RPM data was considered an essential element to ensure continuity of care and information. Access referred to two elements: access for health professionals, and access to data in electronic patient records. 
[bookmark: _Int_0g8XJ7zP]Access to the RPM data for GPs was an important element throughout the focus group discussions. Such access was considered necessary to ensure adequate follow-up by all GPs and to facilitate collaboration. Teams that had a partnership with ambulatory nurses mentioned that access for these professionals was also important. However, in these projects, nurses did not have access to the RPM system. For some of them, this was not experienced as a barrier because their main task was installing and initiating the RPM at the patient's home. When nurses perceived their tasks to also include regular care and follow-up of COVID-19, having no access to the RPM data was perceived as a barrier. They reported missing important information about the patients, e.g. medical history, contagiousness status, and RPM parameters or not being able to register the parameters in time.
“If a patient was feeling bad we gave the advice: Ask for your family doctor to come. […] Then if the general practitioner wanted to, then they could look (in the PRM system) ... Because if they can't go and visit the patient, then they (the GP) have nothing. But in the event that someone would feel bad and not come to us and they go to their GP, then they (the GP) could look at that too, the parameters. An additional factor is that this concerns a special population, which is in isolation at the time. It's not that obvious for a GP to go and see how a patient is doing”. - RPM project 01 
Participants reported that there are currently no bridges between the different information systems (including electronic patient records) of health professionals and organisations. They made the following suggestions. The RPM system should be integrated in the electronic patient records and all healthcare professionals involved in the follow-up should have access. It should be linked to existing (health) platforms and not act as a standalone platform to increase the accessibility to data. Having multiple platforms running was experienced as a burden and not efficient for the implementation. They believed remote patient monitoring should also be modular and adaptable to different pathologies and patients. 
NIHDI funding was not sufficient to support implementation
Telemonitoring teams, GPs and primary care nurses perceived that the NIHDI remuneration was not sufficient to fund the personnel that was needed to deliver RPM. They felt that a dedicated team was needed for the implementation to cover the different tasks, including recruitment, informing patients, monitoring RPM parameters, medical supervision, communication with patients during follow-up, collaboration with primary care, project management and coordination, ICT support and logistics management. They commented how the funding model did not account for time invested in coordination, project management, and communication with patients by the TM team and GPs.
“The funding we've had covers the telemetry and some follow-up,  […] but the focus is on the technical aspects. The time you put in the project, very regularly looking at the data, seven days a week, communicating, resolving questions, maybe also asking someone else for advice, giving feedback to the GP, that's not actually included in that fee.” - RPM Project 02
The lack of funding resulted in projects that were operated by teams who performed RPM tasks on top of their regular work. As a result, projects recruited fewer patients than desired and in some projects only a small number of patients. Overall, funding was considered an important barrier for future scaling up but the high burden on the hospitals, the motivation of healthcare professionals to deliver quality of care, and the vision of hospitals regarding RPM as a future intervention were important factors to overcome this barrier during the pandemic. 
Uncertainty about medical responsibility related to PRM
Medical responsibility was a complex theme throughout the interviews, and TM teams differed on their views on the roles of patients, medical specialists, GPs and nurses. Teams generally indicated that patients were responsible for seeking help when needed, e.g. patients had to sign an informed consent for this purpose. However, teams also observed problems with this responsibility as many projects reported problems with accurate observations of vital parameters. If patients do not trust data because they are not accurate, they are less likely to take appropriate action. Responsibility was generally also attributed to supervising medical doctors in the hospital. However, from a legal point of view this was unclear. 
“At the legal level, nothing is clear. In this case, I was the one who was doing the teleconsultations and receiving the alarms, so I judged that I was responsible. Therefore, I had a clause added to my professional liability insurance […] I have a medical insurance company that knows a lot about this, but they did not know what to do with my request for an additional liability clause.” – RPM Project 12
However, doubts arose as to which medical specialist was the main responsible person, and several projects also defined responsibilities for the nurses in their team. Not all teams agreed on sharing responsibility with primary care professionals. Teams collaborating with general practitioners in the follow-up had an open view on sharing responsibility. Other projects however, stated that they were primarily responsible for follow-up and that GPs were not systematically involved. General practitioners were uncertain or did not know how current legal frameworks applied to RPM. The GPs shared a number of uncertainties related to the medico-legal responsibility in relation to RPM. There were also concerns about the (lack of) continuity of monitoring, e.g. the impossibility to be available 24 hours at all days. 
DISCUSSION
This study aimed to understand how RPM was experienced in relation to the patients’ illness experience, needs, care delivered and received, and outcomes. We also explored what factors challenged the implementation of the projects
Overall, participants reported that RPM reduced the anxiety and uncertainty of patients and healthcare professionals. This results corresponds to the findings of a large qualitative evaluation of telemonitoring in patients with COPD, diabetes and heart failure who experienced a reassuring and even an empowering effect. (Hanley et al., 2018) We observed that a reduction of anxiety and uncertainty was dependent on how the intervention interacted with the individual needs and preferences of patients. Frequent communication with patients was seen as important to support patients in their needs. There was no consensus on the ideal mode of communication, and patient preferences regarding interaction also differed. A diversity in patient preferences regarding technology to manage health and communicate with health professionals has been observed before. (Alexander et al., 2021) Another important determinant for the experienced value of RPM, was how TM teams met the expectations and information needs of patients towards the system, how patients were involved in the decision of starting RPM. 
The implementation of RPM was challenging for several reasons. The burden of operating RPM systems on both TM teams and GPs was high in comparison to the available resources. This was mostly because RPM was performed on top of their usual work. RPM was perceived as a complex pathway that requires the expertise and effort of multiple healthcare professionals and services. These include a project coordinator, a medical supervisor, a TM team for the recruitment as well as instructing patients and follow-up of patients, ICT and logistic support, GPs, and -in some projects- primary care nurses. The ‘burden of RPM’ has been observed in multiple studies, in particular when the follow-up included patient telephone contacts. (Andersen, Nielsen, Moll, & Svendsen, 2019; Ricci et al., 2014)
Recruitment was a concern across projects. Older patients, those with a geriatric profile or less able to use the technology and non-native speakers were often excluded from RPM, raising concerns about care inequality. This was attributed to the design of the projects’ RPM interventions, having limited resources, and the context of the pandemic. This has been termed ‘the digital divide’, and became an important concern in the COVID-19 pandemic when health systems fast-tracked the adoption of digital health solutions. (Astley et al., 2021). Unequal access to RPM for vulnerable groups appears to be a common problem in the field of eHealth. (Houlding et al., 2021) Several projects collaborated with ambulatory nurses which helped them recruit older patients. Ambulatory nurses visited patients at home to teach and support them with the use of the RPM system. This also allowed nurses to investigate and deliver care for other needs. However, a need to also include older persons in the development of technology-based interventions has been voiced. (Allemann & Poli, 2020)   
Collaboration between hospital-based TM teams and primary care professionals is imperative for a significant group of patients. This is consistent with overall literature about care integration, where patient and providers coming from primary and hospital levels should work ‘as a team’. This is called clinical integration in Valentijn’s rainbow model and should also involve professional, organisational and administrative integration, (Valentijn et al., 2015) which was tested in Belgium for people with chronic illnesses (Winter, 2022) and is certainly also relevant in the context of Covid-19 patients. However, most TM teams had none to limited interaction with the GPs or primary care nurses. RPM systems allowed TM teams in hospitals to implement and deliver the intervention, but in projects in which primary care was actively involved, GPs and ambulatory nurses wanted to be part of the system. Furthermore, many patients expected that their GP is involved in their care. Access to the RPM system was experienced as a minimal requirement for collaboration across levels of care but this was not the case in all projects. RPM systems were mostly developed as standalone platforms, and the lack of integration and communication of data with the electronic patient records of different healthcare professionals across levels of care was an important barrier.  
Implications for implementation of RPM in public health
A national framework is needed to define medical responsibilities and roles of different healthcare professionals involved in RPM across care levels according to a formal program theory. Funding schemes are not fully prepared for the reimbursement of remote care and should be adapted to the complex pathway of RPM, the different tasks and logistic and technical challenges. Both the framework and funding should be based on a thorough investigation of the best mode for the delivery and design of RPM and its integration in the different care levels, e.g. should RPM be coordinated nationally, regionally, locally, and by hospitals, GPs, or dedicated independent teams? Current projects rely on local and historical collaborations between care partners, but a future framework should facilitate a structural collaboration between care partners. The framework should consider the time and administrative demands of individual healthcare professionals when their patients are in follow-up with RPM, as well as the time needed to coordinate a RPM project.
The design of RPM systems should allow flexibility and individualisation in terms of which parameters are measured and which values or thresholds are important for specific parameters. Current technology appears to be vulnerable for measurement errors and this should be addressed. A user-centred design can facilitate the development or optimisation of RPM systems so that they are also accessible for vulnerable groups. There is need for a healthcare RPM platform that unifies and links input from different RPM systems and electronic patient records. Current RPM systems are designed and operationalised in isolation. A national platform could overcome fragmentation and facilitate communication of data to all healthcare professionals involved in the care of a patient included in a RPM project. The platform should be generic and not-disease specific, and should have a direct link to electronic patient records. 
To facilitate RPM in patients, explicit and standardised educational strategies (both active and passive) should be developed, not only focussing on the use of the RPM system, but also on the parameters that are monitored in relation to the disease or condition monitored. The education strategies should overcome limitations in certain settings, e.g. short and limited contacts between healthcare professionals and patients in GP practices or emergency department. Monitoring should also go beyond the disease and include a patients’ personal experience with the disease. There is a clear need to communicate about the observed parameters, and the design of RPM system should include visual results and feedback. For independent patients, passive textual feedback may be sufficient. Older and socially isolated patients can benefit more from active ‘person-to-person’ communication about their disease progression. 

Initiation of RPM should consider the individual needs, perceived acceptability of the intervention, and expectations of patients for follow-up. Involving GPs in the implementation of RPM is likely to increase the acceptability of the intervention in certain subgroups of patients. Yet remote patient monitoring may not be acceptable for all patients, and alternative but equivalent care should be available. Special attention is needed for the inclusion of patients in RPM projects because selective profiles are recruited, as access to RPM may be limited for more disadvantaged or vulnerable groups. The involvement of primary care nurses may increase the adoption of RPM in groups with language barriers and/or having low digital skills. For the monitoring of contagious diseases, the involvement of primary care nurses may also be important to combat social isolation. 
Strengths and limitations
The qualitative evaluation has several strengths. Several forms of triangulation were introduced which contributed to a multi-perspective exploration of RPM, including interviewing different stakeholders and using different data collection methods. We used member checking during the interviews to verify the responses. Interviews were performed and analysed by a team of researchers with experience in qualitative research. Furthermore, initial reports from interviews were discussed in team, which allowed us to gradually improve the quality of the interview guide as well as the data analysis. A systematic approach using the QUAGOL methodology helped to improve the depth and rigour of the analysis process. This included a team approach to discuss the initial findings, coding schemes, interpretation of codes and integrating results in main findings. A qualitative researcher of the KCE also participated in the discussions of the analysis and results. 
There were also some limitations. We were not able to interview patients from all projects (only eight of the twelve), and all but two patients had experience with post-hospital RPM. The findings therefore apply primarily to post-hospital RPM. Furthermore, we believe that (although we also captured a very negative experience) it is likely that most patients who responded had a positive attitude towards the RPM projects, potentially resulting in a self-selection bias. Not all projects participated in the interviews with the TM team (ten of the twelve), and not all team members who participated could be present at the time of the interviews. This entails some risk that individual experiences were missed. Focus group discussions were not feasible with GPs, and only a few GPs who were interviewed had experience with one of the NIHDI projects. We therefore also interviewed GPs who implemented their own RPM projects to help us understand the context of RPM for GPs. However, these interviews were shorter in duration, and while some contained rich data, other interviews were necessarily superficial. Likewise, we were not able to recruit the desired number of ambulatory nurses. However, it should be noted that GPs were only systematically involved in one project and nurses in only four projects. Consequently, our sampling reflects the characteristics of the projects under evaluation. Overall, this means that theoretical sampling was not possible and that it was difficult to explore the variation and depth of some experiences, which meant that we were not able to achieve saturation for most of the themes. Nonetheless, some experiences were consistent within and between groups of participants (e.g. reassurance of RPM), which strengthened the credibility of the main findings.
[bookmark: _Toc95314522][bookmark: _Toc97197025]Conclusion
Overall, patients’ and professionals' attitudes towards RPM tend to be positive, and RPM is seen as a solution in dealing with the challenges of the COVID-19 pandemic. Remote patient monitoring offers reassurance for both patients and healthcare professionals. However, older patients and non-native speakers were often excluded by the RPM projects’ staff, thus limiting their reach. Personal communication and flexibility in RPM procedures can cultivate a positive experience with patients because individual needs are more often met this way. Hindering factors for the implementation of RPM are the high burden on TM teams, insufficient resources, lack of financial remuneration of all tasks needed for RPM, technical problems with RPM systems, challenging logistic management of RPM, lack of access to RPM data for all relevant stakeholders, lacking integration of RPM data in electronic patient records, doubts about quality of data, and professionals’ limited knowledge of relevant legal frameworks. Overall, healthcare professionals and patients perceive RPM as valuable and believe that the concept will have its place in the Belgian healthcare system. However, current RPM practice is challenged by too many barriers, and the sustainability of RPM implementation is low. This signals the need for policy development at national and organisational levels, as well as at the level of professional associations, in order to support RPM initiatives.
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Tables
Table 1. Background information on RPM projects
	Project
	Region
	Coordination of RPM a
	Sample size
	Role of primary care

	
	
	
	Pre-hospital
	Post-hospital
	

	1
	Flanders
	Hospital
	8
	38
	Primary care nurses installed RPM system

	2
	Flanders
	Hospital
	219
	45
	Primary care nurses installed RPM system

	3
	Flanders
	Hospital
	4
	51
	No systematic collaboration

	4
	Flanders
	Hospital
	36
	1
	No systematic collaboration

	5
	Flanders
	Hospital
	1
	6
	No systematic collaboration

	6
	Flanders
	Hospital
	1
	5
	No systematic collaboration

	7
	Flanders
	Hospital
	26
	28
	No systematic collaboration

	8
	Flanders
	Primary care
	15
	55
	Installation of RPM system and follow-up by primary care nurses; Recruitment by GPs

	9
	Flanders
	Hospital
	1
	97
	No systematic collaboration

	10
	Wallonia
	Hospital
	0
	2
	No systematic collaboration

	11
	Wallonia
	Hospital
	0
	28
	Installation of RPM system and follow-up by primary care nurses

	12
	Wallonia
	Hospital
	9
	9
	No systematic collaboration



Legend: a Coordination refers to the centre primarily responsible for the follow-up of patients in the PRM projects.
Table 2. Characteristics of participants
	Characteristics
	Patients
	TM teams
	GPs
	Primary care nurses

	Number of participants
	n = 17
From 8/12 projects
	n = 37
From 10/12 projects
	n = 16 a
3 GPs involved in 2/12 projects
	n = 12
From 4/12 projects

	Main type of interview
	Individual
	Focus groups
	Individual
	Focus groups

	Duration of interviews in minute: median [min-max]
	33 [18-64]
	85 [52-100]
	21 [9-35]

	56 [49-83]

	Gender distribution
	Equal
	Equal
	81% women
	66% women

	Timing of the data collection
	August -November 2021
	August - October 2021
	October -November 2021
	September -October 2021



Legend: a Of the 17 GPs who participated, three had experience with two of the NIHDI RPM projects. Three had experience with an external RPM platform developed for the follow up of COVID-19 patients by GPs in Wallonia and Brussels. The remaining GPs had initiated and self-developed an RPM intervention in their own practice. 

Table 3. Characteristics of patients
	Characteristics
	Sample (n = 17)

	Age
	

	25 – 44
	1

	45 – 64
	13

	65 – 74
	1

	75 - 84
	2

	Living alone
	1

	Educational level
	

	Lower secondary education
	1

	High school
	7

	University
	9

	Multimorbidity
	8





Table 4. Characteristics of RPM in patients included in the projects
	Characteristics 
	Sample (n = 17)

	Timing or RPM
	

	Pre-hospital
	2

	Post-hospital
	15

	Time in hospital
	

	< 1 week
	4

	1 to < 2 weeks
	6

	2 to < 3 weeks
	2

	≥ 3 weeks
	3

	Admission to intensive care
	5

	Duration of RPM
	

	< 1 week
	3

	1 week to < 2 weeks
	6

	2 week to < 3 weeks
	3

	≥ 3 weeks
	5

	Expectations met by RPM (score 0 – 100) a
	

	50 – 59
	1

	60 – 69
	3

	70 – 79
	1

	80 – 89
	4

	90 - 100
	8

	Follow-up by professionals outside the RPM project b
	

	General practitioner
	10

	Physical therapist
	3

	Ambulatory nurse
	5

	Medical specialist
	3



Legend: a Patients were asked to rate how RPM met the expectations they had before starting RPM on a scale from 0 to 100. b Refers to the number of patients who had seen a health professional other than those affiliated with the RPM project during their follow-up in the project. 

