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[bookmark: _Hlk83826514]Abstract: The study examines the implementation of a new model of remote care by telemedicine technologies at a COVID-19 acute psychiatric unit. Remote care by telemedicine technologies accelerated during the COVID-19 crisis, not only for outpatient care but also for hospital inpatient care. To enhance the safety of the staff in the COVID-19 units, conserve PPE, and provide a method for communication with experts and families, hospitals developed a new model of inpatient telemedicine. The model was implemented in an acute psychiatric unit for COVID-19 patients in Israel with a control room and audio-video system to remotely supervise, communicate, and treat the patients in the contaminated unit. The study is based on semi-structured interviews of medical staff, architects and digital technology directors, and observations in the COVID-19 unit in June - December 2020. The study illustrates the impact of the built environment on the implementation of telemedicine technologies for inpatient care. It demonstrates limitations caused by the location of the audio-video system to avoid vandalism and the complexity of the system due to the dynamic movement of patients in the unit. The results indicate the system's dependency on the collaboration of patients and the need for coordination between caregivers. While inpatient telemedicine holds potential to enhance the quality of care and safety of patients and staff in COVID-19 units, its implementation in acute psychiatric units requires further development in the integration of digital technologies with the design of the built environment to address unique challenges of mental health.
Keywords: model of care, COVID-19, inpatient telemedicine, psychiatric care, mental health.

1. Introduction
[bookmark: _Hlk54860255]The COVID -19 pandemic has forced healthcare systems to rapidly develop new models of care. The need to protect medical personnel from contamination while continuing to provide quality of care for COVID-19 patients led to innovative strategies for remote care by telemedicine technologies (Wosik et al., 2020), overcoming technical and logistic restraints, organisational resistance, and psychological barriers (Zimlichman, 2005). In addition to remote home care, telemedicine was found to be ideally suited to meet the demands of inpatient care while at the same time reducing virus transmission, stretching human and technical resources, and protecting patients and healthcare workers in the inpatient care setting (Dhala et al., 2020; Igra et al., 2020; Vilendrer et al., 2020). Inpatient telemedicine provided a solution to avoid physical contact with COVID-19 infected patients, significantly increasing the chance of illness transmission and the need to quarantine exposed healthcare workers. 
Inpatient telemedicine was implemented during the pandemic in various medical units for critical care and internal medicine (Pilosof et al., 2021b; Vilendrer et al., 2020). The integration of the new model for psychiatric care was based on the understanding that isolation of patients in psychiatric hospitals in the context of the COVID-19 pandemic posed an ethical, legal, and practical challenge for the purposes of infection control (Brown et al., 2020). Psychiatric patients often lack the ability to understand or properly appreciate the risks of the disease and the necessary behavioural modifications to stay well (e.g. physical distancing, frequent effective handwashing) making them particularly vulnerable in psychiatric inpatient settings (Zhu et al., 2020). The new model aims to advance the proposal that patients could be moved to a unit which is designated only for those with confirmed COVID-19, while the unit activities would proceed fairly normally in a cohort environment – with staff wearing Personal Protective Equipment (PPE) (Brown et al., 2020), and by integrating telemedicine technologies to provide remote care from a safe location outside of the unit.  
Remote psychiatric care, named telepsychiatry, accelerated during the pandemic and demonstrated its capacity to become an important modality of care in the future as demand, technology, and acceptable models evolve (Garofalo et al., 2021). Yet, the outcomes of remote care for acute psychiatric inpatients also depend on the built environment of the unit. Research on the design of psychiatric units indicates the impact of the built environment on psychiatric patients' treatment outcomes, experience, and behavior (Sheehan et al., 2013). Ulrich describes the influence of the design of psychiatric units on patients' aggression (Ulrich et al., 2018), and Lundin illustrates the challenge in designing 'healing architecture' while enhancing patients and staff safety (Lundin & Msa, 2021). Accordingly, the US Facility Guidelines Institute has specified that spaces used for telemedicine communications should be designed to provide patients' privacy, safety, quality of care, and patient experience, at the same standard as for communication taking place in person (FGI, 2018). As such, examining the manner in which telemedicine technologies were implemented in the built environment for inpatient acute psychiatric care during COVID-19 is important to explore.
2. Theories and Methods
The exploratory case study involved qualitative inquiry, aiming to analyse the new model of inpatient telemedicine for psychiatric care and examine the stakeholders' interpretive understanding of its impact on patient care. The case study received approval from the institutional review board at the Sheba MC in Israel as part of a broader research project studying the smart hospital's strategic development and planning. Sheba MC provided the first author access to the collected data in collaboration with co-authors from the hospital. The case study was conducted from June to December 2020, based on formal semi-structured interviews with Sheba medical staff, telemedicine experts, the architectural design team, and observations at the COVID-19 Psychiatric Unit. Based on principles of naturalistic inquiry (Lincoln & Guba, 1985) and a grounded approach to conceptual development (Golden-Biddle & Locke, 2007), thematic qualitative data analysis was adopted to identify emerging themes from the interviews and observations. Related and similar ideas were clustered together through the field notes and coding of interviews, eliciting supporting quotes as evidence for the case analysis (Emerson et al., 2011). At the end of the data analysis phase, the validity of the themes was checked and confirmed with clinical leaders having oversight of the care processes. 
3. Results
3.1. The case of Sheba Medical Center in Israel
[bookmark: _Hlk54863637]The Sheba Medical Center (MC) at Tel HaShomer, the largest tertiary hospital in Israel, rapidly developed inpatient telemedicine units during the COVID-19 outbreak (Bar-On et al., 2021; Leshem et al., 2020). The new model of care, designed to reduce infection exposure of the staff while preserving a high quality of care, was implemented in different medical units, including a COVID-19 Intensive Care Unit (ICU) and COVID-19 Internal Medicine Unit (Pilosof et al., 2021a, 2021b). Early in the pandemic, the Israeli Ministry of Health decided to open a National COVID-19 Psychiatric unit at Sheba MC, and transfer psychiatric patients diagnosed with COVID-19 from all other Mental Health facilities. "At the beginning of COVID, it became clear that psychiatric units are very crowded, and many of our patients, because of their psycho-pathology, do not keep social distancing or hygienic recommendations. We were all concerned that in crowded, closed wards, one positive patient for corona would get everyone ill" (Medical director). 
The management of the hospital decided to locate the COVID-19 Psychiatric unit in an existing acute closed unit that was renovated and equipped in only four days to hospitalise the first patients (Mental Healthcare in the Corona Era at Sheba Medical Center, n.d.). Since there was only one COVID-19 Psychiatric unit, the unit was planned to facilitate men and women in different mental health conditions. The design of the unit, similar to the other COVID units, divided the space into a contaminated zone and a clean zone using double-door vestibules for the donning and doffing of PPE, with special infrastructure for audio and visual communication devices. The design transformed the nurse station in the clean zone into a control room with telemedicine devices to remotely supervise, communicate, and control the operations in the contaminated zone. The remote audio-visual technologies were also installed in all the patient rooms, day room, and outdoor garden in the contaminated zone, as well as in the conference room, and offices in the clean zone (Figure 1).
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Figure 1. Architecture plan of the COVID-19 Psychiatric Unit illustrating the clinical contaminated zone in the acute closed unit (in red) and the diverse remote communication rooms in the clean zone (in blue). Source: Sheba MC.

3.2. Inpatient Telemedicine in the Acute COVID-19 Psychiatric Unit 
The new model of inpatient telemedicine combined in-person care with remote virtual care. The nurses went into the contaminated zone, wearing PPE, twice a day or in case of need or emergency, while the physicians and therapists stayed in the clean zone and remotely communicated with the patients and nurses inside the unit. They also used the system to talk with family members at home that were not allowed to visit. Remote care was mainly used for psychiatric treatment and control of patients' behavior (Figure 2). The remote psychiatric treatment included 1:1 sessions with psychiatric physicians, social workers, occupational therapists, and group therapy. "The PPE and masks of the staff extended patients' paranoic feelings. For this reason, we thought that remote care would be helpful for providing psychiatric care that requires communication with facial expressions and eye contact" (Psychiatric physician). The remote care also aimed to reduce staff fatigue and challenges of concentration when working with PPE (Oborn et al., 2021). "Since there were accidents of violence where patients tore caregivers PPE, the management decided that we will wear two sets of PPE one over the other. This made our work even more difficult as it was very hot and sweaty inside (Head nurse).
[bookmark: _Hlk96435608]While the new model of inpatient telemedicine aimed to improve care and prevent contamination, it was conceived by many of the staff as unsuccessful. "Here and there, we were able to have short, elementary conversations with patients, but the system, in general, didn't work. Doctors, nurses, aides, supplementary staff, sanitation workers went in. It was a good idea, but it didn't work in our unit "(Medical director). "In many cases, since the remote system did not work as we envisioned, we felt out of control of what was happening inside the unit. We realised we need to go physically inside, wearing the PPE, to gain control" (Psychiatric physician).

Limitations in implementing inpatient telemedicine for acute psychiatric care, can be divided into three main challenges: Technical Issues caused by the need to prevent patient vandalism, dependency on User Collaboration on the side of the patients, and Spatial Complexity to manage care from multi-locations at the hospital.
3.2.1. Technical Issues
One of the main issues in the design of the telemedicine system was how to protect it from vandalism. "Hard-core psychiatric patients are at times capable of purposely destroying everything around them" (Medical director). "The experience of isolation in the unit cased some patients a regression in their mental condition" (Psychiatric physician). "Some of the patients had the potential of being violent, staff could only go in at least in pairs, and we have security involved. And it was quite eerie" (Medical director). "The patients were aware they were being watched remotely, but many forget or chose to disregard it" (Psychiatric physician). 
The protection from vandalism rendered the system difficult to use. The screens were installed with a protective box and a Plexiglas cover, located close to the ceiling. "The patient had to stand or sit looking up high, which made the communication very hard. The caregiver did not see them well because of the Plexiglas. We were also not able to leave a remote control with the patients, in fear of damage, so there was a challenge to operate the system" (Medical director). "Psychologists and social workers were supposed to operate remotely from separate rooms. We installed systems so they could speak to their patients via microphone with a screen, but the camera and the microphone were too far away, so instead of quiet conversations, they had to shout to be heard, and that, of course, is not an ideal setting for psychotherapy" (Medical director). "In some cases, I felt as if we were babysitting the patients in the unit. The remote system was mainly used as a surveillance system to supervise the patients were not hurting themselves or others" (Psychiatric physician).
Inpatient remote psychiatric care showed significant technical limitations. "It's one thing to have a short conversation in a system that is not ideal, but when you have a 50-minute psychotherapy session, even just a delay between the audio and video creates a major problem" (Medical director). The remote limitations due to technical difficulties were also evident in the group therapy, where the caregivers could not see the patients distant from the static cameras. Although the communication between the staff in the contaminated zone and the staff in the clean zone was necessary, it was limited. "The intercom and audio systems did not work, so in the end, we communicated via walkie-talkie" (Medical director).



3.2.2. User Collaboration
The operation of the new model of care in the COVID-19 Psychiatric unit, using remote technologies for psychiatric treatment and control of active patients moving in space, depended on the patients' participation and their will to collaborate and learn to use the system. "In general, the main issue was that the system requires active participation on both sides, and we could not rely on the participation of the patients. We tried different solutions, having a staff member inside operating the system for the patient, holding a Walkie-Talkie beside them. Still, it was unsuccessful, and most caregivers had to wear the PPE and go inside the unit "(Medical director). The challenges in operating the system were also based on the patient population. "We were hospitalising very severe patients from all over the country who needed psychiatric treatment in a closed, locked ward, and most of the patients, the majority, I think, were involuntarily hospitalised. There wasn't a lot of psychological work that could be done with these patients; they needed to take their medication; many were very paranoid had disordered thought processes. One patient had difficulty communicating, just sitting there. What exactly do you want to do with your fancy online remote technologies with this patient? We just had to go in and give him an injection because he wasn't taking his pills. So, in that respect, the psyche is less appropriate for inpatient telemedicine" (Medical director).
3.2.3. Spatial Complexity
The system was managed from multi-locations in the contaminated zone - patient rooms, day room, and garden- and from the clean zoon - nurse station, conference room, doctors' offices, and remote places at the hospital (Figure 1). The complexity of the spatial configuration caused challenges in operating the system. The staff had to coordinate the use of the technologies from multi-locations by different team members while the patients were active moving around in the unit. This coordination was especially challenging in cases such as Sectioned Committees to decide if the involuntary hospitalisation was seemed legal and should continue. This process, which usually takes place in person in the unit with the patient and a family member, required the committee members to assess the patient's condition remotely while they were in diverse locations in the hospital. "The Sectioned Committees process did not work remotely. The cameras and the audio weren't working well, and at some point, they were looking at the patient from the camera, but they couldn't hear, so somebody had to communicate with a walkie-talkie or cell phone from within" (Medical director). "It was challenging to locate the patient in the unit and coordinate communication with the committee members in diverse rooms" (Head nurse).
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Figure 2. The head nurse in the clean control room communicating with patients in the clinical contaminated zone. Photo: Sheba MC, May 2020.

4. Discussion
The study explored the implementation of telemedicine for inpatient care in COVID-19 acute psychiatric unit in Israel, focusing on the integration of digital technologies within the hospital-built environment and its impact on the operation of the system. The new model, developed initially to prevent staff contamination with COVID-19 and maintain quality of psychiatric care by communication without protective gear, making facial expressions visible, had an impact on the operation of the unit and the experience of both the patients and the staff. The remote system enhanced the supervision of the patients and supported rapid response in cases of emergency. However, the use of the system for psychiatric treatment showed significant limitations caused by technological difficulties resulting from inconsistency with the unique needs of acute inpatient psychiatric care.
The results of the study indicate three main challenges in implementing inpatient telemedicine for acute psychiatric care, including technical issues caused by prevention of patient's vandalism, dependency on user collaboration of patients to operate the remote system in the unit, and spatial complexity to manage the remote care system in coordination from multi-locations by multi-team members. All the challenges, associated with the specific context of acute inpatient psychiatric care, are interrelated to the design of the system within the built environment of the hospital. The location of the cameras and their height, aimed to prevent vandalism, decreased the usability of the system and the wiliness of the patient to collaborate. The complexity of the system operated from different places by multiple users, dynamically moving in space, was not supported by the technology that was initially designed to connect two persons in a static location. Whereas technical difficulties can be improved in the future, the success of the model depends on an integrated design considering the specific needs of the people, processes, and places in the acute inpatient psychiatric unit. 
The study introduces an innovative solution for inpatient telemedicine during the outbreak of COVID-19, yet, further work is needed to compare and evaluate different solutions for psychiatric care using digital technology. More studies on the implementation of remote technologies in different layouts of hospital units are required, as well as various levels and models of care. Further research on the impact of inpatient telemedicine on the design of healthcare facilities in diverse social, cultural, and economic contexts will enhance the knowledge base needed for the future development of healthcare architecture and digital technologies for remote care.
5. Conclusions
The integration of remote care for inpatient care during the COVID-19 crisis disrupted conceptions of healthcare services and presented an opportunity to develop and test new models of care. While inpatient telemedicine for critical and intermediate care enhanced patients and staff safety and supported teamwork and management of the units (Pilosof et al., 2021a, 2021b), the study showed the inadequacy of the model for acute psychiatric care. The limitations were caused by technological difficulties resulting from inconsistency with the unique needs of acute inpatient psychiatric care, including dependency on the collaboration of patients, prevention of patients' vandalism, and management of the system from multi-locations. The remote system was primarily used for surveillance of patients and less for psychiatric and therapeutic care. 
As inpatient telemedicine holds potential to develop beyond the challenges of the corona virus crisis, to deal with lack of staff, changes in patient loads, and need for ongoing infection control, it is essential to recognise the limitations of the model for different medical fields and levels of care. The study illustrates that the model's success depends on an integrative design of the digital technologies with the built environment, considering the specific needs of the users. Advancement of the model should also address patient and staff privacy, patient control, and human experience lacking in the rapid development during the crisis. Developing insights from inpatient telemedicine, with attention on psychiatric care, can inform methods for home hospitalisation with supervision by the hospital. This approach can help support future transformations of the healthcare eco-system integrating hospital care with more remote locations such as the community and home care.
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