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Technology has transformed the delivery of healthcare operations and communication between healthcare professionals and patients. The information technology used to facilitate such changes has been referred to as ‘eHealth’. eHealth has transformed the delivery of health services, from improving communication between patients and clinics, supporting self-management and adherence to medical advice. eHealth adoption has grown in different health areas such as transplantation care, over the last decade with the use of telemedicine, mobile health applications, electronic health records, wearable devices, and artificial intelligence. These digital health tools have played a vital role in changing the way healthcare is managed, delivered, and accessed within transplantation care. Despite the large use of eHealth, there is a lack of a comprehensive understanding in the benefits and challenges of using eHealth for transplants in the literature. Therefore, this study proposes a systematic analysis of the existing literature to create an overall understanding of the utilization of eHealth by identifying the main challenges and benefits of using eHealth to support the health of transplant patients, while also suggesting avenues for future studies.
Key findings indicate four themes related to the use of eHealth in transplantation: (1) barriers to using digital health devices, (2) benefits of using health devices, (3) the process of developing digital health, and (4) users of digital health. Findings also identified future prospects of eHealth in transplantation, in using emerging technologies to improve patient outcomes. This study recommends future research look into different types of eHealth devices used in transplantation. As well as look at conducting studies in countries that have high transplantation rates to generate valuable insights. This study highlights the importance of investigating the use of eHealth in transplantation to ensure that patients receive the best possible care, optimize resource allocation, and advance medical knowledge in this critical field. By addressing potential challenges, identifying benefits, and exploring future prospects of e-health in transplantation, health facilities, and policymakers can work towards a future where transplantation care is more effective, accessible, and personalized for every patient. Moreover, despite the investigation of eHealth in the literature, there is still a gap regarding the role of eHealth in transplantation, such as incorporating cultural factors into the design of eHealth devices for diverse groups of users. Therefore, future studies may further investigate the important influencing factors and develop a comprehensive framework for designing eHealth tools. 
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Countries are increasingly investing in digital infrastructure to enhance healthcare accessibility and quality, especially in remote areas. This trend can be seen in the global health technology market, with its value in 2022 being US $128.99 billion in 2022 and forecasted to hit US$707.23 billion by 2032 (Precedence research, 2023).  There are opportunities to develop new health technologies and services that can improve the quality, affordability, and accessibility of services for patients (Hebenstriet, 2020). Such as using health devices for different purposes, like communicating with clinicians, monitoring symptoms, and managing treatments and other health-related issues (da Fonseca, Kovaleski, Picinin, Pedroso & Rubbo, 2021). These information technologies used to transform the delivery of healthcare operations and communication between healthcare professionals and patients have been referred to as ‘eHealth’.  ‘eHealth’ refers to the use of digital technologies and electronic communication tools in the healthcare industry to improve healthcare delivery, patient outcomes, and accessibility (Eysenbach, 2001). The term “ehealth” emerged in the late 1990s with the increasing integration of information technology and the internet into healthcare services and systems (Eysenbach, 2001). It encompasses a broad range of applications, services, and systems that utilize information and communication technologies in various aspects of healthcare (Oh, Rizo, Enkin & Jadad, 2005). It spans telemedicine, electronic health records (EHRs), wearable devices, mobile health apps, remote monitoring, and more (Li, Talaei-Khoei, Seale, Ray & MacIntyre, 2013). 
Around the world, the landscape of eHealth is witnessing rapid advancements and adoption. The World Health Organisation reported that national mobile health interventions are present within 83% of member states, 58% have implemented successful eHealth strategies, and 78% have enacted laws safeguarding electronic patient data (World Health Organization, 2016). The COVID-19 pandemic has accelerated the adoption of telemedicine, telehealth, and virtual care, highlighting the importance of remote healthcare solutions. Research has shown that 58% of countries have used telemedicine since the pandemic began (European Parliament, 2021).  Moreover, innovations in artificial intelligence (AI)-driven diagnostics, personalized medicine, and data analytics are revolutionizing how healthcare is delivered and managed globally, promising more efficient and patient-centric approaches to healthcare delivery (Shaheen, 2021).
eHealth has been applied to several types of healthcare services, including pediatric care (Castor, Lindkvists, Hallström & Holmberg, 2023), cancer care (Doyle-Lindrud, 2020), trauma care (Bakker, Riper & Olff, 2020) and transplantation. Scholars argue the critical role of eHealth in transplantation as it has significantly enhanced patient care, optimized organ allocation, and improved post-transplant outcomes (Duettmann et al., 2021). Through telemedicine and remote monitoring technologies, eHealth facilitates pre-transplant evaluations, enabling healthcare providers to assess potential recipients remotely, thereby reducing geographical barriers and expediting the evaluation process (Holderried, Heyne, Nadalin, Unger, Ernst & Guthoff, 2021). Moreover, eHealth solutions enable real-time communication between transplant teams, allowing seamless collaboration among specialists regardless of location. During the post-transplantation process, remote monitoring tools aid in tracking patient progress, vital signs, and medication adherence, fostering timely interventions and reducing the need for frequent in-person visits, especially critical in the early stages of recovery (Lee, Shin & Seo, 2020). 
eHealth also assists in managing immunosuppressive medications, ensuring compliance, and minimizing the risk of rejection (Lee et al., 2020). Additionally, electronic health records streamline data sharing among healthcare professionals, enhancing continuity of care and providing a comprehensive view of the patient’s medical history (Niazkhani, Pirnejad & Khazaee, 2017). Overall, eHealth innovations significantly improve transplant care by optimizing workflows, enhancing communication, and ensuring personalized, continuous care for transplant recipients. However, according to Duettmann and colleagues (2021), existing eHealth in transplantation studies are fragmented. 
For this reason, to develop a comprehensive understanding of the benefits and barriers of eHealth in transplantation, it is essential to analyze, and synthesize those studies together. Systematic literature reviews enable researchers to synthesize existing literature and identify gaps in prior research (Paré et al., 2015). Therefore, this study aims to systematically review prior studies and categorize the factors examined in existing literature that influence the use and integration of eHealth in transplant care. By examining a wide array of studies, this review will identify and consolidate the factors contributing to the successful implementation of eHealth tools, such as telemedicine, mobile health, and electronic health records, within transplantation. Understanding these facilitators will allow healthcare professionals and policymakers to leverage strengths and best practices to optimize patient care and outcomes. Simultaneously, the review will also shed light on inhibitors and challenges hindering the seamless adoption of eHealth, including technological barriers, privacy concerns, end-user challenges, and disparities in access. Identifying these inhibitors will be crucial as it directs attention towards addressing these barriers through targeted interventions, innovation, and policy changes, to make way for more effective and equitable integration of eHealth solutions in transplant care. This investigation into the barriers will also help build an overall understanding of the current limitations. Furthermore, this study will also explore and outline future prospects, innovations, and potential advancements in eHealth technologies that could revolutionize and enhance transplant care, providing insights crucial for shaping the future landscape of healthcare delivery in transplantation. To guide this study, we will explore the answers to the following research questions:
1. How do digital health tools support or inhibit health outcomes among transplant patients?
Expected Outcome: 
a) Identify digital health tools used in transplant care.
b) Evaluate the impact of digital health tools on various health outcomes.
c) Determine factors contributing to the effectiveness or ineffectiveness of digital health tools in improving health outcomes among transplant patients. 
1. What are the predominant barriers hindering widespread adoption of digital health tools among different user groups (e.g., patients, and healthcare providers)?
Expected Outcome:
· Identify barriers to adoption of digital health tools among transplant patients, healthcare providers and other stakeholders.
· Examine the influence of factors such as usability, accessibility, cost, privacy concerns and organisational culture on adoption barriers.
1. What are the key considerations for the development of eHealth interventions for transplant patients? 
Expected Outcome:
· Identify key considerations for the design, development and implementation of eHealth interventions tailored to the needs of transplant patients. 
· Identify best practices for developing eHealth interventions for transplant patients.
1. Who are the different groups of users for eHealth devices?
Expected Outcome:
· Identify the diverse groups of users for eHealth devices in the context of transplant care.
The rest of the dissertation is organized into five chapters. Chapter 2 presents the literature review on digital health in the transplantation context; Chapter 3 discusses the applied methodology of the systematic literature review; Chapter 4 elaborates on the results of the findings. Lastly Chapter 5 delves into a discussion of the findings, conclusions, contributions and limitations of this study. 
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Technology has revolutionized the way the health care system operates by providing information technology that facilitates the processing and management of patient records, health information websites, online clinical support, and mobile health communication devices (Boogerd, Arts, Engelen, & van De Belt, 2015). Overall, it improves and increases the efficiency of healthcare services (Boogerd et al., 2015). The technology used and implemented within the health sector is referred to as ‘eHealth’, which describes the use of technology, electronics, and the internet to deliver health services (Boogerd et al., 2015). However, the term eHealth can be seen as broad, as it covers a multitude of health services delivered using technology and the internet, such as the use of websites, applications, telephone, mobile, and online forums to the process of collecting real-time data using wearables (Eysenbach, 2001). 
An example of eHealth is the use of telemedicine/telehealth. The terms 'telemedicine' and 'telehealth’ refer to the delivery method of remote clinical services over electronic audio and visual means such as video conferencing and phone appointments (Duarte-Rojo, Brown, Bloomer, Duarte, Grubbs & Hernaez, 2022; Forbes, Rybacki, Johnson, Hannah-Gillis, Shaffer & Hale, 2018). The use of telemedicine gained movement and traction during COVID-19 2019, when social distancing was mandatory, which complicated and restricted the delivery of in-person clinical services and care (Chang, Sritharan, Schmitt, Patel, Crew & Tsapepas, 2021). A study carried out by Park and colleagues (2021) demonstrates how the development and implementation of telemedicine improved and removed barriers to providing services and care to patients remotely. Such as consultations being carried out over the phone and Zoom meetings, as well as monitoring patient symptoms. Another study highlights the cost-savings, increased patient satisfaction, and efficiency of clinical services associated with the use of telehealth (Huuskes, Scholes-Robertson, Guha, Baumgart, Wong, Kanellis, Chadban, Barraclough, Viecelli, Hawley, Kerr, Coates, Amir & Tong, 2011).  
COVID-19 exacerbated the shift to digital transformation and the use of telehealth globally. Telehealth rapidly grew in Europe (Halim, 2023), with a 1000 percent increase in Scotland within a two-week period in March (Thomas, Haydon, Mehrotra, Caffery, Snoswell, Banbury & Smith, 2022), Australia’s videoconference consultations jumped from 0.2% to 35%, and New Zealand’s virtual consultations jumped from 30% to 79% within the first two weeks of Alert Level 4 lockdown with a five-fold increase in consultations over the phone (Wilson, Currie, Bidwell, Saaed, Dowell, Halim, Toop, Richardson, Savage, Hudson, 2021). This has led to large investments and growth within the telehealth industry, with the market being valued at $83.5 billion in 2022 and projected to grow at a compound annual growth rate of 24 percent from 2023 to 2030 (Grand View Research, n.d.). For example, Deboni and colleagues (2020) report that the use of telehealth during the pandemic for transplant patients helped reduce risk for both patients and medical professionals and increased acceptance among patients. In another study, the role of telehealth during the pandemic was providing pre-transplant and post-transplant care as well as medication teaching (Khalil, Tsapepas & West-Thielke, 2022). 
Another example of eHealth is the development and use of a mobile health application (called mHealth). Given the growing accessibility and penetration of mobile technology, this has changed the way health care can be delivered. Computers, tablets, mobiles, and other wireless devices all play a role in shaping mHealth (Martin, 2012). mHealth devices and applications are being used at the patient level to deliver patient-centered care using data supplied by patients, creating what is known as Patient Health Information (PHI) (Paglialonga, Patel, Pinto, Mugambi & Keshavjee, 2019; Martin, 2012). mHealth presents a low-cost option for facilitating communication between patients and providers, as well as the sharing of data between healthcare facilities (Martin, 2012; Rowland, Fitzgerald, Holme, Powell & McGregor, 2020). A recent study investigated the acceptability and feasibility of a home-based urinalysis kit using a mHealth app, and the study revealed high patient and clinic satisfaction (Erez, Derwick, Furth, Ballester, Omuemu, Adiri, Mink & Denburg, 2023). More research has demonstrated the benefits of mobile health applications for patients, caregivers, and families of patients and clinics (e.g., Adib, Das, Ahamed & Lerret, 2022; Skeens, Sezgin, Stevens, Landier, Pai & Gerhardt, 2022). Such as improved medication adherence, increased access to providers and clinical help, and improved patient outcomes (Adib et al., 2022; Hamine, Gerth-Guyette, Faulx, Green & Ginsburg (2015); Messner, Probst, O’Rourke, Stoyanov & Baumeister, 2019; Skeens et al., 2022). Messner et al. (2019) have explored the benefits of mHealth applications in transplantation, such as improved facilitation of information, patient empowerment, and increased access for undersupplied population groups. In another study, researchers investigated how mhealth applications are used for medical adherence and found that short message services were most commonly used (Hamine et al., 2015). This study also found that the usability, feasibility, and acceptability of patient preferences for mhealth applications for medical adherence was generally high. 
 
Another form of eHealth commonly used is Electronic Health Records (EHR). Electronic health records refer to the systematic collection of electronically stored medical information and the history of patients (Kruse, Stein, Thomas & Kaur, 2018). Previous studies have shown the benefits of electronic health records, such as increased productivity/efficiency, increased quality of data and care, and improved data management (e.g., Baumann, Baker & Elshaug, 2018; Campnella, Lovato, Marone, Fallacara, Mancuso, Ricciardi & Specchia, 2016; Kruse et al., 2018). A study carried out by Satterfield, Dikilitas, and Kullo (2021) identified how EHR helped address the COVID-19 pandemic from using EHR for contact tracing and disease surveillance to real-time monitoring, risk stratification, and identifying genetic susceptibility variants (Satterfield et al., 2021). 

Overall, eHealth has been used in different parts of healthcare, such as helping with diagnosis and treatment decisions, medication adherence, and monitoring symptoms and illnesses (Alvarez-Perea, Dimov, Popescu & Zubeldia, 2021; Stefanicka-Wojtas & Kurpas, 2022). Triberti, Savioni, Sebri, and Pravettoni (2019) explored how eHealth has been used to improve the quality of life for breast cancer patients. This study identified the most effective use of eHealth to improve patients’ quality of life by employing the use of multi-component online services that target multiple areas of quality of life, such as emotions and coping, social support, and self-efficacy in health management. Similarly, eHealth has been shown to help prevent diabetes in individuals by intervening and encouraging a healthier lifestyle through mobile phones and web applications (Joiner, Nam & Whittemore, 2017). This study highlights the delivery of the diabetes prevention program using eHealth interventions such as web-based applications, text messages, mobile phone applications, and telehealth video conferencing, which had an impact in reducing excess body weight and preventing type two diabetes (Joiner et al., 2017). Overall, eHealth has also been shown to play an essential role in several healthcare contexts such as transplants (Abasi, Yazdani, Kiani & Mahmoudzadeh-Sagheb, 2021; Savikko & Rauta, 2019; Sharma, Piscoran, Summers, Woywodt, van der Veer, Ainsworth & Augustine, 2021; Yadav & Singh, 2021).
[bookmark: _Toc166853980]2.2 Role of Digital Health (eHealth) in Transplant context
Diseases and pre-existing medical issues drive individuals to seek organ transplants to address their medical issues (Linden, 2009). Solid organ transplantation offers individuals life-saving treatment for illnesses considered terminal and impairments affecting a patient's quality of life (Black, Termanini, Aguirre, Hawksworth & Sosin, 2018). Unfortunately, there is a shortage of organ donors across the globe, with supply failing to keep up with demands (Kabbur, 2016). For example, currently, in New Zealand, there is a long waiting list of patients seeking donors, which often pushes individuals to travel overseas for organ transplants (Malpas, 2018). The process of getting a transplantation can be a long and arduous process, which can consume time, money, and resources for both patients and providers (Vanholder, Domínguez-Gil, Busic, Cortez-Pinto, Craig, Jager, Mahillo, Stel, Valentin, Zoccali & Oniscu, 2021). Lack of knowledge about organ transplantation has been identified as a barrier (Hamid, Rogers, Chawla, Gill, Macanovic & Mucsi, 2022). 
However, recent studies have demonstrated the positive impact eHealth has on the transplantation process. eHealth has been shown to improve and support the processes and different phases of transplantation: pre-transplantation, during transplantation, and post-transplantation (Duettmann et al., 2021).   
With the pre-transplantation process, eHealth has been used to improve organ donation, awareness, and knowledge (Duettmann et al., 2021). For example, in Finland, a web portal educates the public and patients on transplantation, kidney donations and kidney diseases (Ortiz & Giunti, 2022). A study has shown an increase in self-referrals for kidney donations with the use of an interactive web-based application (Moore, Feurer, Zavala, Shaffer, Karp, Hoy & Moore, 2013). Not only did self-referrals increase from 61 to 116 per month, which has translated to more transplants, but the use of the web-based application has also led to cost-savings such as saving providers the time of having to screen and exclude ineligible donors (Moore et al., 2013). Another study developed and implemented the use of a mobile and web-based decision aid, 'iChoose Kidney, ' which showed individual risk estimates of mortality and survival for dialysis in comparison to kidney transplantation (Patzer, McPherson, Basu, Mohan, Wolf, Chiles, Russell, Gander, Friedewald, Ladner, Larsen, Pearson & Pastan, 2018). This eHealth intervention increased transplant knowledge among patients. Other studies have also confirmed such outcomes, as well as increased access to transplantation (Axelrod, Kynard-Amerson, Wojciechowski, Jacobs, Lentine, Schnitzler, Peipert & Waterman, 2017; Gordon, Feinglass, Carney, Vera, Olivero, Blac, O'Connor, Baugmart & Caicedo, 2016). eHealth has also been shown to help with decision making in transplants. One study revealed how telemedicine has helped with evaluations for transplant waitlist patients and has shown reductions in costs and time as well as improving patient access to transplantation (Forbes et al., 2018). 
eHealth also plays an important role in the post-transplantation phase. Tang and colleagues (2020) argue that eHealth interventions have been shown to support self-management and medical adherence for transplant patients. In this study, there were 21 trials from 6 different countries involving 2114 patients. The results of the study showed that in comparison to standard care, eHealth interventions improved self-monitoring behavior and medication adherence (Tang et al., 2020). Similarly, another study shows that eHealth significantly improves medical adherence among heart transplant patients (Gomis-Pastor, Mirabet, Roig, Brossa, Lopez, Ros, Mas Malagarriga & Mangues, 2020). Jiang, Dabbs, Handler and Schlenek (2016) also argue that eHealth has helped a majority of patients with daily health self-monitoring. Another previous study shows that eHealth has helped improve communication between transplant patients and clinicians in a way that a high percentage of participants found that using online platforms for communication and accessing health services were much more efficient than traditional approaches (Holderried et al., 2021). Moreover, some other studies have looked at design factors of eHealth for transplant patients, such as the use of reward systems and information sharing on health applications (e.g., Mathur, Janaudis-Ferreira, Hemphill, Cafazzo, Hart, Holdsworth, Lovas & Wickerson, 2021). This study revealed that by considering the health literacy of patients and their individual needs, eHealth could benefit transplant patients long-term. Similarly, other scholars revealed that certain eHealth factors impacted patients’ willingness to use eHealth, such as automated reminders for medication, presentation of data, and manual input of data (Vanhoof, Vandenberghe, Geerts,  Philippaerts, De Maziere, Dabs, De Geest & Dobbels, 2018). 
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Within the transplantation landscape, the integration of eHealth technologies has transformed patient care, management, and outcomes. However, it is important to acknowledge that our understanding of eHealth in transplantation may still be incomplete, and there are several aspects that warrant deeper investigation.
One aspect deserving attention is understanding the different e-health interventions used throughout the different types of transplants and their impact. While there have been several review studies focused on e-health integration in transplantation, they have focused on a single group of transplantation type (Eslami, Khoshrounejad, Golmakani, Taherzadeh, Tohidinezhad, Mostafavi & Ganjali, 2021; Shahmoradi, Abtahi, Amini, & Gholamzadeh, 2020; Sharma, Piscoran, Summers, Woywodt, van der Veer, Ainsworth & Augustine, 2021). These review studies focused on the specific challenges and benefits associated with a particular transplant type, such as renal, lung, kidney transplantation. However, by focusing on a single transplantation type, researchers make it difficult to apply their findings across the broader transplantation landscape. Each type of transplant has its own unique challenges, and the findings are only limited and applicable to their specific transplant type. This highlights a need for a review that looks at all types of transplantation to provide a holistic view of challenges and benefits of the impact of eHealth interventions across all transplantation types. 

Another aspect that highlights a need for further research is the focus on a single specific outcome on the use of eHealth interventions within transplantation. A recent review looked at the effectiveness of eHealth interventions improving medication adherence for transplant patients (Lee, Shin & Seo, 2020). However, in choosing to focus on one beneficial outcome for transplant patients, this review provides a fragmented view. It potentially overlooks additional benefits or challenges that transplant patients face with the use of eHealth interventions. This highlights a need for a review that considers multiple outcomes of using eHealth interventions. 
[bookmark: _Toc166853982]2.4 Patient perspectives on ehealth in transplantation
Despite the benefits of using eHealth in transplants, scholars reported challenges that patients face that discourage the use of eHealth tools (Kelly, Steinberg, Suplee, Upshaw, Campbell, Thomas & Buchanan, 2019; Bul, Bannon, Krishan, Dunlop & Szczepura, 2023). According to Tang (2022), patients faced challenges in navigating the technology as well as concerns around the confidentiality, privacy, and credibility of information. Sharman and colleagues (2020) argue that a barrier to the use of eHealth in transplants is poor IT literacy and IT accessibility among patients (Sherman, Said, Kriss, Potluri, Levitsky, Reese, Shea & Serper, 2020). Another study pointed out that individuals who did not own mobile devices or technology were not comfortable with using eHealth (McGillicudd, Weiland, Frenzel, Mueller, Brunner-Jackson, Taber, Baliga & Treiber, 2013). Oliveira and colleagues (2023) reported that lack of professional support is another important barrier to using eHealth for transplant purposes (Oliveira, Sanders-Pinheiro, Filho, Filho, Askari & Júnior, 2023).  
Given the technological advancements in post and pre-transplantation care, this study aims to conduct a comprehensive exploration, thoroughly scrutinizing and synthesizing the multifaceted aspects surrounding eHealth use in the transplantation domain. The research involves a detailed examination of the benefits that eHealth contributes to the transplantation process, an analysis of the barriers and challenges inherent in its usage, and an exploration of the potential future directions that this evolving field might take.
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In terms of selecting the appropriate literature review, research was carried out to identify different types of literature reviews. Literature reviews within the information systems field continue to evolve and develop over time (Bandara, Miskon & Fielt, 2011; Dutta & Mia, 2010; Tate, Furtmueller, Evermann & Bandara, 2015). Currently literature reviews fall into four different categories (Paré, Tate, Johnstone & Kitsiou, 2016). The first category consists of reviews that aim to define a phenomenon that makes minimal or no contribution to existing theory (Rowe, 2014). These reviews condense the literature on a phenomenon and provide an overview of the current state of knowledge on the chosen phenomenon (Rowe, 2014). Within this category, three types of reviews exist, including scoping, descriptive and narrative reviews (Paré, et al., 2016). Although there are differences in how the data is synthesized and how it is covered, typically these types of reviews often have neutral voices and cover broad research questions (Paré et al., 2016; Paré, Trudel, Jaana & Kitsiou, 2015). 
The second category of literature reviews refers to reviews that aim to understand a specific phenomenon or problem through the use of concepts that have been identified in prior studies (Paré et al., 2016). Reviews within this category tend to look at the history of research traditions, how they have changed over time and how they shape research questions and their methodologies (Paré et al., 2015). With the aim of building understanding, reviews within this category may also choose to identify similarities and differences using different literature reviews, such as critical and conceptual reviews (Paré et al., 2015). 
The third category consists of reviews that aim to test theories by amassing previous empirical findings (Paré et al., 2016). Reviews that fall within this category may use aggregative synthesis, which consists of collecting relevant knowledge to a given topic and identifying relationships between the research question and the collected data (Ward & Reed, 1983). A popular example of an aggregative review is a systematic review. The systematic review looks at using narrative methods for the synthesis and analysis of study results, meta-analytic methods, and vote-counting techniques (Paré et al., 2016). Narrative methods include thematic analysis, frameworks, clusters, groupings, and tabulations, among others (Paré et al., 2016). Meta-analytic methods consist of effect sizes and statistical methods to combine and condense the results of independent studies (Paré et al., 2016). Vote-counting techniques look at the total number of relevant studies that support a hypothesis or theory and compare it with the number of studies that found irrelevant results (Paré et al., 2016). Further examples of aggregative reviews include umbrella reviews and systematic reviews of qualitative research (Paré et al., 2016). 
The fourth genre consists of reviews that aim to explain, such as explanatory reviews. Explanatory reviews combine different work streams, synthesis approaches and methodologies (Paré et al., 2016). Within this genre, synthesis looks at the collection of primary evidence to build an explanation instead of prediction (Paré et al., 2016). These reviews often take unrelated findings and use abductive reasoning to create relationships between the findings, which can then be tested (Paré et al., 2016). 
For the purpose of this study, a 'systematic literature review' will be conducted. A systematic literature review refers to the process of using a transparent and structured approach to synthesize research to identify and evaluate relevant research on a phenomenon (Paré et al., 2016). This study aims to identify the benefits and challenges of using eHealth for transplant purposes. Therefore, given the nature of the research objective and research questions of this study, a systematic literature review is appropriate to extend the existing knowledge base to understand the benefits and challenges of using eHealth in transplantation through using aggregative synthesis to collect information from empirical studies on this topic. Thematic analysis will also be used to create and identify common themes found within the collection of data. A systematic literature review is also more appropriate as it will also reduce the likelihood of selection bias found in traditional literature approaches because of preferred studies included to back up research findings (Nightingale, 2009). 
[bookmark: _Toc166853984]3.1 Systematic Literature review 
This systematic review followed the standards of the Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) Statement (Moher, Liberati, Tetzlaff, Altman & PRISMA Group, 2020). The PRISMA guidelines help with reducing potential bias in systematic reviews (Moher et al., 2020). The PRISMA guidelines consist of a 27-item checklist for authors to include in their reviews, such as providing information on the study design inclusion and exclusion criteria, search strategy, study selection and quality assurance, data extraction and data synthesis (Moher et al., 2020). 
The PRISMA guidelines also provide a flow diagram of the different stages of systematic review including identification, screening, eligibility, and inclusion. The first phase of identification consists of identifying a search strategy and conducting a search to identify relevant studies. The first step of this process was using the research questions to help shape and develop a search strategy to capture all related and eligible papers in the targeted database. In this case, the following keywords were identified: "eHealth", "digital health", "telehealth", "health informatics", "electronic health", "mHealth", “mobile health”, and "transplant". A systematic search of the literature on eHealth in transplants was conducted through the databases of Business Source Complete, PubMed, IEEE Xplore, JSTOR, Scopus, SpringerLink, ClinicalKey, ScienceDirect, Wiley Online Library, OVID. The search was conducted within the databases by selecting eHealth-related terms using an OR operator (e.g., “eHealth OR electronic health OR digital health” OR “telehealth” OR “mhealth”) and using the Boolean operator "AND" to search the keyword transplant simultaneously. The initial search was conducted between September and October 2023 and yielded a total of 30996 publications. 
This study focused on peer-reviewed, empirical journal publications. Therefore, the second step of the identification phase consisted of creating exclusion criteria to identify relevant studies. For instance, any non-English studies were excluded. The justification behind the removal of non-English publications was that the researcher's main language is English, which enables the full analysis and comprehension of collated articles. Secondary research and conceptual papers were also excluded from this review, and only peer-reviewed journal articles were included as journal articles tend to go through a rigorous process of being reviewed by experts within the field so their information is of high quality to meet such standards (Paul, Lim, O'Cass, Hao & Bresciani, 2021). The search was restricted to papers published between 2018 and September 2023 considering the fact that technology is constantly evolving so looking at studies done in the last five years would better reflect the recent changes and new discoveries(Pautasso, 2013).  The search was also restricted to empirical studies only. The reasoning behind this was that empirical studies tend to be more reliable as they are based on real-life experience and involve the collection of primary data to support the study's findings (Martinez, 2022). The removal of articles that did not contain the searched terms in the abstract was to help narrow down results and only show the most relevant publications. After removing articles that met the inclusion and exclusion criteria, a total of 30764 articles were removed. The next step was identifying and removing duplicates, which meant 44 duplicate records were removed. At the end of the identification phase, 232 results remained and were ready for the next phase. 
The second phase - screening - consisted of screening the titles, abstracts, and full text of the identified 232 studies to assess their relevance. Out of these identified studies, 110 articles were removed as they were not relevant for the purpose of this study, which meant 122 articles remained for the next phase. The next step was retrieving the full-text articles for the identified relevant studies. The full paper of 33 articles could not be retrieved, which meant 89 articles remained for the eligibility phase. 
The third phase consists of assessing the eligibility of the studies to be included in the systematic review. In accordance with PRISMA (Moher et al., 2020), the systematic review involved another reviewer and has carefully checked the review process to reduce the risk of biases influencing the overall conclusions of the review. In instances where discrepancies or conflicts arose between reviewers, we employed systematic methods to address and resolve them. This included meetings, where we discussed and reconciled differences in interpretation and seeking agreement to mitigate potential selection bias. As a complementary approach, a manual search in the references of the selected articles was conducted to ensure that were no potential articles missing. Therefore, a total of 55 articles were included in this literature review. Figure 1 presents the flowchart, which illustrates the selection process for the articles included in this systematic literature review. Table 3.1 provides a summary of the inclusion and exclusion criteria for evaluating studies for this systematic review. Appendix B presents how the systematic review addresses the PRISMA checklist (Moher et al., 2020). 
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[bookmark: _Toc166853958]Figure 1 PRISMA Process



[bookmark: _Toc166853964]Table 3.1 Summary of inclusion and exclusion criteria
	Inclusion Criteria
	Exclusion Criteria

	Articles with the abstract contained "transplant" and "digital health";"transplant" and "ehealth";"transplant" and "telehealth";"transplant" and "health informatics";"transplant" and "electronic health";"transplant" and "mHealth"
	Duplicates

	
	Non-English Articles

	
	Not Journal Articles

	
	Articles older than 2018

	
	Full Text not available

	
	Not Peer Reviewed

	
	Search Terms not found in Abstract

	
	Articles irrelevant to the topic of this research

	
	Not an empirical study



With the final list of 55 articles to be included in this systematic literature review, thematic analysis was used to synthesize the data. Thematic analysis has several benefits that allow for an effective way for a researcher to process large amounts of data and turn them into digestible summaries for easier interpretation. The use of thematic analysis methodology provides a descriptive approach to analyzing informational contexts of large amounts of textual data (Braun & Clarke, 2012). Thematic analysis helps to identify, analyze, and report patterns within each literature (Vaismoradi, Turunen, & Bondas, 2013).
The process of thematic analysis went as follows: the first step was familiarizing myself with the textual data. So, with the finalized list of articles, I thoroughly read through each piece of literature. The second step was identifying and defining coding categories of the data. Using Microsoft Excel, I highlighted words, phrases, patterns and interesting information. The characteristics of the selected studies were identified based on the methodology, applied theory/framework/model, investigated variables/factors, type of transplant, perspectives of the studies or studied participants (e.g., providers/patients/caregivers/families of patients), type of studied health technology, number of participants, country of study, and main findings of the study. We used a systematic approach to extract information from each eligible article. Appendix A outlines an overview of the current state of knowledge in relation to the use of eHealth in transplant. 
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[bookmark: _Toc166853985]Chapter 4: Findings
Following the thematic analysis process outlined in the methodology section, this chapter will discuss the findings and a synthesized analysis of the selected articles, that will answer the research question "What are the major benefits and challenges of using eHealth for transplant purposes?". In this chapter, we first provide a descriptive overview of the studies analyzed in this SLR. Then we propose a conceptual framework, that is derived from the emerged themes of this SLR study. 
[bookmark: _Toc166853986]4.1 Descriptive Overview
In this section, we begin by describing the key attributes of the articles we collected. Out of 55 studies, 36 (65%) of them used quantitative methods, 9 (16%) studies used qualitative methods, and 10 (18%) applied mixed methods approach. In terms of the transplant context, 15 (27%) studies covered the use of digital tools; 16 (29%) of them studied the role of digital health tools in kidney transplant; 6 (11%) studies investigated the role of digital health tools for heart transplants. Most studies 38 (69%) have been conducted in America; 9 (16%) studies in Europe; 7 (13%) of them in Asia-Pacific; only 1 (2%) study in the Middle East; In terms of participants, 43 (78%) studies were conducted among patients as the users of the digital health devices; 4 (7%) of them were among family members; 8 (15%) of them among care providers. Table 4.1 presents these descriptive findings in detail. 







[bookmark: _Toc166853965]Table 4.3 Descriptive Attributes of Studies
	Descriptive Attributes
	Frequency
	Percentage

	Method
	Quantitative 
	36
	65%

	
	Qualitative
	9
	16%

	
	Mixed method
	10
	18%

	Type of Transplant
	General (multi-organ)
	15
	27%

	
	Kidney
	16
	29%

	
	Heart
	6
	11%

	
	Hematopoietic Stem Cell
	4
	7%

	
	Liver
	9
	16%

	
	Lungs
	4
	7%

	
	Blood & Marrow
	1
	2%

	Type of Digital Health
	Telehealth
	17
	31%

	
	Mhealth
	22
	40%

	
	Electronic app/devices (e.g., digital health home spirometry, electronic mental health screening)
	7
	13%

	
	Emerging technologies (e.g., AI, Wearables)
	2
	4%

	
	Telemedicine
	2
	4%

	
	Web-based portals
	3
	5%

	
	Others
	2
	4%

	Location
	America (USA & Canada & Brazil)
	38
	69%

	
	Europe
	9
	16%

	
	Asia-Pacific
	7
	13%

	
	Middle East (Iran)
	1
	2%

	Participants
	Patients
	43
	78%

	
	Family members
	4
	7%

	
	Care providers
	8
	15%


Note: Electronic applications/devices include digital health home spirometry, electronic health records, electronic mental health screening, digital health programs, and eHealth; Emerging technologies include AI, and Wearables. Others include health information technology, and interactive health technology.
Figure 2 shows the word cloud on selected studies' article title. Figure 3 shows the word cloud on selected studies abstract. The paired word cloud analysis  was applied over the abstracts and titles to identify recurring concepts/themes within the selected studies. The analysis from the title word cloud depicts the words that have been used often: a) health with 12 repetitions, b) mobile with ten repetitions, c) technology with eight repetitions, d) kidney transplant recipients with seven repetitions, e) transplant with six repetitions. The analysis from the abstract word cloud depicts the words that have been used often: a) transplant with 160 repetitions, b) patients with 148 repetitions, c) telehealth with 74 repetitions, d) technology with 34 repetitions, e) mobile with 32 repetitions.
The high repetition of technology and transplantation, indicates the strong connection between the two concepts. The purpose of this study is to investigate the role technology (eHealth) plays in transplantation and therefore this study is unbiased and trustworthy. Another term that was highly repetitive was kidney transplant recipients, which highlights the importance of studying the different types of transplants. Another noteworthy connection is the high repetition of telehealth and mobile, which highlights the importance of investigating the types of digital health interventions used.
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[bookmark: _Toc166853959]Figure 2 Frequent Words in Title
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[bookmark: _Toc166853960]Figure 3 Frequent Words in Abstracts


[bookmark: _Toc166853987]4.2 Proposed Conceptual Framework and Extracted Themes
In carrying out thematic analysis, patterns, words and phrases were highlighted within the selected articles which were then used to group into common themes. Articles that investigated or mentioned concerns, obstacles and technology complexity were grouped under the theme "barriers". Research that reported increased patient engagement, better management of treatment, cost reduction, increased accessibility to care, and improved patient outcomes were grouped under the theme “benefits”. These indicators are identified based on direct mentions of positive effects in the study findings. Research that focused on the development of eHealth interventions was grouped under the theme of "development process of digital health". These articles mentioned human-centered design, development, user-centered design, user preference. Research that focused on different types of users of eHealth was grouped under the theme "users". These articles mentioned specific terms identifying user groups (e.g., patients, nurses, doctors, caregivers) and their interactions or reactions to the eHealth tools (e.g., used by, preferred by, benefits for).  This process is shown in Table 4.4.	
Based on the extracted themes from selected studies, we developed a conceptual framework to present the critical factors of using digital health by different stakeholders for transplantation (as shown in Figure 4) such as the barriers to using digital health for transplant (e.g., knowledge and access barriers), benefits of using digital health for transplant (e.g., improved patient care), the development process of digital health for transplant (e.g., patient-centered), used digital health for transplant purposes (e.g., mobile health), and the involved users of the digital health (e.g., caregivers).
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[bookmark: _Toc166853961]Figure 4 Conceptual Framework on the Use of Digital Health for Transplant
[bookmark: _Toc166853988]4.2.1 Barriers of using digital health devices
Out of 55 studies, eight of them have explored challenges and barriers to using digital health technologies and interventions for transplant purposes. These findings have been grouped into three main categories including (1) knowledge and access barriers, (2) usability and implementation challenges and (3) user experience and trust issues. 
[bookmark: _Toc166853989]4.2.1.1 Knowledge and Access Barriers
Regarding the knowledge and access barriers towards using digital health devices, six of the analyzed studies have highlighted the underlying reasons behind these barriers such as poor IT literacy, socio-economic factors and language barriers, and poor IT acceptance.

Poor IT literacy: Several studies have identified poor adoption and use of digital health technology in transplantation stemmed from patient's poor IT literacy (e.g., O'Brien, Russel, Tan, Washington & Hathaway, 2018; Oliveria, Sanders-Pinheiro, Filho, Filho, Askari & Júnior, 2023; Tang, Howell, Roger, Wong & Tong, 2022). Poor IT literacy refers to the lack of knowledge, familiarity and skills with information technology tools and systems (Niehm, Tynere, Shelley & Fitzgerald, 2010; Shelley, Thrane, Shulman, Lang, Beisser, Larson & Mutiti, 2004). The use of mobile health applications was often difficult for patients, as they did not know how to navigate and use the application. Poor IT literacy was common amongst the older generation, with older participants in studies mentioning their lack of familiarity with technology (Eno, Rucj, Rusmussen, Waldram, Thomas, Purnell, Wang, Massie, Almmary, Cooper, Segev, Levan & Henderson, 2019; O'Brien et al 2019). 
 
Demographic and socio-economic factors as barriers: The findings of this SLR show that demographic and socio-economic factors such as age, income and education are also identified as challenges that contribute to poor IT literacy. This is supported by the findings in studies with older patients (Eno et al., 2019; O'Brien et al., 2019). With low income, it is difficult for individuals to afford and access technology and the internet; therefore they are more likely to have little to no IT exposure and knowledge (Eno et al., 2019). Poor education contributes to low IT literacy as individuals are not properly equipped nor have the knowledge to engage and interact with technology (O'Brien et al., 2018). Language is another significant factor that contributes to poor IT literacy with English being the main language used with digital health interventions and technology, it hinders non-English speakers’ ability to understand and navigate such technology (Eno et al., 2019). 
 
Poor IT acceptance: The lack of familiarity with technology drives fear and leads to less acceptance and adoption of digital health technology. The poor IT acceptability as a result of poor IT literacy can be explained by the technology acceptance model (TAM). The technology acceptance model alludes to two main factors that influence individual intention to use technology, perceived usefulness and perceived ease of use (Davis, 1989). Perceived usefulness refers to one's belief that technology will provide benefits and advantages (Davis, 1989; Holden & Karsh, 2010). Perceived ease of use refers to one's belief that using technology would be relatively easy and free of effort (Davis, 1989; Holden & Karsh, 2010). With poor IT literacy, individuals would perceive digital health technology to be complex and difficult to use and therefore would lack the intention to use and adopt the digital health technology while engaged in before or aftercare of transplantation. Similar to patients, the perceived ease of use and perceived usefulness of digital health interventions influenced providers' intention to deploy and adopt interventions. A study mentioned how transplant providers and workers found it difficult to use and adopt mHealth as they did not have much experience with mHealth (Eno et al., 2019).  
[bookmark: _Toc166853990]4.2.1.2 Usability and Implementation Challenges
Regarding the usability and implementation challenges with using digital health tools, 5 of the analyzed studies highlighted the root causes behind these barriers such as manual and continuous data entry, poor decisions because of inaccurate data from the patient’s end, lack of professional support, poor dissemination of digital intervention and costs. 

Manual and continuous data entry: Oliveria and colleagues (2023) highlighted that the manual process of entering data continuously can get tiresome for patients. According to TAM, if the perceived usefulness is low, it would result in a weak intention to adopt and utilize digital health technology. 
Inaccurate data from the Patient's end can lead to poor decisions: Digital health interventions enable remote monitoring of patients, which involves patient involvement in inputting data. The problem in using said data was the reliability and accuracy of the information provided by patients (Keating, Barnett, Hannigan, Elvin-Walsh, Coombes, Campbell, Macdonald & Hickman, 2020). The variance of individual data performed in-clinic by professionals in comparison to patient-recorded data raises concerns about using patient outcomes in decision making (Keating et al., 2020).
Lack of professional support: A study found that adoption and engagement with digital health technology were low because of a lack of professional support (Oliveira et al., 2023). Lack of clinical support can significantly impact the adoption of digital health technology in several ways. For example, from the patient's perspective, they depend on healthcare providers to guide and validate the use of eHealth interventions (Eno et al., 2019; O'Brien et al., 2019). Without their support, patients may question the reliability and credibility of eHealth interventions which may deter patients from adopting and engaging with eHealth tools. Other studies have reported a lack of experience and unfamiliarity with eHealth solutions amongst patients as another issue in using digital tools (Eno et al., 2019; O'Brien et al., 2019). For example, the complexity of the user interface in mobile health applications along with the users’ lack of experience in using such technologies will deter patients from using eHealth tools (O’Brien et al., 2019). eHealth applications can be confusing and hard for patients to understand and navigate. Without clinical support to provide explanations of the usage, functionality and usage of these tools, patients get confused which may lead to improper use and misinterpretation of data, ultimately preventing effective adoption as indicated in studies (Eno et al., 2019; O'Brien et al., 2019). 
Moreover, clinical providers usually encourage and motivate patients to use eHealth tools in line with their patient care plans (Oliveira et al., 2023). The absence of support can lead to a lack of motivation for patients to consistently engage with eHealth tools, significantly impacting the effectiveness of remote monitoring and/or self-management (Keating et al., 2020; Oliveira et al., 2023). Overall, clinical support plays a significant role in facilitating patient understanding, trust, engagement, and effective use of eHealth solutions. Its absence can hinder the seamless integration and adoption of these technologies into patients' healthcare routines before and after transplantation.
Poor dissemination of digital intervention: Another barrier to the use of digital technology/intervention was the lack of awareness (O'Brien et al., 2019; Oliveira et al., 2023). A study found that patients were unaware that digital interventions existed to help manage symptoms, as providers were not promoting/raising awareness of the digital interventions to patients (Oliveira et al., 2023). 
Costs: Implementing and provisioning digital health interventions were costly not only to patients but also to clinical providers (Eno et al., 2019). Researchers identified the conflict of the costs associated with eHealth usage in transplant clinics, where clinics were unsure of whether to pass the costs to patients or absorb the fees; there were also questions in finding the avenues to fund the implementation of eHealth tools (Eno et al., 2019).


[bookmark: _Toc166853991]4.2.1.3 User Experience and Trust Issues
Six analyzed studies emphasized the underlying reasons behind the user experience and trust issues associated with utilizing digital health tools. These challenges encompassed issues such as privacy and security concerns, lack of human connection and outdated/inconsistent information. 
Privacy and Security Concerns: Privacy and security concerns were identified as barriers for patients and clinical providers using digital health interventions and technologies (Tang et al., 2022). Patients were concerned about the confidentiality and security of their health information. For example, participants of a study using the mHealth tool for living kidney donors in the US were concerned with how their health information was used, transferred, and stored (Eno et al., 2019). Several studies reported that with data breaches and cyber security threats increasing within the health sector, individuals are hesitant to embrace digital health technologies to handle their health information (e.g., Alkinoon, Choi & Mohaisen, 2021; Eno et al., 2019; Seh, Zarour, Alenezi, Sarkar, Agrawal, Kumar & Ahmad, 2020). According to research, healthcare data breaches of 500 and more were reported at a rate of around 1 per day in 2018 and  have almost doubled since then (Hippa Journal, 2023). With the rapid increase in data breaches, patients are concerned with the privacy and security of their data, which can deter individuals from engaging with digital health technologies for transplant purposes.
Lack of human connection: It is human nature to crave connection and with the use of digital interventions within healthcare there is an absence of intimacy and relationships (Granja, Janssen & Johansen, 2018). For example, in a study, patients mentioned how using eHealth tools felt impersonal and preferred in-person visits (Tang et al., 2022). Despite the costs associated with in-person visits, technology fails to provide the connection that patients seek (Tang et al., 2022).
Outdated/Inconsistent Information: A study revealed how patients found it difficult to engage and use digital technology for health services such as aftercare of the transplantation because of the inconsistency of information supplied by the clinical providers and eHealth tools (Tang et al., 2022). Inconsistency of information can lead to user frustration and reduce engagement with eHealth tools (Tang et al., 2022).



[bookmark: _Toc166853992]4.2 Benefits of using health devices
Out of 55 analyzed studies, 33 studies have identified various benefits of using health devices for transplantation purposes. These findings have been grouped into four main categories: (1) improving patient care and engagement, (2) convenience and accessibility, (3) empowerment and safety and (4) cost-efficiency and time-saving.
[bookmark: _Toc166853993]4.2.1 Improving patient care and engagement
Using health devices revolutionizes patient care and engagement by fostering a comprehensive approach to healthcare (Gonzales, Fleming, Gebregziabher, Salas, McGillicuddy & Taber, 2022). Several studies within this systematic literature review have identified that the use of health devices has helped facilitate and improve patient access to pharmacy care, improve medical adherence and ensure the accuracy of medication lists (e.g., Holderried et al., 2021; Killian, Clifford, Lustria, Skivington & Gupta, 2022; Killian, Schelbe, Lustria, Watkivs & Gupta, 2023; Park, Kim, Waldman, Marks & Clark, 2021 Sayegh, Im, Moss, Urquiza, Patel & Thomas, 2022;). Previous studies have highlighted that the use of health devices has been linked to encouraging patients through enhanced self-management, early detection of symptoms, and the ability to report outcomes for preventative strategies, thus promoting proactive healthcare (e.g., Erez, Derwick, Furth, Ballester, Omuemu, Adiri, Mink & Denburg, 2023; Gomis-Pastor, Mirabet, Roig, Lopez, Brossa, Galvez-Tugas, Rodriguez-Murphy, Feliu, Ontiveros, Gracia-Cuyàs, Salazar & Mangues, 2020; Gomis-Pastor, Perez, Minguell, Loidi, Lopez, Abarca, Tugas, Mas-Malagarriga & Bafalluy, 2021). 
Moreover, health devices have shown to streamline communication and information flow between patients and healthcare providers, solving queries promptly and supporting informed decision-making (Gomis-Pastor et al., 2020; Lerret, Schiffman, White-Traut, Medoff-Cooper, Ahamed, Adib, Liegl, Alonso, Mavis, Jense, Peterson, Neigbors, Riordan, Semp, Vo, Stendahl, Chapman, Unteutsch & Simpson, 2022; Vaughn, Gollarahalli, Shaw, Docherty, Yang, Malhotra, Summers-Gockerman & Shah, 2020). The accessibility of remote care services and the ease of access to evaluations, such as for liver transplantation, not only enhance patient care but also increase patient engagement (Erez et al., 2023; Hatzikiriakidis, West, Ayton, Morris, Martin & Paraskeva, 2022). Overall, health devices fundamentally transform patient care, emphasizing early intervention and efficient communication while advancing healthcare quality and patient engagement.


[bookmark: _Toc166853994]4.2.2 Convenience and Accessibility
Researchers argue that health devices have redefined convenience and accessibility in healthcare, offering patients unprecedented flexibility and ease in managing their well-being (e.g., Hickman, Hannigan, Johnson, Elvin-Walsh, Mayr, Staudacher, Barnett, Stoney, Salisbury, Jarrett, Reeves, Coombes, Campbell, Keating & Macdonald, 2021; John, Love, Dahman, Kurbanova, Konjeti, Sundaram, Deng, Aubuchon, Heuman, Bajaj, Gilles, Chang, Qayyum & Siddiqui, 2020; Sidhu, Chapparro, Chow, Davis & Singer, 2019). Studies within this systematic literature review have shown that health devices have minimized work disruptions and reduced the need for extensive travel or appointments, overall making healthcare more comfortable and accessible (Hatzikiriakidis et al., 2022; John et al., 2020). For example, Forbes and colleagues (2018) report that the use of telehealth in kidney transplant waitlist evaluations has helped reduce costs per patient, with a cost of $656.11 with telehealth versus $1108.91 for in-person evaluation. Another study revealed that the use of telehealth significantly shortened the duration between referral and the initial evaluation, facilitating prompt placement on the liver transplant waitlist, with evaluation taking less than half the time it takes for in-person evaluation (21.7 days vs 79.5 days) (John et al., 2020). 
[bookmark: _Toc166853995]4.2.3 Empowerment and Safety
Previous studies have identified that patients feel empowered and safe when using health devices, as these tools provide patients with a sense of control and autonomy over their health (e.g., Eno et al., 2018; Gomis-Pastor et al., 2021; Mussetti, Salas, Condom, Antonio, Ochoa, Ivan, Torre, Linares, Ansoleaga, Patiño-Gutierrez, Jimenez-Prat, Parody & Sureda-Balari, 2021). Through these devices, patients gain the tools for self-management and early symptom detection, empowering proactive health decisions (Gomis-Pastor et al., 2021). This empowerment extends to the reporting of outcomes, enabling preventative strategies and informed discussions with healthcare providers (Gomis-Pastor et al., 2021; Vaughn et al., 2020). In terms of safety, patients feel safer in using digital tools to engage with clinicians, one study mentioned how a patient felt it was less confronting than face-to-face visits as there is less anxiety around appearance and behavior (Barnett, Campbell, Mayr, Keating, Macdonald & Hickman, 2021). Telehealth was also beneficial in reducing fears associated with in-clinic visits during the pandemic as identified by studies (Delman, Turner, Jones, Vaysburg, Silski, King, Luckett, Safdar, Quillin & Shah; Huuskes et al., 2021). 


[bookmark: _Toc166853996]4.2.4 Cost-Efficiency and Time Saving
Integration of health devices heralds a transformative era of cost-efficient and time-saving healthcare solutions for patients (Forbes et al., 2018; Huuskes et al., 2021; Sidhu et al., 2019). These devices streamline healthcare processes, reducing both time and financial burdens for clinics and patients alike. By minimizing the need for extensive travel or appointments, they save valuable time for patients, limiting work disruptions and cutting down on waiting times (Hickman et al., 2021; John et al., 2020). Huuskes and colleagues (2021) report patients’ preference for telehealth because of savings on petrol, and hospital parking fees and not having their income negatively impacted. Simultaneously, the cost-effective nature of remote access to care services and improved accuracy in medication lists not only reduces expenses for clinics but also translates to significant savings for patients in terms of both time and money. Park and colleagues (2021) report that the use of telemedicine helped identify and prevent medication errors, with medication errors identified in over 60% of encounters with patients. 
[bookmark: _Toc166853997]4.3 process of development of digital health
Besides the challenges and benefits of using digital health, five studies have also outlined the process of developing digital health interventions for transplantation use. Patient centered, and preparation and readiness are the common themes that studies have identified as being important factors in the process of developing digital health (Banerter, Looze, Barry, Harder, Griffin, Dezutter, Khera, Ailawadhi, Schaepe, Fischer, 2022; Handler, Jaloul, Clancy, Cuypers, Muir, Hemphill, Janaudis-Ferreira, Gottesman, Wickerson, Lovas, Cafasso & Mathur, 2023). 
[bookmark: _Toc166853998]4.3.1 Patient-Centered 
In developing digital health tools for transplant patients, studies have identified that the  crucial factor is a patient-centred focus (Banerter et al., 2022; Deboni, Neermann, Calice-Silva, Hanauer, Moreira, Ambrósio, Gluterres, Vieira & Nerbass, 2020). For example, the personalization of features on digital tools, ensures that patients feel actively involved in their care, tailoring their experience to their specific needs and preferences (Banerter et al., 2022).  Addressing attitudes toward Health Information Technology (HIT) and ensuring credibility in the information provided builds trust, which is essential for patient engagement. By taking a patient-centered approach to building capabilities and robust user engagement features, these tools not only offer support but also foster a collaborative partnership between patients and healthcare providers, amplifying the sense of empowerment and active involvement in their transplant care.

[bookmark: _Toc166853999]4.3.2 Preparation and Readiness
Another important factor to consider in the development of digital tools for transplantation purposes is the preparation and readiness of patients to use a health technology. Preparation involves understanding the context in which these tools will be utilized, encompassing factors like user capabilities, technological infrastructure, and potential barriers to access. In terms of user capabilities, studies have identified the various attitudes patients have toward using digital tools, such as hesitance due to a lack of familiarity and knowledge with such tools (Bangerter et al., 2022; Skeens, Sezgin, Stevens, Landier, Pai & Gerhardt., 2022). User capabilities need to be considered to ensure digital tools are effectively used by patients. 
Readiness ensures that both users and healthcare systems are equipped with the necessary knowledge, training, and resources to embrace and effectively utilize these tools.  Factors like IT literacy and acceptance would need to be considered to ensure patients are ready to utilize digital health tools (O'Brien et al 2019; Oliveria, 2023). Another factor to consider is the credibility of the digital health tools as studies have mentioned was the cause behind their hesitation to adopt digital health tools (Bangerter et al., 2022; Handler et al., 2023). By acknowledging and integrating preparation and readiness elements into the developmental phase, digital health tools can align more closely with user needs, enhance usability, facilitate better engagement, and ultimately lead to improved outcomes in healthcare delivery.
[bookmark: _Toc166854000]4.4 Users of digital health
The majority of studies 43 out of 55 focused on patients as the user of digital health devices, while in four studies, caregivers and families of the patients were the users of these devices. In three studies, transplant pharmacists were the users of these devices. In one study, transplant providers were the users of these devices, and in another study, clinicians were the users of these devices.
[bookmark: _Toc166854001]4.4.1 Patients, Caregivers, families and digital health
Previous studies have underscored that the caregivers of transplant patients play a crucial role in supporting their loved ones through the transplantation process and beyond (Adib et al., 2022; Bangerter et al., 2022; Lerret, Schiffman, White-Traut, Medoff-Cooper, Ahamed, Adib, Liegl, Alonso, Mavis, Jensen, Peterson, Neighbors, Riordan, Semp, Vo, Stendahl, Chapman, Unteutsch & Simpson, 2022; Skeens et al., 2022). Studies have shown that digital health tools help caregivers in various ways. Digital health tools empower caregivers by providing them with knowledge, facilitating communication, offering support networks, and enabling efficient care management. These tools enhance the caregiver's ability to support transplant patients effectively while also helping in managing their own well-being. Education and Information researchers report that digital health platforms offer comprehensive resources and educational materials that help caregivers understand the transplantation process, medication schedules, potential complications, and post-transplant care (e.g., Bangerter et al., 2022; Skeens et al., 2022). Digital health tools facilitate seamless communication between caregivers, patients, and healthcare providers (Adib et al., 2022). Caregivers can easily access and share information about appointments, medication schedules, and any concerns, ensuring coordinated care and timely interventions. Some digital health tools enable remote monitoring of patient's health parameters. Caregivers can track vital signs, medication adherence, and symptoms, allowing for early detection of issues and timely interventions (Skeens et al., 2022). This remote monitoring provides peace of mind to caregivers while ensuring the patient's well-being. Digital platforms often provide access to online communities, support groups, and forums where caregivers can connect with others facing similar challenges (Lerret et al., 2022). These networks offer emotional support, guidance, and a platform to share experiences, reducing caregiver stress and burnout. Digital tools with features for medication reminders and management assist caregivers in ensuring patients adhere to complex medication regimens (Skeens et al., 2022). These tools help avoid missed doses, reducing the risk of complications.
[bookmark: _Toc166854002]4.4.2 Transplant providers, clinicians, pharmacists and digital health
Transplant providers oversee the entire transplantation process, from evaluating patients for transplant candidacy to performing the surgical procedure and managing post-transplant care (Eno et al., 2019; Thiessen, Wisel. Yamaguchi, Dietch, Feng & Freise, 2020). Clinicians, including nurses, physician assistants, and other healthcare professionals, work alongside transplant providers to deliver day-to-day care to transplant patients (Handler et al., 2023; Morken, Tevaarwek, Jukett, Swiecichowski, Haine, Zhang, Williams, Norslien, Campbell, Wassenaar, Sesto, 2023). Clinicians assist in patient education, monitor vital signs, administer medications, manage wound care, and provide ongoing support and guidance to patients and their families throughout the transplantation journey. Pharmacists specializing in transplant care play a critical role in medication management for transplant patients. They ensure accurate dosing, monitor for drug interactions, educate patients about their medications, and collaborate with the healthcare team to adjust medication regimens based on individual patient needs (Park, Kim, Waldman, Marks & Clark, 2021; Xu-Stettner, Thompson, Fitzgerald, Licari, McMurry, Tischer, 2023). 
Transplant providers, including clinicians, and pharmacists leverage digital health technologies to enhance various aspects of care for transplant patients. For example, digital health tools enable providers to remotely monitor patients' health parameters, including vital signs, medication adherence, and post-transplant recovery progress (Handler et al., 2023). These tools facilitate real-time data collection, allowing providers to intervene promptly if issues arise (Handler et al., 2023; Morket et al., 2023). Digital platforms also enable transplant providers to conduct virtual appointments and consultations, offering convenience to patients who may have difficulty traveling for follow-up visits (Xu-Stettner et al., 2023). This technology allows for continuous patient-provider communication, enabling timely interventions and reducing the need for in-person visits, especially for routine check-ups. Artificial Intelligence can predict post-transplant outcomes by analyzing patient data, and identifying risk factors for complications or rejection (Divard, Raynaud, Tatapudi, Abdalla, Bailly, Assayag, Binois, Cohen, Zhang, Ulloa, Linhares, Tedesco, Legendre, Jouven, Montgomery, Lefaucheur, Aubert & Loupy, 2022). This predictive analysis aids in personalized treatment plans, allowing for early interventions and tailored care strategies to improve patient outcomes.
Overall, the use of digital health tools empowers transplant providers by streamlining patient care, facilitating remote access to patients and enhancing data-driven decision-making. A summary of the extracted themes, key indicators and related references is presented in Table 4.2.












[bookmark: _Toc166853966]Table 4.4 Summary of Main Extracted Themes and Related References
	Themes
	Coding criteria
	Key indicators and factors of theme
	References

	Barriers of digital health tools 
	Investigated concerns, obstacles, technology complexity 
	Access and knowledge barriers (e.g., poor IT literacy, poor IT acceptance, demographic & socio-economic factors)
	(Eno et al., 2019; Niehm et al., 2010; O'Brien et al., 2018; O'Brien et al., 2019; Oliveria et al., 2023; Shelley et al., 2004; Tang et al., 2022)


	
	
	Usability and implementation challenges (manual & continuous data entry, lack of professional support, poor dissemination of digital intervention, costs)
	(Eno et al., 2019; Keating et al., 2020; O’Brien et al., 2019; Oliveira et al., 2023)


	
	
	User experience and trust issues (privacy & security concerns, lack of human connection, outdated/inconsistent information)
	(Eno et al., 2019; Kimiafar et al., 2019; Tang et al., 2022)

	Benefits of digital health tools
	increased patient engagement, better management of treatment, cost reduction, increased accessibility to care, and improved patient outcomes. These indicators are identified based on direct mentions of positive effects in the study findings.
	Improving patient care & engagement
	(Erez et al., 2023; Gomis-Pastor et al., 2020; Gomis-Pastor et al., 2021; Hatzikiriakidis et al., 2022; Holderried et al.,2021; Killian et al., 2022; Killian et al., 2023; Lerret et al., 2022; Park et al., 2021; Sayegh et al., 2022; Vaughn et al., 2020)

	
	
	Convenience & accessibility
	(Forbes et al., 2018; Hatzikiriakidis et al., 2022; Hickman et al., 2021; John et al., 2020; Sidhu et al., 2019)

	
	
	Empowerment & safety
	(Eno et al., 2018; Gomis-Pastor et al., 2021; Mussetti et al., 2021; Vaughn et al., 2020)


	
	
	Cost-efficiency & time-saving
	(Forbes et al., 2018; Hickman et al., 2021; Huuskes et al., 2021; John et al., 2020; Sidhu et al., 2019)

	Process of development of digital health
	  Human-centered design, development, user-centered design,user preference
	Patient-centered 
	(Banerter et al., 2022; Deboni et al., 2020)

	
	
	Preparation & readiness
	(Bangerter et al., 2022; Skeens et al., 2022)

	Users of digital health
	specific terms identifying user groups (e.g., patients, nurses, doctors, caregivers) and their interactions or reactions to the eHealth tools (e.g., used by, preferred by, benefits for)
	Caregivers & families
	(Adib et al., 2022; Bangerter et al., 2022; Lerret et al., 2022; Skeens et al., 2022)

	
	
	Transplant providers, clinicians & pharmacists
	(Divard et al., 2022; Handler et al., 2023; Hensler et al., 2018; Hoz et al., 2021; Morken et al., 2023; Park et al., 2021; Xu-Stettner et al., 2023)


[bookmark: _Toc166854003]4.5 Reflexivity Principle of the Problematizing Review Process
To identify and understand the quality of the review of the existing studies on eHealth in transplantation, we conducted a critical analysis using the reflexivity principle of the problematizing review process (Alvesson & Sandberg, 2020).  
The reflexivity principle refers to the researcher's awareness of their own biases, influences and perspectives throughout the research process (Alvesson & Sandberg, 2020). One of the research articles solely sourced its information from one database (PubMed) to analyze the current status of eHealth in transplantation (Duettmann et al., 2021). Researchers might have selected PubMed as their only database due to the belief that it is one of the largest and most comprehensive databases for biomedical literature, covering a wide range of journals, including many prestigious medical and scientific journals. However, a potential issue of pulling information from one database is that researchers might have an incomplete picture, as a single database cannot comprehensively cover all literature on a chosen topic, resulting in an incomplete understanding of the research landscape. Another potential issue with using a single database is the search limitations the database might have. Databases employ their own indexing methods and search algorithms, which may yield different results for the same search query. Researchers may overlook relevant articles if they rely solely on the search capabilities of one database, missing out on potentially important literature.
Additionally, more than 50% of research articles reporting eHealth usage in transplantation identified in this literature review were carried out using quantitative methodologies. The high use of quantitative methodology in researching eHealth in transplant settings could be attributed to the replicability of quantitative methods. Quantitative research designs are often structured in a way that allows for replication and verification of findings by other researchers. Which may have influenced researchers to carry out similar approaches. However, this provides an incomplete view. Quantitative methods often prioritize numerical data and statistical analysis, which may not fully capture the multifaceted experiences of transplant patients and healthcare providers in eHealth contexts. Transplant patients often navigate complex emotional, social, and psychological challenges, which may be better understood through qualitative approaches that allow for in-depth exploration of these experiences. Quantitative research also typically focuses on measuring relationships between variables in a controlled manner, often overlooking the broader factors that influence eHealth adoption, utilization, and effectiveness in transplant care. 
In terms of inconsistencies with the research on eHealth in the transplant landscape, the majority of studies used different types of eHealth interventions to investigate the benefits and barriers of using eHealth in transplantations. Most studies focused on telehealth (Barnett et al., 2021; Chang et al., 2021, Deboni et al., 2020; Delman et al., 2021; Forbes et al., 2018; Gunn et al., 2021; Hatzikiriakidis et al., 2022; Hickman et al., 2021; Huuskes et al., 2021; John et al., 2020; Keating et al., 2020; Kelly et al., 2019; Khalil et al., 2022; Mussetti et al., 2021; Sidhu et al., 2019; Thiessen et al., 2020; Xu-Stettner et al., 2023) as an intervention to facilitate consultations between clinicians and transplant patients. Other studies considered telemedicine as a proxy for virtual clinic visits for medication-related purposes (Holderried, Hoeper, Holderried, Heyne, Nadalin, Unger, Ernst & Guthoff, 2021; Park, Kim, Waldman, Marks & Clark, 2021). In addition, some studies considered specific factors, such as trust, security, and the risk associated with eHealth utilization for pre- and post-care transplantation (Hatzikiriakidis, West, Ayton, Morris, Martin & Paraskeva, 2022; Holderried et al., 2021; Tang, Howell, Roger, Wong & Tong, 2022). The challenge with the use of different types of eHealth interventions is the diversity in research designs and outcomes which make it difficult to compare findings and draw meaningful conclusions. Current research limits our understanding of eHealth integration in transplantation. 
















[bookmark: _Toc166854004]Chapter 5: Discussion & Conclusion
[bookmark: _Toc166854005]5.1 Discussion
This systematic literature review addresses an important gap by reviewing the studies elucidating the utilization of eHealth devices in the context of transplant care. This review encompasses 55 articles, which collectively explore diverse facets including the barriers and benefits associated with digital health tools, the process of developing digital health and different types of users engaging with digital health within the realm of transplant care. Predominantly, existing literature in this domain focused on the implementation of eHealth in transplantation; therefore, this review addresses a gap by demonstrating the multifaceted aspects entailed in the utilization and integration of eHealth in transplant care. This chapter provides a detailed discussion of the advantages, obstacles and future prospects of eHealth in transplantation. As mentioned in Chapter 4, this study has identified four main themes including (1) barriers to using digital health devices, (2) benefits of using health devices, (3) the process of development of digital health, and (4) users of digital health. 
[bookmark: _Toc166854006]5.1.1 Barriers of using digital health devices
This discussion section addresses points related to the research question: “What are the predominant barriers hindering widespread adoption of digital health tools among different user groups (e.g., patients, healthcare providers)?”. 
In terms of barriers to using digital health devices, this study identified three categories of barriers including knowledge and access barriers, usability and implementation challenges, and user experience and trust issues (refers to expected outcome 2.a and 2.b). These three categories indicate interconnectedness and highlight a chain reaction, where problems within one category will induce problems in another. 

In the case of knowledge and access barriers, poor IT literacy can exacerbate usability challenges. If users need more understanding or training on how to use devices/software, usability challenges become more prominent. Limited access to adequate resources, such as appropriate internet connection, can hinder the successful use and integration of digital tools. Difficulties in using technology directly impact user experience. Complex interfaces or functionalities often result in poor user experiences, which can trigger trust issues. Negative user experiences can reinforce knowledge barriers. If someone has a bad experience with technology, they might be less inclined to invest time learning about it or exploring its capabilities. Concerns about trust and security, limit access. Users might refrain from using specific devices or platforms due to trust issues, affecting their access to technology.

Addressing one category of barriers involves considering and mitigating aspects from the other categories. For instance, improving user experience might involve simplifying usability, addressing knowledge gaps through education or training, and fostering trust by enhancing security measures. Ultimately, overcoming barriers to digital devices requires a holistic approach that considers the interconnected nature of these challenges and seeks comprehensive solutions to improve technology adoption and usage.
[bookmark: _Toc166854007]5.1.2 Benefits of using digital health devices
In this section, we discuss the answers to the research question: “How do digital health tools support or inhibit health outcomes among transplant patients?”
Based on the findings we identified eight main eHealth tools used in transplant pre-post care including: Telehealth, Mhealth, Electronic App/Devices, Emerging Technologies (e.g., AI, Wearables), Telemedicne, Web-based Portals, Others (Health information technology and Interactive health technology) (refers to the research question 1 – expected outcome 1.a). 

This study identified four categories of benefits associated with using health devices for transplantation pre and post care including improvement in patient care and engagements, convenience and accessibility, empowerment and safety, and cost-efficiency and timesaving (refers to expected outcome 1.c). These four categories indicate interconnectedness and highlight areas that influence and generate impact in one another. 

Empowered patients are more engaged in their care, leading to better adherence to treatment plans and improved outcomes. When patients feel empowered with a suitable health device, they will take a more proactive approach to their health.  Remote monitoring and accessibility reduce the need for in-person visits, lowering healthcare costs and saving time for patients and transplant providers. Feeling empowered and safe using health devices increases the willingness of individuals to adopt and use them. This, in turn, improves accessibility to healthcare services, especially for those who might face barriers to traditional healthcare access. As mentioned in the findings, some individuals find face-to-face clinic visits confronting and somewhat uncomfortable. The use of telehealth helps with giving patients safety and comfort in accessing health care services. When health tools streamline processes for transplant providers, it positively impacts patient care. Moreover, patients benefit from more focused and timely care. 

Understanding these interconnected benefits helps healthcare systems, device developers, and providers create strategies and solutions that encompass multiple advantages, resulting in a more comprehensive and impactful healthcare approach that benefits patients and healthcare systems.
[bookmark: _Toc166854008]5.1.3 Efficacy of specific ehealth tools
This discussion is also related to the research question: “How do digital health tools support or inhibit health outcomes among transplant patients?”
This section will also the impact of digital health tools on various health outcomes (Research question 1, expected outcome 1.b).  Regarding the impact of different eHealth devices, multiple studies have demonstrated measurable and positive impacts on individuals' health. This study identified seven types of digital health tools used within transplantation care as summarized in table 2. Out of 55 studies, 17 studies investigated telehealth, 22 studies investigated mHealth, seven studies looked at electronic apps/devices (e.g., digital health home spirometry, electronic mental health screening), two studies used emerging technologies (e.g.., AI, wearables), two studies looked at telemedicine, three studies used web-based portals and two studies used other forms of tech (e.g., health information technology and interactive health technology). 
The majority of the studies that utilized telehealth (15/17), revealed the positive impact telehealth had on patients, such as reduced time and costs as well as improved access to care (Barnett et al., 2021; Chang et al., 2021; Deboni et al., 2020; Delman et al., 2021; Forbes et al., 2018; Gunn et al., 2021; Hatzikiriakidis et al., 2022; Hickman et al., 2021; Huuskes et al., 2021; John et al., 2020; Keating et al., 2020; Kelly et al., 2019; Khalil et al., 2022; Mussetti et al., 2021; Sidhu et al., 2019; Thiessen et al., 2020; Xu-Stettner et al., 2023). Moreover, the use of telemedicine also demonstrated positive outcomes for patients, which was highlighted by one study with improving access to pharmacy care and improving the accuracy of medication lists (Park et al., 2021). The majority of the studies that implemented mHealth (20/22), identified the positive impact mHealth had on patients post-transplantation, with reduced complications and hospitalizations (Adib et al., 2022; Eno et al., 2018; Eno et al., 2019; Erez et al., 2023; Fleming et al., 2021; Gomis-Pastor et al., 2023; Gomis-Pastor et al., 2021; Gonzales et al., 2022; Gomis-Pastor et al., 2020; Killian et al., 2022; Killian et al., 2023; Lerret et al., 2022; Mathur et al., 2021; O'Brien et al., 2020; O'Brien et al., 2022; O'Brien et al., 2018; Oliveira et al., 2023); Pollockm et al., 2023; Reber et al., 2018; Sayegh et al., 2022; Skeens et al., 2022; Vaughn et al., 2020). The majority of the studies that used electronic apps/devices (5/7), demonstrated positive improvement in patient outcomes such as reduced infections and improvement in self-management of symptoms (Anton et al., 2021; Handler et al., 2023; Hensler et al., 2018; Hoz et al., 2021; Odisho et al., 2023). In relation to the use of emerging technology such as AI and wearables, only two studies were identified and both demonstrated positive outcomes for patients such as helping with clinician decision making and encouraging physical activity to improve overall health (Divard et al., 2022; Duarte-Rojo et al., 2022). This highlights the gap in studies on the role of emerging technologies in transplantation care. 
[bookmark: _Toc166854009]5.1.4 Developing process of ehealth devices
This section of the discussion provides answers to the research question, “What are the key considerations for the development of eHealth interventions for transplant patients?”
This study identified two crucial factors in developing the process of digital health including patient-centered and preparation and readiness (refers to expected outcome 3.a). Both factors are deeply interdependent, as a patient-centered approach requires the preparation and readiness of patients and vice versa for a patient. A patient-centered approach in development influences the preparation phase by emphasizing the need to prepare health devices and transplant providers, clinicians, and pharmacists to meet patient needs (refers to expected outcome 3.b). Developers must ensure that health devices are equipped to support patient needs. Patients' preparation and readiness depend on whether the digital tools meet their requirements and expectations. Therefore, a lack of focus on any of these aspects would limit the effectiveness of eHealth devices. 
[bookmark: _Toc166854010]5.1.5 Different groups of ehealth device users
This discussion is related to the research question: “Who are the different groups of users of eHealth devices?”
This study identified two main groups of eHealth users: (1) patients, caregivers, and families, (2) transplant providers, clinicians, and pharmacists (refers to expected outcome 4.a). The findings indicate that both groups of users are connected through the shared goal of providing and receiving health care services for transplant purposes. 
Health devices facilitate the seamless exchange of information between patients/families and healthcare providers. Patients can provide real-time health status and symptoms data, enabling healthcare providers to make informed decisions. By using shared platforms, both parties can coordinate care more effectively. For instance, patients can schedule appointments, track medications, and share relevant data with healthcare providers, leading to more personalized and timely care. Health tools empower patients by providing them with resources to participate actively in their care. Meanwhile, healthcare providers can use these tools to engage patients in self-management, monitor their progress remotely and help the healthcare providers to inform their decisions regarding patient health. Integrating digital health tools for patient and provider-centric purposes fosters a holistic approach to transplant care, enhancing communication, efficiency, and overall patient outcomes. As well as helping healthcare providers with decision making, such as altering medication dosages, treatment plans and interventions based on the data provided by patients through health devices.
[bookmark: _Toc166854011]5.1.6 Future Prospects of ehealth in transplantation & Future research
Studies have proven the capabilities and positive impact of eHealth within transplantation care. With continuous advancements in technology, there is room for more positive impact within transplantation. Such as the adoption of emerging technologies within transplantation care like AI, virtual reality (VR) and augmented reality (AR), wearables, blockchain technology and genomic medicine. Adopting emerging technologies as such will help with improving patient care, and outcomes and streamline healthcare processes in innovative ways. For example, AI can be used to identify risk factors for complications after transplant, which was recently confirmed by a study (Divard et al., 2022) . AI also has predictive analytic capabilities which can be used to assist in analyzing large datasets to identify patterns, predict potential complications and improve transplant outcomes. With virtual reality (VR) and augmented reality (AR), healthcare facilities can use these technologies to create virtual simulations of the transplantation process which can help  improve education among patients and clinicians. VR and AR can also help with mental health support and rehabilitation. On the other hand, wearable devices give clinicians the capability to monitor and track patients' vital signs and health data remotely, allowing for personalized care plans and early detection of potential complications (Duarte-Rojo et al., 2022). Wearables have the potential to be used to monitor medication adherence, promote physical health and manage mental health for transplant patients. As emerging technologies continue to evolve and improve, the adoption of these technologies within transplantation can lead to more efficient, precise and personalized healthcare services. However, it’s essential that the ethical, regulatory and practical aspects are considered to ensure that adopting these technologies is effective and compliant. One primary concern is data privacy which was identified as one of the barriers in this research. eHealth platforms often handle sensitive patient information, and under the Health Insurance Portability and Accountability Act Privacy Rule (HIPPA, 1996), transplant patients have a right to confidentiality and security regarding their medical data. Informed consent is another critical issue, as patients must understand the implications of using digital health tools and willingly agree to participate. HIPAA (1996), ensures individuals authority regarding the use and sharing of personal health by mandating covered entities to notify them of their privacy practices and rights. This notice, often called a Notice of Privacy Practices (NPP), informs individuals about how their health information may be used and disclosed, their rights regarding their health information, and how they can exercise those rights (U.S department of Health and Human Services, 2022). Strategies for mitigating ethical challenges in eHealth for transplantation include regular audits of data security protocols, ongoing patient education on privacy rights and risks, and interdisciplinary collaboration among healthcare professionals, ethicists, and technology experts to address emerging ethical dilemmas effectively. An example of a framework stakeholders could use to ensure the integration of eHealth is successful and compliant is drawing on the Health Level Seven International (HL7) Standards. The HL7 standards provide guidelines governing the exchange, integration, sharing and retrieval of electronic health information. Under the HL7 standards, healthcare providers can prioritize interoperability by adopting standardized data exchange formats and terminology to ensure seamless communication between electronic health records and eHealth platforms. Following the HL7 standards, eHealth developers must design user-friendly interfaces catered to the unique needs and preferences of transplant patients, incorporating features that promote engagement, adherence, and personalized care delivery. Patients can also be actively involved in the design and evaluation of eHealth solutions, fostering a patient-centred approach that empowers individuals to manage their health effectively. HL7 standards encourages policymakers to establish clear guidelines and regulations to govern the ethical use of eHealth technologies, safeguarding patient privacy, security, and informed consent. By prioritizing ethical principles and regulatory compliance, eHealth adoption in transplantation can promote patient autonomy, trust, and safety.
Given the evolving nature of eHealth and the changing needs of patients and transplant providers, researchers should continue to explore the implications of eHealth within the transplantation context. Further research should be done to investigate the different types of eHealth used within transplantation and their impact on patient outcomes. The majority of studies focused on mHealth (22) and telehealth (17) as digital interventions for transplantation. Other digital interventions do not receive much attention such as emerging technologies (e.g., AI, wearables), web-based portals, etc.
Therefore, it is suggested that future studies look into different eHealth interventions and measure their impact to help health facilities deploy the most beneficial solution to improve patient outcomes. 
This study identified a majority of the studies investigating eHealth in transplantation focused on America (38). However, according to Statista (2023), rates of patients with transplanted organs were high in countries such as Spain, France, Portugal Sweden, Switzerland, Turkey, etc. However, there is a lack of studies conducted in these countries, therefore it is recommended that future research consider the use of eHealth in transplantation within these countries as it could reveal more valuable insights. Based on the mentioned avenues for future studies, researchers may attempt to explore the following potential research questions with the focus of emerging technologies in transplant domain:
1. How do patients and healthcare providers perceive the usability, effectiveness and acceptability of AI-driven decision support tools in transplantation decision-making and patient management?
2. How can AI improve the accuracy of organ match predictions and analytics impact post-transplant complication rates in transplant procedures?
3. What role can wearable technology play in monitoring transplant recipients during the post-operative period to prevent complications?
4. How can blockchain technology enhance the security and transparency of organ donation registries?
5. Can virtual reality (VR) training simulations improve the skills and decision-making abilities of transplant surgeons?
6. How can VR simulations be used to educate transplant patients about their conditions, treatment options and self-management strategies?
7. What impact does telemedicine have on the management of transplant patients in remote and underserved areas?
8. How effective are mobile health applications in improving medication adherence among organ transplant recipients?
9. What are the ethical implications of using predictive analytics in prioritizing transplant recipients?
10. Can Internet of Things devices integrated within home environments provide early detection of health deterioration in transplant patients?
[bookmark: _Toc166854012]5.1.7 Research Limitations
This study has a few limitations which should be considered. Firstly, this research draws upon data gathered from prior studies investigating the use of eHealth in transplantation. Since this study does not involve primary data collection, it is susceptible to inheriting the limitations and validity issues of the studies used as sources. However, to address this limitation, as a part of the exclusion criteria, only empirical studies were included in the literature review process. 
Secondly, this study relied on preceding journal articles and restricted data sources. However, with advancements in technology, eHealth is constantly changing and improving, meaning there is a considerable body of literature on the subject that may exist outside of traditional academic journals and databases, including online materials and commercial publications. However, despite the exclusion of such sources, the findings presented within this study are still relevant as it utilizes studies from peer-reviewed, well-established journals and databases that are commonly used for previous systematic reviews.  Another potential limitation is the absence of a few methods from the PRISMA 27-Item Checklist (Moher et al., 2020). The absence of these components may result in a less rigorous assessment of study quality, potentially leading to biased or inaccurate conclusions.
Another gap identified was the lack of studies in countries that had high rates of transplantation. Countries that have high rates of transplantation could be holding a wealth of information that can be used globally to improve patient care and outcomes for transplantation. Therefore, future research should further expand to different countries.
Lastly, studies within this review involved different samples of studies from different countries. Some studies did not report the ethnicities of participants (eHealth users) within their sample which means some groups of people may not be well represented. Therefore, findings may not accurately represent the needs and responses of under-reported ethnic groups. Future studies should aim to enhance the inclusivity and representativeness of participant samples to contribute to a more robust and generalizable knowledge base within the context of transplantation.
[bookmark: _Toc166854013]5.2 Conclusion
eHealth is transforming the field of transplantation, offering many benefits for both patients and healthcare providers. Its impact spans the entire transplant journey, from pre-transplant assessment to post-transplant care and ongoing long-term management. However, there are barriers that prevent the implementation and use of eHealth. Therefore, it is important to better understand the pivotal role of eHealth in the landscape of transplantation. However, according to Duettmann et al., (2020), existing eHealth in transplantation studies are fragmented. Therefore, this dissertation systematically reviews the existing literature to identify factors influencing eHealth use and adoption. 
This study was conducted using the standards of the PRISMA statement (Moher et al., 2020). The first phase was identification, which used the research questions to create a search strategy to identify relevant papers in targeted databases. This involved identifying keywords, which were then searched on Business Source Complete, PubMed, IEEE Xplore, JSTOR, Scopus, SpringerLink, ClinicalKey, ScienceDirect, Wiley Online Library, and OVID databases. An exclusion criterion was then created to remove irrelevant papers and duplicates which left 232 papers for the next phase. The second phase was screening which involved assessing the papers for their relevance for the purpose of this study and retrieving the full text. After this process, only 89 articles remained for the next phase. The third phase was assessing the eligibility of the articles to be included in the systematic review. The result of this phase was 55 articles. With these articles, the final step was to use thematic analysis to extract and code information, which was then organized into themes. 
Overall, the thematic analysis identified four themes linked to using eHealth in transplantation: (1) barriers to using digital health devices, (2) benefits of using health devices, (3) the process of developing digital health, and (4) users of digital health. Finally, this study identified future prospects of eHealth in translation, such as the use of emerging technologies like AI and wearables to improve patient outcomes.
[bookmark: _Toc166854014]Summary table
	Already known
· Growth in eHealth tools has impacted the pre and post care within transplantation.
· More studies are needed to provide a comprehensive understanding of the utilization of digital tools within transplantation.


	Added knowledge
· This study provides a comprehensive overview of eHealth in transplantation with associated benefits and barriers.
· This study highlights that there is a growing trend in using eHealth (e.g., mHealth, wearable devices and AI-based devices) in healthcare; Global eHealth market size was valued at US $128.99 billion in 2022 and forecasted to hit US$707.23 billion by 2032 (Precedence research, 2023).  The growth in the market can be attributed by the growing adoption of eHealth globally, with 58% of countries adopting telemedicine (European Parliament, 2021) however, barriers such as poor IT literacy, acceptability, access, privacy and security concerns still need to be addressed.
· This study identifies how different types of digital health interventions are used within transplantation and their impact. 
· This study discusses the key considerations for developing digital health tools to use in transplantation.
· This study identifies different groups of users of digital health tools in transplantation. It also highlights the importance of considering the users’ background (e.g., ethnicity), while designing and promoting eHealth tools.
· Provides recommendations for future research of eHealth in transplantation. 






[bookmark: _Toc166854015]5.2.1 Theoretical contributions
This study has two theoretical contributions. Firstly, according to Duettmann et al. (2021), existing eHealth in transplantation studies are fragmented. The majority of studies focused on the impact of eHealth in transplantation, but there was no overall consolidation of the factors that influence the use and adoption of eHealth. Factors such as barriers, benefits, development process of digital health, and different types of users of digital health were found to influence eHealth adoption within transplantation. To address previous research gaps, this study used a systematic literature review to analyze previous studies and classify the factors analyzed that influence the use and integration of eHealth in transplant care. This study has developed a conceptual framework to present the critical factors of using digital health by different stakeholders for transplantation (Figure 4). This framework offers an overall understanding of the different elements affecting eHealth use in transplantation.  This conceptual framework can be used as a roadmap for guiding empirical investigations and theoretical developments. Future research can use the conceptual framework to design studies, analyze data and interpret findings. 
Secondly, this study has highlighted the gaps in the literature on eHealth in transplantation. The majority of studies focused on two types of digital health tools (mHealth & telehealth) and their impact on transplantation. Future research should look into different types of digital health tools and measure their impact as they may provide better outcomes. This study also contributes to the identification of future directions for adopting emerging technologies in transplantation. Given the advancements in technologies, new changes within the technology industry can help create innovative ways to provide healthcare services for transplant patients. Future research should look into assessing the adoption of emerging technologies within transplantation. 
[bookmark: _Toc166854016]5.2.2 Practical contributions
This research has two main practical contributions. Firstly, this study identified that barriers to using digital health tools consist of the following: poor IT literacy, demographic and socio-economic factors, poor IT acceptance, manual and continuous data entry, inaccurate data from patients, lack of professional support, poor dissemination of digital intervention, costs, lack of human connection and outdated/inconsistent information. Knowledge of the various barriers will help policy makers and health institutions develop strategies to improve access to digital health tools. Policy makers and health institutions could look at implementing training programs and educational initiatives to improve IT literacy among transplant patients, healthcare providers and caregivers. These programs could look at providing basic computer skills, digital health literacy and specific training on how to use the eHealth tools. Health facilities could also look at developing and distributing educational materials, online resources, and interactive tools to improve transplant stakeholders' understanding of eHealth concepts, benefits, and best practices. These materials could be tailored to the needs and preferences of different stakeholder groups and available in multiple languages to ensure accessibility.
This study also provides key considerations in the development of digital health tools, which consist of patient-centered, preparation and readiness. Therefore, it is important for digital health tool developers to consider these aspects and barriers while designing digital health tools to improve the adoption and effectiveness of these tools for end-users and all other involved stakeholders. 
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Appendix a Systematic literature review Selected studies
	No #
	Author(s)/year
	Objective of Study
	Study Design/Methodology
	Type of Transplant
	Health Technology
	Participants
	Number of Participants
	Country
	Main Findings

	1
	Adib et al., 2022
	Create a smartphone-driven app framework aimed at offering connected health management solutions and assisting family members of paediatric transplant recipients.
	Qualitative - action research methodology
	Paediatric - organ
	mHealth
	Family members of patients
	 
	US
	Outlines a successful mHealth app development process by combining theory-based nursing interventions with AR methodology in computer science. Emphasizing efficiency-enhancing factors facilitated seamless app navigation and data collection. Enables the evaluation of acceptability, usefulness, and usability for similar future studies.

	2
	Anton et al., 2021
	Assess the viability of employing electronic mental health screenings in paediatric heart failure and transplant clinics.
	Quantitative - Surveys
	Organ - Heart
	Electronic app/devices (Electronic Mental Health Screening)
	Patients
	119
	US
	Findings indicate the viability of electronic mental health screening during cardiology clinic visits, offering valuable mental health insights.

	3








	Bangerter et al., 2022



	Utilize human-centred design to create a high-fidelity prototype of a HIT-enabled psychoeducational tool for HSCT caregivers.


	Mixed methods - Literature Review, Visualisation, design evaluation


	hematopoietic stem cell transplant 
	Others (Health Information Technology)



	Caregivers





	63






	US 







	This study combines healthcare delivery research and human-centred design to create tech-supported aid for HSCT caregivers. It presents a design approach for a HIT-enabled psychoeducational prototype, aiding the development of future eHealth innovations for HSCT optimization.


	4
	Barnett et al., 2021
	Investigate liver transplant recipients' experiences with a 12-week telehealth lifestyle program and evaluate the feasibility of this innovative service.
	Qualitative
	Organ - liver
	Telehealth
	Patients
	19
	Australia
	A telehealth lifestyle program administered by dietitians and exercise physiologists, is a viable alternative to in-person care for liver transplant recipients. There's a necessity to expand and innovate routine service delivery beyond face-to-face consultations.

	5
	Chang et al., 2021
	Assessing the viability and efficiency of remotely monitoring kidney transplant patients.
	Quantitative
	Organ - Kidney
	Telehealth
	Patients
	2
	US
	Our early findings show RPM's feasibility and effectiveness post-transplant, broadening care through remote models. This is particularly crucial now, enabling close monitoring of COVID-19-positive transplant patients in home isolation.

	6
	Deboni et al., 2020
	Detail the creation and execution of telehealth for monitoring renal transplant and peritoneal dialysis patients amid the COVID-19 pandemic.





	Quantitative - Descriptive study
	Organ
	telehealth
	Patients
	960
	Brazil
	outlines the creation and use of telehealth in monitoring renal transplant and peritoneal dialysis patients amid the COVID-19 pandemic.

	7
	Delman et al., 2021
	Reporting the University of Cincinnati Medical Centre response to the COVID-19 pandemic
	Quantitative
	Organ - liver
	Telehealth
	Patients
	344
	US
	During the COVID-19 period, performing orthotopic liver transplants safely and successfully is achievable without jeopardizing results. This is achieved by enhancing telehealth usage, conducting rapid COVID-19 tests, and implementing comprehensive protocols for handling immunosuppressed patients.

	8
	Divard et al., 2022
	Assess transplant physicians' capability to forecast long-term allograft failure and compare their predictions to a validated artificial intelligence (AI) algorithm.
	Quantitative
	Organ - Kidney
	Emerging technologies (Artificial Intelligence (iBox))
	Patients and Physicians
	400
	France
	The study highlights physicians' generally limited accuracy in predicting long-term graft failure, contrasting with the superior performance of iBox. It advocates for a companion tool to aid physicians in prognosis and clinical decision-making.

	9
	Duarte-Rojo et al., 2022
	Create a technique to gauge the step length of LT candidates, enabling the remote acquisition of the 6-minute walk test (6MWT) distance using a personal activity tracker (PAT).
	Quantitative
	Organ -Liver
	Emerging technologies (Wearables)
	Patient
	137
	US
	We devised a technique to measure the 6MWT distance remotely using a PAT. This innovative method introduces the potential for conducting telemedicine-based PAT-6MWT to track the frailty status of LT candidates.

	10
	Eno et al., 2018
	Evaluate living kidney donors' views and beliefs regarding mHealth for follow-up purposes.
	Quantitative - Survey
	Organ - Kidney
	mHealth
	Patient
	100
	US
	In general, smartphone ownership was prevalent (94 out of 100, 94.0%), and among smartphone users surveyed, 79% (74 out of 94) believed that using a mHealth tool for their required follow-up would be helpful. There were no notable differences by age, gender, or race. These findings imply that patients could gain from a mHealth tool for living donor follow-up.

	11
	Eno et al., 2019
	Create a mHealth platform tailored to gather and report follow-up data from Living Kidney Donors after donation.
	Qualitative
	Organ - Kidney
	mHealth
	Transplant providers
	21
	US
	Transplant providers believe mHealth could enhance LKD follow-up and aid centres in meeting reporting requirements. Yet, creating a secure, user-friendly, and affordable system remains a challenge.

	12
	Erez et al., 2023
	Assess the viability and acceptance of a home urinalysis kit paired with a smartphone app.
	Quantitative
	Organ - Kidney
	mHealth
	Patients
	103
	US
	The Healthy.io home urine testing app garnered significantly higher satisfaction from patients and caregivers compared to current methods, indicating substantial potential to improve patient-centred care.

	13
	Fleming et al., 2021
	Assess a pharmacist-led telehealth intervention using mHealth (TRANSAFE Rx study) aimed at enhancing medication safety.
	Quantitative 
	Organ - Kidney
	mHealth
	Patients
	68
	US
	a link was found between the active trial intervention and improved tacrolimus IPV. Given the consistent link between high tacrolimus IPV and negative allograft outcomes, our findings suggest that employing multi-dimensional technologies could enhance clinical results. However, further prospective studies are needed to confirm the changeability of tacrolimus IPV and the effects of reducing it on long-term clinical outcomes.

	14
	Forbes et al., 2018
	Compare the expenses between patients initially evaluated via telehealth and those assessed in-person throughout the evaluation process.
	Quantitative
	Organ
	Telehealth
	Patients
	302
	US
	Amid the rising prevalence of telemedicine applications, we share our encounter using telehealth for initial kidney transplant waitlist evaluations, showcasing reduced costs and time, potentially enhancing transplantation accessibility.

	15
	Gomis-Pastor et al., 2023
	Evaluating if mHeart lowers complication rates and healthcare resource utilization, considering its correlation with patient adherence.
	Quantitative
	Organ - Heart
	mHealth
	Patients
	134
	Spain
	The mHeart approach notably decreased post-transplant complications and medical attention requirements in HTx recipients. Adherence status influences the need for medical care.

	16
	Gomis-Pastor et al., 2021)
	Assess if a mHealth approach outperforms standard care in enhancing adherence and patients’ experiences among heart transplant recipients.
	Quantitative and Qualitative
	Organ - Heart
	mHealth
	Patients
	134
	Spain
	Our study found that the mHealth approach notably enhanced medication adherence and patient confidence in their medication routines among HTx recipients. The mHeart mobile app proved to be a viable tool for delivering personalized, long-term interventions to improve assessed objectives in this population.

	17
	Gomis-Pastor et al., 2020
	Detail the execution of the mHeart model and highlight key facilitators in designing a mHealth approach.
	Mixed methods
	Organ - Heart
	mHealth
	Patients
	135
	Spain
	The versatile mHeart model can be adapted to various clinical and research settings, encouraging cardiology health providers to devise innovative approaches for managing complex treatments and multiple health issues within healthcare systems. Both professionals and patients show readiness to embrace such innovative mHealth programs. The highlighted facilitators and strategies were crucial for successfully implementing this new holistic, theory-based mHealth strategy.

	18
	Gonzales et al., 2022
	Outline the occurrence and nature of interventions in a pharmacist-led, mobile health-based approach for KTX recipients, and its effect on patient risk levels.
	Quantitative
	Organ - Kidney
	mHealth
	Patient
	68
	US
	A pharmacist-led mHealth intervention could increase chances for diverse interventions and lower risk levels in KTX recipients.

	19
	Gunn et al., 2021
	Uncover the social, emotional, psychological, spiritual, informational, and practical challenges faced by organ transplant recipients and their caregivers in regional areas, and explore ways to enhance support services for this demographic.
	Qualitative
	Organ - Liver, Lung, Kidney, Heart
	Telehealth
	Patients
	22
	Australia
	Inventive approaches are needed to provide specialized transplant information and psychosocial support to rural transplant recipients, their caregivers, employers, and local health professionals. These strategies, delivered through telehealth, phone, social media, or websites, should be tailored based on preferences and the extent of required support.

	20
	Handler et al., 2023
	Examine healthcare providers' views on the characteristics of digital health interventions.
	Qualitative, thematic analysis
	Organ
	Electronic app/devices (Digital Health Program)
	Providers
	13
	Canada
	Providers saw digital health interventions as a potential complement to current physical activity counselling, forming an innovative strategy to tackle identified barriers in solid organ transplant recipients' participation in physical activity.

	21
	Hatzikiriakidis et al., 2022
	Investigate how the COVID‐19 pandemic affected the daily lives of young LTx recipients, examining the relationship between immunosuppression and the virus.
	Qualitative
	Organ - Lung
	Telehealth
	Patients
	11
	Australia
	Adolescent LTx recipients face poorer post-transplant outcomes than adults, leading to lower survival rates. Strategies informed by youth could enhance healthcare during public health crises, including: (1) Empowering youth in shaping their healthcare; (2) Tailoring care programs; (3) Implementing video-based telehealth when in-person care isn't available; (4) Offering in-person care for socially vulnerable youth lacking private, secure spaces for telehealth; (5) Utilizing technology to improve health literacy, care, and psychosocial support; and (6) Ensuring consistent clinicians to build trusting relationships.

	22
	Hensler et al., 2018
	A pharmacist-led dose optimization program using Electronic Health Records (EHR) was created. A retrospective study was done to assess if there was a reduced occurrence of CMV infection and ganciclovir-resistant infections after the intervention.
	Quantitative 
	Organ - Kidney, liver, and pancreas kidney
	Electronic app/devices (Electronic Health Record)
	Patients
	566
	US
	A pharmacist-led valganciclovir dose optimization program using EHR was linked to decreased CMV infections.

	23
	Hickman et al., 2021
	Explored the viability of a 12-week telehealth lifestyle intervention for liver transplant recipients.
	Quantitative
	Organ - Liver
	Telehealth
	Patients
	7
	Australia
	A telehealth-based cardio-protective lifestyle intervention is viable for liver transplant recipients and could enhance access to specialized care for supporting metabolic health post-transplant.

	24
	Holderried et al., 2021
	Assess the utilization and promise of contemporary ICT in solid organ transplant recipients.
	Quantitative - Questionnaire 
	Solid organ transplants - Kidney, Liver, Pancreas, or combined
	Telemedicine
	Patient
	234
	Germany
	Most SOT recipients widely embrace modern ICT for health purposes. Integrating eHealth more extensively has the potential to enhance comprehensive care, regardless of the transplanted organ. Successful implementation of eHealth technologies in cross-sectoral care will require research on online physician-patient communication, data security, safety, and the quality of care.

	25
	Huuskes et al., 2021
	Detail kidney transplant recipients' views on telehealth advantages, obstacles, and potential risks.
	Quantitative and Qualitative
	Organ - Kidney
	Telehealth
	Patients
	34
	Australia
	Telehealth offers convenience, reduces time and financial burdens, and lessens the overall treatment load. Post-pandemic, it should be accessible through trusted nephrologists and include resources to assist patients in preparing for appointments.

	26
	John et al., 2020
	Studied the impact of telehealth on the liver transplant assessment.
	Quantitative
	Organ - Liver
	Telehealth
	Patients
	465
	US
	Telehealth significantly shortens the time from referral to the initial hepatologist evaluation and placement on the liver transplant waitlist, especially for patients with lower MELD scores. However, it doesn't affect the time to transplantation or pretransplant mortality. Further research, especially outside the Veterans Administration Health System, is required to validate telehealth as a safe and efficient means to broaden access for patients undergoing liver transplant evaluations.

	27
	Keating et al., 2020
	Assessing the agreement and reliability of clinician-measured versus patient self-measured clinical and functional assessments in remote home-based monitoring via telehealth.
	Quantitative
	Organ - liver
	Telehealth
	Patients
	18
	Australia 
	In general, liver transplant recipients (LTRs) can reliably self-assess clinical and functional measures at home. Yet, there was considerable individual variability in accuracy and agreement, with no functional assessment meeting acceptable limits relative to MCIDs over 80% of the time.

	28
	Kelly et al., 2019
	Detail the execution of a five-session group intervention aimed at enhancing medication adherence in adolescent transplant recipients using home-based telemedicine.
	Quantitative
	Organ - Kidney, livery, heart 
	Telehealth
	Patients
	33
	US
	We investigate the hurdles in establishing a home-based group, offer practical solutions tailored for adolescents, and suggest ways to equip clinicians for potential obstacles when implementing a telehealth group with youth.

	29
	Khalil et al., 2022
	Evaluate transplant pharmacists' encounters with telehealth amid the COVID-19 pandemic.
	Quantitative
	Organ - Heart, lung, liver, intestine, kidney, pancreas
	Telehealth
	Pharmacists of Transplant patients
	45
	US
	COVID-19 prompted widespread telehealth adoption, aiding in maintaining care continuity. While pharmacists expected reduced future use, most preferred ongoing telehealth utilization in their practice.

	30
	Killian et al., 2022
	Explored the feasibility and acceptance of an asynchronous mHealth application for directly observed therapy (DOT) among adolescent heart transplant recipients.
	Quantitative - Pilot Study and Survey
	Organ - Heart
	mHealth
	Patients
	10
	US
	This pilot study yields promising indications about the feasibility, acceptability, and potential impact of DOT for adolescent heart transplant recipients. Further randomized studies are needed to validate these findings.

	31
	Killian et al., 2023)
	Examine the type and extent of in-app communication between adolescent heart transplant recipients and nursing staff during an asynchronous mobile video directly observed therapy intervention.
	Mixed methods - Content analysis. Creating codes and using thematic analysis
	Organ - Heart
	mHealth
	Patients
	10
	US
	The research highlighted the feasibility and advantages of the two-way communication features in the directly observed therapy intervention, boosting engagement and enhancing medication adherence among adolescent heart transplant patients. Ongoing research and clinical emphasis on patient engagement and meaningful interpersonal communication could facilitate integrating this intervention into standard care at paediatric transplant centres.

	32
	Kimiafar et al., 2019
	Create a tool for evaluating privacy issues in a web-based liver transplantation registry (WLTR) and gauge patient perspectives on the WLTR's privacy aspects.
	Mixed methods - Quantitative and Qualitative
	Organ - liver
	Web-based portal (registry)
	Patients
	81
	Iran
	System designers and developers need to create privacy policies aligning with the registry program's goals and user needs to safeguard patient information.

	33
	La hoz et al., 2021
	Assess the effectiveness of an electronic health record-based registry and its data extraction tools for clinical research in solid organ transplantation.
	Quantitative
	Organ - Heart, Kidney, Liver, Lung, Multiorgan
	Electronic app/devices (Electronic Health Record)
	Patients
	917
	US 
	Our study demonstrates the value of an electronic health record-based registry and automated extraction tools for clinical research in solid organ transplantation. A bloodstream infection (BSI) diminishes the 1-year survival of solid organ transplant recipients.

	34
	Lerret et al., 2022
	Outline the viability, acceptance, and initial effectiveness of a mHealth family self-management intervention (myFAMI) aimed at enhancing coping post-discharge, family quality of life, self-efficacy, family self-management, and healthcare resource utilization.
	Quantitative
	Organ - Paediatric heart, kidney and liver 
	mHealth
	Patient families
	46
	US
	The intervention was positively accepted and showed promise for future post-discharge programs for families of paediatric transplant recipients.

	35
	Maroney et al., 2021
	Examine eHealth literacy in kidney transplant (KT) and liver transplant (LT) recipients, and explore its correlation with the use of web-based patient portals.
	Quantitative - Surveys
	Organ - Kidney and Lung
	Web-based portal  (patient portal)
	Patients
	288
	US - Atlanta
	Kidney and liver transplant recipients who regularly use patient portals exhibit high eHealth literacy, suggesting the benefit of promoting regular usage to enhance post-transplant health and medication adherence.

	36
	Mathur et al., 2021
	Explored views of Solid Organ Transplant (SOT) recipients on physical activity and their preferences for features in digital health tools.
	Quantitative and Qualitative
	Organ - Liver, Heart, Lung, Kidney, Pancreas
	mHealth
	Patients
	21
	Canada
	Solid Organ Transplant (SOT) recipients outlined preferred features for a digital health tool, potentially informing the design of future applications supporting physical activity in this group.

	37
	Morken et al., 2023
	We investigated the obstacles and aids to Survivorship Care Plan (SCP) utilization among HSCT survivors and their clinicians.
	Quantitative - Survey
	hematopoietic stem cell
	Electronic app/devices (Electronic Health Record)
	Patients and Clinicians
	27 Patients and 18 Clinicians
	US - Wisconsin
	While previous efforts focused on barriers to SCP creation, our study delved into factors impacting SCP utilization. Identifying barriers and aids for SCP use among HSCT survivors and clinicians enables the creation of optimized SCP templates and clinical processes, potentially improving outcomes for these survivors.

	38
	Mussetti et al., 2021
	Assess the application of a telehealth platform in monitoring HCT patients within the initial two weeks post-discharge.
	Quantitative
	Hematopoietic Cell Transplantation
	Telehealth
	Patients
	12
	Spain
	This study demonstrated the feasibility of using telehealth in the early post-transplant phase, offering benefits to physicians and patients in the medical and psychological realms. However, technological challenges persist, particularly for older adult patients. Simplified technologies could enhance the future utilization of telehealth systems in this context.

	39
	O'Brien et al., 2020
	Investigated kidney transplant recipients' opinions on the utility of mHealth apps and identified crucial features they find valuable in these applications.
	Qualitative
	Organ - Kidney
	mHealth
	Patients
	20
	US
	Further research is necessary to determine the most effective consumer-oriented mHealth app for kidney transplant recipients' self-care. Interestingly, participants had limited discussions with their healthcare providers regarding the use of mHealth apps for self-care tracking.






	40
	O'Brien et al., 2022
	Detail insights gained from training a research team and educating kidney transplant recipients on mHealth technology through a virtual format.
	Quantitative
	Organ - Kidney
	mHealth
	Patients
	20
	US
	Results indicate that time, educational resources, and employing verbal, written, and visual information are crucial when executing a virtual research study.

	41
	O'Brien et al., 2018
	Outline demographics, usage, obstacles, and views on mobile app utilization for self-care management among adult kidney transplant recipients.
	Quantitative - questionnaire/survey
	Organ - kidney
	mHealth
	Patients
	123
	US
	Results hint at a possible link between using mHealth apps and reduced hospitalizations post-kidney transplantation.


	42
	Odisho et al., 2023
	Created a digital health intervention employing Bluetooth-enabled home spirometers for real-world monitoring of lung transplantation complications.
	Quantitative
	Organ - lung
	Electronic app/devices (Digital Health Home spirometry intervention)
	Patients
	371
	US 
	Our innovative EHR-integrated home spirometry intervention, utilizing automated chat, garnered high acceptance, provided dependable graft function assessments, and offered automated feedback and education, resulting in reasonably high adherence rates. Notably, in-person onboarding improved engagement and adherence. Subsequent research will explore the impact of remote care monitoring on early detection of lung transplant complications.

	43
	Oliveira et al., 2023)
	Assessing the adoption of a kidney health app among kidney transplant recipients
	Quantitative
	Organ - Kidney 
	mHealth
	Patients
	225
	Brazil
	The kidney transplant recipient segment in the Renal Health app intrigued the younger demographic but demonstrated low engagement over the monitored months. These outcomes provide valuable insights into implementing mHealth tech in kidney transplantation.

	44
	Park et al., 2021
	Detail the establishment of a CT transplant pharmacist role in an LTR virtual clinic and outline the clinical interventions and medication errors discovered by the pharmacists amid COVID‐19.
	Quantitative
	Organ - Lung
	Telemedicine
	Transplant pharmacists & Patients
	2 Pharmacists & 157 Lung Transplant Patients
	US
	Introducing CT transplant pharmacist telehealth sessions could boost patient access to pharmacy care and enhance medication list accuracy. Most errors showed significant severity and service value. Further study is required to assess this service's impact on patient outcomes and cost-effectiveness.

	45
	Pollockm et al., 2023
	Assess if the MyKidneyCoach app enhanced patient activation, engagement, and dietary habits in a diverse kidney transplant (KT) population
	Quantitative
	Organ - Kidney
	mHealth
	Patients
	9
	US
	MyKidneyCoach had high user acceptance and minimal dropout, with enhancements seen in patient-reported outcomes. Both Black and non-Black users showed better self-management skills, indicating a potential in reducing healthcare disparities in KT.

	46
	Reber et al., 2018
	Identify RTRs favoring and benefiting from mobile technologies like smartphones, potentially suited for mHealth interventions.
	Quantitative
	Organ - Renal
	mHealth
	Patients
	109
	Germany
	Young adult patients may benefit considerably from mobile health strategies. Additionally, a higher education level and typical cognitive function support an inclination toward mobile technology. These factors should be considered in crafting mHealth interventions for RTRs. Further research on potential barriers and desired technological features is crucial to tailor apps to patients' requirements for effective mHealth interventions.

	47
	Sayegh et al., 2022
	Assess the suitability and viability of a short mobile health (mHealth) intervention and its influence on medication adherence in Adolescent and Young Adult (AYA) liver transplant recipients.
	Mixed methods
	Organ - Liver
	mHealth
	Patients
	35
	US
	The findings indicate that sending text messages to patients regarding positive health markers was well-received and could potentially enhance self-management of illness in AYA individuals with refinement.

	48
	Sidhu et al., 2019
	Assess the effects of telehealth versus face-to-face follow-up on lung transplant recipients.
	Quantitative
	Organ - lung
	Telehealth
	Patients
	204
	Canada
	Telehealth proves safe and effective for specific transplant recipients, improving care access and lessening time and financial strain, particularly for patients distant from primary transplant centres.

	49
	Skeens et al., 2022
	Evaluate the practicality and usability of a mHealth app (BMT4me) aimed at enhancing adherence to immunosuppressant medication and monitoring symptoms in children after HSCT.
	Mixed methods - Qualitative & Quantitative
	Hematopoietic Stem Cell Transplant
	mHealth
	Caregivers of Paediatric Patients
	15
	US
	This protocol outlines a mixed methods study focusing on developing and deploying a smartphone app for caregivers of children undergoing HSCT. The app aims to enhance immunosuppressant adherence and symptom monitoring post-discharge. Study results will guide further app refinement and assess the feasibility of a pilot randomized controlled trial assessing its impact on clinical outcomes.

	50
	Tang et al., 2022
	Detail the viewpoints and encounters with eHealth within kidney transplant recipients.
	Qualitative
	Organ - Kidney
	Electronic app/devices (eHealth)
	Patients
	30
	Australia
	Recipients recognized eHealth's potential for aiding healthcare and self-care but faced tech navigation issues and worried about privacy and misinformation. User-friendly, tailored, and secure eHealth systems could enhance satisfaction and outcomes.

	51
	Thiessen et al., 2020
	An observational review of the abdominal transplant program at the University of California.
	Quantitative - Descriptive study
	Organ - Kidney, Liver, pancreas
	Telehealth
	Transplant Clinic
	 
	US
	Each transplant program is distinct, necessitating a tailored approach to sustain crucial transplantation services. The authors' experience highlights specific areas needing attention in these programs, offering potential solutions applicable to ensure ongoing transplantation during the COVID-19 era.

	52
	Vanhoof et al., 2018
	To (a) choose an IHT platform for a self-management aid, (b) gauge transplant patients' readiness to utilize IHT for self-management support, and (c) examine transplant patients' opinions regarding potential IHT functions.
	Quantitative - Descriptive Study
	Organ - heart, lung, liver, kidney
	Others (Interactive Health Technology)
	Patients
	122
	Belgium
	Studying transplant patients' ICT ownership and usage revealed that computers and the Internet, not smartphones, are the optimal platforms for self-management interventions. Though patients are generally receptive to IHT, considering patient acceptance factors and their preferred IHT features is crucial in further IHT development. This initial step in human-cantered design is pivotal for designers creating or utilizing IHTs.

	53
	Vaughn et al., 2020
	To examine the viability of incorporating mHealth tech for monitoring symptom data in PBMT patients and assess the study's structure, assessments, and protocols.
	Qualitative
	Paediatric blood and marrow transplant
	mHealth
	Patients
	7
	US
	Gathering frequent, long-term symptom data from kids and showing mobile tech acceptance indicates its feasibility. Our results also show how these technologies help gather symptom data for better understanding and devising symptom management strategies.

	54
	Wang et al., 2019
	Investigates the potential for customization considering patients' medical status and health literacy.
	Mixed Methods
	Organ - Kidney
	Web-based portal (self-management support system)
	Patients
	49
	Netherlands
	Data indicates that when creating an SMSS, the communication approach should align with patients' experiences and medical conditions.

	55
	Xu-Stettner et al., 2023
	Highlight the significance of treatment choices made by transplant pharmacists concerning telehealth versus in-person clinic visits.
	Quantitative - Descriptive comparative evaluation
	Organ - liver
	Telehealth
	Providers/Pharmacists of transplant patients
	28
	US 
	Transplant pharmacists can offer similarly crucial recommendations via telehealth as they do during in-clinic visits, considering both the total and critical treatment decisions.




Appendix B PRISMA 27-ITEM CHECKLIST
	Section and Topic 
	Item #
	Checklist item 
	Location/Page number where item is reported

	TITLE 
	

	Title 
	1
	Identify the report as a systematic review.
	P.1

	ABSTRACT 
	

	Abstract 
	2
	See the PRISMA 2020 for Abstracts checklist. Provide a structured summary of your review, addressing the background, objectives, data sources, study eligibility criteria, participants, interventions, study appraisal, synthesis methods, results, limitations, conclusions, and implications of key findings.
	P.2

	INTRODUCTION 
	

	Rationale 
	3
	Describe the rationale for the review in the context of existing knowledge.
	P.9-11

	Objectives 
	4
	Provide an explicit statement of the objective(s) or question(s) the review addresses.
	P.11-12

	METHODS 
	

	Eligibility criteria 
	5
	Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses.
	P.22-24

	Information sources 
	6
	Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to identify studies. Specify the date when each source was last searched or consulted.
	P.22

	Search strategy
	7
	Present the full search strategies for all databases, registers and websites, including any filters and limits used.
	P.21-22

	Selection process
	8
	Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many reviewers screened each record and each report retrieved, whether they worked independently, and if applicable, details of automation tools used in the process.
	P.22

	Data collection process 
	9
	Specify the methods used to collect data from reports, including how many reviewers collected data from each report, whether they worked independently, any processes for obtaining or confirming data from study investigators, and if applicable, details of automation tools used in the process.
	P.22-23

	Data items 
	10a
	List and define all outcomes for which data were sought. Specify whether all results that were compatible with each outcome domain in each study were sought (e.g. for all measures, time points, analyses), and if not, the methods used to decide which results to collect.
	P.39

	
	10b
	List and define all other variables for which data were sought (e.g. participant and intervention characteristics, funding sources). Describe any assumptions made about any missing or unclear information.
	P.24

	Study risk of bias assessment
	11
	Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many reviewers assessed each study and whether they worked independently, and if applicable, details of automation tools used in the process.
	P.23

	Synthesis methods
	13a
	Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study intervention characteristics and comparing against the planned groups for each synthesis (item #5)).
	P.23

	
	13c
	Describe any methods used to tabulate or visually display results of individual studies and syntheses.
	P.25-39

	RESULTS 
	

	Study selection 
	16a
	Describe the results of the search and selection process, from the number of records identified in the search to the number of studies included in the review, ideally using a flow diagram.
	P.21

	
	16b
	Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded.
	P.21

	Study characteristics 
	17
	Cite each included study and present its characteristics.
	P.25

	DISCUSSION 
	

	Discussion 
	23a
	Provide a general interpretation of the results in the context of other evidence.
	P.23-37

	
	23b
	Discuss any limitations of the evidence included in the review.
	P.46-47

	
	23c
	Discuss any limitations of the review processes used.
	P.47

	
	23d
	Discuss implications of the results for practice, policy, and future research.
	P.47-50

	OTHER INFORMATION
	

	Availability of data, code and other materials
	27
	Report which of the following are publicly available and where they can be found: template data collection forms; data extracted from included studies; data used for all analyses; analytic code; any other materials used in the review.
	P.61-75



Note: The review analysis was based on the objectives of the study, the type of questions being asked, and the nature of the data available in the literature, therefore certain PRISMA items were not applicable.
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