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Abstract

:

Background: Patient access to medical records can improve quality of care. The phellow application (app) was developed to provide patients access to selected content of their medical record. It was tested at a heart transplantation (HTx) outpatient clinic. The aims of this study were (1) to assess usability of phellow, (2) to determine feasibility of implementation in routine care, and (3) to study the effects app use had on patients’ self-management. Methods: Usability was measured quantitatively through the System Usability Scale (SUS). Furthermore, usability, feasibility, and effects on self-management were qualitatively assessed through interviews with users, non-users, and health care providers. Results: The SUS rating (n = 31) was 79.9, indicating good usability. Twenty-three interviews were conducted. Although appreciation and willingness-to-use were high, usability problems such as incompleteness of record, technical issues, and complex registration procedures were reported. Improved technical support infrastructure, clearly defined responsibilities, and app-specific trainings were suggested for further implementation. Patients described positive effects on their self-management. Conclusions: To be feasible for implementation in routine care, usability problems should be addressed. Feedback on the effect of app use was encouraging. Accompanying research is crucial to monitor usability improvements and to further assess effects of app use on patients.
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1. Introduction


Transparency in health care can improve patients’ understanding and engagement [1,2,3]. Giving patients access to their medical records can (1) enhance health literacy, (2) improve adherence to therapy, (3) increase patients’ health-related self-care, (4) improve doctor–patient communication, and (5) enhance quality of care [4,5,6,7,8,9,10,11]. Patient portals can be used to provide patients with their medical records [12].



Encouraging patients to become more actively engaged in their health care holds several benefits. This is especially true for chronically ill patients requiring ongoing self-management and frequent check-ups [13], for example after orthopedic hip surgery [14] or after heart transplantation (HTx). After HTx, patients need long-term aftercare at highly specialized HTx centers to enable fullest possible reintegration into normal life as well as early detection of deterioration in health status or risks [15,16]. Patients therefore usually follow a specific immunosuppressive protocol to avoid graft rejection. The immunosuppressive drug therapy must be guided by therapeutic drug monitoring in order to prevent over- or underdosing which may lead to adverse effects (hand tremor, loss of hair, and kidney failure). In addition, side-effects such as arterial hypertension, hyperlipidemia, diabetes, malignancies, and osteoporosis may occur and need to be treated adequately [15,16]. Hence, drug trough levels have to be closely monitored via periodical blood withdrawals as they are often not within target range. If drug trough levels are not within target range, the immunosuppressive drug therapy has to be adapted accordingly and patients need to be informed about changes in medication as soon as possible; however, notification of patients using conventional means of communication such as mail or telephone takes time and can cause a serious delay. Consequences arising out of delay can range from severe kidney failure due to overdosing to irrecoverable graft failure as a result of underdosing [17].



Use of modern communication technologies, facilitation of patient participation, and granting patients access to their own medical records using a safe, secure online platform could result in improved post-transplant survival and quality of life in patients after HTx. It could also increase patient satisfaction with their treatment, since they can participate in their care process more actively and could gain flexibility due to not having to wait for calls or letters to see their drug trough levels.



1.1. Study Context


Although entitled by national law in Germany, only a few patients access information stored in electronic health records (EHR) [18,19]. At the Heidelberg University Hospital, Heidelberg, Germany, the prerequisite for a patient-accessible medical record was met by implementing a web-based personal, cross-institutional health record, named “PEPA”, in 2016 [20]. PEPA provides the technical infrastructure for enabling patients to manage their providers’ access to the patient health record [20,21]. Patients gain access to their PEPA through a mobile application (app) called “phellow” which was developed within the start-up project “phellow seven”. Phellow can be coupled with PEPA and content from the patient portal can be viewed on a private mobile device [22]. The extent to which patients can access data from the PEPA can be customized by the treating organization/clinic. The implementation of phellow into clinical routine was tested in a first use case with patients after HTx at the Department of Cardiology, Angiology and Pneumology, Heidelberg University Hospital, Germany from late 2018 onward [22,23]. For this cohort, making drug trough levels accessible via app was considered especially promising. Patients using the app can adjust their immunosuppressive medication immediately when triggered by most recent laboratory results. Prior to using phellow, an onboarding process must be performed in which patients receive a letter with an initial password to couple PEPA with phellow. Then, the app has to be downloaded and installed on a smartphone. Afterwards, PEPA and phellow can be coupled following a secure authentication process [22].



To assess the feasibility of further implementation of the app into routine care in other departments at our institution and to evaluate usability of the application, a structured mixed-methods evaluation was conducted.




1.2. Objectives


To assess the feasibility of further implementation of the app into routine care in other departments at our institution and to evaluate usability of the application; a structured mixed-methods evaluation was necessary. The aims of our study were (1) to assess usability of phellow from the perspective of patients who tested the app; (2) to determine if phellow is feasible to be further implemented in routine care from the perspective of both patients and health care providers (HCP) and (3) to study the self-reported effects the use of phellow had on patients’ self-management.





2. Materials and Methods


2.1. Study Design


This study was approved by the Ethics Committee of Heidelberg University Hospital (S-492/2020). A mixed-methods design was chosen to combine the strengths of qualitative studies (e.g., the ability to cover a broad thematic spectrum and account for individual experiences) and quantitative studies (e.g., the ability to compare usability test scores with benchmarks). Participants were:




	
Non-physician (e.g., medical assistants) and physician HCPs at the HTx outpatient clinic of the Heidelberg University Hospital,



	
Patients after HTx who actively and independently used phellow (in the following referred to as “active users”),



	
Patients after HTx who had used phellow independently but quit app use (in the following referred to as “non-users”).








General criteria for inclusion in the study were age (>18 years), fluency in either German or English, and ability to give informed consent. Confidentiality and anonymity were ensured throughout the entire study. The study was reported according to the “Consolidated criteria for reporting qualitative research” checklist (Supplementary Materials Additional File S1) [24]. A study flow chart is presented in Figure 1.



2.1.1. Quantitative Measures


To assess usability, the System Usability Scale (SUS) [25] in a non-validated, translated version, was used [26]. It was chosen because of its extensive use in medical research, simplicity, and suitability for small sample sizes [26,27,28]. Even though the SUS was originally designed as a one-dimensional instrument to measure usability, eight of the questions address a usability dimension while two reflect a learnability factor [29]. In our study, the SUS was complemented by a set of questions on app and internet use habits and sociodemography developed by the authors. Study data were collected and managed using REDCap (Research Electronic Data Capture) tools [30,31] hosted at the Heidelberg University Hospital.



Only active users participated in the quantitative part of the study. This decision was made to minimize recall bias (non-users) and due to very little interaction with the app’s user interface (HCPs).




2.1.2. Qualitative Measures


Additionally, we conducted open-ended, semi-structured, guide-based interviews. Specific guides were developed for every participant subgroup. The interview guides (Supplementary Materials Additional file S2) were based on theoretical considerations and an extensive literature search and pre-tested by a group of interprofessional researchers (Health Services Research, Medical Informatics). A sociodemographic questionnaire was used to collect data on interview participant characteristics (Supplementary Materials Additional file S3).





2.2. Data Collection and Analysis


2.2.1. Quantitative Measures


In-person recruitment took place from September to November 2020. Recruitment of active phellow users was supported by medical staff at the HTx outpatient clinic. To ensure a structured recruitment process, all staff members received instructions and informational material from the study team. During waiting times for routine appointments, patients were offered participation in the survey by the medical staff or the study team. After assessing if the inclusion criteria were met, patients were given a tablet on which they conducted the anonymous online questionnaire. Since not all potential participants had routine appointments during the in-person recruitment phase, all phellow users registered at the HTX outpatient clinic received an email invitation to fill in the survey in their web browser after in-person recruitment ended.



After both recruitment phases were completed, the survey was closed, and data were checked for plausibility. Descriptive and correlation analyses were conducted with R statistical software (version 4.0.4, R Foundation for Statistical Computing, Vienna, Austria).




2.2.2. Qualitative Measures


We chose a purposive sampling method. Patients were approached during waiting times for routine appointments at the clinic. With HCPs, individual appointments were arranged. Participants did not receive reimbursements. Data were collected until saturation of information was reached, which was assessed based on deviant observations and consistency of findings. Face-to-face interviews were conducted by two female researchers (L.W. and J.M.) with a professional background in Health Services Research and profound experience in qualitative interviewing. Non-participants were not present during the interviews. No relationship with participants was established prior to participation. No repeat interviews were carried out and no field notes were taken. Interviews were audiotaped, pseudonymized, and transcribed verbatim. Data were transcribed, managed, and analyzed with MAXQDA Standard 2020 (Version 20.3.0; Verbi software, Berlin, Germany). Transcripts were not returned to participants. Data analysis was conducted according to thematic analysis [32]. First, transcripts were reviewed independently, and themes were identified a priori from literature and the interview guide and inductively de novo from data. Second, discrepancies were discussed in iterative cycles until consensus on themes and the final coding scheme was reached. After analyzing 23 interviews (16 patients and 7 HCPs), data saturation was agreed on as no further themes and no new data occurred. Themes were organized into main- and subthemes. Each theme was defined by a quote from the transcripts (Supplementary Materials Additional file S4).






3. Results


3.1. Quantitative Measures


The questionnaire was filled in by 31 active phellow users. The participant age ranged from 27 to 71 years (mean 53.7; SD 11.9). Nine out of 31 patients were female (29%). Seventeen patients (54.8%) had used phellow for more than 12 months. Table 1 provides information on the participant characteristics of the quantitative measures.



The average usability rating measured via SUS was 79.9 (SD 14.1). Scores are out of 100 with a higher score indicating higher usability. In this study, the usability dimension had a score of 79.9 and the learnability dimension had a score of 79.8, indicating that patients perceived both usability and learnability of the phellow app similarly as good. Compared with published results using the SUS, a rating of 79.9 places the app above the 86th percentile [33]. Additionally, when drawing attention to the average SUS score of 68 [33], usability of phellow was considered good in this study. When focusing on individual ratings, it could be observed that 8 patients rated usability higher than 90 whereas 3 patients rated below 60. No statistically significant correlation was found between SUS scores and users’ sociodemography or habits of phellow use.




3.2. Qualitative Measures


Twenty-three participants were approached and successfully recruited for the interview study. Table 2 provides information on participant characteristics. Interviews were conducted between September and November 2020 in consultation rooms located at Heidelberg University Hospital. Interview duration varied between 10 and 29 min (mean 16).



Data were organized into 4 main themes and 11 associated subthemes. The presentation of results follows the commonly used “Fit between Individuals, Task and Technology” (FITT) framework [34]. As feasibility refers to the appropriateness of an intervention for further implementation and testing [35], the perspectives stated in the FITT framework provide a holistic view on feasibility aspects. Usability aspects are presented according to the ISO 9241-11 framework, which defines usability as “the extent to which a system, product or service can be used by specified users to achieve specified goals with effectiveness, efficiency and satisfaction in a specified context of use” [36]. These are crucial factors in assessing if technology meets user needs [25,36].



All presented interview quotes indicate the respective participant group and transcript position (TP). They were translated from German into English with due diligence.



3.2.1. Feasibility


Task


Codes referring to tasks and interactions with the app and the accompanying infrastructure were assigned to the subcategory task. Here, HCPs and patients talked about the clarity of tasks, for example, whether HCPs knew how to sign-up patients or whether patients could find necessary information. They found tasks clear and easy to perform. HCPs further discussed perceived fit with clinic workflow, describing phellow as helpful and timesaving in supporting workflows.




“[…] You open the patient record and say to yourself: “Oh nice, he uses the app” […]. We’re happy about everyone who’s using it. It’s definitely easier.”



[Medical staff#8, TP48]





Questions were raised about document access as it was unclear to patients and HCPs why not all documents were visible. Concerning prospective full implementation in routine care, HCPs wished to withhold or manually release some documents, such as decisions about organ transplantations or oncological therapy. Both patients and HCPs desired more concrete and robust technical support infrastructures, such as hotlines or manuals.




Individuals


This subcategory encompasses codes referring to experiences, requirements, or views regarding further implementation of phellow into (routine) care. Overall, patients and HCPs reported high general interest in the implementation of phellow. However, generational differences in smartphone ownership and technical capabilities were seen as critical prerequisites. Both patients and HCPs demanded training. HCPs specifically shared that more in-depth training would be necessary to be able to support patients. A further patient-related requirement was that patients would need to have some degree of medical knowledge to facilitate the interpretation of medical documents. Furthermore, patients and HCPs reported that the definition of responsibilities could be clearer. For instance, it was unclear to some HCPs whose responsibility it was to invite patients to use the app. Technical support was provided by both HCPs and the IT department, which led to confusion.




“I asked them [medical staff] once, but they said they had no time for it at that moment. Another time they told me to contact IT. I also googled. But from all these pages, I didn’t know who the right person would be to contact.”



[non-user#1, TP24]






Technology


Regarding the subcategory technology, which addresses all technological aspects, one patient and one HCP described concerns about the system’s stability. They wondered whether the system could handle the number of documents and data generated in the hospital if the app was to be implemented into routine care. They did not elaborate further on these thoughts.



Due to the overlapping nature of content, further aspects of technology are presented in the following chapter on usability.





3.2.2. Usability


Effectiveness


A repeatedly mentioned aspect obstructing the app’s effectiveness was completeness and timeliness of content: While drug trough levels were mostly available, patients criticized that physician’s letters (typically containing medical history, examination results and recommendations for drugs and treatments) either did not appear in phellow or were accessible only with a large delay.



Presentation of content was considered incomprehensible as only the initial creation date of documents was displayed in the app, even though more recent document versions were uploaded. Most commonly reported technical issues were missing content or incomplete history of documents and sudden app crashes. Especially non-users emphasized that these technical problems influenced their decision to not use the app any longer.




“Sometimes it just crashes. I can’t even get to my log-in credentials. But I don’t know what it is related to. Whether it is really because of the app or…”



[user#17, TP6]





Besides these issues, patients reported that effective use was ensured by a simple navigation, which was considered “clear” (non-user#2, TP54) and “self-explanatory” (user#16, TP28). The app’s aesthetic design was perceived as “professional” (user#5, TP34) and “pleasant” (user#16, TP26).




Efficiency


Both users and non-users reported that the app was easy to understand without additional help and with minor learning effort. Furthermore, patients described the app as easy to use. They expressed that using the app was generally intuitive and easy.



Contradictory positions were shared concerning registration effort: Some patients reported that registration and initial log-in were highly complex while others found it simple. Still, both patients and HCPs appreciated that they had saved time since using the app, making overall communication more efficient.




“I think the advantages are that patients don’t have to call us. They get the message directly; we don’t lose any time. That makes a lot of sense. Especially for immunosuppression levels.”



[physician#9, TP26]






Satisfaction


The subcategory satisfaction comprised expressions of personal beliefs about contentment, concerns, and intention of app use. Generally, patients showed a high appreciation of the system. Medical staff also valued the system and praised its time-saving effects, for instance, that the number of calls had decreased. HCPs moreover shared concerns about overburdening patients with complex medical information. They also expressed a lack of control, because there was no confirmation whether patients have accessed the documents provided via the app. Among patients, few concerns such as loss of data due to technical errors were reported. While the non-users’ willingness to use the app was limited because they had encountered problems with registration and log-in, users and HCPs expressed high willingness to use the app for its several benefits.





3.2.3. Effects on Self-Monitoring


Users appreciated newly gained independence since they could access recommended changes of drug trough levels on the go, were not dependent on office hours, and did not have to stay home to wait for calls from the hospital. Patients felt reassured as they were able to access their medical data anytime.




“Sometimes, I forget it but, in the evening, before I take my medication, I used to think “Oh, maybe I should have called”. Now, I can just look it up. Or, when I prepare my medication, [I think] “was it like this or like that?”. And, of course, I can then just quickly check my app and see. That’s great.”



[user#14, TP38]





They furthermore liked that they could share results by printing or showing documents in the app to other physicians.



A negative aspect few users noted was the potential loss of personal contact and the inability to ask short questions.




“…I can’t write something within the app. If it was an email, I would be able to ask a question and receive an answer. But here (in the app), I only get the results and can’t get in touch through the app. Like with emails, where I can write something and ask questions.”



[user#17, TP52]






3.2.4. Recommendations


Recommendations on Improving App Usability


Referring to the user interface, many users asked for a chronologically plausible presentation and push notifications. Users furthermore stated that they would like to customize the interface, filter content by date/type of document, and use the app via a web browser. Another repeatedly mentioned aspect by all participants was a simplification of registration and log-in to ensure ease of use.




Recommendations on New Functionalities


Referring to interaction and information aspects, patients requested full access to their complete medical record via phellow. Patients furthermore reported that a communication module within the app could facilitate contact. This was rated positively by the HCPs; physicians, however, anticipated a higher workload. Both groups suggested additional information on medical terms, disease-specific aspects, answers to common technical difficulties, and the possibility of transferring patient records. A recommendation mainly shared by HCPs was the availability of a read confirmation for medical reports as a reassurance that documents were seen by patients. Regarding organization of therapy, both groups suggested additional features such as making appointments, requesting medication refills, accessing medication plans, or reminders for medication intake or appointments. Patients and HCPs furthermore wanted to give family or caretakers access to the app. Last, participants suggested to upload patient-reported data, such as vital signs, via phellow. Table 3 gives an overview on recommendations for mobile patient portals.







4. Discussion


This study provided insights about the implementation of phellow, a mobile application enabling access to specified contents of patient records, at an outpatient clinic of an academic hospital in Germany. Quantitative measures consisted of the SUS questionnaire wherein patients rated usability as good (79.9). The relatively small sample size (n = 31) might explain why no statistically significant correlations between SUS scores and patients’ sociodemography or habits of app use were found.



Qualitative data enabled us to discover specified usability aspects as well as valuable recommendations. Accompanying interviews showed that appreciation, interest, and willingness to use were high. However, problems involving technical and organizational barriers interfered with a more widespread implementation of phellow.



Users and HCPs showed gratitude and appreciation for the implementation of phellow in HTx aftercare. Our participants were enthusiastic about further development of the patient portal and gladly suggested additional functions and recommendations. Table 3 provides an overview of these recommendations. We believe that these should be taken into consideration and are highly useful for other medical institutions or developers aiming to develop or implement a (mobile) patient portal.



4.1. Comparison with Prior Research


While ease of understanding did not cause problems, ease of use was considered low when technical issues occurred. Former research reports that technical problems can have a major negative influence on ease of use [37,38]. Concerning technical issues, some participants reported that log-in was easy and the initial registration process was manageable, although others found it highly complex. This discrepancy could be explained by participants’ individual expectations and capabilities to manage a multi-step registration process. The multi-step registration process was required for data protection reasons and potentially introduced complexities for participants with less individual experience. Some participants even reported quitting app use because the log-in process was perceived as too cumbersome. Similar problems were identified in studies on patient portals before [12,39]. These findings from literature and our study imply that registration and log-in are of heightened relevance for the decision to use or continue using mHealth applications. Registration and log-in represent the first interaction with an app in both first-time use and regular use, making issues in these steps highly noticeable and potentially irritating. To avoid these issues, some participants requested close guidance or simplified registration/log-in.



As a further barrier to effective use, the record in phellow was considered incomplete and the presentation of content was described as incomprehensible. A reason for this could be the fact that drug trough levels were transferred to the app automatically while physician’s letters were released manually. HCPs emphasized that this preselection of documents was important to avoid the risk of overburdening patients, which is a common concern [4,18,40,41,42]. However, whether the inconsistent availability of physician’s letters in app stemmed from technical issues or selective release remained unclear in this study and requires further investigation. Even though patients reported phellow’s usability was obstructed by the aforementioned issues, their satisfaction with the app and the perceived positive influence on their care was high. Patients in our study especially liked that they had gained independence and that phellow helped them making communication and care processes more efficient. Time-saving effects were likewise reported by HCPs. These effects were reported for patient portals before [12,38,42].



Addressing feasibility requirements, participants demanded clearly defined responsibilities, a comprehensive training for users and HCPs, and a support strategy. Although these are known resource factors important to the implementation of technologies [43,44,45], there is currently no training provided to patients or HCPs. This could have affected both usability and feasibility experiences. Users’ lack of knowledge or poor training might lead to errors which, in turn, can cause frustration [37,38].



The importance of addressing patient-related requirements, such as age or generational differences or the need for basic medical knowledge, is a well-known implementation prerequisite when giving patients access to their medical records [6,40,46,47]. Even though few participants voiced their concerns on these aspects in the current study, most patients reported that they did not face problems in understanding their medical documents. They however stated that explanations of medical terms in the app would be beneficial, which corresponds to former research on patient portals [12,39]. Concerning further implementation of phellow, most patients demanded access to their full record and emphasized that it should be chronologically plausible, enable document upload, and allow shared access with caretakers. Patients’ desire for access to the full medical record was likewise reported in former research on open patient records [4,39,46,47,48,49].




4.2. Strengths and Limitations


To our knowledge, this was the first structured usability and feasibility evaluation of an app enabling mobile patient access to medical records in Germany. By including HCPs’, users’, and non-users’ perspectives we gained broad and holistic insights on feasibility and usability. Integrating non-user perspectives facilitated the identification of crucial usability aspects that influenced decisions to quit app use. The evaluation was conducted among users who have used phellow under real-life conditions rather than in a laboratory setting. Hence, participants did not only share perspectives on self-evident usability aspects but also on issues that they had come across when authentically using the app in daily life. This approach also enabled them to reflect on the effect using the patient portal had on their care management, which would have not been possible in a laboratory setting. However, a follow-up study to evaluate phellow in another medical context is planned and will include a measurement of the app’s usability in a laboratory setting (e.g., eye-tracking [50,51]).



Still, some limitations must be acknowledged. Although mixed-methods design have been recommended for evaluations of mHealth applications [52], our mixed-methods study design produced contradictory data with a high quantitative usability rating on the one hand, but also usability issues derived from the interviews on the other hand. We believe this can be attributed to both the nature of the SUS, which determines a point estimate based on only 10 items, and to the nature of our qualitative interviews. In these interviews, we aimed to discover all the usability issues that might occur and therefore asked in-depth questions, which led us to discover a wide range of usability aspects.



Our sample might include patients with greater interest in mobile applications in general. Being aware of this risk, the perspectives of non-users were integrated. To test phellow in a real-life setting, new users as well as long-term users participated in the study. This might have led to a recall bias, especially when addressing onboarding and registration aspects.



Only one hospital was involved in this study, limiting generalizability. However, since the use of an app to access medical records is a rather new concept in Germany, these data will serve as important information for medical institutions intending to develop similar features.





5. Conclusions


The results presented in this paper showed that usability issues such as complicated registration processes can impede patient portal adoption, even though a standardized usability questionnaire showed a good usability rating. In a follow up study, we will assess the app’s usability in a laboratory setting to gain further understanding on this topic.



Our study represents a sound methodologically but nevertheless easily reproducible way to gain insights into the usability and feasibility of a mobile patient portal and provides valuable recommendations for the development of mobile patient portals. We encourage researchers, developers, and HCPs to assess their EHR tools/patient portals for usability or feasibility issues in order to improve their system and to better support patients in actively managing their condition.
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Figure 1. Study flow chart. 
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Table 1. Participant characteristics of the quantitative measures (n = 31).
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	Characteristic
	n (%) or Mean (SD), Range





	Age in years, mean (SD), range
	53 (11.9), 27–71



	Gender, n (%)
	



	Female
	9 (29)



	Education, n (%)
	



	University degree
	4 (12.9)



	High school diploma
	9 (29)



	Intermediate secondary education
	15 (48.4)



	Lower secondary education
	3 (9.7)



	Frequency of phellow use, n (%)
	



	Daily or several times per week
	3 (9.7)



	Once per week
	10 (32.3)



	Once per month
	18 (58.1)



	Duration of phellow use, n (%)
	



	Less than one month
	1 (3.2)



	Approx. one month
	3 (9.7)



	2–6 months
	4 (12.9)



	6–12 months
	6 (19.4)



	Longer than 12 months
	17 (54.8)










[image: Table] 





Table 2. Participant characteristics of the qualitative measures (n = 23).
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	Characteristic
	n (%) or mean (SD), Range





	Patients: Non-users of app (n = 5)
	



	Age in years,

mean (SD), range
	50.2 (19.4), 26–67



	Gender: male
	5 (100)



	Treatment duration at HTx outpatient clinic in years,

mean (SD), range
	12.8 (9.0), 0–26



	Patients: Users of app (n = 11)
	



	Age in years, mean (SD), range
	50.6 (11.2), 33–69



	Gender: female
	4 (36.4)



	Treatment duration at HTx outpatient clinic in years,

mean (SD), range
	8.9 (5.7), 0–20



	Duration of phellow use in years,

mean (SD), range
	1 (0.8), 0–2



	HCPs (n = 7)
	



	Age in years,

mean (SD), range
	33.9 (11.8), 21–60



	Gender: female
	5 (71.4)



	Profession: Physician, n (%)
	3 (42.9)



	Years of practice in HTx outpatient clinic, mean (SD), range
	4.4 (5.3), 0–16
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Table 3. Recommendations on app usability and helpful functionalities.
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	Recommendations on App Usability
	Recommendations on Functionalities





	User interface
	Interaction and information



	Chronically plausible presentation
	Access to full record



	Automated update or push notification
	Communication module



	App customization (font size, font style)
	Information



	Filtering
	Patient forum



	Additional access via web browser
	Progress display



	Ease of use
	Record transfer



	Simplified registration and log-in
	Read confirmation



	
	Organization of therapy



	
	Appointments



	
	Medication refill requests



	
	Medication plan



	
	Reminder function



	
	Shared access for family/care takers



	
	Patient-reported data



	
	Transfer of vital signs



	
	Document upload
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