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Background: For a long time, fluid balance monitoring has been one of the most difficult problems in the management of patients 
with heart failure (HF). There is considerable interest in technology-facilitated fluid balance monitoring. However, little is known 
about patient acceptance and the use of mobile technology for fluid balance monitoring.
Objective: The aim of this study was to develop a mobile app for technology-facilitated fluid balance monitoring and to determine its 
usability.
Methods: A mixed-methods study was conducted in a tertiary hospital in Shanghai, China. A mobile app named I-Self-Care was 
developed through a best practice implementation project. Patients and nurses both completed the System Usability Scale (SUS, 
0–100) and participated in semistructured interviews.
Results: I-Self-Care includes patients’ daily fluid intake and output (I&O), symptoms, hospitalization, and diuretic records. It can 
automatically calculate food water content and perform real-time analysis of I&O. The average SUS scores were 81.74 (SD 5.44) among 
36 patients and 80.80 (SD 13.26) among 28 nurses (scale 0–100, with 100 being the best usability), which means that I-Self-Care has high 
usability for both patients and nurses. Semistructured interviews about the usability of the app were conducted with 17 participants. During 
the interviews, the patients expressed the high ease of use of I-Self-Care, their expectations for a continuously updated database, and 
improved self-management behaviour. The nurses thought that family support and repeated operation demonstrations were needed for 
patients to use the app. The nurses also expressed the convenience of this app for nursing work and the information security of patients.
Conclusion: With participant feedback, we confirmed the usability of I-Self-Care for fluid balance monitoring in patients with HF. 
Continuously updated databases, family support, repeated operation demonstrations, and information security are important for HF 
patients to use I-Self-Care.
Keywords: fluid balance monitoring, intake and output, mobile applications, telemedicine, heart failure

Introduction
Background
Volume overload is one of the most prominent characteristics of patients presenting with decompensated heart failure (HF), 
and it implies an unfavourable prognosis for HF patients.1–3 Fluid balance monitoring is therefore vital for patients with HF.4,5 

Maintaining records of the patient’s fluid intake and output (I&O) has long been considered an essential component of nursing 
care to assess hydration status.6 It is also an important basis for doctors to formulate and adjust treatment strategies.7 However, 
for a long time, fluid balance monitoring has been the most difficult problem in the management of patients with HF.8 Among 
the issues in fluid monitoring, the most difficult is determining the amount of water in the food that is consumed by patients 
every day.9 At present, almost all patients with HF and medical staff still use paper recording and a subjective method of 
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manual estimation to record I&O. When recording I&O, different people have different calculation rules. If there is an error, it 
will cause doctors to misjudge the patient’s condition and will have a significant impact on the patient’s prognosis. In addition, 
due to the cumbersome calculation process of I&O, most patients with HF often cannot keep records after discharge.9 At this 
time, medical staff cannot monitor the volume status of patients in real time after discharge, resulting in aggravation of the 
patients’ condition due to the failure to correct the volume imbalance in time, which is also an important reason for the 
repeated hospitalizations of most patients with HF.10

Based on the above situation, we should now consider whether there is a method to accurately, efficiently, and 
continuously record the I&O of patients with HF. Can the water in food be automatically calculated with the help of a 
smartphone app similar to apps that can calculate the calories in food? With this idea, our team innovatively developed a 
smartphone app named I-Self-Care that can automatically determine the water content in food and can realize the real- 
time recording and analysis of I&O in patients with HF. Therefore, the objective of this study was to heuristically 
evaluate the usability and participant experience of this newly developed smartphone app among patients with HF on 
fluid balance monitoring and nurses’ beliefs about the potential benefits of using this app.

Significance of This Study
This study has some advantages over other similar studies: it achieves the automatic calculation of water in food, which 
makes the fluid balance monitoring of patients with HF more convenient and sustainable. The convenient recording 
method provided by the I-Self-Care app can enable patients with HF to continuously carry out self-management of fluid 
balance monitoring, which is helpful to avoid rehospitalization and disease deterioration. This project can even be 
extended to all patients who need to maintain their fluid balance, such as patients with kidney diseases.

Methods
Study Setting and Designs
The study was conducted at a tertiary hospital in Shanghai, China, and was approved by the institutional review board at 
Zhongshan Hospital, Fudan University (ethics approval number: B2021-528). No changes were made to the design after 
the study was approved. We confirm that all the methods in this study were carried out in accordance with relevant 
guidelines and regulations at Zhongshan Hospital, Fudan University. Prior to data collection, all participants were 
informed of the purpose of this study, and signed written informed consent forms were obtained. All data were 
deidentified. Instead of using participants’ real names, we identified each interviewee with a unique number, such as 
1, 2, or 3. All information therefore could be used in a way that would not disclose the participants’ identities. The 
participant’s written informed consent also included the publication of anonymized data. We explained these terms in the 
written informed consent for participants. We employed mixed research methods to conduct the usability study, including 
the collection of quantitative and qualitative data. Participants could indicate on the informed consent form whether they 
gave permission to be approached for the questionnaire survey, collection of app usage data, and a face-to-face interview. 
We followed the CONSORT EHEALTH (Electronic and Mobile Health Applications and Online Telehealth) checklist.11

Participants
To better evaluate the usability of I-Self-Care, we included both patients and nurses. The eligibility criteria of the patients 
included being aged 18 years or older, being diagnosed with HF, having the ability to understand and communicate in 
Chinese, having sufficient hearing and vision for compliance with the assessment that was required for fluid balance 
monitoring, and having access to a mobile phone with internet access. Patients suffering from other serious diseases 
(acute infection, malignant tumour, acute cerebrovascular diseases, delirium, terminal illness) or severe mental disorders 
were excluded. Registered nurses in the department of cardiology who engaged in clinical nursing work were included. 
Patient characteristics (age, gender, education status, marital status, and living conditions) and nurse characteristics 
(education status, years of work experience, years of experience working with the nursing information system) were 
collected to describe the sample.
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Data Collection
Quantitative Data
A quantitative data questionnaire survey was used to collect quantitative data. The Chinese translation of the System 
Usability Scale (SUS) was used to assess the usability among all app users. The SUS is a reliable and valid 10-statement 
usability scale suitable to assess a wide range of eHealth technologies. The total SUS score ranges from 0 to 100, and 
higher scores reflect higher usability.12 A SUS score of at least 62.7 was considered acceptable,12 and 68 or above was 
regarded as above average in terms of usability quality.13 Participants completed the SUS two weeks after app use. In 
addition, with the help of our information technology team, we collected other usage data that reflected engagement with 
the app., eg, how many logins and any drop-outs from the app usage.

Qualitative Data
Semistructured face-to-face interviews were conducted to collect quantitative data with a selection of participants to gain 
more detailed insight into the usability of the app. The interviews took 20 to 30 minutes. During the interviews, sample 
questions were utilized (Multimedia Appendix 1). The interviews were conducted 2 or more days after using the app. The 
interviews were audio-recorded and transcribed to determine common themes. Once the audio files were transcribed, we 
utilized qualitative software to identify key concepts and themes. Participants were included until there was a maximum 
variation in the patient characteristics (age, gender, education status, living conditions, years of work experience, years of 
experience working with the nursing information system, and days of app use). Data saturation was reached with 9 
consecutive interviews with patients and 8 consecutive interviews with nurses.

Development of I-Self-Care
The idea for this app originated from a best practice implementation project that used the JBI Practical Application of 
Clinical Evidence System. During the implementation of the project, we learned that the lack of standard methods for the 
calculation of water in food and intelligent recording methods for I&O are the main obstacles to fluid balance monitoring 
in patients with HF. Based on these findings, we began to think about whether daily fluid balance monitoring could be 
implemented by referring to apps for calculating food calories. To test this hypothesis, we first needed to determine the 
amount of water in each kind of food and then create a table The amount of water in each food was determined based on 
the relevant data in the Chinese Food Composition Tables published by Chinese nutritionists14 and the instruction manual 
of I&O of Zhongshan Hospital. Finally, a food water content table was established including 348 kinds of food. This 
table was then used as the database for our app. Based on this database, as long as the patient inputs the amount of food 
eaten every day, the app can automatically determine the amount of water the patient consumes. Therefore, this table is 
the core content of our whole app. The amount and type of fluid outflow by patients every day can be recorded in a 
customized way. At the same time, considering that symptoms and diuretic use are equally important for fluid balance 
monitoring in patients with HF, a function for the recording of symptoms and diuretics taken was also added to our app to 
carry out comprehensive volume management for patients with HF. In addition, I-Self-Care is equipped with a patient 
portal and a medical staff portal. Medical staff can view the data of patients anytime and anywhere, and they can also 
supplement some I&O data that the patient cannot fill in, such as intravenous rehydration and drainage. The features of 
the app enable patients to record their daily I&O, symptoms, hospitalization, and diuretic use. I-Self-Care also has an 
analysis and summary function for the patient’s 24-hour I&O, as well as a function for alerting patients of a fluid 
imbalance.

Multimedia Appendix 2 shows the user interfaces (UIs) of I-Self-Care. The UI of the app was codesigned by a 
graphic user interface (UI) designer, an information technology team, a research team, and users. First, the graphic UI 
designer and the research team conducted a group interview with users (5 patients with HF and 5 nurses) to clarify how 
to meet their needs and how to design functional modules. Second, based on the discussion results, the graphic UI 
designer made the draft drawing of the UI. Third, the research team and the graphic UI designer showed the draft 
drawing to the users to collect their suggestions on the colour, style, module settings, etc. Then, the graphic UI designer 
revised and confirmed the final draft. Last, the research team handed the draft drawing over to the information technology 
team for app development. After the app was developed, we contacted the users who had participated in the discussion 
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again for user testing and made a total of 34 modifications according to the user experience. We did not release the app 
until everyone agreed, including the graphic UI designer, information technology staff, research team, and the users.

The final version of I-Self-Care includes a food-water content database, interaction module, and I&O conversion 
module. The interaction module is used to collect the user’s I&O information through the user interface. The I&O 
information includes the type and amount. The food water content database is used to store the unit water content of 
various types of food. The I&O conversion module is connected with the interaction module and the food water content 
database, matching the unit water content in the database based on the type of food and then determining the user’s I&O 
quantity through the amount. Through the interactive module, the I&O information is collected, and the I&O quantity is 
obtained by converting the I&O information based on the food water content database, which can automatically convert 
the water content of the food so that the user can conveniently record, count, and query the I&O quantity.

Data Analysis
Descriptive statistics were used to describe the patients’ characteristics and SUS scores. No a priori level of statistical 
significance was set, as this pilot study was not powered to assess the effect. Quantitative data were analysed using SPSS 
Statistics version 26.0 (IBM Corporation). Qualitative analysis of interview data was performed following the steps of 
thematic analysis: compiling, disassembling, reassembling, interpreting, and concluding.15,16 An iFLYTEK recording pen 
was used to record the interview and transcribe the video into text. Two researchers listened to the original video 
repeatedly and compared it with the text until the interviews were transcribed verbatim. Then, qualitative data were 
imported into NVivo for analysis. The data were coded through open coding. The axial coding was discussed by two 
researchers to define the definitive codes. Subsequently, the codes were put into context with each other to create themes. 
Differences were discussed until a consensus was reached. Next, analytical conclusions were made from the data 
presented as codes and themes. The main themes and findings regarding the usability of the app are described in the 
Results section, as an addition to the quantitative analysis of the usability.

Results
Participants’ Characteristics
From February 8, 2022, to March 31, 2022, we enrolled 36 patients and 28 nurses in the usability testing. Table 1 shows 
the details of the participant characteristics. The patients ranged in age from 23 to 84 years (mean 54.40 years). There 
were 23 males and 13 females. The education status included primary school and below (9/36, 25.00%), high school or 
vocational training (17/36, 47.22%), and college and above (10/36, 27.78%). Thirty patients were married. Thirty-five 
patents lived with families, and 1 patient lived alone. Among the 28 nurses, their education status included college (7/28, 
25.00%), undergraduate (19/28, 67.86%), and postgraduate (2/28, 7.14%). There were 2 nurses who had worked for less 
than 2 years, 7 nurses who had worked for 2–5 years, 7 nurses who had worked for 6–10 years and 12 nurses who had 
worked for 11–20 years. There were 10 nurses with less than 5 years of experience working with the nursing information 
system.

Usability
Quantitative results
Interviewees 
The SUS was completed by 36 patients and 28 nurses, and the response rate was 100%. The usability of the I-Self-Care 
app for the patients scored 81.74 (SD 5.44). The mean SUS scores per usability aspect were as follows: satisfaction, 
85.76 (SD 11.73); learnability, 80.32 (SD 9.99); and efficiency, 77.78 (SD 8.68). Figure 1 shows the SUS scores for each 
statement and usability aspect in the patients. The usability of the I-Self-Care app in nurses scored 80.80 (SD 13.26). The 
mean SUS scores per usability aspect were as follow: satisfaction, 83.00 (SD 17.00); efficiency, 80.36 (SD 12.04); and 
learnability, 78.27 (SD 18.19). Figure 2 shows the SUS scores for each statement and usability aspect in the nurses.

App Usage 
Among the 36 patients surveyed, 2 patients (5.56%) did not log in and record every day within 1 month after the first 
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registration (recording days per week ≤ 5 days) and no longer used the app. Twenty-nine patients (80.56%) kept records 
almost every day since their first registration (recording days per week ≥6 days). Five patients (13.89%) kept records 
almost every day for 30 days after the first registration (recording days per week ≥6 days) but showed intermittent 
records after 1 month (recording days per week ≤ 5 days). In addition, at present, using the app to record the I&O has 
become routine nursing practice in the Department of Cardiology in our hospital, so the usage rate of the app among 
nurses was high.

Qualitative Results
Interviewees
Of the participants, 25% (9/36) of the patients and 28.57% (8/28) of the nurses were approached for a face-to-face 
interview. After 9 interviews of patients and 8 interviews of nurses, data saturation was reached. Table 2 presents the 
characteristics of the interviewees. After axial coding, 7 themes were formed. The qualitative results are described for 
each theme.

Themes Based on the Patients’ Results
Ease of Use of the App
The log-in procedure was easy for many interviewees, and the interviewees did not experience problems when using 
the app.

Under the detailed and patient guidance of the nurse, I can easily learn to log in and use this app. Male, Age 70. 

Table 1 Participant Characteristics

Characteristics Value

Patients (N=36)
Age (years), mean (SD) 54.40±15.11

Age (years), n (%) 23~40 9 (25.00)

41–60 14 (38.89)
61–80 12 (33.33)

≥81 1 (2.78)

Gender, male, n (%) 23 (63.89)
Education status, n (%)

Primary school 
and below

9 (25.00)

High school or 

vocational training

17 (47.22)

College and above 10 (27.78)

Marital status Married 30 (83.33)

Others 6 (16.67)
Living conditions Living with family 35 (97.22)

Living alone 1 (2.78)

Nurses (N=28) Education status, n (%) College 7 (25.00)
Undergraduate 19 (67.86)

Postgraduate 2 (7.14)

Years of work experience <2 2 (7.14)
2–5 7 (25.00)

6–10 7 (25.00)

11–20 12 (42.86)
Years of experience working with the 

nursing information system

<5 10 (35.71)

≥5 18 (64.29)

Abbreviation: SD, standard deviation.
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Figure 1 System Usability Scale scores for each statement and usability aspect in the patients (higher scores reflect higher usability).

Figure 2 System Usability Scale scores for each statement and usability aspect in the nurses (higher scores reflect higher usability).
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At first, I always forgot my medical record number, so I could not log in. Later, the nurse told me that the app had a login 
memory function for my account and password, so I can log in easily. Male, Age 58. 

My family used this app for me; they said it was easy to use. Female, Age 84. 

Continuously Updated Database
The database of the app should be continuously updated based on the data customized by the patients.

I hope the app will have a memory function, which can remember my customized food and directly generate options next time, 
which is convenient for me to record. Male, Age 23. 

The customization function in the app is very important because the database does not include all kinds of food and all 
types of water output.

This program already contains almost all kinds of food. However, I sometimes cannot find some kind of foods in the app, so I 
wish I could customize it. Male, Age 23. 

Improving Self-Management
Push notifications that target behaviours can remind patients to record their fluid I&O, symptoms and diuretics every day.

Sometimes I forget to record in the app, but the app will send me a reminder, and then I remember it. Female, Age 73. 

After the app sends the reminder, the medical staff should give the patient related health education by telephone or 
internet in time.

After receiving the abnormal warning reminder from the app, I was very nervous due to the fear that my condition would 
deteriorate. Male, Age 65. 

Table 2 Characteristics of the Interviewees

Patients

Code Gender Age (years) Education status App use (days) Living condition

1 Male 36 College and above 3 Living with family
2 Female 32 High school or vocational training 7 Living with family

3 Male 58 Primary school and below 82 Living with family

4 Female 84 College and above 17 Living with family
5 Male 70 Primary school and below 15 Living with family

6 Female 73 College and above 30 Living alone

7 Female 49 Primary school and below 5 Living with family
8 Male 23 High school or vocational training 29 Living with family

9 Male 65 Primary school and below 31 Living with family

Nurses

Code Education status Years of work experience App use (days) Years of experience working with the 
nursing information system

1 Postgraduate <2 7 <5
2 Undergraduate <2 2 <5

3 College 2–5 5 <5

4 Undergraduate 2–5 34 <5
5 Undergraduate 6–10 46 ≥5

6 College 6–10 59 ≥5

7 Postgraduate 11–20 80 ≥5
8 College 11–20 18 ≥5
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Themes Based on the Nurses’ Results
Need for Family Support
Most patients with HF and their families are willing to use this app, and some elderly patients may need family help.

When the patients were admitted to the hospital, I introduced the app to them, and they were very willing to use it. Nurse, Code 
1. 

Some elderly patients may not be able to operate the app independently and need to invite their families to participate in the 
operation. Nurse, Code 4. 

The families of patients with HF are willing to use the app. Nurse, Code 2. 

Need for Repeated Operation Demonstrations
Patients and family members may need consecutive demonstrations to master the application method of the app.

Generally, they (patients and their families) need continuous education for 1–2 days and 2–3 times a day before they can 
thoroughly master the use of this app. Nurse, Code 7. 

At the time of discharge, patients and their families can learn how to use this app. Nurse, Code 6. 

Compared with the operation manual, patients and family members may prefer our on-site explanation and demonstration to 
show them. Nurse, Code 5. 

Improvement of the Workflow Efficiency of Nursing Work
The app allows nurses not to go to the patient’s bedside each time but to remotely see the amount of fluid I&O and the 
symptoms recorded by patients, as well as the corresponding situation after discharge.

It is very convenient. I can see the fluid intake and outflow of patients at the nurse desk. Nurse, Code 6. 

I can also see the situation of the patients after discharge, which makes it convenient for me to give them comprehensive 
guidance in the joint medical clinic of HF. Nurse, Code 5. 

The customized function of the app allows me to correct the data at any time and to supplement some data, such as with 
intravenous rehydration and drainage flow. Nurse, Code 7. 

The summary data in the app make it convenient for me to write medical records. I do not have to manually calculate the fluid 
intake and outflow one by one or input them into the computer as before. Nurse, Code 2. 

Information Security of Patients
The technicians of the hospital should ensure the information security of patients.

This app is associated with the hospital’s information system, so technicians should take rigorous measures to ensure the 
patient’s information security, but I think this app is relatively safe. At present, I have not found anything that can threaten the 
patient’s information security. Nurse, Code 7. 

Discussion
The primary aim of this study was to investigate the usability of I-Self-Care in patients with HF. Both quantitative and 
qualitative data support the usability of the app and provide insight into adjustments that can be made to improve the app. 
Data from the SUS showed that both the patients and nurses thought that the I-Self-Care had acceptable usability (mean 
81.74 [SD 5.44] in patients, mean 80.80 [SD 13.26] in nurses). A SUS score of at least 62.7 was considered acceptable,12 

and 68 or above was regarded as above average in terms of usability quality.13 The app scored the best on the aspect of 
satisfaction. Data on app usage suggested that most patients wanted to stay logged into I-Self-Care and that most 
completed records almost every day since their first registration. This result encourages us to continue to promote this 
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app. Furthermore, the satisfaction with the app is supported by our qualitative findings, as the majority of the 
interviewees showed that participants liked to use the app. In addition, we found that there were some differences in 
the scores of learnability and efficiency between the patients and nurses. Among the patients, the learnability score was 
greater than that the efficiency score, while in the nurse population, the efficiency score was greater than the learnability 
score. Under the detailed guidance of nurses, patients can quickly learn how to use the app. However, nurses should not 
only learn how to use the app by themselves but also learn how to teach patients how to use the app so that their 
learnability scores are low. However, for both nurses and patients, the total SUS scores were higher than 68, which is 
significantly higher than the average score. Therefore, the results suggest that compared to paper recording and the 
subjective method of manual estimation to record patient I&O, the app provides a more intelligent, convenient, and 
continuous method of volume balance monitoring for patients with HF with the help of mobile information technology. 
Moreover, the SUS score and the data on app usage show that this idea and method is feasible.

Combined with the qualitative results, we found that patients prefer the database to be continuously updated to cover 
all foods they consume in their daily lives. The reminder function of the app can improve their self-management 
behaviour and keep them in the habit of continuously recording information. At the same time, elderly patients may need 
the support and help of their families. This is consistent with previous studies.17,18 A review17 on the state of the art of 
research and development in smart home-based remote healthcare technologies for elderly individuals also reported that 
family members play an important role for elderly individuals participating in smart home-based remote healthcare 
technology programs. From the perspective of nurses, repeated operation demonstrations are necessary to ensure that 
patients with HF learn to use the app. Physicians’ recommendations and adequate training have also been reported to be 
facilitators of mHealth adoption in older adults with HF.19 In addition, nurses also pointed out that the I-Self-Care app 
can make fluid balance monitoring of patients with HF more convenient. However, nurses have also expressed concern 
that information security is still an important topic. With the wide application of information technology in the field of 
health care, health care is becoming increasingly convenient, but information security is still an important issue.20–22 

Ensuring patient information security is the premise and necessary condition for carrying out health care based on 
information technology. The qualitative results told us which aspects of user experience we should pay attention to in the 
future to further optimize and promote the application of mobile information technology in the volume balance 
monitoring of patients with HF.

To our knowledge, this is the first study to achieve the automatic calculation of water in food, which greatly facilitates 
the fluid balance monitoring of patients with HF. At the same time, the app also includes a record of the patient’s 
symptoms, hospitalization and diuretics, which helps patients, families, and medical staff know the situation of the 
patient anytime and anywhere. Restricting fluid is a common recommendation for patients with HF and has long been 
recommended for patients with HF in the guidelines.3,23 There is also a clinical guideline regarding fluid restrictions for 
the Chinese population.24 However, most references on fluid restrictions in the guidelines are based on expert consensus. 
There have been only a few randomized trials that can provide high-quality evidence for fluid restriction in patients with 
HF and for the development of guidelines. Therefore, some questions have been raised. For example, we still do not 
know whether patients with volume overload should restrict their fluid intake to 1.5–2 L a day or should restrict it 
according to the patient’s weight. Due to the lack of large sample research, the answer to this question is still unknown. 
With the help of the I&O records, symptom records, hospitalization records, and diuretic records in I-Self-Care, a large 
database can be formed to analyse what kind of fluid restriction strategy is the most suitable strategy for patients with 
volume overload. Based on this, the app has considerable application prospects and value. Additionally, the app can be 
extended to all patients who need fluid balance management, such as patients with kidney disease and patients after 
cardiac surgery.

Limitations
This study is only a usability study and does not further explore the effectiveness of the app in improving the symptoms 
and outcomes of patients with HF. In addition, a health education module was not included in the app. However, the 
patients did not express their needs in this regard during their qualitative interviews. If the patients need health education 
in the future, we can add a health education module to the app. We also acknowledge that the screen time monitoring 
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function was not set, so screen time data cannot be obtained to reflect engagement with the app. Finally, the app has been 
online for one year now. After a period of time, new functions need to be updated to meet the needs of patients and 
clinical nurses. However, we firmly believe that our efforts and improvements will make this app more accessible.

Conclusions
Overall, the results of this study demonstrate that the I-Self-Care app has potential in terms of usability for patients with 
HF. The app seems to fit the needs of patients with HF to conduct fluid balance monitoring. This suggests that in the 
future, we can use this concept for more intelligent fluid balance monitoring in patients with HF. Several points of 
improvement for the app have also been identified, which supports the further development of the I-Self-Care app. These 
include the adaptation of custom functions, continuous database updates, additional support by family members, and 
information security of patients.
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