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Abstract 
Background: With the rapid aging of society, the number of patients with heart failure has also in-
creased. Implantable devices for heart failure have become standardized. Remote monitoring us-
ing cardiac devices has grown in popularity for medical efficiency and the early detection of ab-
normalities. Our first aim was to develop a tablet-PC-based nursing intervention program for pa-
tients requiring remote monitoring of implantable cardiac devices. The second purpose was to 
evaluate the efficacy of the program by using mixed-methods research. Methods: The study con-
sisted of two phases. In phase 1, we designed a tablet-PC-based nursing intervention program, on 
the basis of a literature review and qualitative data collected via semi-structured interviews. In 
phase 2, we conducted a randomized controlled trial that served as a preliminary investigation of 
the program. The outcome measures were readmission, unexpected visits to the clinic for heart 
problems, quality of life, self-care behavior, and self-efficacy. After the study, we interviewed each 
participant about his or her experiences with the program. Interviews were audio recorded, coded, 
and thematically analyzed. Results: The 33 patients with heart failure were randomized into two 
groups as follows: 17 patients in the telenursing group and 16 in the control group. During 6 
months of follow-up, the readmission for heart failure occurred in 11% of the intervention group 
and 18% of the control group. There were no statistically significant differences between the 
groups at any outcome measures. Three themes were extracted via qualitative analysis: “getting a 
sense of safety,” “triggering a health behavior change,” and “feeling like a burden.” Conclusion: No 
improvements in rates of rehospitalization or unexpected clinic visits were seen in the quantita-
tive study. However, signs of behavior modification were seen in the qualitative study. This pro-
gram has the possibility of improving patient outcomes. 
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1. Introduction 
Similar to that in Western countries, the number of heart failure patients has increased in Japan. Moreover, it is 
anticipated that this number will increase in the future [1]. If chronic heart failure is allowed to progress far 
enough, it becomes irreversible, resulting in repeated hospitalizations due to heart failure exacerbations. Repeat 
hospitalizations confer a major burden on patients, their families, and society, and limit patient roles and life 
expectancy, leading to distress [2]. 

Meanwhile, heart failure treatments continue to evolve. The use of implantable cardiac devices, such as im-
plantable cardioverter defibrillators (ICDs) and cardiac resynchronization therapy defibrillators (CRT-D), has 
become standard. Although implantable cardiac devices are beneficial for improving patient prognosis, many 
patients with such devices still require urgent clinic visits or rehospitalization due to aggravated heart failure, 
arrhythmia, and unexpected device problems. To solve these issues, remote patient management using implanta-
ble cardiac devices has been performed [3]. In telemonitoring, implantable cardiac devices continually record 
device and patient heart status and regularly transmit the information to medical facilities via the Internet. The 
aims of telemonitoring are to maximize outpatient visit efficiency, promptly detect situations requiring treatment, 
and ensure early treatment. Studies have shown that telemonitoring decreases the frequency of urgent clinic vis-
its and reduces cost [4]-[7]. 

Telemonitoring delivers data, such as heart rate, arrhythmia episodes, activity patterns, intracardiac pressure, 
and thoracic impedance, to medical staff without needing to interact with the patient. The lack of direct interac-
tion may be a disservice to patients who struggle with self-care [8]. The telenursing aspect of telemedicine has 
evolved because it allows for the provision of both medical treatment and nursing care to a wide variety of 
people at reduced cost [9]. Telenursing has been associated with successful treatment of patients with chronic 
diseases, such as heart failure and chronic obstructive pulmonary disease [10] [11]. 

Innovations in the field of information technology (IT) have advanced rapidly as well. Although telenursing 
was provided mainly via telephone and desktop personal computer (PC) in the past, novel information terminals 
are expected to become the predominant mode of interaction. In particular, the tablet PC is thought to be us-
er-friendly because of its large screen and portability, especially for individuals who are not adept at using IT 
devices, such as women or the elderly. In this study, using tablet PCs as novel information terminals, we pro-
vided telenursing to support patients in their native environments by centering on interactive communication. 

The purpose of this project was twofold. Our first aim was to develop a tablet PC-based nursing intervention 
program for patients requiring telemonitoring of implantable cardiac devices. The second purpose was to eva-
luate the efficacy of the program using a mixed-methods research approach. 

2. Research Design 
This study used a mixed-methods research approach that multifactorially clarifies phenomena by combining 
quantitative and qualitative data [12]. The two phases of the study are displayed in Figure 1. In phase 1, a tablet 
PC-based telenursing support program was developed according to the needs of patients with heart failure un-
dergoing telemonitoring with implantable cardiac devices and based on findings of a literature search. In phase 2, 
an exploratory evaluation was conducted of the telenursing support program using an experimental implantation 
model [13]. In this experimental model, qualitative data are implanted into an experimental design. We con-
ducted a randomized controlled trial, which served as a preliminary investigation, and interviewed the partici-
pants. These qualitative and quantitative data were combined to evaluate the program. 

3. Phase 1: Modeling 
3.1. Methods 
In phase 1, a semi-structured interview was first performed among the patients with heart failure, who were un- 
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Figure 1. Research design.                                                              

 
dergoing telemonitoring with implantable cardiac devices, to determine their needs. Simultaneously, a literature 
search was performed to determine which components of heart failure disease management were effective. Fi-
nally, the components derived from the literature were combined with the subject needs to develop the telenurs-
ing support program 

3.1.1. Identifying Patient Needs 
1) Data sample and collection 
The subjects were adult outpatients who had been discharged from the hospital at least 3 months prior to the 

study. The subjects were selected from all patients who had been identified as being high risk for rehospitaliza-
tion by a physician and who underwent continuous telemonitoring with ICD, cardiac resynchronization therapy 
pacemaker (CRT-P), or CRT-D through the university hospitals within the metropolitan area of Japan. The study 
period was May 2010 to September 2010. 

2) Ethical Considerations 
This study (phase 1) was approved by the study ethical committee of the Saitama Medical Center Jichi Uni-

versity. Study candidates who provided consent after being informed of the study purposes were considered par-
ticipants. We obtained a signed consent form from each participant who received the written instructions and a 
verbal explanation, including reassurances that participation was based on their free will and their anonymity 
would be secured. We thoroughly explained that refusal of further study participation or withdrawal of study 
participation would not influence the medical or nursing care they were provided. 

3) Procedure 
For participants who provided consent, a semi-structured interview was performed using an interview guide 

after outpatient visits. The contents of the interview consisted of thoughts about, understanding, acceptance, and 
expectations of telemonitoring. We used open ended questions: What do you think or feel about the telemoni-
toring? What are you expecting of the telemonitoring? Participants were allowed to talk freely. The contents of 
the interviews were recorded after we obtained each participant’s consent 

4) Data analysis 
A thematic analysis was performed to determine patient needs for telemonitoring with implantable cardiac 

devices [14]. First, a verbatim record was made based on the recorded interview. After reading it repeatedly to 
understand the context, the minimum representation of “the needs of telemonitoring” was extracted from partic-
ipant comments into a record unit. Second, the implications of each record unit were read and expressed in a 
single concise sentence as a code. The extracted codes were integrated for each participant, and then similar 
codes were integrated to extract a theme. 

3.1.2. Identifying Effective Components of Heart Failure Disease Management 
We conducted a literature search for the purpose of determining the effective components of a heart failure dis-
ease management program. Meta-analyses of heart failure published between 2005 and 2011 were searched us-
ing PubMed. The studies in which only drugs and exercise effects were evaluated were excluded. From the 
searched studies and guidelines, the effective components of a heart failure disease management program were 
extracted. 

3.1.3. Modeled Process 
The Health Belief Model [15] was used as a theoretical framework for development of the program. According 
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to the Health Belief Model, the following six concepts influence activities for disease prevention and affect dis-
ease management decisions: perceived susceptibility, severity, benefits and barriers, cues to action, and self-  
efficacy. Patient needs (as determined from the qualitative survey) and the effective components of a heart fail-
ure disease management program (as determined from the literature search) were classified based on the six 
concepts of the Health Belief Model. Similar findings were integrated, from which the specific program contents 
were derived. 

3.2. Results 
3.2.1. Participants 
The mean participant age was 63 years. There were more male participants (14 men; 78%). Five participants had 
an ICD, and 13 participants had a CRT-D (Table 1). The average interview duration was 30 minutes. 

3.2.2. Telemonitoring Needs of the Patients with Heart Failure Using the Cardiac Device 
The following four needs of patients with heart failure undergoing telemonitoring were extracted: “check the 
data by myself” (patients wanted to check their own data); “reminder” (patients wanted to have something that 
corrected their attitude that management behavior for heart failure tends to be neglected at home); “alert” (pa-
tients said they could live a life in peace at home if when an abnormality occurred, it was reported to their phy-
sician); “advice” (patients wanted to obtain advice from medical staff rather than just send in their data). As 
stated earlier, to live at home safely, the patients wanted information that would help them receive medical care 
at home. 

3.2.3. Identifying Effective Components of Heart Failure Disease Management 
We identified three publications and three guidelines. The contents of an effective heart failure disease man-
agement program consisted of frequent contact with medical staff [16], self-monitoring [17], daily assessment, 
patient involvement in symptoms, mental support [18], and patient education [18]-[21]. 

3.2.4. Modeled Program 
The six concepts of the Health Belief Model are shown in the lower portion of Table 2. The following four ele-
ments are related to individual cognition: Perceived severity, Perceived susceptibility, Perceived benefit, and 
Perceived barriers. The other two elements, Cues to action and Self-efficacy, are related to action. We created 
 

Table 1. Characteristics of participants.             

 Demographic variable Interview (n = 18) 

Demographic characteristics 

 Gender (male) 14 (78%) 

 Age (years) 63.22±9.04 

 Living situation (living alone) 0 

 Employment (employed) 3 (16%) 

Cardiac characteristics 

 Etiology of heart failure  

 Dilated cardiomyopathy 6 (33%) 

 Ischemic heart disease 6 (33%) 

 Valvular disease 4 (22%) 

 Others 2 (11%) 

 NYHA functional class  

 II 18 (100%) 

 Device  

 ICD 5 (28%) 

 CRT-D 13 (72%) 
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Table 2. Modeled program.                                                      

 

 

 

 
 
the program to enable action by encouraging the desired cognition. 

The needs of patients undergoing telemonitoring with implantable cardiac devices and the results of the lite-
rature search were classified accordingly. The contents of the program that satisfied these results are shown in 
the upper portion of Table 2. 

To produce the desired cognition, people need to recognize the present condition and acquire the proper 
knowledge in the health belief model. If patients take interest in their data, they will better understand them-
selves and their condition. It is recommended that a health professional follow a patient to ensure the patient’s 
actions are in compliance with the literature and guideline. Therefore, one of the components of the program is 
monitoring. In addition, we included patient education in the program so that patients might acquire knowledge 
appropriate to their condition. 

When patients perform a health-related action, that action must be preceded by a cause in order to raise self- 
efficacy in the health belief model. The following keywords indicate patients want a cue to action: Reminder, 
Alert, and Advice. Good feedback is more than just a reply; it gives the suitable cue to action for a patient’s 
present condition or raises self-efficacy. Mental support by a health professional bolsters the patient’s efforts. 

The program had three components. The first component was monitoring, which was performed using a tablet 
PC, implantable cardiac device, and telephone. The participants used a tablet PC to send their body weight, 
blood pressure, and symptoms to the medical team from home. When the participants sent their data to the med-
ical staff, they performed self-monitoring at the same time. A nurse confirmed the implantable cardiac device 
data (e.g., mean heart rate, impedance, and arrhythmia) via telemonitoring and called each patient once monthly 
to assess medication adherence, sleep, and mental status. The second component was patient education. Partici-
pants were asked to participate in e-learning to learn the basics of heart failure and implantable cardiac devices, 
and to learn about preventing heart failure. The educational contents were prepared using the Heart Failure So-
ciety of America education module [22] and the chronic heart failure treatment guideline [19]. To increase the 
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attendance rate, the content was limited to 3 minutes per module. The third component was feedback of data to 
the participants. Nurses informed participants of their data as clearly and positively as possible twice a week. 
Participants were educated mainly on diet or fluid restriction as needed. The nurses used a tablet PC and tele-
phone to communicate with the participants. 

3.2.5. Study Program 
Cooperation between the patient, hospital, and university, as well as relationships between the telemonitoring 
system and the tablet PC-based telenursing support are shown on the left side of Figure 2. The online self-care 
website used in the study is shown on the right side of Figure 2. The website design was instinctive and inspired 
by an automated teller machine (ATM). 

4. Phase 2: Preliminary Investigation 

4.1. Methods 

A mixed-methods study was performed to evaluate the effects of the program developed in phase 1. Participants 
were interviewed about their experience in order to acquire qualitative data. 

4.1.1. Data Sample and Collection 
A general hospital located in the medical service area in Japan was selected as the study site because it was in a 
medically underserved area, where the population would especially benefit from telenursing. The participants 
met all of the following criteria: adult outpatients undergoing continuous telemonitoring with ICD, CRT-P, or 
CRT-D; hospitalization due to worsening heart failure in the past year or a left ventricular ejection fraction ≤ 
40%; and able to input data using a tablet PC (or the presence of a family member, who could perform the data 
entry). Participants in phase 2 were not included in phase 1. The 6-month study period (March 2012 to October 
2013) included a 3-month intervention period and a 3-month follow-up period. Participants in the usual care 
(control) group were followed up on an outpatient basis by a cardiovascular specialist every 1 - 3 months. 

4.1.2. Ethical Considerations 
Phase 2 of this study was approved by the study ethical committee of the Kameda Medical Center. The proce-
dure for obtaining informed consent was the same as in phase 1. 

4.1.3. Randomization 
We conducted a randomized trial. The participants were randomly assigned to the intervention and usual care 
groups and each provided informed consent [23] [24]. This method was adopted because it simplifies the 
process for obtaining consent for new treatments [25], and the bias that might result from patient preference 
could be excluded [26]. Informed consent was obtained from the participants in both groups after randomization 
[24]. A minimization method was used for the assignment [27]. The assignment factors of the qualified partici-
pants were age at inclusion in this study (≤64 years old or ≥65 years old), sex, and device type (ICD or CRT-D). 

4.1.4. Measurements and Variables 
The outcome measures were as follows: rehospitalization rate, urgent clinic visits rate, quality of life (QOL), 
self-efficacy, and self-care behavior for heart failure. For QOL, the SF-8 Health Survey (standard Japanese ver-
sion) [28] was used. A higher score indicated better QOL. For self-efficacy, health behavior-related self-efficacy 
for the chronic disease patient [29] was used. A lower score indicated better self-care. For self-care behavior for 
heart failure, the Japanese version of the European Heart Failure Self-Care Behavior Scale [30] [31] was used. A 
higher score indicated better self-care. 

4.1.5. Statistical Analysis 
An intention-to-treat analysis was performed. Fisher’s exact test was used to compare the attributes between 
groups at program initiation. For ordinal scales, once the distribution of data was assessed using the Shapi-
ro-Wilk test, either a two-sample t test or a Mann-Whitney test was applied according to the presence or absence 
of normality. To determine readmission and urgent clinic visit rates, the time period between study initiation and 
event occurrence was used as the target variable, while a survival analysis was performed using Kaplan-Meier  
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(1)                                              (2) 

           
(3)                                              (4) 

 
(5) 

 
(6) 

Figure 2. Overview of the nursing intervention system and online self-care website. (1) Diagrammatic re-
presentation of the telemonitoring system used in the trial, (2) Tablet-PC set and E-learning, (3) Main page 
of online self-care website where participants send information about blood pressure, weight, and symp-
toms (e.g., breath shortness, palpitation, edema, and fatigue), (4) Review test, and (5) Blood pressure chart.  
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survival analysis according to the two groups. To analyze changes in each scale score, the Wilcoxon signed-rank 
test was used for intragroup comparisons, and the Wilcoxon rank sum test was used for intergroup comparisons. 
The SAS 9.2 statistical software (SAS Institute Inc., NC, USA) was used, and the significance level was set at 
0.05. 

4.1.6. Qualitative Data Regarding Patient Experiences 
To study patient experiences during the program, data were collected by semi-structured interview following the 
intervention, and a thematic analysis [14] was performed. First, a verbatim record was made based on the rec-
orded interview. Second, after repeated readings for familiarization with data, the representations associated 
with patient experiences of the telenursing support program were extracted. Third, we generated initial codes to 
describe the data extracted. Fourth, the codes were integrated for each participant, and then similar codes were 
integrated to search for a theme. Fifth, themes were reviewed, defined, and named. To ensure reliability, we 
made repeated checks, examinations, and corrections to ensure that each code and theme was suitably named by 
researchers. 

4.2. Results 

4.2.1. Participants 
Forty patients met the study inclusion criteria: 23 and 17 were assigned to the intervention and control groups, 
respectively. Of the 23 patients who were assigned to the intervention group, 17 provided consent and six re-
fused to participate in the study. The reasons for refusal were: “the current treatment is sufficient for me”; “I am 
too old to operate a personal computer”; “it seems to be troublesome”; and two patients stated “I am busy be-
cause of my work.” Three patients in the intervention group dropped out of the study for the following reasons: 
“I am busy,” and “I suffered a great psychological shock due to the sudden death of a relative.” Of the 17 pa-
tients assigned to the control group, 16 provided consent, 1 refused to participate in the study for lack of interest, 
and another participant did not complete the questionnaire and was therefore excluded (Figure 3). 

4.2.2. Baseline Characteristics 
Forty patients met the study inclusion criteria: 23 and 17 were assigned to the intervention and control groups, 
respectively. Of the 23 patients who were assigned to the intervention group, 17 provided consent and six re-
fused to participate in the study. The reasons for refusal were: “the current treatment is sufficient for me”; “I am 
too old to operate a personal computer”; “it seems to be troublesome”; and two patients stated “I am busy be-
cause of my work.” Three patients in the intervention group dropped out of the study for the following reasons: 
“I am busy,” and “I suffered a great psychological shock due to the sudden death of a relative.” Of the 17 pa-
tients assigned to the control group, 16 provided consent, 1 refused to participate in the study for lack of interest, 
and another participant did not complete the questionnaire and was therefore excluded (Table 3). 
 

 
Figure 3. Flow of participants throughout this study.                                               
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Table 3. Baseline characteristics.                                                                           

Demographic variable Intervention (n = 17) Usual care (n = 16) p 

 Gender (male) 13 (76%) 12 (75%) 1.0000 

 Age (years ± SD) 61.94 ± 12.19 64.12 ± 9.27 0.9857 

 Living situation (living alone) 2 (11%) 2 (12%) 0.6880 

 Employment (employed) 5 (29%) 3 (19%) 1.0000 

 Body weight (kilograms) 66.6 ± 16.98 61.67 ± 10.35 0.7098 

Cardiac characteristics    

 Etiology of heart failure    

 Dilated cardiomyopathy 6 (36%) 5 (32%) 1.0000 

 Ischemic heart disease 5 (29%) 7 (44%) 0.4813 

 Valvular disease 1 (6%) 0 1.0000 

 Hypertrophic cardiomyopathy 0 2 (12%) 0.2273 

 Others 5 (29%) 2 (12%) 0.3983 

 NYHA functional class    

 I 5 (29%) 5 (31%) 1.0000 

 II 10 (59%) 9 (56%) 1.0000 

 III 2 (11%) 2 (13%) 1.0000 

 LVEF 42.97 ± 11.48 41.91 ± 9.61 0.8996 

 BNP 204.90 ± 196.45 344.59 ± 384.86 0.3440 

Treatment    

 Medication    

 Beta blocker 16 (94%) 14 (88%) 1.0000 

 ACE/ARB 8 (48%) 6 (38%) 0.7283 

 Diuretics 11 (65%) 10 (63%) 1.0000 

 Device    

 ICD 11 (64%) 10 (62%) 1.0000 

 CRT-D 6 (36%) 6 (38%) 1.0000 

4.2.3. Unplanned Hospitalizations and Emergency Room Visits 
The rates of urgent hospital admissions associated with the heart within 6 months after study initiation were 11% 
and 18% in the intervention and control groups, respectively. The rate difference was not statistically significant 
based on two different tests: the log rank test (p = 0.3017) and the Cox regression analysis using the intervention 
group as a reference (hazard ratio [HR] 0.82; 95% confidence interval [CI] 0.42 - 12.42; p = 0.3441). Within 6 
months after study initiation, the unplanned consultation rates associated with the heart were 11% and 18% in 
the intervention and control groups, respectively. This rate difference also was not statistically significant based 
on the two tests: log rank test (p = 0.3179) and Cox regression analysis using the intervention group as a refer-
ence (HR 0.45; 95% CI, 0.26 - 9.52; p = 0.6172) (Figure 4). 

4.2.4. QOL, Heart Failure Self-Care, and Self-Efficacy 
The amount of change in each score based on the intervention time point was calculated and an intragroup com-
parison was performed. As shown in Table 4, the degrees of change were compared between the groups, but no 
significant differences were found. 

4.2.5. Qualitative Data Regarding Patient Experiences 
Fourteen participants in the intervention group, who completed the study, were interviewed just after the end of 
the program. The interview was performed for an average of 40 minutes. Table 5 shows that three categories 
were ultimately derived. 
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(a) 

 
(b) 

Figure 4. Kaplan-Meier curve depicting the probability of survival ((a) Hospitalization for heart failure, (b) Unexpected visit 
to clinic) between the 2 groups (experimental is a solid line and the control is a dotted line), censored at 180 days.             
 

1) Getting a sense of safety  
Most participants reported developing a sense of safety through participation in the program. The participants 

who experienced multiple hospitalizations led a life of anxiety that may worsen. However, they felt safe, like 
being followed by an escort runner during program participation. The sense of security was strengthened by 
knowing that no abnormality would go undetected. 

“In this program, I felt relieved when I received a message such as no arrhythmia was detected. I felt assured 
for 3 months of the study period. Even if the message indicated that a slight arrhythmia was found, I felt that my 
condition was understood. If something occurs or if I contact you, I can receive some reply or advice. In such 
aspects, I was very relieved.” 
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Table 4. Within-group comparison and between-group comparison.                                               

 
Intervention group 

(n = 14)  
Usual care group 

(n = 15)  Intergroup 
p value    

 
Change 

(3mo-baseline) 
Within-group 

p value  
Change 

(3mo-baseline) 
Within-group 

p value  

SF8: Physicala −2.24 ± 9.76 0.5416  2.47 ± 5.24 0.1514  0.1761 

SF8: Mentala −1.56 ± 9.65 0.7148  −2.38 ± 6.51 0.3028  0.4321 

EHF ScB scaleb −3.00 ± 6.30 0.0833  −1.33 ± 6.34 0.5513  0.3141 

Self-efficacy on health behaviorc −2.15 ± 11.18 0.6914  0.85 ± 6.79 0.9224  0.8369 

Abbreviations: SF8, SF-8™ Health Survey; HADS, Hospital Anxiety and Depression Scale; EHF ScB scale, European Heart Failure Self-Care Beha-
vior Scale; aHigher score means better QOL; bLower score means better self-care; cHigher score means better self-efficacy. 

 
Table 5. Patient’s experience with the nursing intervention pro-
gram via tablet-PC for remotely monitored patients with a cardiac 
device to manage heart failure.                              

Theme code 

Getting a sense of safety ･Someone is watching over me 
･Having an escort 

Triggering a health behavior change 
･Increased health awareness 
･Got a supportive push 
･Received a warning  

Feeling like burden ･Bothersome to send data 
･Trouble using a tablet-PC 

 
2) Triggering a health behavior change 
Most of the participants were encouraged to change their health behaviors by participating in this program. 

Even if they felt some abnormalities, they lived in a place that was too far from a medical institution and tended 
to hesitate before contacting a hospital. However, they became sensitive to changes in their symptoms because 
their level of awareness was increased during their participation in the program. Their consultation behaviors 
were also promoted since they communicated regularly with the nurses. 

“I was not motivated to call you only when I felt considerably abnormal, but since I called you every day, I 
think that I am now more likely to call you if I feel an unusual condition.” 

When an abnormality in participant data was found, the attending nurse called the participant, who considered 
this call a warning and improved their behavior. 

“My body weight increased to around 108 kg and I received a call. After that point, I watched my weight 
more carefully, and it returned to 104 kg.” 

3) Feeling like a burden 
Some participants felt that participating in the program was a burden. Although the tablet PC was easy to use, 

they felt that sending messages daily was cumbersome. They also felt burdened by occasional problems that oc-
curred with the tablet PC. 

“I don’t have many things to do at home, but it is slightly troublesome that I have to send a message every day. 
As such, I decided to send a message once every 3 days.” 

5. Discussion 
In this study, a tablet PC program was developed, and its efficacy was examined through interviews and a re-
view of the literature regarding the needs of patients undergoing telemonitoring with implantable cardiac devic-
es. We hypothesized that program implementation might result in: early detection of abnormalities and mental 
support; reduced rates of readmissions and urgent clinic visits; and improved QOL or heart failure behaviors. 
However, our statistical data did not support these hypotheses. There seemed to be several causes for this. First, 
the program period might have been too short. The quantitative survey showed no positive results, while the qu-
alitative survey indicated signs of behavioral changes in participants. For instance, participants who thought that 
measuring blood pressure and body weight was necessary, but did not measure them, developed healthy beha-
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viors. Since behavioral change usually takes 3 months, we set the program period to 3 months. However, the 
lack of impact might be reflected by the end point because the program ended when behavioral changes started 
to happen. 

Second, the results might have been influenced by the small sample size. QOL in particular did not improve, 
which seemed to be due to one of the following reasons: 1) patients in the intervention group had low QOL 
scores at study initiation; 2) events not associated with the heart occurred in several participants (e.g., cancer 
occurred or a family member’s health condition worsened). These possible causes might have influenced the 
overall results. 

Most participants in this study were unfamiliar with IT; however, the continuance rate of the program ex-
ceeded 80%. Although participants used an unfamiliar information terminal, the continuance rate was high. A 
previous, representative, large-scale study investigated the efficacy of telemonitoring using a push-button tele-
phone and automated voice for patients with heart failure [32]. Only 55% of the participants finished that study.  

The difference in the continuance rate between that study and the present study seems to be attributable to 
differences in feedback. The provision of specific feedback in contrast to an automated response seemed to in-
crease participants’ interest, which might have increased their motivation to continue the program. 

In this study, we primarily communicated with the participants using a tablet PC. However, limited informa-
tion was obtained, so face-to-face interactions might also be necessary. Many of these participants had no easy 
access to a hospital owing to distance or traffic conditions. Therefore, use of not only the current intervention 
but also video technology such as Skype to view the participant’s face may be effective. 

Next, we examined the outcome measures, including unplanned consultations. However, one case in which 
unplanned consultation was used as the end point seemed to include trouble. In this case, in which a participant 
hesitated about whether a consultation was required for the present symptom, the intervention prompted the pa-
tient to act, thereby receiving an appropriate and timely consultation. It is preferable to avoid unplanned consul-
tations whenever possible. If early consultation can prevent aggravation of symptoms, participants will benefit. 
In some earlier studies [33]-[35], unplanned consultation was defined as one of the intervention outcome meas-
ures. Here, it seemed necessary to evaluate the intervention from different angles using multiple end points. 

Although a positive result was not obtained, we cannot deny the validity of the entire program. The tablet PC, 
which has become widespread, is easy to operate and can be used by the elderly as well. Considering that this 
program showed a higher continuance rate, the aforementioned issues were improved and reexamined, which 
should contribute to future use in clinical practice. While society continues to age rapidly, the number of people 
who are cared for at home has increased. Therefore, in an institution with a wide medical service area such as 
that in this study, it will be necessary to examine the effects of the program with cooperation of home-visit 
nursing stations in the future. 

6. Limitations 

This study has some limitations. First, it had a small sample size, and a single institution, which was made clear 
in the results. Since patients with implantable cardiac devices did not increase in number as anticipated, the 
sample size estimated at the planning stage was not reached. Therefore, the statistical analysis has limitations. 
Second, elderly healthcare dependents were not discussed. There are many elderly people among heart failure 
patients so the implementation of a program through a caregiver or a visiting nurse must be considered. Third, 
the cost of the intervention program was not discussed. Cost is an important factor that deserves mention be-
cause medical costs are subject to restrictions. Cost should be examined further in future research. 
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