
Frontiers in Public Health 01 frontiersin.org

Development of a complex 
intervention to prevent 
complications in patients 
recovering at home after 
transcatheter aortic valve 
replacement by optimizing 
home-based cardiac 
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Objectives: This study aimed to systematically develop a nurse-led complex 
intervention to enhance the quality of and adherence to home-based cardiac 
rehabilitation (HBCR) care for patients who have undergone transcatheter aortic 
valve replacement (TAVR). The intervention integrated stakeholder perspectives, 
expert insights, empirical evidence, and theoretical frameworks.

Methods: We initially searched for initial cardiac rehabilitation strategies based 
on the “Behavior Change Wheel” model and literature review. The Delphi method 
was used in three rounds of consultations. The guidelines for the Conducting 
and Reporting of Delphi studies were also followed. The Delphi panel consisted 
of 15 experts in rehabilitation medicine, clinical medicine, cardiovascular 
nursing, behavioral science, community nursing, geriatric nursing, and nursing 
management from various provinces and cities in China. Panelists were asked to 
rate the effectiveness of HBCR strategies on a 5-point Likert scale.

Results: A questionnaire was sent to the members of the expert panel via email. 
The consensus from 15 experts led to the development of a framework in round 
3. The response rates for the three rounds were 88.23, 100.00, and 100.00%, 
respectively. The expert authority coefficients for all rounds were 0.95. The 
Kendall coefficients obtained in the three rounds were 0.09, 0.78, and 0.87, 
respectively.

Conclusion: A set of strategies was developed for a comprehensive HBCR 
program for patients with TAVR, which can provide practical methods for 
relevant government departments, healthcare professionals, and patients’ 
families. Future research should investigate the experiences of stakeholders and 
assess the cost-effectiveness of implementing these strategies.

OPEN ACCESS

EDITED BY

Francesco Perone,  
Rehabilitation Clinic “Villa delle Magnolie”, 
Italy

REVIEWED BY

Eleni Kletsiou,  
National and Kapodistrian University of 
Athens, Greece
Vincenza Giordano,  
Policlinico Tor Vergata, Italy

*CORRESPONDENCE

Jian Ping Song  
 zrxwk1@zju.edu.cn

RECEIVED 04 September 2024
ACCEPTED 05 December 2024
PUBLISHED 18 December 2024

CITATION

Jia YY, Guo ZT, Zhang YP and Song JP (2024) 
Development of a complex intervention to 
prevent complications in patients recovering 
at home after transcatheter aortic valve 
replacement by optimizing home-based 
cardiac rehabilitation processes: a Delphi 
study.
Front. Public Health 12:1491311.
doi: 10.3389/fpubh.2024.1491311

COPYRIGHT

© 2024 Jia, Guo, Zhang and Song. This is an 
open-access article distributed under the 
terms of the Creative Commons Attribution 
License (CC BY). The use, distribution or 
reproduction in other forums is permitted, 
provided the original author(s) and the 
copyright owner(s) are credited and that the 
original publication in this journal is cited, in 
accordance with accepted academic 
practice. No use, distribution or reproduction 
is permitted which does not comply with 
these terms.

TYPE Original Research
PUBLISHED 18 December 2024
DOI 10.3389/fpubh.2024.1491311

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2024.1491311&domain=pdf&date_stamp=2024-12-18
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1491311/full
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1491311/full
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1491311/full
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1491311/full
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1491311/full
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1491311/full
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1491311/full
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1491311/full
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1491311/full
mailto:zrxwk1@zju.edu.cn
https://doi.org/10.3389/fpubh.2024.1491311
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2024.1491311


Jia et al. 10.3389/fpubh.2024.1491311

Frontiers in Public Health 02 frontiersin.org

KEYWORDS

transcatheter aortic valve replacement, home-based, Delphi, cardiac rehabilitation, 
adherence

Background

Aortic stenosis (AS) can be caused by conditions such as rheumatic 
heart disease and congenital cardiac defects and most commonly occurs 
in older adults (1). Transcatheter aortic valve replacement (TAVR) is the 
primary therapeutic intervention for AS (2, 3). Due to factors such as 
advanced age, frailty, and reduced left ventricular function, patients 
with TAVR are prone to high-degree or complete atrioventricular block, 
cardiac tamponade, and other complications (4). Patients with TAVR 
have a one-year readmission rate of 44.2% and an all-cause mortality 
rate of 23.7% (5–7). These patients require lifelong management (8).

Cardiac rehabilitation (CR) is a comprehensive program aimed at 
improving cardiac function, health status, and the quality of life of 
patients with cardiac diseases (9). In 2018, approximately 55% of 
countries and regions worldwide provided CR, but the referral process, 
participation, and completion rates were not satisfactory (10). High 
healthcare costs, poor patient adherence, and uneven distribution of 
healthcare resources constrain the use of outpatient CR (11).

Home-based cardiac rehabilitation (HBCR) can serve as 
systematic and appropriate medical services for patients with TAVR 
in settings other than medical institutions, such as communities, 
homes, and workplaces. It can also promote cardiac function recovery 
and reduce healthcare costs (12). Considering the aging population 
and coronavirus disease 2019 pandemic, the American Heart 
Association (AHA) has advocated for the global implementation of 
digital HBCR (13, 14).

Previous interventions within HBCR have encompassed several 
pivotal measures, including exercise interventions, nutritional support, 
psychological support, and pharmacological support. A systematic 
review reveals that HBCR predominantly focuses on exercise 
interventions, with significant gaps in nutritional, psychological, and 
pharmacological support (15, 16). Regarding safety assurance, 
technologies such as wearable heart rate monitors, mobile 
electrocardiogram systems, and telephone communications are 
primarily used for real-time patient data monitoring (17). But poor 
adherence to HBCR is common among patients with TAVR (18). 
Factors influencing their adherence to HBCR include individual and 
social support, rehabilitation environment, community management 
policies, and others (19). Strategies to improve adherence to HBCR 
include cultivating patients’ motivation for HBCR, stimulating patients’ 
motivation for recovery, improving the HBCR environment, enhancing 
patients’ self-care abilities, and reducing the economic costs associated 
with HBCR (20). Current studies on HBCR have reported on few 
individualized elements, large heterogeneity among the intervention, 
and uneven home rehabilitation quality levels (21–24). Moreover, 
information on how to effectively apply these strategies in clinical 
practice is limited (25). Therefore, developing effective strategies to 
strengthen adherence to HBCR in the era of “big data” is crucial.

We conducted Delphi expert consultations based on the theoretical 
framework of the transtheoretical model of the Behavior Change 
Wheel (BCW) to develop actionable strategies to eliminate the barriers 
to HBCR adherence and provide basis for HBCR for patients 
post-TAVR.

Methods

Study design

This study conforms to the standards for the conducting and 
reporting of Delphi studies guidelines (26). The Delphi method is 
suitable for interdisciplinary research on complex issues. It ensures the 
anonymity and objectivity of expert opinions through multiple rounds 
of feedback to achieve reliable consensus. This method not only enhances 
the quality of decision-making but also improves the operability and 
reliability of results through systematic feedback mechanisms.

This research aims to construct a digitalized HBCR intervention 
scheme by synthesizing diverse perspectives, focusing on behavior 
change techniques, and incorporating digital innovations. In contrast 
to conventional rehabilitation methods, behavior change techniques 
emphasize active modification and ongoing management of patient 
behaviors, thereby enhancing patient adherence and rehabilitation 
efficacy. The integration of digitally innovative technologies offers new 
possibilities for the dissemination and promotion of HBCR.

Literature search

The team followed the principle of searching from top to bottom in 
layers according to the “6S model” and comprehensively retrieved 
relevant evidence. The resources searched include BMJ Best Practice, 
UpToDate, Clinical Key, the Agency for Healthcare Research and Quality 
(AHRQ), the National Institute for Health and Care Excellence (NICE), 
AHA website and the American Association of Cardiovascular and 
Pulmonary Rehabilitation (AACVPR) website, EBSCO, ACP Journal 
Club, Joanna Briggs Institute (JBI), the Cochrane Library, Embase, 
PubMed, Web of science, the China National Knowledge Infrastructure. 
The retrieval period covered July 1, 2013, to July 1, 2023. The search 
strategy combined MeSH descriptors with unrestricted search terms. The 
English search lexicon is delineated as follows: “transcatheter aortic valve 
replacement/transcatheter aortic valve implantation/TAVR/TAVI/
bioprosthetic valve/heart valve prosthesis/heart valve prosthesis 
implantation/mechanical heart valve/bioprosthetic heart valve/valve” in 
conjunction with “cardiac rehabilitation/heart rehabilitation/
cardiovascular rehabilitation/rehabilitation training/exercise training/
home-based cardiac rehabilitation.”

The inclusion criteria for the literature search were as follows: (1) 
Study population: Patients diagnosed with aortic stenosis who 
underwent TAVR; (2) Study content: Research pertaining to HBCR 
interventions encompasses a comprehensive array of approaches, 
including exercise regimes, psychological interventions, nutritional 
strategies, smoking cessation initiatives, pharmacological 
interventions, and the synergistic application of multiple intervention 
modalities; (3) Language of the literature: Chinese or English; (4) 
Research type: Guidelines, expert consensus, evidence summaries, 
clinical decision-making, recommended practices, systematic reviews, 
randomized controlled trials, and (5) Exclusion criteria: Duplicate 
publications and literature without full-text access.
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Behavior change wheel

The BCW theory, which consists of a three-layer ring structure 
with core, intermediate, and outer layers, was proposed by Michie 
et al. (27) in 2011. It can be used to analyze the mechanisms and 
influencing factors of individual behaviors and guide the design of 
intervention programs (28). The core layer of the theory assumes that 
individual behavior requires and is influenced by three conditions: 
ability, opportunity, and motivation. The remaining two layers are 
intervention functions and policy categories (29).

The BCW believes that human behavior is not only a personal 
choice but a product of the integrated role of the environment. It 
emphasizes the interaction between the individual and social system 
environment and attempts to explain behavior from multiple levels 
such as the individual, community, and environmental levels (29, 30). 
Furthermore, the BCW theory emphasizes the specificity and 
practicality of interventions, crafting strategies tailored to the barriers 
and facilitators of behavior change, thereby assisting healthcare 
professionals in delivering effective intervention plans that enhance 
adherence to HBCR. Additionally, BCW can be  integrated with 
various frameworks and techniques, such as the Theoretical Domains 
Framework and behavior change technologies, to deepen the inquiry 
into behavior modification. Thus, this study has elected to utilize the 
BCW theoretical framework as a guiding beacon in the orchestration 
of the intervention program.

The panel of experts

The findings of the Delphi method merely represent the statistical 
distribution of the opinions of the expert panel. The conclusions 
drawn are contingent upon the scope of expertise, the sources of 
information, and the methods of analyzing information employed by 
the selected experts. This study rigorously adheres to the selection 
criteria based on the experts’ professional backgrounds and knowledge 
domains. We  employed purposive sampling to select experts to 
participate in the Delphi expert consultations (31). The inclusion 
criteria for the experts were as follows: (1) possessing a minimum of 
a bachelor’s degree in a relevant field; (2) holding an intermediate or 
a senior level professional title; (3) having a minimum of 10 years of 
experience in nursing quality management, CR, clinical medicine, 
geriatric nursing, community nursing, rehabilitation medicine, and 
behavioral science; and (4) volunteering for the expert consultation.

We identified experts through the collaborative network of the 
cardiovascular nursing professional committee of the Chinese Nursing 
Association. Our goal was to recruit experts from different provinces and 
cities in China to ensure that the recommendations align with the needs 
of low-and middle-income families. The size of the expert group is based 
on the data saturation principle (32). In our study, data saturation was 
achieved when the data from the fifteenth expert was included.

The development of the preliminary draft 
for the intervention scheme

The development of the program follows eight distinct steps (27). 
(1) Defining the behavioral problem in behavioral terms: The poor 
adherence of TAVR patients to HBCR. (2) Selecting the target behavior: 

Enhancing the adherence of TAVR patients to HBCR. (3) Specifying 
the target behavior: Elevating the adherence of TAVR patients to 
follow-up management, exercise management, cardiovascular risk 
factor management, and complication observation. (4) Identifying 
what needs to be changed: Numerous studies indicate that psychological 
factors such as anxiety and depression, the health literacy of the 
patients, self-efficacy, the patients’ perception of the benefits of exercise 
rehabilitation, motivation for exercise rehabilitation, knowledge levels 
regarding rehabilitation, exercise apprehension, and social support are 
crucial factors influencing adherence to CR (33–35). (5) Identifying 
intervention functions: The team determined the intervention 
functions based on the criteria of affordability (A), practicability (P), 
effectiveness and cost-effectiveness (E), acceptability (A), side-effects 
or safety (S), and equity (E), collectively known as the APEASE 
standards. (6) Identifying policy categories: The BCW framework 
encompasses seven policy categories, including communication/
marketing, guidelines, fiscal measures, regulations, legislation, 
environmental/social planning, and service provision. Aligning with 
the APEASE criteria, this study aims to develop a HBCR program for 
TAVR patients, with the aspiration of codifying it into a collective 
standard for implementation and dissemination. (7) Identifying 
behavioral change techniques: Upon selecting the intervention function 
and policy category, the intervention designer maps the behavior 
change techniques to the respective intervention function, based on the 
APEASE criteria. (8) Identifying the implementation model: Based on 
the APEASE standards, the research opted to implement group 
rehabilitation interventions through WeChat mini-programs. This 
research team has independently developed an I Nursing WeChat Mini 
Program, which is provided free of charge for patients.

Instrument, data collection, and analysis

The questionnaire used in this study consists of four parts: 
introduction, general information survey for experts, main text, and 
self-assessment form for experts. The first section provides an overview 
of the research background and objectives. The survey section 
incorporates research orientation, years of CR experience, educational 
attainment, and professional title. The main text section comprises the 
importance of the items, retention, and deletion of the items, as well 
as expert opinions on the items. The expert panel independently rated 
each item on a 5-point Likert scale (ranging from “very important” to 
“not important”) and provided suggestions for each item. The last 
section of the questionnaire assesses the experts’ basis for making 
conclusions on and familiarity with the research content.

Three rounds of Delphi surveys were conducted via email from 
August to October 2023, each lasting for 4 weeks. To increase the 
effective response rate of the questionnaires, reminder e-mails were 
sent 1 and 2 weeks after each questionnaire was sent. In each round of 
research, detailed contextual information and evidence-based medical 
data are meticulously provided to support the experts’ fact-based 
judgments. An experienced advanced-practice cardiovascular nurse 
collected and analyzed the data.

In the statistical summary of the collected questionnaires, criteria 
such as mean importance >4 and coefficient of variation (CV) > 0.3 were 
utilized to screen the rated items at various levels. The selected items 
were then subjected to discussion and analysis. Additionally, some items 
were added, merged, and modified according to the expert opinions. 
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After the third round of Delphi consultation, the expert opinions 
became more focused and convergent. Therefore, the rehabilitation 
program framework for patients with TAVR was successfully developed.

Statistical method

The original data was entered into and sorted using Excel 2016 
before being transferred to SPSS 27.0. Continuous data are expressed as 
mean and standard deviation. Categorical data are expressed as counts, 
percentages, and other statistics used in the Delphi analysis (full-score 
ratio, CV, coefficient of coordination, and degree of expert authority). 
Expert participation coefficient was measured using the questionnaire 
response rate and treated as an indicator of active involvement. The 
coefficient of expert authority was calculated using the formula 
Cr = (Ca + Cs)/2, where Ca represents the expert’s criteria for judging the 
indicators and Cs represents their level of familiarity with the indicators.

Results

Literature search results

The preliminary search yielded a total of 762 relevant articles. 
After deduplication, 495 unique articles were obtained. After 
excluding conference abstracts, guideline interpretations, and other 
literature types, 88 articles remained. After reading the full texts, 16 
articles were ultimately included in this study.

Our research team synthesized the best evidence for HBCR from 
the literature. Using the best summarized evidence as a foundation 
and the BCW as a framework, we established a preliminary index 
system for HBCR in patients with TAVR.

Characteristics of participants

A total of seven Grade III-A hospitals with 15 experts from three 
provinces in China, including Beijing, Zhejiang, and Gansu were 
finally selected for the study. The experts had a mean age of 
40.13 ± 6.95 years and mean working experience of 17.60 ± 9.13 years. 
The detailed information on the experts is listed in Table 1.

Expert enthusiasm and authority level

The positive coefficient of Delphi experts is estimated as the 
effective response rate of the questionnaire. These response rates for 
the first, second, and third rounds of consultations were 88.23, 100, 
and 100%, respectively (Table 2). The expert authority coefficient for 
all rounds of the Delphi expert consultation was 0.95, indicating a 
good expert authority (Table 3).

Degree of consistency in expert opinions

The degree of consensus in the expert opinions is represented by 
Kendall’s coefficient of concordance. A higher Kendall’s W value 

indicates a greater agreement among the experts and better coordination 
of the items (36). The Kendall W values for the three rounds were 0.09 
(p < 0.05), 0.78 (p < 0.001), and 0.87 (p < 0.001), respectively (Table 4).

Degree of consistency in expert opinions

Finally, the basic structure of the proposed program for the CR of 
patients with TAVR was determined by 7 primary indicators, 18 
secondary indicators, and 45 third-level indicators (Table 5).

Strategies to support HBCR adherence for 
patients with TAVR

First-level indicators
Among the first-level indicators, the experts recommended the 

addition of “Risk assessment for HBCR in patients with TAVR.” 
They agreed that the first HBCR risk assessment should 
be performed before the patient is discharged from the hospital. A 
dynamic HBCR risk assessment should be conducted while the 
patient is at home.

Second-level indicators

Experts proposed and added two second-level indicators (“A1. 
Formation of a multidisciplinary team for home rehabilitation of 

TABLE 1 General information sheet on the inclusion of experts.

Categories Clusters Frequency Component 
ratio (%)

Age 30–39 9 60.0%

≥40 6 40.0%

Gender Male 5 33.3%

Female 10 66.6%

Educational 

background

Bachelor 5 33.3%

Master 5 33.3%

Doctor 5 33.3%

Years working 

in 

rehabilitation

<10 2 13.3%

10–19 8 53.3%

≥20 5 33.3%

Subject 

category

Clinical medicine 2 13.3%

Cardiovascular nursing 4 26.6

Rehabilitation science 2 13.3%

Nursing management 3 20.0%

Behavioral science 1 6.66%

Community nursing 1 6.66%

Geriatric nursing 2 13.3%

Professional 

title

Intermediate professional title 6 40.0%

Title at the deputy senior level 5 33.3%

High-level professional title 4 26.6%
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patients with TAVR” and “A2. Screening of patients and conducting of 
individualized risk assessments”) under the first-level indicators 
(A. Risk assessment for HBCR in patients with TAVR). Motivation is 
defined as the function that directs and energizes behavior based on 
the content and magnitude of the target. Motivational strategies are 
defined as specific strategies, techniques, or methods that guide 
patient rehabilitation (37). Experts suggested that patients’ motivation 
for rehabilitation should be fostered before managing CR risk factors 
such as exercise and nutrition. Thus, the first-level entry (B. Fostering 
motivation for HBCR) was moved to the back of the HBCR risk 
assessment indicator.

Third-level indicators

Methods and targets of health promotion
The experts suggested that all health education should be provided 

by combining in-hospital and out-of-hospital health education. Health 
education should also consider that patients with TAVR are mostly 
older adults with advanced age and co-morbidities who have limited 
comprehension. Health education should be provided to patients and 
their primary caregivers.

Funding management for digital HBCR
Experts suggested that rehabilitation teams should equip patients 

with wearable devices and assess their home conditions. Regarding 
the reward mechanism for CR, experts believe that the reward of 
unlocking new props does not apply to patients with TAVR who are 
mainly older adults. Therefore, we modified the rewards to virtual 
medals and certificates of honor. The experts believed that 
establishing a community environment for the rehabilitation of 

patients with TAVR was more difficult if the community service 
center had only one patient with TAVR. Therefore, the phrase 
“organizing community rehabilitation exchange salons” was revised 
to “organizing in-hospital rehabilitation exchange salons.”

Capacity for self-care
In the section on cardiovascular risk factor management, 

“Encourage patients to use the platform to upload data such as waist 
circumference, sleep, and weight, and provide regular feedback to 
patients” did not specify how often patients should record these data. 
Therefore, the research team revised this section to “Patients should 
record their weight and waist circumference once a week.”

Combining online and offline strategies to organize 
rehabilitation activities

“The rehabilitation team regularly selects the best patient and 
caregiver and awards e-certificates to increase patient and caregiver 
motivation.” This activity is performed online, so its implementation 
may not be ideal. The experts recommended that this content should 
be placed in the section on rebuilding the social environment. Therefore, 
the original statement was modified to “Organize an offline salon in the 
hospital, select patients and caregivers with better compliance, and 
award them with certificates while.” Considering that offline 
communication enhances clear communication and the understanding 
of the needs of patients, “Develop a personalized rehabilitation program 
through online communication, considering the patient’s preferences, 
and records the patient’s punch cards through the app to motivate the 
patient’s execution of CR” was revised to “Conduct a patient needs 
assessment before discharge, and assist in developing a personalized 
HBCR program that considers the patient’s preferences.”

Discussion

In our study, we drew on the knowledge of experts experienced in 
care management, behavioral sciences, and community care to 
develop a set of strategies to improve adherence to HBCR of patients 
with TAVR. Researchers can employ various metrics during the 
implementation of the program, such as the six-minute walking 
distance, the activities of daily living scale, incidence of post-TAVR 
complications, readmission rates, and mortality rates. They can also 
gather data through patient satisfaction surveys, economic benefit 
analyses, long-term follow-ups, and tracking studies. By continuously 
refining the intervention program based on these metrics and studies, 
to expand the coverage of cardiac rehabilitation.

Adherence to HBCR is critical for improving patient prognostic 
outcomes. Developing rehabilitation strategies may have a significant 
impact on the long-term success of HBCR (38). TAVR across hospitals 
in China is characterized by a high proportion of procedure volume in 

TABLE 2 Positivity of experts.

Number of 
questionnaires issued

The number of 
questionnaires 

effectively returned

Effective recovery 
rate (%)

Number of experts making 
recommendations

Round 1 17 15 88.23 15

Round 2 15 15 100 4

Round 3 15 15 100 0

TABLE 3 Degree of authority of the experts.

Familiarity 
coefficient 

(Ca)

Judgment 
coefficient 

(Cs)

Authority 
coefficient 

(Cr)

Round 1 0.92 0.97 0.95

Round 2 0.93 0.97 0.95

Round 3 0.93 0.97 0.95

TABLE 4 The result of expert opinions’ coordination degree.

Expert 
(n)

CV Kendall’s 
(W)

χ2 p-value

Round 1 15 0–0.40 0.09 111.534 P < 0.05

Round 2 15 0–0.40 0.78 511.204 P < 0.001

Round 3 15 0–0.29 0.87 869.014 P < 0.001
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TABLE 5 A comprehensive intervention strategy for HBCR in patients with TAVR.

First-level indicator Second-level indicator Third-level indicator

A. Risk assessment for HBCR in 

patients with TAVR

A1. Formation of a multidisciplinary 

team for HBCR in patients with TAVR

A1.1 Select staff with 3 or more years of relevant work experience to form a team with a clear staff-to-patient ratio and an appropriate hierarchical composition 

within the team.

A1.2 Develop a training and assessment program for home rehabilitation teams for patients with TAVR.

A1.3 Develop an emergency procedure for telemedicine HBCR.

A2. Screening patients and conducting 

individualized risk assessments

A2.1 Develop exclusion criteria for HBCR to exclude patients with conditions such as unstable angina and severe arrhythmias.

A2.2 The first individualized assessment includes the patient’s medical history, laboratory findings, debilitation, nutrition, motor and cognitive function, valvular 

function, associated complications and comorbidities, flexibility and balance, activities of daily living, quality of life, psychology, digital health literacy, 

household economic circumstances, and the presence of deep vein thrombosis.

A2.3 Patient health records are established with comprehensive information on basic patient information and disease history.

A2.4 Dynamic assessment: patients are reminded weekly to fill out tools such as medication adherence questionnaires and exercise adherence scales to assess 

their adherence. The team learns about the patient’s recovery and feelings through inspirational short message service and adjusts the rehabilitation program in 

time according to the relevant indicators.

B. Fostering motivation for HBCR in 

patients with TAVR

B1. Fostering reflective motivation for 

HBCR in patients with TAVR

B1.1 In conjunction with in-hospital health promotion, the platform publishes a weekly video on the philosophy, importance, benefits, and health outcomes of 

HBCR.

B1.2 In conjunction with in-hospital health education, the platform publishes the incidence, influencing factors, and harmful effect of valvular disease every 

week to highlight the susceptibility of patients and their caregivers to adverse outcomes.

B2. Fostering spontaneous motivation 

for HBCR in patients with TAVR

B2.1 Individualized rehabilitation programs are developed in conjunction with risk assessment results, patient preferences, and patient punch cards, which are 

recorded through an app.

B2.2 Recognize patients based on their cumulative monthly points (award virtual medals or other rewards).

(Continued)
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TABLE 5 (Continued)

First-level indicator Second-level indicator Third-level indicator

C. Home risk factor management in 

patients with TAVR

C1. Provide knowledge about risk 

factor management after TAVR

C1.1 In conjunction with in-hospital health promotion, the platform publishes weekly videos on risk assessment for patients and their caregivers, explaining the 

content, purpose, and importance of risk assessment.

C1.2 In conjunction with in-hospital health education, the platform publishes weekly videos for patients and their caregivers on postoperative risk health 

education regarding heart valve disease, mental health, and sleep management.

C1.3 In conjunction with the hospital’s health education mission, the platform publishes postoperative medication videos once a week, explaining the use of 

commonly used antithrombotic drugs.

C2. Provide skill instructions for post-

TAVR risk factor management

C2.1 Combining face-to-face teaching in the hospital with remote video teaching, the purpose for and method of using the platform and wearable devices were 

explained.

C2.2 Combining face-to-face teaching in the hospital with remote video teaching, patients are taught to create, view, and manage rehabilitation programs and 

goals.

C2.3 Combining face-to-face teaching in the hospital with remote video teaching, patients and their caregivers are taught self-monitoring techniques 

(monitoring of blood pressure, weight, etc.), recognition of dangerous symptoms, and first aid skills.

C2.4 Combining face-to-face teaching in the hospital with remote video teaching, patients and their caregivers are equipped with the use of portable 

coagulometers.

C3. Improving adherence to home-

based risk factor management in 

patients with TAVR

C3.1 Based on the patient’s condition, set management goals for blood pressure, lipids, blood glucose, smoking cessation, and other risk factors, and the patient 

or his/her caregiver uses the platform to upload the patient’s health data (once a week). For those who do not know how to use smart devices, telephone follow-

up visits are conducted.

C3.2 The platform sends information such as healthy diet to the patient and his/her caregiver at regular intervals throughout the day to remind the patient to 

implement rehabilitation measures. If there are abnormalities in the patient’s data, the platform sends alerts to the rehabilitation team and the patient’s caregivers 

about abnormal monitoring values.

C3.3 If patient compliance is good, daily reminders are changed to once-a-week reminders, and weekly reminders are changed to once-a-month reminders. If 

patient compliance is bad, they were sent at the original frequency.

D. Symptom and follow-up 

management of patients with TAVR 

during home rehabilitation

D1. Provide knowledge on symptom 

management and follow-up after 

TAVR surgery

D1.1 In conjunction with in-hospital education, the platform publishes weekly videos on prevention, symptoms, and management measures for postoperative 

long-term complications.

D1.2 In conjunction with in-hospital education, the platform publishes weekly videos on home follow-up visits, including the purpose, timing, importance, and 

contents of the checkups, and precautions for follow-up visits.

D2. Develop a home follow-up 

program for patients with TAVR

D2.1 Follow-up visits were conducted 1, 3, 6, and 12 months after discharge, and follow-up reminder messages were sent to patients 3 days before and on day of 

the follow-up visit.

D2.2 A follow-up message reminder is sent to the rehabilitation team via the platform 2 days before the follow-up visit, confirming the patient’s participation in 

the follow-up visit and booking screening and laboratory tests for the patients in advance.

(Continued)
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TABLE 5 (Continued)

First-level indicator Second-level indicator Third-level indicator

E. Home exercise management in 

patients with TAVR

E1. Provide knowledge about home 

exercise for patients with TAVR

E1.1 In conjunction with in-hospital face-to-face teaching, the platform publishes home exercise videos for patients and their caregivers. The content includes 

the type, intensity, frequency, and duration of exercise; adverse reactions; and countermeasures during exercise.

E2. Provide skill instructions for home 

exercises after TAVR

E2.1 Combining in-hospital face-to-face instruction with remote video instructions, the program provides patients and their caregivers with skills instruction in 

home-based aerobic endurance exercise, standing balance and motor coordination training, resistance training exercise, and Chinese medicine rehabilitation 

exercise.

E3. Continuous improvement of 

physical strength and endurance in 

patients with TAVR

E3.1 The platform sends exercise reminders to patients on Mondays, Wednesdays, and Fridays each week.

E3.2 Encourage patients and their caregivers to use pedometers, portable electrocardiographs, and health diaries to monitor exercise dynamically.

F. Creating a home recovery 

environment for patients with TAVR

F1. Provision of HBCR materials and 

equipment and strengthening of 

HBCR safety monitoring

F1.1 Before a patient is discharged from the hospital, the rehabilitation team provides the patient with equipment, such as wearable devices, to dynamically 

monitor exercise metrics and ensure the patient’s exercise safety.

F1.2 The team creates health promotion materials and distributes them to patients before discharge.

F1.3 The rehabilitation team establishes an HBCR system that combines smart wearable devices, mobile apps, and a systematic website on healthcare to 

dynamically monitor patients’ recovery.

F2. Strengthening social integration 

and rebuilding the social environment 

for the rehabilitation of patients with 

TAVR

F2.1 Patients and their caregivers are encouraged to join rehabilitation groups and actively participate in activities such as cardiac rehabilitation workshops and 

in-hospital communication salons.

F2.2 Personal tips are shared by patients and caregiver with good compliance. In addition, the rehabilitation team selects the best patient and caregiver every 

quarter and awards them with e-certificates.

F2.3 The rehabilitation team helps patients identify and overcome barriers that affect health-related behaviors and provides targeted assistance to patients who 

live alone and have low education levels.

F3. Enhancing family interventions to 

rebuild the HBCR environment for 

patients with TAVR

F3.1 The rehabilitation team has established an at-home cardiac rehabilitation system that integrates smart wearable devices, mobile applications, and the 

healthcare provider’s system website to dynamically monitor the patient’s recovery progress.

F4. Building the telemedicine 

environment of the rehabilitation team

F4.1 Create a suitable space and environment for teleconsultations to ensure that the team is not disturbed during telemedicine consultations.

F4.2 Hospital establishes an online cardiovascular nurse clinic and cardiac rehabilitation clinic.

G. Policies and regulations related to 

digital HBCR

G1. Robust TAVR telemedicine quality 

management system

G1.1 System for handling adverse incidents and disputes.

G1.2 Establishment of an exit mechanism and benefit guarantee system for rehabilitation team members.

G1.3 Development of a patient privacy protection system.

G1.4 Development of a patient safety and protection system.

G1.5 Development of a system for recording telemedicine instruments.

G2. Remote charging regulations for 

rehabilitation after TAVR

G2.1 TAVR rehabilitation telemedicine fees are clear and reasonable.

G2.2 Development of an incentive program for remote rehabilitation of patients with TAVR (virtual prizes).
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large medical centers and varying levels of overall technological 
proficiency among hospitals. Therefore, this study mainly recruited 
relevant experts from cities with a higher volume of TAVR. The included 
experts have extensive experience in areas such as rehabilitation 
medicine, cardiovascular rehabilitation, clinical medicine, and geriatric 
nursing. The selection of experts is comprehensive and representative, 
ensuring that the developed CR strategies meet the needs of HBCR for 
patients with TAVR. The authority coefficient Cr is greater than 0.9, 
indicating that the degree of expert authority is high. In addition, 
Kendall’s W of the third round of expert consultation is 0.87 (p < 0.001), 
indicating that the expert’s opinion tends to be consistent.

The intervention scheme is divided into seven distinct domains, 
a categorization that aligns seamlessly with the findings of existing 
systematic reviews (39, 40). Both studies underscore the importance 
of promoting tele-education and monitoring based on digital 
healthcare, consistent with the findings (41, 42). Intervention studies 
show that adherence can be enhanced through comprehensive health 
education, exercise monitoring, providing feedback, setting goals, 
and applying behavior modification techniques among patients” (43, 
44). In contrast, this study, which is based on integrating behavioral 
modification techniques, motion monitoring, and various other 
technologies into the intervention framework through the Delphi 
consultative process, can effectively enhance adherence.

It is important to give patients with TAVR and their caregivers 
the necessary support and guidance (45). In this study, the 
intervention protocol was geared toward patients and their 
caregivers. Considering that patients with TAVR are mostly older 
adult and co-morbid, and may have difficulty using technology such 
as mobile devices (46). In terms of teaching methods, face-to-face 
teaching pays more attention to the physiological and psychological 
changes of the subjects. The intervention team can provide clear 
and user-friendly technical instructions and support services 
during face-to-face teaching sessions, thereby reducing complexity 
in usage. Additionally, they can incorporate interactive elements 
such as demonstration exercises and practical drills, complemented 
by supplementary tools like guides and video tutorials for enhanced 
instruction (46). In comparison, web-based teaching can break the 
limitations of time and space so that the older adult have more 
opportunities to practice independently (46). Accordingly, the 
program developed by the research team fully combines the 
advantages of these two teaching methods and, thus, is more 
applicable. It should be noted that although web-based courses are 
becoming more common, researchers still need to consider some 
barriers that present to older adults during program 
implementation. The research team may impart comprehensive 
technological training to patients and their caregivers to ensure 

FIGURE 1

Flowchart of pilot study of intervention plan.
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rapid proficiency. Moreover, dedicated support staff could 
be designated to assist patients and their caregivers throughout the 
intervention, particularly during the initial stages of recovery. 
Additionally, a robust ongoing technical support system could 
be  established, enabling patients and their caregivers to seek 
assistance at any time as needed, interventionists can gather 
feedback through a variety of channels. This feedback should then 
be meticulously analyzed and utilized to refine and optimize the 
intervention strategies (47).

Prior to the widespread implementation and dissemination of the 
proposed scheme, pilot studies and cost-effectiveness analyses must 
be conducted. As illustrated in Figure 1, the flowchart offers a lucid 
framework for the pilot research of the scheme. During the pilot 
research phase, the research team can employ the HBCR compliance 
questionnaire developed by Yang et  al. (48) to assess patients’ 
adherence. When significant improvements in patients’ health 
metrics are observed alongside high levels of patient compliance and 
satisfaction, consideration can be given to initiating formal studies 
on the scheme’s application. Studies indicate that, compared to 
traditional care, the HBCR scheme demonstrates superior cost-
effectiveness in treating patients with heart failure (49). Throughout 
the scheme’s application, scholars can construct Markov models to 
conduct precise cost-effectiveness analyses, thereby laying a robust 
foundation for its large-scale dissemination.

The strength of this study lies in the interdisciplinary nature of 
the recruited panel of experts. This ensures that the developed 
HBCR strategies are scientifically sound and reliable. Furthermore, 
based on the transtheoretical model of BCW, this study makes a 
significant contribution toward improving patients’ adherence to 
HBCR. However, there are still some limitations in this study. For 
instance, we did not include TAVR patients and their families in the 
Delphi panel. Besides, due to time constraints, the newly developed 
CR program in this study has not undergone clinical application 
research, and the applicability and sensitivity of the CR program 
need further investigation.

Conclusion

In this study, we constructed an intervention framework for 
HBCR for patients with TAVR based on CBM using a modified 
Delphi study. The strategies were categorized into seven domains: 
risk assessment for home, fostering motivation for HBCR for 
patients with TAVR, home risk factor management in patients 
with TAVR, symptom and follow-up management of patients with 
TAVR, home exercise management in patients with TAVR, 
creating a home recovery environment for patients with TAVR, 
policies and regulations related to digital HBCR. The method of 
constructing the intervention program is scientific and reliable, 
and the content is specialized. Healthcare professionals and 
patients’ families can be guided by the program to carry out high-
quality HBCR for patients with TAVR to improve the prognostic 
outcomes of patients.
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