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Abstract 

Background: Chronic heart failure (CHF) results in a significant health and economic 

burden to contemporary Australian society. Over the next decade the incidence of 

CHF is anticipated to increase markedly, due to an ageing population and the 

improved management of acute heart failure, highlighting the importance of 

developing innovative, evidence-based models of care to optimise CHF management.  

Nurses play an integral role in supporting patients with CHF, and in a community 

setting are often at the ‘front-line’ of patient management. Clinical care provided by 

nurses can vary depending on the nurse’s qualification and their associated scope of 

practice. Registered nurses provide education to patients on the aetiology of CHF, 

support for self-care including medication adherence, fluid management and lifestyle 

modifications, and act as a conduit between the patient and doctor. Nurse 

practitioners, take on the same role as registered nurses but have a broader scope of 

practice, which include titrating select CHF medications and requesting tests.  

In order to support the growing population of patients with CHF, alternative models of 

community-based heart failure management which utilise the clinical skills of nurses 

are urgently required.  

Aims: The aim of this thesis was to investigate the effects of two different models of 

community-based nurse-led CHF care, on patient self-care, quality of life and clinical 

outcomes. 

Methods: Two discrete studies were conducted. Study 1 evaluated the effects of a 

community-based, nurse practitioner-led clinic, providing education and follow-up 

support to patients with CHF, compared with a control group of patients who didn’t 

have access to community-based care. Study 2 was a randomised controlled trial of 

the effects of a nurse-supported telemonitoring intervention for patients with CHF. The 

intervention in the latter study was informed by a systematic review and subgroup 

meta-analysis of different telemonitoring strategies from prior studies in patients with 

CHF, and participants’ feedback of their experience of the telemonitoring program was 

evaluated through a post-intervention questionnaire.  
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Results: In Study 1, participants who received nurse-practitioner support had better 

self-care behaviour (p<0.05), mental component summary of the Short Form-36 

(p<0.05) and heart failure-specific quality of life (p<0.05). All-cause hospitalisations 

were delayed (p<0.05) and length of stay was shorter (p<0.05) in the group receiving 

nurse practitioner support, but there were no differences in CHF-related admissions.  

In Study 2, participants who received the telemonitoring intervention achieved 

significantly higher compliance with the a priori primary outcome of weighing 

themselves at least 6 days a week, compared with the usual care control group 

(intervention: 41/91, 45% vs control: 23/93, 25%; P<0.01).  

The majority of participants agreed or strongly agreed that the telemonitoring program 

was easy to use (61/67, 91%), easy to navigate (51/65, 78%), useful (59/65, 91%), 

and made them feel more confident in managing their weight (57/67, 85%). Themes 

arising from participants’ feedback included that the telemonitoring program increased 

support for early intervention of clinical deterioration, improved compliance to daily 

weighing, provided a sense of reassurance, and improved self-care and accountability. 

Conclusions: Community-based, nurse-led models of care improved self-care in 

patients with CHF. Telemonitoring appears to be a valuable adjunct to traditional 

approaches to patient management, providing support to patients remotely and 

increasing compliance and confidence with self-care behaviours. Further research 

involving implementation science approaches are required to support embedding 

these models of care into clinical services that are sustainable to help meet the 

challenges of managing patients with CHF into the future.   
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Chapter 1 - Introduction 

1.1 General introduction 

Chronic heart failure (CHF) is a chronic condition resulting from cardiovascular 

disease of varying aetiologies and is characterised by an impaired capacity of the heart 

to pump blood efficiently throughout the body.1 Common causes of CHF are 

myocardial infarction, hypertension, heart valve defects, coronary artery disease and 

viruses, however, there are many other less common causes.2 In the contemporary 

context, CHF is characterised based on whether left ventricular ejection fraction 

(LVEF) is impaired or not; heart failure with reduced ejection fraction (HFrEF) is 

typically considered as a LVEF of less than 40%, and heart failure with preserved 

ejection fraction (HFpEF) is typically considered as a LVEF of greater than or equal to 

50%. LVEF that ranges from 40 to 49% has been termed heart failure with mildly-

range ejection fraction (HFmrEF).2  

Chronic heart failure is a major public health burden and is increasing worldwide. In 

Australia, it is estimated that 2.1% of the population have CHF.3  Chronic heart failure 

accounts for almost one in 50 deaths, equating to one person dying of heart failure 

every three hours.4 

The prevalence of CHF is expected to rise dramatically in Australia over the next 

decade due to an ageing population and improved survival from acute cardiovascular 

events.5 Even though advances in medical treatment have led to increased survival 

following CHF diagnosis, the death rate for CHF patients remains high; 3648 deaths 

occurred in 2019.4 It has been estimated that approximately 325,000 Australians (4.5 

% of the population aged ≥ 45 years) were afflicted with this complex syndrome.6 

From an economic perspective, CHF is one of the most costly health care problems 

faced by the Australia health care system.  In 2015 -2016, there were approximately 

173,000 admissions where cardiomyopathy or heart failure were the primary 

diagnoses, representing an estimated hospitalisation rate of 1.6% of all hospital 

admissions.1 In 2017, the health care costs of CHF amounted to $3.1 billion per year.7 

Chronic heart failure patients are at high risk of relapse and much of the high health-

care cost of CHF relates to readmissions.8, 9 Therefore government, health care 
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providers, health insurers and patients need to explore new opportunities for improving 

the effectiveness and efficiency of CHF care.     

Over the past three decades, an increased understanding of the pathophysiology, in 

addition to evidence-based pharmacologic interventions such as angiotensin-

converting enzyme (ACE) inhibitors and β-adrenoceptor antagonists, and more 

recently angiotensin receptor neprilysin inhibitor (ARNI) and sodium-glucose 

cotransporter-2 (SGLT-2) have advanced the prognosis, quality of life and survival of 

patients with CHF.7, 9-13 Despite these improvements, high morbidity, mortality and 

readmission rates associated with CHF remain.9, 14 Factors contributing to this include 

poor compliance with medication, inadequately controlled ischemic heart disease or 

hypertension, ineffective discharge planning or follow-up and suboptimal self-

management.9, 14, 15 There are also many other barriers such as lack of awareness 

and continuing education for health professionals, time constraints, poor 

communication between different specialties, and cost factors.16, 17 As a consequence, 

non-pharmacologic interventions have become an essential element in the 

management of the patient with CHF, as an adjunct to medical therapy.18, 19 Nurses 

play an important role in supporting and encouraging patients in performing self-care 

in managing CHF.20 Because self-care activities can be demanding for some patients, 

the collaboration between patients and nurses is important for illness adaptation, self-

care success, and quality of life improvement,1, 20 and many patients benefit from the 

support and encouragement nurses can provide. 

The overarching objective of this thesis was to evaluate different models of nurse-

supported management of patients with CHF, focusing on patients with HFrEF, and is 

comprised of two discrete studies:  

Study 1 evaluated the effects of a community-based, nurse practitioner-led CHF 

management clinic on self-care behaviour and quality of life. An age and gender-

matched group of patients with CHF, but who were not offered community-based, 

nurse-supported heart failure management, were recruited as a control group.    

Study 2 involved a randomised, controlled trial of nurse-supported telemonitoring of 

patients with CHF. Participants randomised to the telemonitoring intervention were 

provided with a computer tablet, blue-tooth enabled weighing scales and access to 
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CHF self-management software which allowed a nurse to monitor the patients’ health 

and compliance with body weight measurements remotely. The telemonitoring 

intervention was patient-centred, providing patients with education and support for 

self-management and had a strong focus on coordination of care through the feedback 

of clinical information to help participants implement timely medical follow-up for 

episodes of clinical deterioration. Participants in the control group received usual care 

through their cardiologist, general practitioner or other support services. Participants  

feedback on the usability of the telemonitoring intervention to determine the benefits 

and barriers to using the telemonitoring intervention for CHF management was also 

evaluated. 

 

1.2 Aims and Hypotheses 

The specific research aims and hypotheses were: 

Study 1 

Aim 1: To evaluate the effects of a community-based, nurse practitioner-led clinic, 

involving education and follow-up support, compared with usual care. 

Hypothesis 1: A community-based nurse practitioner-led clinic involving education 

and follow-up support will improve self-care behaviour and quality of life in patients 

with CHF, compared with usual care. 

 

Study 2 

Aim 2: To evaluate the effects of a nurse-supported telemonitoring intervention, 

compared with usual care. 

Hypothesis 2a: Nurse-supported telemonitoring will improve weight monitoring 

compliance in patients with CHF, compared with usual care. 
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Hypothesis 2b: Nurse-supported telemonitoring will improve self-management skills, 

self-care behaviour and quality of life in patients with CHF, compared with usual care. 

Hypothesis 2c: Nurse-supported telemonitoring will improve clinical outcomes by 

reducing the rate and length of hospital readmissions in patients with CHF, compared 

with usual care. 

Aim 3: To evaluate patients’ feedback following participation in the nurse-supported 

telemonitoring program.  

This aim was not hypothesis driven.  

 

1.3 Thesis structure 

This thesis is presented as a thesis by publications. This format was selected for its 

many benefits such as writing the thesis efficiently, disseminating the research findings 

in a timely manner and refining my writing skills throughout my higher degree research 

journey. The publication strategy reflected the goal of reaching a diverse audience, 

spanning multiple professional areas including nursing, cardiology and digital health. 

Five manuscripts arising from the project, published in peer-reviewed journals, are 

presented in the thesis as chapters. Chapter 3 describes outcomes from a community-

based, nurse practitioner-led CHF clinic. Chapters 4-7 relate to remote telemonitoring 

in patients with CHF; Chapter 4 is a systematic review and sub-group meta-analysis 

of telemonitoring in CHF, Chapter 5 is a protocol paper for a randomised, controlled 

trial of nurse-supported telemonitoring in patients with CHF, the Innovative 

telemonitoring enhanced care program for chronic heart failure (ITEC-CHF), Chapter 

6 describes the main outcomes from the ITEC-CHF study and Chapter 7 reports 

usability and patient feedback from the ITEC-CHF study. Tables and figures have 

been embedded within the text. References are presented at the conclusion of each 

chapter. 
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Chapter 2 - Literature review  

2.1 Chronic heart failure  

2.1.1 Definition 

Chronic heart failure (CHF) is a chronic cardiovascular disease characterised by an 

inability of the heart to fill with or eject blood due to structural or functional cardiac 

abnormalities. The National Heart Foundation of Australia1 defines CHF as a condition 

that develops after the heart has been damaged or weakened due to medical events 

such as: 1) previous myocardial infarction (MI); resulting in scar tissue in the 

myocardium that impedes function; 2) hypertension (HTN); 3) a primary disease of the 

heart muscle, i.e. cardiomyopathy; 4) coronary artery disease (CAD) causing 

narrowing of the arteries that supply blood to the heart; 5) infection of the heart valves 

or heart muscles, i.e. endocarditis or myocarditis or; 6) cardiac valve disease, from 

rheumatic fever or other illnesses. Other causes of heart failure include drugs such as 

chemotherapy and methamphetamine, pregnancy (peripartum cardiomyopathy) and 

congenital heart conditions.  

2.1.2 Clinical characteristics of chronic heart failure  

Chronic heart failure is characterised by periods of relative clinical stability, interrupted 

by episodes of acute exacerbation when cardinal signs and symptoms are more 

evident. These symptoms can be quite diverse and may include new or worsening 

shortness of breath, palpitations, exercise intolerance (including fatigue and 

weakness), swelling of the ankles or legs, cough, weight gain, abdominal distension, 

nocturia and cool extremities.1-7 Symptoms of CHF vary markedly between individuals, 

depending on factors such as treatment adherence and the individual's capacity to 

compensate for inadequate cardiac function. 

Due to improvements in contemporary medical therapy and support systems for 

patients with CHF, many patients today experience longer periods of stability between 

exacerbations and experience less symptom burden. However, there continues to be 

a need for further development in treatment and management strategies to optimise 

patient outcomes. 
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2.2 Burden of chronic heart failure  

Chronic heart failure places a heavy burden not only on patients and their families but 

also on society, due to the pressure it puts on healthcare resources. Despite 

advancements in CHF management strategies, pre-discharge education, post-

discharge education and follow-up care 8-10, CHF remains a condition that has a 

significant negative physical, psychological and social impact on patients.11-13   

 

2.2.1 Prognosis in patients with chronic heart failure 

The natural history of CHF is clinical deterioration over time with worsening symptoms 

and more frequent and severe episodes of decompensation as the disease 

progresses, eventually resulting in death from progressive heart failure, cardiac 

arrhythmia or end-organ failure.7 Encouragingly, over the past 20 years, due to an 

evolving understanding of the pathophysiological mechanism of CHF, and 

improvement in treatment and management strategies, the prognosis of CHF while 

still poor has improved, with one, five, and 10-year survival rates increasing by 6.6% 

(from 74.2% in 2000 to 80.8% in 2016), 7.2% (from 41.0% in 2000 to 48.2% in 2012), 

and 6.4% (from 19.8% in 2000 to 26.2% in 2007), respectively.4 Accordingly, more 

people are living with CHF, highlighting the importance of new strategies to help them 

live well, despite their condition.  

 

2.2.2 Impact of chronic heart failure on hospitalisation and readmissions  

In Australia, it is estimated that 2.1% of the population have CHF.14 While CHF can 

affect individuals at any age, it is most common in older people,15-17 with most cases 

occurring in people over the age of 65.15, 18 In the United States, CHF is the leading 

cause of hospital admission among patients over 65 years of age, and in total is 

responsible for over 1 million hospital admissions annually.19 This increases the 

demands on health resources, places a burden on the healthcare system, and 

increases healthcare expenditure.20 In addition to primary hospitalisations, CHF is 
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responsible for high readmission rates, with up to 25% of patients being readmitted 

within 30 days after discharge from hospital 21, and 50% of patients readmitted within 

6 months.21 Many of these readmissions are preventable, attributed to factors such as 

insufficient patient education, poor compliance with prescribed medications, and 

inability to maintain self‐care behaviours.22  

 

2.2.3 Impact of chronic heart failure on quality of life  

Chronic heart failure symptoms may impair activity tolerance, cause depression, 

stress, and emotional disturbance, and as a consequence, negatively impact patients’ 

quality of life (QOL).12.23  Providing support to patients that help them optimise their 

QOL is considered a core component of CHF management because patients 

experiencing emotional distress are less likely to perform effective self-care.8 This has 

become increasingly important as the treatment options for CHF have improved, and 

life expectancy has increased.  

Quality of life can be assessed using instruments (questionnaires) that are either 

generic or disease-specific.24 Generic instruments involve general health questions 

applicable to a wide range of groups, age, diseases and cover a wide range of QOL 

domains,25, 26 such as the Short Form 36 (SF-36).27 Disease-specific instruments are 

specifically designed for heart failure-related QOL. The Minnesota Living with Health 

Failure (MLHF) Questionnaire25, 27 and the Kansas City Cardiomyopathy 

Questionnaire (KCCQ)28 are the most frequently used disease-specific instruments. In 

QOL research, it is recommended that both a generic and a disease-specific 

instrument be combined to synergise the advantages inherent in each instrument.25 

 

2.3 Chronic heart failure management 

Historically, CHF management focussed predominantly on acute care.29 However, 

there has been a changing focus towards more proactive and preventative 
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management models to help patients maintain optimal health between periods of 

decompensation and reduce the incidence and severity of these episodes.30, 31  

The National Heart Foundation of Australia and the Cardiac Society of Australia and 

New Zealand have outlined CHF management guidelines.1 The guidelines highlight 

the importance of an approach that combines pharmacological and non-

pharmacological treatment strategies for patients with CHF. Chronic heart failure is 

managed pharmacologically by a combination of ACE inhibitors/angiotensin II receptor 

blockers or angiotensin receptor neprilysin inhibitors, beta-blockers, vasodilators, 

aldosterone antagonists and diuretics and more recently, sodium-glucose 

cotransporter-2 (SGLT-2) inhibitors.1-3, 32-34 Non- pharmacological strategies such as 

regular physical activity, salt and fluid restrictions, and daily weighing to monitor for 

fluid retention, are important adjuncts to pharmacotherapy in comprehensive CHF 

management.  

The goals of CHF management are to reduce mortality and rehospitalisation rates and 

improve the quality of life for patients with CHF through individualised patient care. 

The Cochrane Review, "Disease management interventions for heart failure", 

identified three types of CHF disease management models; (1) clinic-based 

approaches, (2) case management, and (3) multidisciplinary.29 Nurses play a pivotal 

role in all these models. Successful CHF clinics may be predominantly nurse-led and 

generally require an ongoing commitment of resources, the application of established 

clinical practice guidelines, an appropriate infrastructure, and a culture of quality 

assessment.1, 29 Case management, which is usually specialist nurse-driven, may 

include education pre/post-discharge, specialist nurse home visits, scheduled 

telephone calls for symptom management, and instruction on when to seek help.1, 29 

Nurses are key drivers in the multidisciplinary care team for CHF management which 

are comprised of coordinated interventions and communications including patient–

caregiver education regarding their disease, medication and diet, nurse clinic visits, 

regular telephone calls, individualised follow-up plan, and access to physician, 

dietician, pharmacist,  social worker and physiotherapist/exercise physiologist.1, 29  
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2.3.1 The role of nurses in the management of chronic heart failure  

As described above, nurses (and nurse practitioners) play a critical role in CHF 

management and are responsible for much of the education provided to patients and 

their carers.1 Important education topics include disease awareness and 

understanding, the role of medications, lifestyle issues, self-management strategies 

and encouraging a healthy diet and regular exercise.35 Nurse practitioners are nurses 

with an advanced scope of practice and are uniquely credentialed to apply case 

management for patients with CHF.36 This extends to making decisions about 

medication titration and requesting blood tests as well as supporting patients in a 

holistic approach to managing their health, including co-morbidities.36 Heart failure 

education should commence while the patient is hospitalised. However, the 

opportunity for education may be limited due to competing clinical demands during the 

inpatient period, and the short duration of time some patients spend as an inpatient. 

This highlights the importance of further opportunities to provide CHF education after 

hospital discharge to empower CHF patients to make informed decisions about actions 

to take and those to avoid for effective self-care.37 An important element of CHF 

education is conveying information to improve self-care behaviours,38,39 because 

appropriate self‐care can reduce disease exacerbations, enhance quality of life, and 

lower costs for patients with CHF.40, 41 Self-care in CHF is described further in the next 

section. 

Nurses often take a focal role in case management of patients with CHF through close 

monitoring of patients post-discharge. This may involve face-to-face clinics, home 

visits,  telephone calls or telehealth.29 Similarly, nurses complement medical 

management in clinic-based approaches and are often the first line of assessment 

when patients attend the clinic.42, 43 Nurses are well-suited as primary educators 

because they can build trusting relationships by spending more time communicating 

with patients and their families.44, 45  

Nurse-led and nurse practitioner-led programs of care have been successfully applied 

to improve clinical outcomes in patients recently hospitalised with CHF.40, 46-52 

Systematic reviews and meta-analyses of randomised controlled studies of nurse-led 

post-discharge programs involving components such as self-care education, physical 
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examinations, psychosocial support, and education on heart failure management have 

been found to improve clinical outcomes. 46, 47, 49, 50, 52 For example, Ruppar et al. 52 

found that self-care interventions that emphasised medication adherence achieved a 

significant reduction in mortality and hospital readmissions in patients with CHF. A 

recent systematic review showed that advanced practise, nurse-led CHF management 

interventions demonstrated a decrease in mortality and length of hospitalisation whilst 

having positive effects on cost-benefit and improving the quality of life of patients with 

CHF.50 Similarly, another meta-analysis showed that comprehensive nurse-led 

discharge planning plus post-discharge support for patients with CHF significantly 

reduced readmission rates and may improve health outcomes such as survival and 

QOL without increasing costs.47 These data together suggest that nurse-led or nurse 

practitioner-led programs can improve QOL, reduce readmissions and mortality rates 

in CHF patients, and have potential cost-saving benefits.40, 46-51 

 

2.4 Self-care in patients with chronic heart failure 

2.4.1 Definition of self-care 

Orem's Self-Care Deficit theory identifies self-care as a learned, goal-oriented activity 

of individuals:  

"It is behavior that exists in concrete life situations directed by persons to 

self or to the environment to regulate factors that affect their own 

development and functioning in the interest of life, health, or well-being" 53 

Accordingly, self‐care involves activities performed intentionally by individuals, 

families and communities to promote health and prevent disease.54 In the context of 

CHF management, self-care involves a variety of actions including medication 

adherence, regular exercise, vaccinations, diet modification (restricting sodium, fat, 

cholesterol, and alcohol), abstinence from smoking and illicit drugs, and fluid 

restrictions and daily weighing to monitor fluid balance.1, 2, 55, 56,5,48 Monitoring weight 

is a key component in the self-care of CHF because rapid fluctuations in weight reflect 

fluid imbalance which may highlight that other aspects of self-care are not being 
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adhered to, or that the patient's heart failure is worsening. If neglected and untreated, 

fluid retention can lead to worsening symptoms and unplanned hospitalisation.1, 2, 55, 

56 When rapid weight gain occurs (increases by 2 kg over 2 days) in an individual with 

CHF, they should self-initiate some form of adjustment.1 For this adjustment to occur, 

they must have the knowledge to inform their action i.e. that an increase in diuretic 

dose, as advised by their treating clinician, will reduce fluid retention (outcome 

expectation), as well as the confidence that this action is the correct response to the 

weight gain (efficacy expectation).57  

Effective CHF self-care also depends on a patient's competency to recognise, 

understand and report signs and symptoms of clinical deterioration to healthcare 

providers.21, 58 A variety of health care strategies have been developed to provide 

support for patients to achieve this, including outpatient clinics, regular follow-up 

phone calls, home visits, and assistance from support groups and community health 

volunteers.8-10  In addition, CHF self-care can be supported by providing education, 

using a patient-centred care approach,38, 54 lifestyle modification programs, supporting 

patient education, and providing social and emotional support.8, 11  

The effectiveness of CHF management programs for improving self-care has been 

investigated in several systematic reviews.40, 46, 54,47 Buck et al. investigated the 

outcomes, context and components of dyadic self-care interventions.59 The review, 

which included 18 papers published between 2000 and 2016, found that self-care is 

related to the adaptation of behaviour and lifestyle. Outcomes of dyadic interventions 

were categorised into four groups: behavioural outcomes (carer tasks, self-care), 

cognitive outcomes (knowledge, perceptions control, readiness to care), affective 

outcomes (strain, social support, depression), and the utilisation of healthcare services 

(hospitalisations). Dyadic interactions in the context of CHF are important in relation 

to the experiences of stress, support and a sense of security of patients and 

caregivers. The systematic review reported a number of limitations of these studies, 

including small sample sizes, poor quality of studies, methodological weaknesses, 

mixed intervention effects, significant lack of reliable and detailed information, and 

unclear descriptions of the dose and amount of CHF intervention delivered. A second 

systematic review sought to identify strategies that assisted with accommodating self-

care recommendations into daily life.54 The authors reported that healthcare providers, 
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including nurses, need to understand that patients perceive self-care as an adaptation 

to their behaviours to maintain their quality of life. Furthermore, it was recommended 

that healthcare providers adopt individualised strategies for patients based on their 

different experiences, knowledge and self-care skills. The review demonstrated that 

negative emotions caused by CHF, such as depression and anxiety negatively affect 

patients' ability to engage in self-care. Therefore, the emotional reactions of patients 

and their personal experiences with CHF symptoms should be explored to optimise 

self-care strategies, and nurses can play a critical role in this process.60, 61 A further 

conclusion drawn by this review is that individualised CHF management, such as a 

case-management approach, should be adopted to improve CHF self-care and quality 

of life.54 Highlighting the importance  of patient-centred support for the efficacy of self-

care interventions, an integrative review of 19 randomised controlled trials found that 

studies that augmented standard education with cognitive behavioural strategies 

demonstrated significant improvement in knowledge and self-care among patients 

with CHF. The review concluded that standard education alone is not sufficient to 

improve self-care. This finding highlights the importance of augmenting standard CHF 

education by incorporating other approaches such as cognitive behavioural 

intervention, peer support and social support which nurses are well-placed to facilitate 

given that they are commonly the intermediary between the patient and their family, 

and other members of the multidisciplinary team. Another systematic review of nine 

randomised controlled trials that examined the effectiveness of self-care interventions 

in patients with CHF47 concluded that cognitive status, health literacy, depression, and 

self-efficacy or self-confidence were all important to self-care capacity among patients 

with CHF, and attention to these factors is important. Accordingly, nurse-led CHF 

management programs should consider these factors to tailor the best CHF 

management to patients. In addition, knowledge alone is insufficient to improve self-

care or decrease clinical events and/or symptom burden. Thus, augmenting education 

with interventions that will enhance self-confidence and empower patients effectively 

promotes optimal self-care and reduces symptom burden. 

CHF self-care strategies should include enhancing patients' understanding of CHF 

illness, the involvement of a family member in the care process, and providing patients 

with psychological and social support.62 Over 60% of the included studies included in 
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the systematic review showed that effective follow-up care or support provided by 

healthcare providers had a significant positive impact on self-care, with the role of the 

nurse central to this process. The review suggested that the effectiveness of CHF 

strategies is decreased when healthcare providers focus on simply delivering 

information during follow-up visits or prioritising treatment goals over the goals, 

preferences, values or cultural beliefs of patients.62  

Despite the comprehensive efforts made to improve self-care, the two most common 

reasons for unplanned hospitalisation in patients with CHF continue to be non-

adherence to prescribed medication and not seeking medical care in a timely 

fashion.63-67  Indeed, it has been estimated that up to 70% of hospitalisations due to 

CHF are preventable, with ineffective CHF self-care a significant contributing factor. 

Accordingly, new strategies to support self-care are warranted that combine traditional 

approaches to CHF management with innovative nurse-led strategies and new 

technologies which allow nurses to focus on the patient's continuing therapeutic care 

through support, education and action.  

 

2.5 Telemonitoring in patients with chronic heart failure 

Digital health technology is a rapidly evolving area of healthcare which offers 

significant potential to complement traditional CHF management approaches. 

Telemonitoring is a form of digital health which draws on digital technology to help the 

healthcare provider monitor the patient remotely, such as in their own home. This can 

enable patients with chronic illnesses such as CHF to remain at home while improving 

healthcare access and reducing healthcare costs.66, 68, 69 

Telemonitoring involves the remote assessment of real-time physiological data and 

can be used to guide clinical decision-making. There are four main approaches to 

telemonitoring in CHF: i) structured telephone support, ii) stand-alone telemonitoring 

devices, iii) implantable/invasive remote monitoring systems, and iv) wearables.70 

Telemonitoring allows healthcare providers to be alerted when measurements exceed 

a predetermined threshold so that support can be provided to patients in a timely 
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manner. This provides an opportunity for early clinical intervention to prevent further 

exacerbation of a condition. 

Telemonitoring can be applied to case management of CHF and as a mechanism for 

supporting a nurse-led self-care model. As described in previous sections, many 

patients require a degree of support to effectively self-manage chronic conditions such 

as CHF.71 If alerted early, nurses or other healthcare providers can intervene when a 

person's health is declining, potentially preventing costly escalations in care, including 

hospitalisation.  

Daily weight monitoring is a strong case in point, as it is a sentinel for fluid retention, 

which may reflect poor medication compliance (especially for diuretics), lack of 

adherence to fluid restriction or clinical deterioration. However, weight monitoring is 

often inconsistent amongst patients72-74, so there is a clear need to provide support for 

daily weight monitoring in the care of CHF.  

Several systematic reviews and meta-analyses have been performed that highlight the 

benefits of nurse-led telemonitoring in CHF. These studies showed that nurse-led 

telemonitoring is associated with a reduced risk of all-cause mortality and CHF-related 

hospitalisations.56, 69, 75-77  There are also additional benefits of improved QOL, 

reduced cost of management and improved self-care among CHF patients enrolled in 

telemonitoring programs targeted at body weight.78-81  

Telemonitoring in CHF is addressed in more detail through a systematic review and 

sub-group meta-analysis in Chapter 4 of this thesis. 

To provide context to the impact of the COVID-19 pandemic on the adoption of 

telemonitoring, it's important to understand the timeline of events leading up to the 

thesis submission. Here's an explanation of the pre-COVID project and the 

subsequent thesis submission: 

Pre-COVID Project (Before the Pandemic): 

• The research project, which served as the foundation for the thesis, was 

conducted before the COVID-19 pandemic emerged. 
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• At that time, the world was operating in a relatively normal healthcare 

environment, and the use of telemonitoring in CHF management was gradually 

gaining attention but had not yet reached its peak adoption.82 

• Data collection, analysis, and thesis preparation were conducted in this pre-

COVID environment. 

Thesis Submission (During/After the COVID-19 Pandemic): 

• The COVID-19 pandemic had a profound and transformative impact on 

healthcare practices, including the use of telemonitoring.83, 84 

• As the thesis was being prepared for submission, the world was experiencing 

the effects of the pandemic, including lockdowns, restrictions on in-person 

healthcare visits, and the need to minimise the risk of virus transmission. 

The COVID-19 pandemic has accelerated the adoption of telehealth and 

telemonitoring technologies for heart failure management.85, 86 Due to the need to 

minimize in-person healthcare interactions and reduce the risk of virus transmission, 

both patients and healthcare providers turned to telehealth solutions.87 This rapid 

adoption has transformed the way heart failure is managed, making remote 

monitoring, teleconsultations, and telemedicine a more common component of care 

delivery.82-84 

The COVID-19 pandemic has driven a significant shift in heart failure management, 

with the increased use of telehealth and telemonitoring at the forefront.82 This 

transformation has not only improved access to care but has also paved the way for a 

more data-driven, patient-centred, and adaptable approach to heart failure 

management.84, 88 It is likely that these changes will continue to shape the field in the 

post-pandemic era. 

 

2.6 Summary 

This chapter has provided an overview of the key constructs and epistemological 

underpinnings of nurse-led management modalities for people with CHF.  
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Nurses are integral to the care of patients with CHF. While studies to date demonstrate 

that nurse-led CHF management programs can improve patient outcomes, there 

remains a need to explore targeted approaches to nurse-led CHF management that 

investigate innovative models of CHF care. 

The current thesis explored two such models where nurses worked independently in 

a community setting to support patients with CHF;  

1. A nurse practitioner service involving mixed modes of care provision (face-to-face, 

telephone and home visits).  

2. A nurse-led telemonitoring program that provided CHF patients with support based 

on changes in body weight, a sign of non-adherence with self-care guidelines and an 

early indicator of clinical deterioration.   
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3.1 Background 

Chronic heart failure (CHF) is a major public health burden, affecting 2-3% of the 

population with prevalence rising steeply to over 20% in people aged over 65 years.1 

Episodic exacerbations and rehospitalisation are common in patients living with CHF 

and contribute significantly to the high health-care costs associated with the disease.2 

However, many readmissions are considered preventable with better self-

management such as following sodium and fluid restrictions, adhering to evidence-

based medication, undertaking regular exercise, and knowing when to seek medical 

support in the event of changes in clinical status.3, 4 

Co-morbidities are also common in patients with CHF, and these often complicate care 

and increase the risk of adverse events, especially in older patients.5 For example, the 

high incidence of concomitant conditions including frailty,6 type two diabetes, renal 

dysfunction, anaemia, cognitive deterioration, and depression can all make the 

management of patients with CHF particularly challenging and contribute to the high 

rates of hospitalisation.6, 7 

Many patients with CHF are managed in a primary care setting and may lack a 

structured system of care to help manage their condition including effective self-

management.8 Accordingly, there is a need to design and evaluate strategies, with 

patient education at the core, to improve self-management behaviour of patients with 

CHF that targets both CHF and other co-morbid conditions, an approach that has been 

shown in various settings to improve clinical outcomes.7 Patient self-management in 

community-based disease management programs that monitor patients at regular 

intervals shows promise in delaying disease progression and improving quality of life 

for patients with CHF.9 

Even though self-management is a patient action, it is most effective when 

implemented with support and education from health care professionals.10 Nurse 

practitioners are qualified registered nurses who have been trained and completed 

postgraduate qualifications in clinical practice in a selected specialisation. They are 

credentialed through registration with the Nursing and Midwifery Board of Australia to 

apply an advanced scope of practice, including diagnosing and treating a wide range 
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of health conditions; designing and implementing therapeutic regimens; initiating 

referral to other health professionals; ordering and interpreting pathology and 

radiology tests; prescribing and reviewing medications.11 Nurse practitioners can play 

an important role in educating and supporting patients in performing self-care12 and 

have prescriptive privileges in Australia including renewing, adjusting or prescribing 

medications as necessary.11 In the case of CHF, this extends to making decisions 

about patient management such as medication titration in response to changing 

clinical status13 and supporting patients in a holistic approach to managing their health, 

including co-morbidities. 

 

3.2 Aim 

The aim of this study was to evaluate the effects of a community-based CHF 

management program, delivered by nurse practitioners, on self-care behaviour, quality 

of life and hospitalisation outcomes derived from linked hospital morbidity data.   

 

3.3 Methods 

This study compared the effects of a community-based, CHF management program 

delivered by nurse practitioners, the SmartHeart Living Well with Heart Failure Service 

(SmartHeart), with usual care. We undertook a pragmatic trial to compare the effects 

of SmartHeart, with a control group who received standard post-discharge CHF care 

but did not have access to a specialised nurse practitioner CHF clinic. 

This study was registered with the Australian New Zealand Clinical Trials Registry 

(Number 12614000421639). Ethics approval was obtained from the Human Research 

Ethics Committees at Royal Perth Hospital (REG 13–171) and Curtin University 

(HR12/2014). All participants in the study provided written informed consent. 
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3.3.1 Participants 

Participants in the intervention group were recruited from patients who attended the 

SmartHeart service following a tertiary hospital admission and consented to take part 

in the study. Control participants were patients admitted to the same tertiary hospital 

following the cessation of the SmartHeart Service (Figure 3.1). The Control Group 

received usual care, including follow-up by a General Practitioner (GP) or Cardiologist. 

Inclusion criteria for both groups were a hospital admission due to CHF as 

documented by International Classification of Diseases, Tenth Revision, Clinical 

Modification (ICD-10-CM) diagnoses codes14, a left ventricular ejection fraction of less 

than 40% and New York Heart Association Functional Class I-III. Patients were 

excluded from the study if they were unwilling or unable to provide informed consent, 

had been diagnosed with a terminal illness such as cancer and had an estimated life 

expectancy of less than one year, or had significant cognitive impairment or physical 

disability that was likely to impact on their capacity to engage in self-care behaviours. 
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Figure 3.1. Participant enrolment, group allocation and follow-up. 

 

3.3.2 SmartHeart Intervention 

Referral to SmartHeart occurred following tertiary hospital admission for CHF. 

SmartHeart was conducted in a multidisciplinary university clinic for 12 months and 

was designed to help patients understand their condition and its treatment to enhance 

self-care and maximise their utilisation of support services. At the patients’ initial 

appointment, a nurse practitioner conducted a clinical assessment and patients were 
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provided with education in self-management strategies and healthy lifestyle including 

the provision of an individualised CHF management plan, based on the Cardiac 

Society of Australia and New Zealand CHF Management Guidelines,13 addressing 

medication adherence, diet, physical activity and maintaining fluid balance. Patients 

and their families received CHF education to support the patients in establishing an 

effective self-care regimen including adhering to prescribed medication with a flexible 

diuretics regime, restricting the intake of fluids and sodium and monitoring and early 

reporting of signs and symptoms characteristic of clinical deterioration such as weight 

gain, increased breathlessness and oedema. Comorbidities were documented and 

follow up care for these conditions was arranged as indicated. At each visit, the nurse 

practitioner obtained an interim history and performed a general assessment on the 

patient including titration of patient medication as required with close monitoring of 

blood chemistry following medication adjustment in accordance with the advanced 

scope of practice afforded nurse practitioners. This enabled the nurse practitioners to 

tailor care according to clinical requirements and arrange subsequent follow-up 

appointments to suit patients’ healthcare needs and goals through a case 

management approach. This included the option of clinic appointments, telephone 

follow-up, home visits and clinics conducted through a mobile health service.15 

Frequency of visits was determined by the nurse practitioner based on the patient’s 

clinical status. If the nurse practitioner identified that treatment wasn’t consistent with 

guidelines, or there were signs of clinical deterioration (i.e. fluid retention, worsening 

symptoms), patients’ GP and/or Cardiologist were consulted, and treatment was 

amended in accordance with best practice guidelines. When patients were stable and 

well informed about self-management, they were discharged from the service for 

ongoing care by their GP and/or Cardiologist, independent of SmartHeart. Discharge 

from the service routinely occurred within six months of the initial appointment. 

Participants were enrolled from February 2013 to September 2014. 

 

3.3.3 Assessments 

Demographic and clinical characteristics were collected from a medical record review. 

Several questionnaires described below were administered by an independent nurse 
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researcher after participants in the intervention group had engaged with, and been 

discharged from, the SmartHeart service approximately 12 months after patients’ initial 

SmartHeart appointment (344.9±79.7 days; mean ± SD), to evaluate the enduring 

effect of the program on self-care behaviour and quality of life. In the control group, 

questionnaires were administered approximately six months after discharge following 

patients’ index hospital admission (181.9±131.4 days). Participants were followed up 

from September 2014 to August 2015. 

Self-care behaviour was assessed by the Self-Care Heart Failure Index v.6.2 

(SCHFI).16 This questionnaire contains 22 items measured on a 4-point self-reported 

Likert scale divided into three subscales: self-care maintenance, self-care 

management, and self-confidence. The scores for each subscale range from 0 to 100 

points. Higher scores reflect greater self-care behaviour and scores ≥70 points for 

each subscale indicate appropriate self-care behaviour.16 

Generic quality of life (QOL) was assessed using the Short Form (SF)-36 

questionnaire which provides information about individuals’ multidimensional 

psychosocial health and includes a physical component summary (PCS) and mental 

component summary (MCS), comprising wellbeing and personal evaluations of health 

that is suitable for use in CHF trials when used in combination with disease-specific 

questionnaires.17 PCS and MCS outcome measures are scored from 0 to 100, with 

100 representing optimal health and 0 representing the poorest health on the scale.17 

The Minnesota Living with Heart Failure Questionnaire (MLHFQ) was employed to 

assess disease-specific QOL. This tool measures the physical, emotional, social and 

mental dimensions of quality of life as it relates to CHF using a 6-point Likert scale.18 

MLHFQ is a 21-item scale, with a scoring range of zero for no impairment, to 105 for 

maximum impairment. It provides a total score (range 0–105, from best to worst QOL), 

as well as scores for two dimensions, physical (eight items, range 0–40) and emotional 

(five items, range 0–25).19 
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3.3.4 Clinical outcomes 

Hospitalisation data were collected from the Western Australian Hospital Morbidity 

Database. This health administrative data set records all hospital admissions in private 

and public hospitals, in both rural and metropolitan areas, in the state of Western 

Australia, providing a robust method for data linkage. Clinical outcomes included were 

hospitalisation due to all-causes and due to a primary diagnosis of CHF. 

To ensure consistency between the SmartHeart Group and Control Group, patients 

start date for clinical outcome follow-up was derived from the date of discharge 

following their index hospital admission. The index hospital admission in the 

SmartHeart Group was defined as the admission that preceded their referral to 

SmartHeart. For the Control Group, the index hospital admission was the admission 

that resulted in the invitation to participate in the Control Group. Hospitalisation data 

were calculated from 30 days post-discharge of the index hospitalisation in both 

groups to enable sufficient time for those in the SmartHeart Group to commence the 

SmartHeart service. Readmission rates, length of stay, and emergency department 

presentations were subsequently reviewed for the 12-month period commencing at 

this time point, for both groups (Figure 3.2). 

 

Figure 3.2. Timeline of participant follow-up. 
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3.3.5 Statistical analyses 

Data analysis was conducted using SPSS v25 software. Descriptive statistics were 

computed for sample demographics and reported using frequency distributions and 

percentages for categorical variables and mean and standard deviation for continuous 

variables. Differences between the control and intervention groups’ total scores and 

individual question responses were analysed using paired t-tests.  Pearson χ2 test 

was used to test for differences in categorical variables and the t-test or Mann-Whitney 

test for continuous variables. The Kaplan–Meier product-limit method was used to 

describe time to clinical events (rehospitalisation due to CHF and all causes). The log-

rank test was used to compare differences in time to the event between the groups. 

P<0.05 was considered statistically significant. 

 

3.4 Results 

The study sample comprised of 58 participants in the SmartHeart Group and 58 

participants in the Control Group. Participants in each group were well matched for 

gender, age, CHF severity, prescribed medication, and demographics.  The majority 

of participants in each group had at least moderate heart failure (NYHA Class II-III) 

(Table 3.1). More than two-thirds of the participants were receiving government 

benefits (aged-pension, disability or sickness benefits) and over a third in each group 

lived alone.   
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Table 3.1 Participant characteristics of the SmartHeart versus Control Group. 

  SmartHeart Control 

Demographic data N = 58 N = 58 

Age  69.9 ± 13.2 67.9 ± 12.2 

Female gender  19 (32.8%) 20 (34.5%) 

Social status Lives alone 20 (34.5%) 25 (43.1%) 

 Lives with spouse 30 (51.7%) 31 (53.4%) 

 Lives with children 5 (8.6%) 2 (3.4%) 

 Lives with extended family 3 (5.2%) 0 

Employment status Employed 13 (22.4%) 8 (13.8%) 

 Unemployed 4 (6.9%) 6 (10.3%) 

 Receiving Government benefits 41 (70.7%) 44 (75.9%) 

Baseline medical data   

LVEF  26.3% 22.7% 

NYHA class 1  18 (31.0%) 17 (29.3%) 

NYHA class 2  28 (48.3%) 30 (51.7%) 

NYHA class 3  12 (20.7%) 11 (19.0%) 

NYHA class 4  0 0 

IHD  43 (74.1%) 35 (60.3%) 

Non-IHD  15 (25.9%) 23 (39.7%) 

AF  37 (63.8%) 31 (53.4%) 

T2DM  29 (50.0%) 20 (34.5%) 

Pacemaker  10 (17.2%) 8 (13.8%) 

ICD  12 (20.7%) 10 (17.2%) 

Medications    

ACE inhibitor  38 (65.5%) 32 (55.2%) 

Angiotensin II blocker 13 (22.4%) 12 (20.7%) 

Beta-blocker  46 (79.3%) 37 (63.8%) 

Loop inhibitor  40 (69.0%) 45 (77.6%) 

Aldosterone 

antagonist 

 24 (41.4%) 25 (43.1%) 

Digoxin  14 (24.1%) 7 (12.1%) 

Warfarin  10 (17.2%) 11 (19.0%) 
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All data presented as n (%) or mean ± SD unless specified otherwise. LVEF = Left ventricular 

ejection fraction; NYHA = New York Heart Association; IHD = Ischaemic heart disease; AF = 

atrial fibrillation / atrial flutter; T2DM = Type II Diabetes Mellitus; ICD = Implantable cardioverter 

defibrillator; ACE = angiotensin-converting enzyme. 

Awareness of self-care behaviour was significantly higher in the SmartHeart compared 

with the Control Group for all three subscales; self-care maintenance, self-care 

management and self-care confidence (p<0.05) (Table 3.2).  

There was a higher rating for the MCS component of the SF-36 in the SmartHeart 

Group, but no difference in PCS (Table 3.2).  

For the disease-specific MLHFQ, participants in the SmartHeart Group rated their 

overall QoL significantly better than the Control Group. Similarly, there was a 

significantly better rating of physical (p<0.05) and emotional (p<0.05) functioning in 

the SmartHeart, compared with the Control Group (Table 3.2). 

 

Table 3.2 Self-care and quality of life questionnaire outcomes of participants in 

the SmartHeart versus Control Group. 

 Smart Heart Control p-Value 

SCHFI    

Maintenance 76.7 ± 10.9 52.1 ± 16.1 p< 0.05 

Management 82.0 ± 13.3 46.4 ± 16.4 p< 0.05 

Confidence 88.7 ± 14.6 40.6 ± 21.0 p< 0.05 

 

SF-36 

   

PCS 47.4 ± 12.8 45.4 ± 12.4 NS 

MCS 81.7 ± 23.8 61.6 ± 22.0 p< 0.05 

 

MLHFQ 

   

Total score all items 28.4 ± 14.6 49.6 ± 21.6 p< 0.05 

Physical items 13.9 ± 7.6 22.0 ± 9.6 p< 0.05 

Emotional items 

 

5.4 ± 4.1 11.3 ± 6.0 p< 0.05 
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All data presented as mean ± SD.  SCHFI = Self-Care Heart Failure Index; PCS = Physical 

Component Summary; MCS = Mental Component Summary; MLHFQ = Minnesota Living with 

Heart Failure Questionnaire. 

 

SmartHeart participants had delayed, and fewer overall, rehospitalisation events 

compared to participants in the Control Group over the 12-month follow-up period; 43 

participants in the Control Group compared with 36 participants in the SmartHeart 

Group were hospitalised at least once over 12 months of follow-up (p<0.05) (Figure 

3.3).  

Mean length of stay for all-cause hospitalisations was significantly lower (p<0.05) in 

the SmartHeart Group, leading to a lower total number of days of hospitalisation 

(p<0.05). Analysis of all-cause hospitalisation, excluding rehabilitation admissions, 

revealed that mean length of stay tended to be lower in the SmartHeart Group, 

achieving borderline statistical significance (p=0.05) compared with the Control Group 

(Table 3.3). 
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Table 3.3 Hospital readmissions and Emergency Department presentations over 

one year of follow-up in the SmartHeart versus Control Group. 

 SmartHeart 

(n = 58) 

Control 

(n = 58) 

p-value 

ED presentations    

Participants with 0 presentations, n (%) 24 (41.4) 26 (44.8) NS 

Participants with 1 presentation, n (%) 12 (20.7) 15 (25.9) NS 

Participants with 2 presentations, n (%) 7 (12.1) 8 (13.8) NS 

Participants with ≥ 3 presentations, n (%) 15 (25.9) 9 (15.5) NS 

Total ED presentations 89 93 NS 

Hospital admissions     

Chronic heart failure related    

Number of admissions, n 23 24 NS 

Mean length of stay (days) 1.8 ± 6.4 2.8 ± 5.9 NS 

Total (days) 102 163 NS 

All-cause    

Number of admissions, n 131 113 NS 

Mean length of stay, all-cause (days) 9.0 ± 11.5 20.1 ± 21.6 p< 0.05 

Total (days) 416 664 p< 0.05 

All-cause, excluding rehab. admissions    

Number of admissions, n 130 106 NS 

Mean length of stay (days) 8.2 ± 11.2 14.9 ± 16.6 (p=0.05) 

Total (days) 401 493 (p=0.05) 

All data presented as n (%) or mean ± SD unless specified otherwise. 

ED = Emergency Department.   
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There were no differences in the number of CHF-related hospital admissions or length 

of stay due to a CHF admission. Similarly, neither the total number of Emergency 

Department presentations nor the number of participants with zero, one, two or at least 

three Emergency Department presentations differed between groups.  

 

 

Figure 3.3 All cause hospital admission in the SmartHeart and Control Groups. 

 

3.5 Discussion 

In this evaluation of the effect of a community-based, nurse practitioner-led CHF 

management service, we observed significantly higher awareness of CHF self-

management strategies and better quality of life in patients who had received nurse 

practitioner support compared with a well-matched cohort of patients who did not 

attend the clinic. While this was not associated with a reduction in CHF-related 

admissions, participants receiving the SmartHeart intervention had lower all-cause 

hospitalisations than the Control Group, suggesting improved management of the 

comorbidities commonly experienced by patients with CHF. 
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Patients receiving the SmartHealth intervention had better self-care across the 

subscales of ‘management’, ‘maintenance’, and ‘confidence’. Education was a core 

component of the nurse practitioner service and was provided via written material, 

through face-to-face consultations and by phone call follow-ups between nurse 

practitioners and patients. Patient education is an important facilitator of self-

management, through improved awareness of signs and symptoms, and better 

adherence to a healthy lifestyle and medical treatment.20 Patients with CHF frequently 

lack the knowledge, confidence, and support to be actively involved in their own care, 

and their adherence to behaviours important for long-term health is often suboptimal.15 

Notably, in the current study, the higher level of self-care behaviour in the SmartHeart 

Group compared with Controls, was sustained for at least six months following the 

completion of the SmartHeart program, highlighting that a time-limited intervention can 

have ongoing benefits. Improved self-care behaviour has previously been associated 

with an improved ability to recognise and respond appropriately to adverse signs and 

symptoms of CHF,21 which in turn has been associated with reduced emergency 

department visits22 and hospital admissions.21 In the current study, better self-care 

metrics did not translate to a reduction in CHF-related hospitalisations. The lack of a 

significant effect may reflect the relatively small sample size and limited power to 

detect a significant difference. We also excluded hospital admissions in the first month 

following hospital discharge, which is known to be the period that patients are at 

highest risk of readmitting,23 which would likely have reduced the sensitivity of the 

project to detect a change in CHF admissions. Nevertheless, it is apparent that 

evidence-based strategies should be tailored to patient’s individual needs, while 

communicating best practice standards for CHF disease management. 

The study observed that patients with CHF who received nurse practitioner support 

experienced significantly better psychosocial outcomes and had better self-

management strategies than those who did not. These findings are comparable with 

other studies which have found that patients who have attended a nurse-delivered 

CHF program feel more capable of dealing with disease-related symptoms and 

experience a better QoL than those who did not participate in such programs.20 The 

results of our study validate the contribution of a nurse practitioner-led self-

management intervention in attaining better patient outcomes including improved self-
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care behaviour and QOL. The results also suggest that the community-based 

intervention encouraged patients’ maintenance of self-care behaviours, highlighting 

the value of nurse practitioner-patient engagement. 

While there was no difference between groups in all-cause or CHF-specific 

hospitalisations during the 12-month follow-up period, participants who engaged in the 

SmartHeart program had delayed rehospitalisation, a shorter mean length of stay and 

lower overall days of hospitalisation due to all causes. Higher self-care maintenance 

has previously been found to be associated with reduced all-cause hospitalisation 

length of stay in a nurse-led CHF clinic.24 Together, these findings provide support for 

community-based CHF clinics as a valuable adjunct to medical care in the 

management of CHF and the advanced skills of nurse practitioners are well suited in 

this context. The lower total days of hospitalisation observed in the SmartHeart Group 

were due predominantly to lower admissions to rehabilitation settings due to post-fall 

complications which were more prevalent in the Control Group. The high rate of 

rehabilitation-related admissions may reflect the mean age of participants in the study 

(almost 70) who may be at increased risk of frailty due to the effect of long-term chronic 

illness, impaired mobility, cognitive impairment, and medication.25 CHF and frailty 

often co-exist and patients with both are likely to have worse outcomes including falls, 

hospitalisation, and mortality.7 

 

3.6 Limitations of the study 

There are several limitations to this study that warrant highlighting. The objective of 

the study was to conduct a pragmatic trial to evaluate the efficacy of a ‘real world’ 

nurse practitioner-led CHF program, compared with standard post-discharge care 

which did not include the provision of formal post-discharge education and support for 

CHF self-management. The Control Group was recruited post-cessation of the nurse 

practitioner-led CHF program due to the time-limited nature of funding for the 

SmartHeart service. Furthermore, because the SmartHeart program was delivered 

using a flexible approach according to what the nurse practitioners deemed most 

appropriate for individual patients, it is not possible to determine which specific aspects 
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of nurse practitioner care contributed to the observed outcomes, nor whether similar 

outcomes would have been achieved by registered nurses. Another potential limitation 

relates to the difference in the length of time that had elapsed between the index 

admission and the evaluation of self-care behaviour and QoL, which was 

approximately 12 months in the SmartHeart group compared with approximately six 

months in the Control Group. However, this supports the sustainability of the 

SmartHeart intervention. 

 

3.7 Conclusions  

The current study shows that a nurse practitioner-delivered model of chronic disease 

management results in better self-care behaviour, improved quality of life and reduced 

hospital admissions, compared with usual care in patients with CHF. These findings 

are particularly relevant to older patients with co-morbidities, many of whom are 

managed in a primary care setting. Based on these findings, programs of this nature 

should be more widely available to help address the challenges of managing patients 

with CHF in primary healthcare. 

 

3.8 Implications for research, policy, and practice 

Nurse practitioner-delivered models of CHF management should be more widely 

available to help address the challenges of managing patients with CHF in primary 

care. Future randomised controlled trials, that are adequately powered to evaluate the 

effects of nurse practitioner support on CHF hospitalisations and mortality, are 

required to more comprehensively investigate the effects of nurse practitioner 

management of CHF in a community setting. 
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4.1 Overview 

Chronic heart failure (CHF) is a severe chronic disease1 affecting over 26 million 

people worldwide.2 Despite advances in modern medical therapy3 and 

multidisciplinary clinical care4, CHF continues to manifest a poor quality of life5, 

frequent hospitalisations6,7, low survival rates8, and high health care expenditure. 2 

Telemonitoring has been extensively studied as an innovative approach to enable care 

providers to remotely monitor patients at home and provide timely intervention in the 

event of clinical deterioration. Over the past two decades, many enabled care 

programs have been developed and evaluated, and several reviews have 

demonstrated the potential of using telemonitoring interventions to reduce mortality9-

11 and hospitalisations9,11 in CHF care. However, the outcomes from individual 

randomised controlled trials (RCTs) are heterogeneous, with nonsignificant effects 

obtained in several large and well-designed RCTs12-14. Owing to these mixed 

outcomes, the use of telemonitoring in CHF care has been questioned15,16 and has not 

yet been embraced in clinical recommendations.17,18 

Mixed outcomes in telemonitoring studies have been attributed to insufficient support 

from cardiologists, unsatisfactory patient compliance19,20, low predictive power for 

clinical deterioration14, and improvements in usual care.14,18 However, these findings 

were limited to narrative analyses of individual telemonitoring studies. Several reviews 

have evaluated specific approaches to CHF care, including mobile health (mHealth)21-

23; structured telephone11,18, videophone, and interactive voice response devices24; 

education alone; pharmacist interventions; and clinical support by various care 

providers25. These reviews provide valuable insight into the effectiveness of specific 

types of interventions but do not explain the mixed outcomes across telemonitoring 

interventions involving different components of care. 

To address the existing knowledge gap, we conducted a systematic review and meta-

analysis using a novel approach of evaluating the effect of different non-invasive 

telemonitoring strategies on reduced all-cause mortality and hospitalisation to identify 

which strategies were associated with these outcomes. 

https://www.jmir.org/2020/11/e20032/#ref1
https://www.jmir.org/2020/11/e20032/#ref2
https://www.jmir.org/2020/11/e20032/#ref3
https://www.jmir.org/2020/11/e20032/#ref4
https://www.jmir.org/2020/11/e20032/#ref5
https://www.jmir.org/2020/11/e20032/#ref6
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https://www.jmir.org/2020/11/e20032/#ref9
https://www.jmir.org/2020/11/e20032/#ref11
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https://www.jmir.org/2020/11/e20032/#ref15
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https://www.jmir.org/2020/11/e20032/#ref18
https://www.jmir.org/2020/11/e20032/#ref19
https://www.jmir.org/2020/11/e20032/#ref20
https://www.jmir.org/2020/11/e20032/#ref14
https://www.jmir.org/2020/11/e20032/#ref14
https://www.jmir.org/2020/11/e20032/#ref18
https://www.jmir.org/2020/11/e20032/#ref21
https://www.jmir.org/2020/11/e20032/#ref23
https://www.jmir.org/2020/11/e20032/#ref11
https://www.jmir.org/2020/11/e20032/#ref18
https://www.jmir.org/2020/11/e20032/#ref24
https://www.jmir.org/2020/11/e20032/#ref25
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4.2 Aim 

The aim of this systematic review and subgroup meta-analysis was to identify non-

invasive telemonitoring strategies attributing to improvements in all-cause mortality or 

hospitalisation outcomes for patients with chronic heart failure. 

 

4.3 Methodology 

4.3.1 Literature Search 

This review was performed according to the Cochrane Collaboration methodological 

guidelines.26. We conducted a literature search in the PubMed, EMBASE, CINAHL, 

and Cochrane Library databases, covering the publication period from January 1990 

to February 2020. The publications were required to be: 

(1) relevant to telehealth, telemedicine, telemonitoring, telecare, internet, mobile, 

smartphone, remote monitoring, or home monitoring;  

(2) involving patients with CHF;  

(3) in the English language.  

An information specialist officer at the Commonwealth Scientific and Industrial 

Research Organization (Brisbane, Australia) and an expert librarian at Curtin 

University, Western Australia, Australia helped develop the bibliographies and conduct 

the database search (for a more complete description of our search strategy, see 

Table 4.1). 
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Table 4.1 Databases and search strategy in the literature search. 

 

Two investigators (HD and SC) independently reviewed the articles obtained. 

Disagreements between the two investigators were resolved by a third reviewer (AM 

or IE). 

 

4.3.2 Scope of telemonitoring 

In this review, we employed a hierarchical structure considering that telehealth 

encompasses telemonitoring, as well as eHealth care processes and communication, 

telemedicine, and mHealth.27. We then defined the scope of telemonitoring as “the use 
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of information technology to monitor patients at a distance,” as described by Meystre.28 

Finally, we included a telemonitoring intervention in the analysis if it involved “the 

transfer of physiological data such as blood pressure, weight, electrocardiographic 

signals, or oxygen saturation through technology such as telephone lines, broadband, 

satellite, or wireless networks”.27  

 

4.3.3 Inclusion and Exclusion Criteria 

This review focused on non-invasive telemonitoring interventions evaluated through 

an RCT. The inclusion criteria were: (1) studies evaluating telemonitoring for CHF for 

at least 3 months, (2) prospective RCTs comparing telemonitoring-based care with 

usual care, and (3) full peer-reviewed journal articles reporting outcomes of all-cause 

mortality or all-cause hospitalisation. The exclusion criteria were: (1) articles reporting 

preliminary analysis outcomes; (2) studies with a sample size less than 50 (Table 4.2), 

because, compared with large studies, small studies are often associated with a lower 

level of reporting quality29, are more likely to be heterogeneous30, and overestimate 

outcome effects31; and (3) telemonitoring via implantable devices, as these 

interventions often involve a different care paradigm to non-invasive devices and have 

been the subject of dedicated reviews.32,33 

 

Table 4.2 The list of excluded studies with the reason for exclusion. 
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4.3.4 Telemonitoring strategies extracted 

We extracted 18 telemonitoring strategies according to three categories: technology 

applications (6 strategies), care objectives (7 strategies), and care support methods 

(5 strategies) (Table 4.3). 

 
Table 4.3 Extracted telemonitoring strategies for the subgroup meta-analysis on 

telemonitoring interventions for chronic heart failure (CHF). 

Strategies Descriptions 

Technology Applications 

Mobile health 
system (or 
combining with 
mobile health 
applications) 

A mobile health system was used in the telemonitoring 
program; and the system involved a set of software 
applications mainly designed for mobile devices such as 
smartphones, personal digital assistants, and tablet 
computers. 

PC-based system A PC-based system was used in the telemonitoring program; 
and the system involved a set of software applications mainly 
designed for personal computers (PC). 

Weight scale A device enabling participants to measure body weight and 
transfer the data to care providers in the telemonitoring 
program. 

Blood pressure 
monitor 

 A device enabling participants to measure blood pressure 
and transfer the data to care providers in the telemonitoring 
program. 

ECG monitoring 
device 

 A device enabling participants to record ECG and transfer 
the data to care providers in the telemonitoring program. 

Heart rate monitor  A device enabling participants to measure heart rate and 
transfer the data to care providers in the telemonitoring 
program. 
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Care Objectives 

Education The telemonitoring program included a care 
objective/component involving CHF education. The education 
content could be provided via video clips, animation, and/or 
text messages.  

Daily weight 
monitoring 

The telemonitoring program contained a care 
objective/component to assist the participants in daily weight 
monitoring. The assistance could be delivered via automated 
messages, telephone calls, and/or follow-up by care 
providers.  

Diet The telemonitoring program contained a care 
objective/component for improving dietary behaviour 
recommended for CHF. 

Medication support Clinical support was provided to optimally adjust medication 
therapy and/or support participants to adhere to the 
medication recommendations for CHF. 

Exercise Clinical interventions such as automated messages or follow-
up by care providers were integrated in the CHF care program 
to assist participants in conducting exercise according to 
clinical recommendations. 

Depression and 
anxiety 

A care objective/component was specifically provided to 
address depression and anxiety in participants through the 
telemonitoring program. 

Monitoring 
symptoms 

Participants used telemonitoring applications to record their 
CHF-related symptoms. Accordingly, care providers reviewed 
the recorded symptoms and provided interventions. 

Care Support Methods 

Collaborative care Interventions and/or support for collaborative care were 
provided in the telemonitoring program, such as collaborative 
reviews, referrals, and communication for follow-up. 
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Physician support Physicians were included in the telemonitoring program to 
provide clinical intervention to the participants.  

Nurse support Nurses were included in the telemonitoring program to 
provide clinical intervention to the participants. 

Call centre support A call centre was included in the telemonitoring program to 
provide support to the participants. 

Automated system Automated systems were used to automatically monitor the 
participants’ data and provide reminders, alerts and/or 
notifications to the participants. 

 

4.3.5 Review Outcomes 

The risk ratio (RR) of all-cause mortality and the incidence rate ratio (IRR) of all-cause 

hospitalisation in the RCTs were analysed. The RR and IRR values in each RCT were 

calculated from the event counts of mortality and hospitalisation. For each strategy, 

we divided the RCTs into two subgroups: RCTs that applied the strategy in the 

telemonitoring intervention (subgroup 1) and RCTs that did not apply the strategy 

(subgroup 2). We then compared the two subgroups (subgroup 1 vs subgroup 2) and 

examined whether the difference between the two groups in the RR and IRR outcomes 

was statistically significant. 

 

4.3.6 Meta-analysis 

In the meta-analysis, we used a random-effects model with the DerSimonian–Laird 

estimator34,35, and report the RR, IRR, and 95% CI for each group. For RCTs with no 

events in one arm, we applied a continuity correction of 0.5. The heterogeneity of 

RCTs in each subgroup was examined by the Q test and I2 statistic.36,37 The statistical 

significance of heterogeneity was determined by a relaxed P value of .10 (PH<.10).38 

The I2 values of 25%, 50%, and 75% were used to reflect a low, moderate, and high 
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level of heterogeneity, respectively.37 To evaluate the risk of bias, a regression test 

was used to analyse the asymmetry of a funnel plot of the RR or IRR results in a 

subgroup.36 The regression test was used to examine whether the outcomes of 

individual RCTs were related to the corresponding sampling variances.39 A significant 

regression (PF<.05) indicated a significant risk of bias. The difference between the 

two groups (subgroup 1 vs subgroup 2) was evaluated by a Wald-type test36, and 

statistical significance was determined if the corresponding two-sided P value was less 

than .05 (PC<.05). A mixed-effects model36 was also used to evaluate the effects of 

potential confounders, including sex, age, or the severity measure of left ventricular 

ejection fraction (LVEF). The meta-analysis methods and tests were performed using 

RStudio Version 1.1.38340 associated with the “metafor” meta-analysis package 

(version 2.0).36 

 

4.3.7 Risk of Bias 

A summary of the methodological risk of bias of the included studies was conducted 

in accordance with the Cochrane Handbook for Systematic Reviews of Interventions26 

by two investigators (HD, SC) using the risk of bias tool in the Cochrane 

Collaboration’s review-writing software RevMan 5.3. This involved reporting the 

following individual elements for the included RCTs: random sequence generation, 

allocation sequence concealment, blinding of participants and personnel, blinding of 

outcome assessment, completeness of outcome data, and selective outcome 

reporting. Each item was judged as being at a high, low, or unclear risk of bias. Studies 

were deemed to be at the highest risk of bias if they were scored at a high or unclear 

risk of bias for either the sequence generation or allocation concealment domains.26 
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 4.4 Results 

4.4.1 Participant characteristics 

The literature search results are presented in Figure 4.1. We found 3870 records from 

the bibliographic search and 56 records from three existing systematic reviews9,11,41 

and a manual search, resulting in a total of 3926 records. After removing duplicates, 

we obtained 1632 articles for screening. In the screening process, we excluded 1553 

articles because of the absence of inclusion criteria and consequently obtained 79 

articles for a full-text assessment. We then excluded 53 articles according to the 

inclusion and exclusion criteria, and one article because of its poor completion rate 

recognized by the authors.42 Finally, this review included 26 RCTs. Among them, 25 

RCTs provided all-cause hospitalisation events and 21 RCTs provided mortality 

events. 

Among the assessment elements of bias risk, the blinding of participants and 

personnel was the least used method in the RCTs included (Figure 4.2). There were 

11 RCTs that did not blind participants and personnel (Figure 4.3). Nine RCTs did not 

report their blinding status and only six RCTs used a blinding approach. The blinding 

of outcome assessment was the least reported element, and 14 RCTs (54%) had 

“unclear risk of bias.” 
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Figure 4.1 The PRISMA flow diagram of study selection 
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Figure 4.2 Risk of bias assessment. Authors' judgments about each methodological quality item are presented as 

percentages across all included studies. 
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Figure 4.3 Risk of bias summary. Authors' judgements about each risk of bias 

item are summarized for each included study. 
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4.4.2 Participant characteristics 

The 26 RCTs included 11,450 participants. The participants’ characteristics are shown 

in Table 4.4. The median age was 67.4 years and the median rate of male participants 

was 73.15% (8376/11,450). The participants generally had a significantly reduced 

(<40%) LVEF, with a median LVEF of 29.6%, and they experienced mild to moderate 

levels of symptoms, with a median New York Heart Association functional class score 

of 2.6. The median trial size of the RCTs was 290 participants and the median follow-

up duration was 12 months. 

 

Table 4.4  Participants’ characteristics in 26 randomised controlled trials 

included in the subgroup meta-analysis. 

Characteristic Median (IQR) 

Age (years) 67.40 (65.08-72.75) 

Trial size (N) 290 (180-675) 

Follow-up duration (months) 12 (6-12) 

Male (%) 73.15 (66.00-79.95) 

LVEFa (%) 29.60 (27.00-35.93) 

NYHAb class score 2.6 (2.3-2.8) 

NYHA = New York Heart Association; LVEF = Left ventricular ejection fraction 

 

4.4.3 Telemonitoring strategies 

We extracted 18 telemonitoring strategies from the 26 RCTs, as shown in Table 4.5. 

Some strategies were commonly used, such as telemonitoring weight scales (26/26, 

100% RCTs), call-centre support (24/26, 92%), and daily weight monitoring (25/26, 

96%). Strategies that were not commonly used included nurse support (2/26, 8%), 

intervention for depression and anxiety (3/26, 12%), and exercise (3/26, 12%). The 

telemonitoring programs in the RCTs generally contained multiple strategies, with a 

mean of 8.7 strategies per care program. 
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Table 4.5 Telemonitoring strategies and randomised controlled trials included 

in the meta-analysis. 

Reference N 
Care 

support 
method 

Care objective Technology application 
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[44] 384 0 0 1 1 1 1 1 1 1 0 1 1 0 0 1 1 1 0 

[45] 216 0 0 1 1 0 0 0 0 1 0 0 0 0 0 1 1 1 0 

[46] 156 0 0 1 0 0 0 1 0 1 0 0 0 0 1 1 1 1 0 

[47] 133 1 0 1 1 0 1 1 1 1 1 0 1 1 1 1 1 1 0 

[12] 1653 0 0 1 1 0 1 1 0 0 0 0 1 0 0 1 0 0 0 

[48] 248 0 0 1 1 0 0 1 0 0 0 0 0 0 0 1 1 1 1 

[49] 178 1 0 1 1 1 0 1 0 1 0 0 1 0 1 1 1 1 0 

[50] 182 0 0 1 1 0 0 1 0 1 0 0 1 0 0 1 1 0 0 

[51] 160 0 1 1 1 1 0 1 1 0 1 0 0 0 1 1 1 1 0 

[52] 460 0 1 1 1 0 1 1 1 1 0 0 1 0 1 1 1 0 1 

[53] 280 0 0 1 1 0 0 1 0 0 0 0 1 0 1 1 0 0 0 

[54] 72 1 0 1 1 0 1 1 0 1 0 0 1 0 1 1 0 0 0 

[55] 1360 0 0 1 1 1 0 1 1 1 0 0 0 1 0 1 1 1 0 

[56] 1538 0 0 1 1 1 1 1 0 1 0 0 1 0 1 1 1 1 1 

[13] 710 0 0 1 1 0 0 1 0 0 0 0 1 0 1 1 1 0 1 

[57] 181 0 0 1 1 0 0 1 0 0 0 0 0 0 0 1 1 1 0 

[58] 319 1 0 1 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 

[59] 72 1 0 1 1 0 1 1 1 1 0 0 1 0 1 1 0 0 0 

[60] 261 0 0 1 1 0 1 1 0 0 0 0 1 0 1 1 1 1 1 

[61] 339 0 0 1 1 0 0 1 0 0 0 0 0 0 0 1 1 1 1 

[14] 1437 0 0 1 0 0 1 1 0 0 0 0 1 0 0 1 1 1 0 

[62] 100 1 0 1 1 0 0 1 0 1 0 0 1 0 1 1 1 0 1 

[63] 315 0 0 1 1 1 1 1 0 1 0 0 1 0 0 1 0 0 0 

[64] 80 0 0 0 1 0 0 1 0 0 0 1 1 0 1 1 1 0 1 

[65] 316 0 0 1 0 0 1 1 0 1 1 0 0 0 0 1 1 0 0 

[66] 300 1 1 0 0 1 1 1 0 1 0 0 1 0 0 1 1 1 0 

Total 11, 450 7 3 24 21 7 12 25 6 16 3 2 17 2 13 26 20 14 8 

aEd = education; bMeds = medication; cEx = exercise; dD/A = depression and anxiety; ePC 

= personal computer; fmHealth = mobile health; gBP = blood pressure; hHR = heart rate; iECG 

= electrocardiogram. 
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4.4.4 Overall effectiveness of telemonitoring 

There were 21 RCTs (n=10,536) with event counts of all-cause mortality and 25 RCTs 

(n=9912) with event counts of all-cause hospitalisation. The outcomes of mortality 

(RR) and hospitalisation (IRR) with 95% CIs are shown in Figure 4.4 and Figure 4.5, 

respectively. Overall, telemonitoring interventions were found to be more effective than 

usual care in reducing all-cause mortality (RR=0.85, 95% CI 0.76-0.94, P=.01) and all-

cause hospitalisations (IRR=0.90, 95% CI 0.81-0.99, P=.04). The outcomes of both 

RR and IRR were heterogeneous (PH=.001), with a low-to-moderate level of 

heterogeneity (I2=35.3%) in the RR outcomes and a moderate-to-high level of 

heterogeneity (I2=73.2%) in the IRR outcomes. In the funnel plot–based test, the risk 

of bias was significant for both RR (z=1.89, PF=.001 and IRR outcomes (z=3.33, 

PF=.001). We also used the mixed-effects model to adjust for sex, age, or LVEF but 

did not find significant differences in these results. 
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Figure 4.4 Event counts and effectiveness of telemonitoring interventions on all-cause mortality. There were 20 randomised controlled 

trials (N=10,263) with mortality event counts in the subgroup meta-analysis. RR: relative risk. 
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Figure 4.5 Event counts and effectiveness of telemonitoring interventions on all-cause hospitalisation. There were 24 randomised 

controlled trials (N=9612) with hospitalisation event counts in the subgroup meta-analysis. IRR: incidence rate ratio. 
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4.4.5 Subgroup comparison of telemonitoring strategies 

The subgroup of RCTs that provided medication support (subgroup 1, 15 RCTs, 

n=4563, IRR=0.83, 95% CI 0.72-0.95) was found to be associated with a significantly 

(P=.01) lower IRR of all-cause hospitalisation than the comparison subgroup of RCTs 

that did not apply this strategy (subgroup 2, 10 RCTs, n=5349, IRR=1.02, 95% CI 

0.93-1.12), as shown in Tables 4.6-4.8, and Figure 4.6. Within the subgroup of RCTs 

that provided medication support, the telemonitoring interventions were found to be 

more effective than usual care in reducing hospitalisations (15 RCTs, n=4563, 

IRR=0.83, 95% CI 0.72-0.95, P=.01). The IRR outcomes in both subgroups were 

heterogeneous (Figure 4.6 and Figure 4.7). The outcomes in the comparison subgroup 

of RCTs that did not apply this strategy were associated with the risk of bias. 

 
Figure 4.6 Effectiveness of the strategy of providing medication support on 

reducing the risk of all-cause hospitalisation. The subgroup of randomised 
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controlled trials (RCTs) that provided medication support was compared with 

the subgroup of RCTs that did not provide medication support. 

 
Figure 4.7 Effectiveness of the strategy of providing medication support on 

reducing the risk of all-cause mortality. The subgroup of randomised controlled 

trials (RCTs) that provided medication support were compared with the 

subgroup of RCTs that did not provide medication support. 

 

Similarly, the subgroup of mHealth (subgroup 1, 12 RCTs, n=2662, IRR=0.79, 95% CI 

0.64-0.96) was associated with a significantly (P=.03) lower IRR of all-cause 

hospitalisation than the comparison subgroup (subgroup 2, 13 RCTs, n=7250, 

IRR=1.00, 95% CI 0.94-1.06), as shown in Tables 4.6, Table 4.7, Table 4.8 and Figure 

4.8. Within the mHealth subgroup, the telemonitoring interventions were found to be 

significantly more effective than usual care in reducing all-cause hospitalisations 

(subgroup 1, 12 RCTs, n=2662, IRR=0.79, 95% CI 0.64-0.96, P=.03). The IRR 
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outcomes in the mHealth subgroup were heterogeneous and were associated with a 

risk of bias.  

 
Figure 4.8 Effectiveness of the strategy of combining with mobile health 

(mHealth), or applying a mHealth system, on reducing the risk of all-cause 

hospitalisation. The subgroup of randomised controlled trials (RCTs) that 

applied the mHealth strategy was compared with the subgroup of RCTs that did 

not apply the strategy. 
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Table 4.6 Subgroup meta-analysis to examine the effect of telemonitoring strategies on all-cause hospitalisation for 

randomised controlled trials (RCTs) that applied the strategy in the telemonitoring intervention (subgroup 1). 

Strategies RCTs  

(N participants) 

Effect Heterogeneity Funnel test 
Z (P value)  IRRa (95% CI) P value Q (P value) I2 

Technology application 

 PCb-based system 2 (1493) 0.54 (0.16-1.81)  .32 25.07 (<.001) 96.0% 0.00 (<.001) 

 Blood Pressure Monitor 19 (7201) 0.87 (0.77-0.98)  .02 72.50 (<.001) 75.2% –3.30 (.001) 

 ECGc Monitor 7 (2198) 0.91 (0.73-1.12) .37 27.56 (<.001) 78.2% –2.01 (.04) 

 Telemonitoring Weight Scale 25 (9912) 0.90 (0.83-0.99) .03 74.67 (<.001) 67.9% –3.24 (.001) 

 Heart Rate Monitor 13 (5353) 0.85 (0.74-0.97) .02 44.39 (<.001) 73.0% –2.92 (.003) 

 Mobile Health System 12 (2662) 0.79 (0.64-0.96) .02 64.40 (<.001) 82.9% –2.16 (.03) 

Care objective 

 Education 10 (5103) 0.86 (0.72-1.02) .10 39.11 (<.001) 77.0% –1.82 (.07) 

 Daily Weight Monitoring 24 (9696) 0.91 (0.83-1.00)  .05 71.77 (<.001) 68.0% –2.90 (.004) 

 Monitoring Symptoms 16 (6617) 0.86 (0.74-0.99) .04 68.81 (<.001) 78.2% –2.38 (.02) 

 Medication 15 (4563) 0.83 (0.72-0.95)  .01 47.71 (<.001) 70.7% –1.55 (.12) 

 Diet 6 (2569) 0.75 (0.56-1.02)  .07 31.76 (<.001) 84.3% –1.07 (.29) 

 Exercise 3 (609) 0.67 (0.35-1.29)  .24 24.38 (<.001) 91.8% –1.70 (.09) 

 Depression and Anxiety 2 (464) 0.77 (0.42-1.40)  .39 2.47 (.11) 59.5% 0.00 (<.001) 
 

Care support method 

 Call Center Support 23 (9532) 0.91 (0.83-1.00)  .06 71.15 (<.001) 69.1% –2.83 (.005) 

 Physician Support 20 (7384) 0.88 (0.78-0.99)  .03 72.83 (<.001) 73.9% –2.72 (.01) 

 Automated Alerts 7 (1174) 0.72 (0.53-0.96) .03 23.59 (<.001) 74.6% –0.25 (.80) 

 Collaborative Care Support 6 (2697) 0.89 (0.75-1.07) .22 12.32 (.03) 59.4% –0.21 (.83) 

 Nurse Support 3 (920) 0.80 (0.61-1.03) .08 3.99 (.13) 49.9% 1.90 (.06) 
aIRR = incidence rate ratio; bPC = personal computer; cECG = electrocardiogram. 
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Table 4.7 Subgroup meta-analysis to examine the effect of telemonitoring strategies on all-cause hospitalisation for 

randomised controlled trials (RCTs) that did not apply the strategy in the telemonitoring intervention (subgroup 2). 

Strategies RCTs 
(N participants) 

Effect  Heterogeneity  Funnel test 
Z (P value) 

 IRRa (95% CI) P value Q (P value) I2 
Technology application     
 PCb-based System 23 (8419) I0.94 (0.86- 1.01) .13 48.12 (<.001) 54.3% –2.68 (.007) 
 Blood Pressure Monitor 6 (2711) 1.00 (0.91- 1.10) .99 1.78 (.87) 0.0% –0.53 (.59) 
 ECGc Monitor 18 (7714) 0.90 (0.81- 0.99) .05 45.19 (<.001) 62.4% –2.46 (.01) 
 Heart Rate Monitor 12 (4559) 0.96 (0.85-1.08) .55 26.57 (<.001) 58.6% –1.70 (.09) 
 Mobile Health System 13 (7250) 1.00 (0.94-1.06) .99 7.90 (.79) 0.0% –1.04 (.30) 
 
Care objective 

      

 Education 15 (4809) 0.93 (0.84- 1.03) .21 34.76 (<.001) 59.7% –2.53 (.01) 
 Daily Weight Monitoring 1 (216) N/Ad N/A N/A N/A N/A 
 Monitoring Symptoms 9 (3295) 0.97 (0.91- 1.04) .44 5.85 (.66) 0.0% –1.13 (.26) 
 Medication 10 (5349) 1.02 (0.93-1.12) .67 15.72 (.07) 42.7% –2.79 (.01) 
 Diet 19 (7343) 0.96 (0.88-1.04) .35 37.33 (<.001) 51.8% –2.98 (.003) 
 Exercise 22 (9303) 0.94 (0.86-1.01) .12 48.04 (<.001) 56.3% –2.58 (.01) 
 Depression and Anxiety 23 (9448) 0.91 (0.83-0.99) .05 71.60 (<.001) 69.3% –2.94 (.003) 
 
Care support method 

      

 Call Center Support 2 (380) 0.74 (0.47-1.16) .19 1.59 (.20) 37.2% 0.00 (<.001) 
 Physician Support 5 (2528) 0.98 (0.90-1.06) .65 1.78 (.77) 0.0% –1.05 (.29) 
 Automated Alerts 18 (8738) 0.98 (0.91-1.05) .61 33.10 (.01) 48.6% –2.39 (.02) 
 Collaborative Care 

Support 
19 (7215) 0.90 (0.81-1.01) .08 61.24 (<.001) 70.6% –3.35 (.001) 

 Nurse Support 22 (8992) 0.92 (0.84- 1.01) .10 64.19 (<.001) 67.3% –3.32 (.001) 
aIRR = risk ratio of mortality; bPC = personal computer; cECG = electrocardiogram; dN/A = not applicable due to insufficient data. 
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Table 4.8 Comparison of the effect of telemonitoring strategies on all-cause hospitalisation and all-cause mortality between 

subgroup 1 and subgroup 2. 

Strategies All-cause hospitalisation P value  All-cause mortality P value  

Technology application 
 

 

 Blood Pressure Monitor .08 .46 

 ECGa Monitor .98 .89 

 Heart Rate Monitor .19 .92 

 Mobile Health System .03 .01 

Care objectives   

 Education .45 .92 

 Monitoring Symptoms .13 .40 

 Medication .02 .59 

 Diet .13 .33 

 Exercise .33 .28 

 Depression and Anxiety N/Ab .09 

Care support method   

 Call Center Support .37 .73 

 Physician Support .14 .35 

 Automated Alerts .05 P=.99 

 Collaborative Care Support .92 .28 

 Nurse Support .29 .66 
aECG = electrocardiogram; bN/A = not applicable due to insufficient data for comparison. 
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In the analysis of all-cause mortality, the mHealth subgroup (subgroup 1, 10 RCTs, 

n=3711, RR=0.67, 95% CI 0.53-0.85) was also associated with a significantly (P=.01) 

lower RR than the comparison subgroup (subgroup 2, 11 RCTs, n=6852, RR=0.95, 

95% CI 0.84-1.07), as shown in Tables 4.9, Table 4.10 and Figure 4.9. Within the 

mHealth subgroup, the telemonitoring interventions were significantly more effective 

than usual care in reducing all-cause mortality (subgroup 1, 10 RCTs, n=3711, 

RR=0.67, 95% CI 0.53-0.85, P<.001). No significant heterogeneity was detected in 

both the mHealth subgroup and the comparison subgroup. A significant risk of bias 

(PF=.01) was found in the comparison subgroup.  

In the subgroup comparison of RR and IRR outcomes, we also used the mixed-effects 

model to adjust for sex, age, or LVEF but did not find significant improvements in these 

RR and IRR analysis results. 
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Table 4.9 Subgroup meta-analysis to examine the effect of telemonitoring strategies on mortality in randomised controlled 

trials (RCTs) that applied the strategy in the telemonitoring intervention (subgroup 1). 

Strategies RCTs  

(N participants) 

Effect  Heterogeneity (P value) and 
Funnel Test (P value)  

Funnel test 
Z (P value) 

RRa (95% CI) P value Q (P value) I2 

Technology application      

 PCb-based System 2 (1493) 1.05 (0.90-1.21)  .52 0.52 (.47)  0.0% 0.00 (<.001) 

 Blood Pressure Monitor 16 (7924) 0.83 (0.71-0.98) .03 24.22 (.06) 38.1% –1.03 (.30) 

 ECGc Monitor 7 (3475) 0.82 (0.66-1.01)  .07 7.88 (.24) 23.8% 0.66 (.51) 

 Telemonitoring Weight Scale 21 (10563) 0.82 (0.71-0.94) .005 30.89 (.05) 35.3% –1.89 (.06) 

 Heart Rate Monitor 11 (6258) 0.82 (0.67-1.00) .05 19.66 (.03) 49.1% –1.69 (.09) 

 Mobile Health System 10 (3711) 0.67 (0.53-0.85) .001 11.58 (.23) 22.3% –0.27 (.78) 

Care objectives       

 Education 9 (6308) 0.81 (0.70-0.93) .004 7.00 (.53) 0.0% –1.37 (.17) 

 Daily Weight Monitoring 21 (10563) 0.82 (0.71-0.94) .005 30.89 (.05) 35.3% –1.89 (.06) 

 Monitoring Symptoms 14 (7640) 0.78 (0.66-0.92) .004 17.33 (.18) 25.0% –0.48 (.63) 

 Medication 12 (5475) 0.77(0.60-0.98) .04 18.60 (.06) 40.9% 0.12 (.90) 

 Diet 6 (2569) 0.67 (0.43-1.03) .07 12.60 (.02) 60.3% –3.05 (.002) 

 Exercise 3 (609) 0.56 (0.28-1.13) .11 2.49 (.28) 19.5% 1.57 (.12) 

 Depression and Anxiety 2 (464) 0.48 (0.26-0.90) .02 0.12 (.73) 0.0% 0.00 (<.001) 

Care support method       

 Call Center Support 19 (10183) 0.81 (0.70-0.93) .005 28.23 (.05) 36.2% –2.52 (.01) 

 Physician Support 17 (8191) 0.78 (0.66-0.92) .005 28.47 (.02) 43.8% –2.43 (.01) 

 Automated Alerts 6 (1102) 0.82 (0.48-1.39)  .46 5.68 (.33) 11.9% 1.67 (.09) 

 Collaborative Care Support 7 (4235) 0.70 (0.48-1.01)  .06 18.75 (<.001) 68.0% –1.14 (.26) 

 Nurse Support 3 (920) 0.69 (0.29-1.67) .42 5.76 (.05) 65.3% 0.23 (.81) 
aRR = risk ratio; bPC = personal computer; cECG = electrocardiogram. 
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Table 4.10 Subgroup meta-analysis to examine the effect of telemonitoring strategies on mortality in randomised controlled 

trials (RCTs) that did not apply the strategy in the telemonitoring intervention (subgroup 2). 

Strategies RCTs 
(N participants) 

Effect  Heterogeneity  Funnel test Z 
(P value) 

 RRa (95% CI) P value Q (P value) I2  

Technology application      

 PCb-based System 19 (9070) 0.79 (0.68-0.91) .002 23.55 (.17) 23.6% –1.08 (.28) 

 Blood Pressure Monitor 5 (2639) 0.71 0.49-1.03)  .08 6.08 (.19) 34.3% –1.80 (.07) 

 ECGc Monitor 14 (7088) 0.80 (0.66-0.97) .03 21.59 (.06) 39.8% –2.91 (.004) 

 Heart Rate Monitor 10 (4305) 0.81 (0.65-0.99) .04 10.50 (.31) 14.3% –0.59 (.55) 

 Mobile Health System 11 (6852) 0.95 (0.84-1.07) .40 11.01 (.35) 9.2% –1.67 (.09) 

Care objectives       

 Education 12 (4255) 0.82 (0.65-1.04) .11 20.66 (.03) 46.8% –0.89 (.37) 

 Monitoring Symptoms 7 (2923) 0.89 (0.69-1.13) .35 8.88 (.18) 32.4% –2.26 (.02) 

 Medication 9 (5088) 0.84 (0.70-1.01)  .07 12.11 (.14) 33.9% –2.58 (.01) 

 Diet 15 (7994) 0.84 (0.73-0.96) .02 16.50 (.28) 15.2% –0.34 (.73) 

 Exercise 18 (9954) 0.83 (0.72-0.96) .01 26.24 (.07) 35.2% –1.46 (.14) 

 Depression and Anxiety 19 (10099) 0.84 (0.73-0.96) .02 26.97 (.07) 33.3% –1.42 (.17) 

Care support method      

 Call Center Support 2 (380) 1.01 (0.29-3.54) .98 2.63 (.10) 62.0% 0.00 (<.001) 

 Physician Support 4 (2372) 0.90 (0.71-1.13)  .37 2.42 (.49) 0.0% 0.34 (.74) 

 Automated Alerts 15 (9461) 0.81 (0.70-0.94) .008 25.03 (.03) 44.1% –3.76 (<.001) 

 Collaborative Care 
Support 

14 (6328) 0.87 (0.77-0.99)  .04 11.76 (.54) 0.0% –1.01 (.31) 

 Nurse Support 18 (9643) 0.85 (0.74-0.96)  .02 23.23 (.14) 26.8% –2.36 (.02) 
aRR = relative risk; bPC = personal computer cECG = electrocardiogram.  
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Figure 4.9 Effectiveness of the strategy of combining with mobile health 

(mHealth), or applying an mHealth system, on reducing the risk of all-cause 

mortality. The subgroup of randomised controlled trials (RCTs) that applied the 

mHealth strategy were compared with the subgroup of RCTs that did not apply 

the strategy. 

 

4.5 Discussion 

In this systematic review and meta-analysis, we evaluated 18 telemonitoring strategies 

in 26 RCTs. In addition to a traditional meta-analysis for overall effectiveness, we used 

a subgroup comparison method to analyse the effects of different telemonitoring 

components on clinical outcomes. We found that the telemonitoring strategy of 

providing medication support was associated with reduced all-cause hospitalisation, 

whereas mHealth systems were associated with both reduced all-cause 

hospitalisation and reduced all-cause mortality. Therefore, our review provides unique 
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insight into specific telemonitoring strategies associated with improved clinical 

outcomes, which will help inform future telemonitoring interventions. 

The positive findings related to the medication support strategy underscore the 

importance of medication therapy in telemonitoring interventions for CHF care. Strong 

evidence supports the role of modern pharmacological therapy in CHF management 

for delaying CHF deterioration66,67, and reducing mortality and hospitalisations.18,67 

However, the therapeutic benefits are often limited by suboptimal patient adherence68 

and this limitation is not addressed by traditional face-to-face consultations.25 Our 

findings suggest that the use of telemonitoring improves the efficacy of medication 

therapy, possibly through frequent reinforcement of compliance, leading to reduced 

episodes of clinical deterioration requiring hospitalisation. Further research on 

optimizing medication therapy and underlying care processes in telemonitoring 

interventions is warranted to improve clinical outcomes in CHF care. 

Using the subgroup comparison method, we also found that the strategy of providing 

telemonitoring interventions through an mHealth system was associated with a 

significant improvement in both all-cause mortality and hospitalisation (or 

corresponding RR and IRR) outcomes. These positive findings could be supported by 

several unique advantages of using mHealth for general chronic disease care, 

including ease of use, portability, and real-time communication.69-71 These advantages 

have been shown to improve the underlying care processes of patients’ self-

management72, care engagement73,74, and medication adherence in CHF.75 

Therefore, our positive findings support delivering telemonitoring interventions through 

mHealth platforms, consistent with the increasing trend in using smartphones and 

computer tablets for the primary and secondary prevention of chronic disease.76,77 

Three recent reviews of mHealth in CHF management have resulted in inconsistent 

outcomes and, consequently, were unable to conclude significant clinical 

benefits.21,23,78 In contrast to these traditional reviews, each intervention program in 

our mHealth subgroup combined both telemonitoring and mHealth interventions. Our 

positive finding indicates that simple mHealth apps without telemonitoring (enabling 

care providers to provide timely clinical intervention), such as apps only focusing on 

self-management or education, were insufficient to improve clinical outcomes. 
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Similarly, this finding suggests that telemonitoring programs focusing on clinical 

assessment and intervention, but not delivered through a mHealth environment, fail to 

engage patients with CHF in self-management to the same extent as those provided 

via mHealth. Therefore, our finding warrants future research on comprehensive care 

programs combining telemonitoring and mHealth to improve both timely clinical 

intervention and patient engagement in CHF care. 

As a part of our evaluation, we also conducted a traditional meta-analysis to evaluate 

the overall effectiveness of all of the telemonitoring interventions in the RCTs included 

in this review. We found that telemonitoring interventions were more effective than 

usual care in reducing both all-cause mortality and all-cause hospitalisations. This 

finding adds evidence to support telemonitoring interventions for CHF care generally. 

In our review, invasive telemonitoring interventions and small RCTs were excluded. 

These exclusions may have refined the selection of telemonitoring studies, leading to 

significant findings, in contrast to the three previous mHealth reviews with inconclusive 

findings.21,23,78 

It is also important to note that several strategies such as daily weight monitoring, call 

centre support, and exercise contained limited numbers of RCTs in the subgroup or 

comparison group. The evaluation of these strategies was therefore limited by our 

subgroup comparison method. However, these strategies should not be overlooked, 

and further research on their contributions to CHF care, such as improving patient 

adherence to daily weight monitoring and level of exercise, remains essential to 

continuously improve telemonitoring outcomes in future studies.  

 

4.6 Limitations 

Because the objective of our review was to evaluate different telemonitoring strategies, 

our meta-analysis did not rigorously exclude RCTs with a risk of bias, although we did 

exclude studies with small sample sizes. In addition, this review was an exploratory 

study, and hence we did not adjust the P value in the multiple comparisons of the 

telemonitoring strategies.   
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4.7 Conclusion 

The issues of mixed mortality and hospitalisation outcomes have deterred the adoption 

of telemonitoring in CHF care. To address this issue, this review extensively 

investigated strategy-related factors associated with improvements in the outcomes 

and found that the strategies of (1) providing medication support and (2) combining 

telemonitoring interventions through mHealth were associated with a significant 

improvement in all-cause mortality or hospitalisations. Importantly, these findings 

emphasize the importance of prioritizing medication therapy and patient engagement 

through mHealth apps in future telemonitoring interventions for CHF care. 
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5.1 Introduction 

Congestive heart failure (CHF), a life-threatening chronic disease, is a global 

pandemic.1 It affects over 26 million people2 with annual direct costs of over 

US$65 billion globally.3 Despite advances of modern medicine, patients with CHF 

continue to experience poor survival (30%–50% at 5 years4, 5), debilitating symptoms 

such as dyspnoea and fatigue,6 poor health-related quality of life (HQoL)7 and episodic 

clinical exacerbations with high risks of hospitalisation.8, 9 

To effectively manage CHF, evidence-based guidelines are available internationally.10, 

11 A consistent recommendation of guidelines is self-management, such as fluid 

restrictions and daily weighing to monitor fluid balance.12 Patient compliance with such 

clinical guidelines is essential to optimise health outcomes,13 but is often suboptimal.14, 

15 For example, 12%–75% of patients in usual care were found to adhere to the 

cardinal recommendation of daily weighing.15, 16 Non-compliance is likely due to a 

variety of factors including time constraints17, insufficient knowledge18 and limited 

clinical support.19 Importantly, patients who are non-compliant with self-management 

guidelines often fail to effectively engage with clinicians for timely interventions,16 

resulting in increased risks of mortality20 and hospital readmissions.21, 22 

Telemonitoring applications are an evolving strategy to improve CHF care, which have 

the potential to support patients in self-management.23-25 However, the effect of 

telemonitoring on patient compliance with guideline-advocated self-management has 

not been extensively studied. To our knowledge, only four randomised controlled trials 

(RCTs) have compared patient compliance between a telemonitoring intervention and 

usual care group.26-29 These trials were limited by small sample sizes (n≤100) or short-

duration follow-up (≤3 months). Furthermore, their outcomes are inconsistent, with two 

trials reporting improved patient compliance26, 27 and two reporting no benefit.27 

Because of the limited and inconsistent evidence, no meta-analysis studies or reviews 

have been able to conclude the effectiveness of using telemonitoring to improve 

patient compliance. These facts highlight the need for further research to substantiate 

patient compliance in telemonitoring studies for CHF care. 
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To address the issue of patient non-compliance, we have designed an Innovative 

Telemonitoring Enhanced Care Programme for CHF (ITEC-CHF). This programme 

focuses on assisting patients with CHF in complying with the daily weight management 

recommended by the guidelines. To minimise weight monitoring burdens and technical 

difficulties, the programme proposes a novel ‘zero-touch’ design, meaning that the 

participants are not required to interact with the technology other than stepping onto a 

scale for weight measurement as in usual care, and they do not need to learn extra 

knowledge and skills to receive the telemonitoring intervention. The programme is also 

integrated with existing best-practice clinical workflows and action plans to streamline 

the intervention and make it seamless for care providers. 

To evaluate the programme, we will conduct a multicentre RCT. The objective of the 

trial is to examine the hypothesis that the ITEC-CHF improves patients’ compliance, 

and associated health and economic outcomes. This trial will examine patient 

compliance with an innovative telemonitoring programme across different care 

settings. It will also add essential clinical evidence to support the use of telemonitoring 

applications in the community. 

 

5.2 Methods 

5.2.1 Trial design 

A prospective open two-arm multicentre RCT has been designed. In the trial, patients 

with CHF will be recruited at two trial sites: (1) Frankston Hospital and Rosebud 

Hospital in Victoria (VIC), Australia, and (2) Royal Perth Hospital and Fiona Stanley 

Hospital in Western Australia (WA). 

The participants in the trial will be individually randomised to receive either ITEC-CHF 

or usual care (UC-CHF) for at least 6 months. The allocation ratio of the randomisation 

is 1:1. The randomisation is stratified by the two trial sites (VIC and WA) to ensure the 

allocation ratio in each site. According to a recommended method30, a series of 

random allocation assignments with permuted blocks have been generated and 

sealed in opaque envelopes by two research scientists in a research organisation in 
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the study. The block sizes will be kept confidential to prevent potential predictions of 

the assignments. Data analysts generated the randomisation sequence and will be 

blinded throughout the trial using de-identified patient data. It will be difficult to 

effectively blind the participants and care providers to telemonitoring interventions, but 

we will attempt to avoid unnecessary discussions about the allocations and 

hypothesised outcomes with the participants and care providers throughout the trial. 

The trial flow diagram is presented in Figure 5.1. Through the trial, project nurses at 

the trial sites will use their electronic patient administration systems to screen patients 

with CHF from medical records of patient presentations at the local hospitals and 

emergency departments (EDs). They will also screen patient records at heart failure 

outpatient clinics, and community healthcare services. The nurses will then record 

eligible candidates, and accordingly, send an invitation letter to the candidates. One 

week later, project nurses will follow up with the candidates via a telephone call. If a 

candidate is willing to participate in the trial, the project nurses will arrange a face-to-

face interview. During the interview, project nurses will explain the trial processes and 

requirements in detail and conduct formal written consent with the candidates who 

agree to participate in the trial. Participants recruited will be interviewed by the project 

nurses for a baseline assessment. Each participant will then be randomised into either 

ITEC-CHF or UC-CHF group. At the 6-month time point, all participants will be 

assessed again. After the 6-month assessment, if the participants are willing to 

continue, they can stay in the trial to receive a 12-month assessment. Finally, the 

project nurses will collect the trial data for the research analysis. Participants will be 

enrolled from January 2015 to October 2017. 
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Figure 5.1 Proposed trial CONSORT flow diagram of the two-arm randomised 

controlled trial to compare the ITEC-CHF program with usual care. 
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5.2.2 Inclusion and exclusion criteria 

Patients will be eligible to participate in the trial, if they satisfy all the following inclusion 

criteria: (1) CHF diagnosed by a clinician with an ejection fraction ≤40%, (2) able to 

weigh themselves safely, (3) at least 18 years of age, (4) have a regular personal 

general practitioner (GP) or agree to use a designated GP, (5) with a permanent 

residential address and (6) without significant cognitive impairments. Patients will be 

excluded if they meet any of the following criteria: (1) expected survival <12 months, 

such as patients with documented palliative care in medical records, (2) end-stage 

renal failure on dialysis, (3) long-term nursing home resident or (4) participating in any 

other clinical trial. 

 

5.2.3 Trial interventions 

Usual care 

Participants in the UC-CHF group will receive a standard package of paper-based 

diary and booklets at baseline, including the ‘Living Well with Chronic Heart Failure’ 

resource produced by the Heart Foundation of Australia (HFA). They will then attend 

standard CHF clinics and primary care physicians and undertake traditional CHF self-

management through the trial period. Each participant will also be provided with an 

electronic weighing scale (ForaCare, W550, Moorpark, CA, USA), and asked to use 

the weight scale according to the self-management recommendation of the HFA. 

Project nurses will visit the participants to download the weight data from the weight 

scale at scheduled times, approximately every 3 months. 

Enhanced care 

The ITEC-CHF will combine usual care and an additional telemonitoring service. The 

telemonitoring service consists of three major components: remote weight monitoring, 

structured telephone support and nurse-led collaborative care. The service is 

integrated with a telephone call centre (MePACS, VIC, Australia)31 and a nurse care 

service according to their workflows in usual care. 
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The integrated care model of the ITEC-CHF is shown in Figure 5.2. In the model, 

participants are provided with an electronic weighing scale (ForaCare, W550), and a 

computer tablet (Samsung, Galaxy Tab A, Seoul, Korea). They are asked to use the 

scale to measure their body weight daily, immediately after wake-up, following voiding, 

without shoes, in light clothing and before the next dose of medication. The measured 

weight entry is recorded in the scale, and then automatically transmitted to the tablet 

via a wireless Bluetooth function embedded in the scale. The tablet is preloaded with 

an Android application (Medtech Global, Melbourne, Australia). This application 

receives the weight entry and uploads the entry to a proprietary software package, 

called ManageMyHealth (MMH) (Medtech Global). A web application in MMH 

automatically monitors uploaded weight entries in real time to generate alerts and 

triage the alerts to project nurses and the telephone call centre. The rules to generate 

and triage the alerts are given in Table 5.1. They were designed in accordance with 

the HFA guidelines for the prevention, detection and management of CHF in 

Australia.10 
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Figure 5.2. The care model of the ITEC-CHF program is integrated in usual care. 

The integration includes: 1) remote weight monitoring, 2) structured telephone 

support, and 3) nurse-led collaborative care. 
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Table 5.1 Alerts generated, and associated interventions provided in the ITEC-

CHF program. 

Care 

Provider 

Conditions Response 

Time 

Interventions 

Call Centre  

(MePACS) 

No weight entry 

detected before 

10AM.  

In real-time, 

24 hours, 7 

days a week. 

Operators at MePACS call the 

patients to remind them to 

weigh. If needed, they call 

nurses to follow-up. 

Technical 

issues, such as 

low level of 

battery power. 

In real time, 

24 hours, 7 

days a week. 

Operators at MePACS call the 

patients to solve the issues and 

call nurses to follow-up if 

needed. 

Project 

Nurses 

Fluctuation of 2 

kg in 2 days.  

In real time, 

24 hours, 7 

days a week. 

Nurses call patients for further 

assessment and help process 

the CHF action plan. 

Fluctuation of 5 

kg in 28 days 

(unintentional 

weight 

loss/gain) 

Work days.  Nurses follow up with the 

patients and engage with CHF 

clinics for further clinical 

assessments.   

Fluctuation of 1 

Kg over 24 

hours. 

In real time, 

24 hours, 7 

days a week.  

A questionnaire will be 

automatically triggered on the 

table to assess clinical 

symptoms. If the participant has 

any of the symptoms assessed, 

the nurses will be notified to 

follow up with the patient for 

intervention.  
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Operators at the call centre will respond to the alerts in real time (24 hour, 7 days a 

week). If a participant does not weigh before 10 AM, a call operator will call the 

participant to remind him/her to weigh. During the call, if the participant needs clinical 

support such as advice for assessing CHF symptoms or managing diet, the call 

operator will arrange a nurse follow-up. The project nurses will subsequently follow up 

with the participant via a telephone call or home visit if needed. The call operators also 

provide technical support through the trial, such as updating the tablet application and 

arranging home visits to change batteries in the scales. 

The project nurses provide structured interventions according to three types of alerts: 

rapid weight fluctuation (±2 kg in 2 days), slow weight fluctuation (±5 kg in 28 days), 

and low-risk weight fluctuation (±1 kg over 24 hours). If a participant has rapid weight 

fluctuation, a project nurse will be alerted. The nurse will then call the participant to 

assist him/her in assessing critical symptoms, and activating the CHF action plan if 

indicated, such as attending their GP, CHF clinic or presenting to an emergency 

department (ED). For an alert of slow weight fluctuation, the project nurses will assist 

the participant in assessing CHF symptoms and arranging clinical reviews at the 

participants’ GP or CHF clinics. The option to present to an ED may also be applied if 

this is clinically indicated. If a participant’s body weight fluctuation exceeds ±1 kg (but 

is less than ±2 kg) over 24 hours, a questionnaire will be automatically triggered and 

sent to the participant’s computer tablet. The user interface of the questionnaire is 

shown in Figure 5.3. If the participant reports any of the clinical conditions in the 

questionnaire or does not respond to the questionnaire, the project nurses will follow 

up with the participant for a clinical assessment.  
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Figure 5.3 User interface of the questions sent in the event of a low-level alert. 

 

5.2.4 Primary and secondary outcomes 

The outcome measures of the trial are given in Table 5.2. The primary outcome will 

be patient compliance with daily weight monitoring as evaluated by weight entries, 

recorded on the electronic scales provided to both the ITEC-CHF and UC-CHF groups. 

Based on a published study,14 we define that a participant is compliant with daily 

weight monitoring if he/she performed weight monitoring at least 4 days a week. The 

rate of compliant days with weight monitoring (days with at least one body weight 

entry) per week for each participant during his/her trial period will also be computed, 

and the histogram of the rate will be analysed. The secondary outcomes will include 

compliance with other guideline recommendations assessed by Heart Failure 

Compliance Questionnaire32 (health maintenance, medication, diet and exercise), 

health outcomes including HQoL (European Quality of Life Five Dimension, EQ-5D33), 

risk factors, functional capacity (6 min walk test34), psychological states (Cardiac 

Depression Scale, CDS-SF235) and frailty scale (Canadian Frailty Index36), and health 

economic outcomes related to the use of healthcare resources such as hospital 
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readmissions and GP/ED visits. Patients’ characteristics and assessment records will 

be collected by the project nurses. For the evaluation of hospital readmissions and ED 

presentations, the data will be extracted from the electronic patient administration 

systems of the hospitals in the trial. 

 

Table 5.2 Trial outcome measures and assessment tools and data resources. 

Primary Outcome  
 

Compliance with daily 

weight monitoring 

Daily weight entries recorded in participant’s scale 

and MMH 

Secondary Outcomes  

Other guideline 

recommendations to the 

CHF management  

Heart Failure Compliance Questionnaire (health 

maintenance, medication, diet, and exercise) 

Health/Clinical Outcomes 
Variation of body weight (mean and SD of weekly 

weight entries) 

 
Functional capacity (6-minute walk test) 

 
Health-related quality of life (EQ-5D) 

 Psychosocial status (CDS, short version) 

 Frailty scale (Canadian Frailty Index) 

Health Economic Outcomes 
Number of hospital readmissions, and length of stay 

(mean, SD) 

 Number of ED visits, and length of stay (mean, SD) 

 Number of GP visits 

CHF = congestive heart failure; ED = emergency department; GP = general practitioner; MMH 

= Manage My Health. 
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5.2.5 Strategies of participant retention  

Prior to the trial recruitment, we will discuss the importance of participant retention 

within the recruitment and care teams. During the trial, each participant recruited will 

be provided with a telephone contact in the information package. Through the contact, 

the participants can contact project nurses for trial-related support. A structured 

procedure will be in place to guide project nurses to document the participants’ 

enquiries and ensure timely responses and/or follow-ups. Moreover, the project nurses 

will visit each participant every 3 months, to discuss any concerns or issues related to 

the trial and change the batteries in the weight scale.  

 

5.2.6 Participant discharge  

Participants will be discharged from the trial under the conditions of 1) mortality, 2) 

elective withdrawal, and 3) full completion of the program. When discharging 

participants, project nurses will document the conditions in case report forms (CRF) 

with the date and causes in detail. 

 

5.2.7 Data security and storage 

All trial files, including the master list, CRF, and clinical assessment forms, will be 

stored securely, either in password-protected computer files or in locked filing cabinets 

in a secure area at Peninsula Health or Curtin University. Access to these files will 

only be granted to study personnel trained in confidentiality and privacy procedures at 

the hospitals in the study. All trial data provided for research analysis will be de-

identified, including patient characteristics, primary and secondary outcomes, and 

data entries through the healthcare and telemonitoring systems in the study.  

All the trial files and data will be stored securely for a minimum of 5 years after 

completion of the study and, finally, be securely destroyed according to the Privacy 

Policy provided by the National Health and Medical Research Council of Australia. 
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5.2.8 Sample size 

Compliance with daily weight monitoring was used to calculate the sample size. The 

null hypothesis is that the percentage of “compliant” participants in the ITEC-CHF 

group is not higher than in the UC-CHF group. To reject the null hypothesis, we 

assumed a compliance rate of 80% in ITEC-CHF and 65% in UC-CHF. We also 

assumed an attrition rate of 10%.  A two-tailed test with a power of 90% and an Alpha 

of 0.05 was used to calculate the same size to achieve statistical significance.37 The 

power calculation resulted in the study needing at least 143 participants in each group. 

Accordingly, we rounded the calculated sample size, and made the trial size of 150 

patients in each group, for a total of 300 participants. With this sample size, we have 

a likelihood of 90% to yield statistical significance. 

 

5.2.9 Statistical analysis 

All participants recruited and randomised into the two trial groups will be included in 

the final comparative analysis according to the intention-to-treat design. A Chi-square 

test will be used to compare categorical variables between the ITEC-CHF and UC-

CHF groups, such as sex, and compliance (compliant patients vs noncompliant 

patients). ANOVA will be applied to analyse continuous variables such as age and 

weight variations. A Cox proportional hazards model will be performed to analyse the 

risks of hospital readmission and ED visits. The analysis will be adjusted for 

confounding variables including sex, age and trial sites. The confidence interval of 

95% will be estimated. A p-value less than 0.05 will be considered as statistical 

significance for all tests. The statistical analysis will be conducted using SPSSv23. 

Missing data at the case level will be imputed using a multiple imputation method in 

the SPSS.  
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5.2.10 Trial management 

A Project Working Group (PWG) will be composed of the chief investigators, research 

scientists or project managers from the organizations of the project. The PWG will 

convene monthly (with additional meetings if needed) and take overall responsibility 

for the conduct of the trial, such as managing the trial progress, reviewing adverse 

events in CRF, resolving technical issues, and monitoring trial data. If necessary, the 

committee will advise and make changes in the clinical trial protocol. The PWG will be 

independent from project sponsors and free from competing interests.  

A project control board (PCB) will be composed of a) CHF clinical champions, b) chief 

investigators, c) researchers, and d) project managers. The PCB will convene monthly 

to govern the project and ensure that the project meets all requirements outlined in the 

project plan. The major responsibilities of the PCB will include 1) reviewing the study 

plan, 2) providing reports to the project sponsors and ethics committees, 3) deciding 

budget and administration, 4) resolving contractual issues, and 5) maintaining IT and 

telemonitoring systems in the trial. The PCB will also work with independent 

management committees for safety and quality of care at corresponding hospitals, to 

assess the severity of incidents and adverse effects. The PCB will have the capacity 

to terminate the trial in the event of slow recruitment, safety concerns, or overwhelming 

evidence of benefit. 

A Clinical Trial Advisory Committee, composed of chief investigators and research 

scientists, will convene monthly. The committee will implement and maintain quality 

assurance and quality control systems to ensure the trial in compliance with the 

protocol and applicable policies. The committee will also arrange at least one audit 

during the trial. An arranged audit team will check the overall quality and completeness 

of the data, examine source documents, and ensure that the trial complies with the 

requirements outlined by the trial protocol, ethics applications and hospital policies. 

The audit process will be independent from chief investigators and project sponsors.  
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5.3 Discussion 

Daily weight monitoring is a Class I recommendation in the management of CHF11 to 

help maintain fluid balance. Fluid retention is an early sign of acute CHF deterioration, 

a flag for poor compliance with prescribed medication (especially diuretics) and non-

adherence with fluid and salt restrictions. Early identification of abnormal weight 

fluctuations caused by fluid accumulation allows clinicians to work with the patient to 

improve their compliance and provide timely interventions. This potentially reduces the 

burden of heart failure in terms of reducing preventable hospitalisations and preventing 

clinical deteriorations amongst patients with CHF.22, 38, 39 

In usual care, patients often have difficulties using paper-based diaries to record daily 

weight entries and analyse recorded weight entries in association with observed 

symptoms in order to seek clinical interventions. Weight monitoring in isolation also 

requires patients to have the knowledge and skills to effectively identify symptoms, 

make decisions about their clinical relevance, and act on these. To overcome these 

difficulties, this study proposes the ITEC-CHF program to automatically detect 

abnormal weight fluctuations and provide active clinical support through a call centre 

and project nurses. Compared with the traditional management of CHF, this program 

has the potential to dramatically simplify the daily weight monitoring and management 

and does not require special knowledge or skills.  While engaging with the patients for 

interventions of abnormal weight fluctuations, the project nurses have opportunities to 

assess patients’ health, and issues of compliance with other recommendations, such 

as diet, fluid restriction, medication, exercise, and collaborative care. We anticipate 

that this will allow the nurses to actively engage with patients and provide a broad 

range of clinical interventions for the management of CHF. Through the improved 

compliance and clinical support, it is expected that patients will actively engage with 

well-established multidisciplinary clinical services for further treatment or care such as 

titration of diuretic medication.  

The efficacy of the program will be evaluated through a multicentre RCT. The 

evaluation is focused on the improvement in patient compliance and associated 

outcomes. To accurately evaluate the compliance with daily weight monitoring, 

objective weight data will be obtained from both intervention and control groups. A 
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validated questionnaire will also be used to assess participant compliance with other 

important self-management behaviours, as recommended by CHF guidelines.10 In 

addition to compliance, the questionnaire will also assess barriers to self-management 

of CHF more broadly. This will help in the refinement of telemonitoring to support CHF 

care in future clinical practice.  

If the efficacy is validated, use of the ITEC-CHF program will not only improve the 

patient compliance and health outcomes, but also provide an easy way for care 

providers to effectively and efficiently engage with patients for collaborative care, 

especially for patients in rural and remote areas. Based on the ITEC-CHF program, 

other telemonitoring devices such as ambulatory electrocardiogram, glucose meters 

and blood pressure monitors can also be easily integrated to provide broader 

interventions for CHF patients with cardiac conditions and comorbidities including 

diabetes and hypertension. Therefore, validation of the system for weight compliance 

would support further exploration of telemonitoring for improving CHF care, as well as 

other chronic conditions.  

The study is limited to the 6-month intervention. The 6-month duration is potentially 

insufficient to reflect real long-term effects of the program through the ongoing 

management of CHF. Recent studies, in fact, have already demonstrated an issue of 

declined patient adherence overtime.40, 41 Therefore, extra caution will be exercised 

when interpreting the outcomes of this study.  

 

5.4 Ethics and dissemination 

The ethics application for the trial site in VIC has been approved by Peninsula Health 

Human Research Ethics Committee (HREC Reference: HREC/14/PH/27), and the 

ethics applications for Royal Perth Hospital and Fiona Stanley Hospital have been 

approved by Royal Perth Hospital Human Research Ethics Committee (Reference: 

15-081) and the Curtin University Human Research Ethics Committee (Reference: HR 

181/2014). The trial has been registered in the Australian New Zealand Clinical Trials 

Registry (Trial ID: ACTRN12614000916640). 
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We will report the primary and secondary outcomes regardless of the magnitude and 

direction of interventional effects or differences between the two trial groups. The 

report will be disseminated through publication in an appropriate journal, 

approximately 6 months after finishing data collection. 
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6.1 Introduction 

Chronic heart failure (CHF) is a severe chronic disease that affects more than 26 

million people worldwide.1 It significantly reduces the health-related quality of life and 

increases the risk of hospitalisation and mortality.1 To improve health outcomes, it is 

recommended that patients with CHF undertake self-management, such as daily 

monitoring of body weight to assess fluid balance and seek early clinical support in the 

event of symptoms, which may indicate decompensation. This has been consistently 

outlined by evidence-based clinical guidelines for CHF2, 3 and is practically supported 

by CHF clinics and rehabilitation programs in standard care. Despite these clinical 

efforts, patient compliance with self-management recommendations is often 

suboptimal for activities such as body weight recording, fluid restrictions, and 

medication adherence.4 Time constraints5, limited knowledge6, and insufficient 

ongoing clinical support7 are some of the reported barriers to the self-management of 

CHF. Poor compliance with self-management recommendations often leads to delays 

in essential treatment4 and increases the risk of mortality and hospitalisation.8 

In recent years, there has been significant research interest in telemonitoring as an 

innovative approach to remotely assist patients with CHF in self-managing their 

health.9 However, to date, only 2 studies, to our knowledge, have evaluated patient 

compliance with weight monitoring in a randomised controlled trial (RCT).10, 11 

Although they demonstrated a higher rate of compliant participants in the 

telemonitoring arm (telemonitoring vs usual care: 88.6% vs 70.9%10 and 91.7% vs 

67.4%11), the studies relied on self-report, which is known to be influenced by recall 

bias.12 In addition, the definition of compliance was loosely defined based on terms 

such as most of the time or all of the time and, hence, was not sufficiently accurate to 

reflect the daily weight monitoring recommendation. Moreover, patient adherence to 

telemonitoring systems has often been found to be low, even in large, well-designed 

RCTs (55%13 and 55.4%14). This has led to an ongoing debate about the practicality 

of using telemonitoring to improve CHF care.13-15 Therefore, further rigorous research 

for evaluating patient compliance is needed in telemonitoring studies for CHF care. 

We evaluated an innovative telemonitoring enhanced care program for CHF (ITEC-

CHF) in an open multicentre RCT. The ITEC-CHF program focused on assisting 
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patients in daily weight monitoring and engaging with nurse-supported care in the 

event of weight fluctuations. This study aimed to examine whether the ITEC-CHF 

program improved patient compliance with weight monitoring as well as other self-

management behaviours and health outcomes. 

 

6.2 Methods 

6.2.1 Study Design 

The protocol for the ITEC-CHF study has been previously published.15 Images of the 

user interface and the Bluetooth-enabled scales are provided in Figure 6.1 and 6.2. In 

this study, patients with CHF were recruited from 2 trial sites in Australia: one in 

Victoria (VIC) and one in Western Australia (WA). The trial sites were at 2 hospitals in 

VIC and WA, respectively. This study complies with the Declaration of Helsinki. All 

participants provided written informed consent. The clinical trial protocol was approved 

by the Human Research Ethics Committee at Peninsula Health, VIC (HREC reference: 

HREC/14/PH/27), and Royal Perth Hospital, WA (reference: 15-081 and reference: 

HR 181/2014), Australia. Participants were enrolled from January 2015 to October 

2017. The latest data collection of hospitalisations and emergency department (ED) 

presentations was conducted in September 2018. 
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Figure 6.1 User interface. 

 

 
Figure 6.2 Bluetooth-enabled scales. 
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6.2.2 Randomisation and Masking 

Participants in the trial were individually randomised with an allocation ratio of 1:1 to 

receive either ITEC-CHF or usual care (control) for 6 months. Randomisation was 

stratified by the 2 trial sites (VIC and WA) to ensure that the allocation ratio was 

consistent at each site. A block method was used to achieve a balanced number of 

participants between the ITEC-CHF and control groups throughout the trial. The 

random allocation assignments were sealed in opaque envelopes. Data analysts 

generated the randomisation sequence and were blinded to the trial because of the 

use of deidentified patient data. 

 

6.2.3 Inclusion and Exclusion Criteria 

The inclusion criteria were as follows: patients (1) with CHF with reduced ejection 

fraction (EF; ie, EF≤40%), (2) able to weigh themselves safely, (3) aged at least 18 

years, (4) having a regular personal general practitioner (GP) or agreeing to use a 

designated GP, (5) with a permanent residential address, and (6) without significant 

cognitive impairments. The exclusion criteria were as follows: (1) patients with 

expected survival <12 months, (2) patients with end-stage renal failure on dialysis, (3) 

long-term nursing home residents, or (4) patients participating in any other clinical trial. 

 

6.2.4 Interventions 

At baseline, control participants were provided with a standard package of a paper-

based diary and the Living Well with Chronic Heart Failure booklet, produced by the 

Heart Foundation of Australia. They were instructed to maintain their usual CHF care, 

as provided by clinics specialized in CHF and primary care physicians, and to 

undertake CHF self-management as previously instructed. Each participant was also 

provided with an electronic weight scale (FORA TN'G W550; ForaCare) and asked to 

use the scale to measure their body weight daily, immediately after waking, following 

voiding, without shoes, in light clothing, and before taking medication. Approximately 
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every 3 months, project nurses visited the participants to download the weight entries 

from the weight scale. 

Participants in the ITEC-CHF group received the same resources as those in the 

control group, in addition to the ITEC-CHF program. The ITEC-CHF consists of 3 

major components: remote body weight monitoring, structured telephone support, and 

nurse-led collaborative care. The service was integrated with a telephone call centre 

(MEPACS, VIC, Australia) and community nurse care services at the trial sites in VIC 

and WA. Each participant was provided with an electronic weight scale and a computer 

tablet (Galaxy Tab A, Samsung). Participants were asked to weigh themselves using 

the procedure described for the control group. After the measurement, the weight entry 

was automatically transmitted from the weight scale to the tablet via a wireless 

Bluetooth function. The tablet was preloaded with an Android app (Medtech Global). 

This app received the weight entry and uploaded the entry to a software package 

called Manage My Health (MMH; Medtech Global). A rule-based decision support 

system (a web app) in MMH automatically monitored the uploaded weight entries in 

real-time. In response to the weight data generated by telemonitoring, 6 types of alerts 

were possible: (1) rapid weight fluctuation (an increase or decrease of 2 kg over 2 

days), (2) slow weight fluctuation (an increase or decrease of 5 kg over 28 days), (3) 

low-risk weight fluctuation (an increase or decrease of 1 kg over 24 hours), (4) missed 

weight measurement, (5) low level of tablet battery, and (6) tablet connection lost. In 

the event of a rapid weight fluctuation, project nurses were alerted, and they called the 

participant to assist him or her in assessing symptoms and activating their CHF action 

plan, such as attending their GP, visiting a CHF clinic, or presenting to an ED as 

indicated. For an alert of slow weight fluctuations, the project nurses assisted the 

participants in assessing CHF symptoms and arranging clinical reviews at the 

participants’ GP or CHF clinics as indicated. For low-risk fluctuations, a questionnaire 

was automatically triggered and sent to the participant’s computer tablet to help him 

or her determine the need for further clinical follow-up. Finally, the generated alerts 

were distributed to project nurses and/or the MEPACS call centre in the ITEC-CHF 

program. Call operators at the centre responded to the alerts in real time (24 hours, 7 

days a week), focusing on reminding participants to weigh themselves if they had not 

done so before 10 AM, helping assess CHF symptoms and manage diet, and 
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arranging a nurse follow-up if needed. The project nurses reviewed their alert requests 

on weekdays and followed up with the participants via a telephone call. Some 

participants were unable to monitor their body weight for a short period, such as when 

they were hospitalised for medical treatment, travelled away from home, or 

experienced unresolved technical issues. Under such conditions, they were required 

to notify the call centre, and weight monitoring was skipped. If a participant notified the 

call centre to skip the monitoring for a period, the telemonitoring intervention was then 

switched off during the skipped period, and the call centre did not receive any alerts 

from the participant and provide intervention until the skipped period ended. Monitoring 

days that were skipped were still included in the per-protocol analysis for the ITEC-

CHF group (described in the Primary and Secondary Outcomes section). 

 

6.2.5 Primary and Secondary Outcomes 

The primary outcome was in compliance with weight monitoring. The monitoring 

frequency was calculated as average weight monitoring days per week during the 6-

month assessment period (monitoring frequency=weight monitoring days/180 days×7 

days/week [for 6 months: 6 months×30 days/month=180 days]). A weight monitoring 

day was determined if at least one weight entry was practically recorded on the weight 

scale on that day, irrespective of time. In total, 2 frequencies were employed in the 

examination. One was that the participant monitored their weight on at least four days 

per week. This frequency reflects the compliance threshold of most of the time, as 

previously applied in questionnaire-based assessments.4, 12 The other frequency was 

at least 6 days per week, which more closely aligns with the advice for patients to 

monitor their weight daily. 

Secondary outcomes included patient compliance with weight monitoring based on a 

per-protocol analysis (only undertaken in participants who completed the trial) and an 

analysis of other guideline recommendations assessed by the Heart Failure 

Compliance Questionnaire12, health-related quality of life (five-dimension EuroQol, 

EQ-5D16), 6-min walk test distance17, psychological state (cardiac depression scale 

short form 218), frailty (clinical frailty index19), and clinical outcomes of CHF-related and 
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all-cause hospitalisations and ED presentations. CHF-related events were determined 

by using the International Classification of Diseases, Tenth Revision, Clinical 

Modification, diagnosis codes in Table 6.1.20 Furthermore, we reported the alerts 

provided in ITEC-CHF and days when ITEC-CHF participants requested to skip weight 

monitoring. 

 

Table 6.1 International Classification of Diseases, Tenth Revision, Clinical 

Modification, diagnosis codes used to determine heart failure–related 

hospitalisations and emergency department presentations. 

ICD-10-CM  Description 

I25.5 Ischaemic cardiomyopathy. 

I42 Cardiomyopathy. 

I42.0 Dilated cardiomyopathy. 

I42.6 Alcoholic cardiomyopathy. 

I42.7 Cardiomyopathy due to drugs and other external agents. 

I42.8 Other cardiomyopathies 

I42.9 Cardiomyopathy, unspecified. 

I50 Heart failure. 

I50.1 Left ventricular failure, unspecified. 

I50.2 Systolic (congestive) heart failure. 

I50.4 Combined systolic (congestive) and diastolic (congestive) heart failure. 

I50.9 Heart failure, unspecified. 

I50.20 Unspecified systolic (congestive) heart failure. 

I50.21 Acute systolic (congestive) heart failure. 

I50.22 Chronic systolic (congestive) heart failure. 

I50.23 Acute on chronic systolic (congestive) heart failure. 

I50.40 Unspecified combined systolic (congestive) and diastolic (congestive) heart 

failure. 

I50.41 Acute combined systolic (congestive) and diastolic (congestive) heart failure. 

I50.42 Chronic combined systolic (congestive) and diastolic (congestive) heart 

failure. 

I50.43 Acute on chronic combined systolic (congestive) and diastolic (congestive) 

heart failure. 
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6.2.6 Statistical Analysis 

In the evaluation, a chi-square test was applied to analyse continuous variables such 

as age, and a Fisher exact test was used to compare categorical variables such as 

sex and subgroups of participants under a given weight monitoring frequency 

(participants who achieved a given monitoring frequency vs participants who did not 

achieve the monitoring frequency). The Wilcoxon signed-rank test was used to 

compare compliance scores from questionnaire-based assessments. An analysis of 

covariance model21 was used to evaluate the improvement or change in the outcome 

variables between the 2 groups with an adjustment for baseline. The Andersen-Gill 

model22 with an adjustment for sex and age was used to analyse the hazard of 

hospitalisations and ED presentations. The 95% CI was estimated for the hazard 

function in each group. A P value<.05 was considered statistically significant. The 

analysis was conducted using RStudio version 1.1.383 (RStudio Inc)23 with the R 

package of survival version 2.43-3. The intention-to-treat principle was applied to the 

analysis of the primary outcome of patient compliance with weight monitoring. It was 

also applied to the analysis of the hazards of hospitalisation and ED. In the intention-

to-treat analysis, all participants in the RCT were included. A per-protocol analysis was 

also applied to weight monitoring as a secondary outcome, only including participants 

who did not discontinue in the trial. A complete case analysis, which restricts the 

analysis to individuals with complete data, was used to analyse improvements in 

questionnaire-based assessments and 6-min walk distances. 

 

6.3 Results 

A total of 6587 patients were screened for eligibility. Among them, 6403 patients were 

excluded because of failure to meet the inclusion criteria (n=5998), declined (n=306), 

or for other reasons (n=99), such as losing contact with the patient (Figure 6.3). Finally, 

184 patients were randomised to the ITEC-CHF (n=91) and control (n=93) groups. 

During the 6-month intervention period, 24 participants in the ITEC-CHF group 

discontinued (palliative care or dialysis: n=2; deaths: n=2; and withdrawals: n=20), and 
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12 participants in the control group discontinued (lost to follow-up: n=1; deaths: n=1; 

and withdrawals: n=11). According to the intention-to-treat principle, all randomised 

participants (ITEC-CHF: n=91; control: n=93) were included in the analysis of the 

primary outcomes of patient compliance with weighing. They were also included in the 

analysis of the hazards of hospitalisation and/or ED presentation. 

 
Figure 6.3 CONSORT flow diagram for the ITEC-CHF: innovative telemonitoring 

enhanced care program for chronic heart failure. 

 

6.3.1 Baseline Characteristics of the Participants 

There were no significant differences between the characteristics of the ITEC-CHF 

and control groups at baseline (Table 6.2). The mean ages of the participants in the 

ITEC-CHF and control groups were 69.5 (SD 12.3) years and 70.8 (SD 12.4) years, 
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respectively. Participants were predominantly male, and a high proportion of 

participants were diagnosed with type 2 diabetes, chronic obstructive pulmonary 

disease, or asthma. Common medications included angiotensin-converting enzyme 

inhibitors, beta-blockers, loop diuretics, and/or aldosterone receptor antagonists. 
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6.3.2 Skipped Monitoring Days in the Innovative Telemonitoring Enhanced Care 

Program for Chronic Heart Failure 

There were 1312 participant monitoring days when weight monitoring was skipped. 

Being away from home or travelling was the major reason for skipped monitoring, 

occurring on 515 participant monitoring days (39.3% of total skipped days) in 41 

participants. Technical issues (Table 6.3) resulted in skipped monitoring on 390 

participant monitoring days (29.7%) in 27 participants. Hospitalisations and ED 

presentations caused skipped monitoring on 232 participant monitoring days (17.7%) 

in 18 participants, whereas health conditions such as being unwell, falling, surgery, 

and chemotherapy led to 136 skipped participant monitoring days (10.4%) in 11 

participants. The skipped days were regarded as noncompliant with daily weighing in 

the analysis of the primary outcome. 

 

Table 6.3 The percentage of technical issues in the innovative telemonitoring 

enhanced care program for chronic heart failure group. 

Technical issues Value, n (%) 

Bluetooth connectivity 203 (52.1) 

Network connectivity 61 (15.6) 

Weighing scale connectivity 49 (12.6) 

CHFa app 34 (8.8) 

Call centre system/support 23 (5.9) 

Weighing scale battery 18 (4.6) 

Tablet battery 2 (0.4) 

aCHF: chronic heart failure. 

 

6.3.3 Primary Outcome and Related Analysis Results 

Applying the intention-to-treat analysis to the primary outcome of weight monitoring at 

least four days a week on average over the duration of the trial, the proportion of 
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compliant participants in the ITEC-CHF group did not achieve statistical significance 

compared with that of the control group (ITEC-CHF: 67/91, 74% vs control: 56/93, 

60%; P=.06). However, ITEC-CHF was associated with significantly more participants 

who monitored their body weight on average for at least 6 days per week over the 

duration of the trial than the control (ITEC-CHF: 41/91, 45% vs control: 23/93, 25%; 

P≤.005; Table 6.4). 

Comparison of participant compliance with daily weight monitoring between the 

innovative telemonitoring enhanced care program for chronic heart failure (ITEC-CHF) 

and the control groups in Table 6.4. Under the conventional weight monitoring 

standard of at least 4 days per week, there was no significant difference between the 

ITEC-CHF and the control groups (P=.06). Under a stricter weight monitoring criterion 

of at least 6 days per week, more participants in the ITEC-CHF group were found to 

achieve this criterion than those in the control group (P=.005). 

 

Table 6.4 Compliance with daily weight. 

Compliancea ITEC-CHFb,  

n (%) 

Usual care, 

n (%) 

P value 

Participants who monitored body weight 

at least 6 days per week 

41 (45) 23 (25) .005 

Participants who monitored body weight 

at least 4 days per week 

67 (74) 56 (60) .06 

aCompliance with daily weight monitoring. 

bITEC-CHF: innovative telemonitoring enhanced care program for chronic heart failure. 

 

6.3.4 Secondary Outcomes 

Applying a per-protocol analysis by excluding participants who discontinued the study 

(ITEC-CHF: 24/91 and control: 12/93), the difference in weight monitoring compliance 

was significant for weight monitoring at least 4 days a week (ITEC-CHF: 65/67, 97% 
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vs control: 56/81, 69%; P<.01) and at least 6 days a week (ITEC-CHF: 41/67, 61% vs 

control: 23/81, 28%; P<.01). 

In the complete case analysis, 147 participants (ITEC-CHF: 66 and control: 81) 

completed the Heart Failure Compliance Questionnaire at baseline and 6-month 

assessments (Table 6.5). ITEC-CHF was associated with a significantly improved 

score in the domains of health maintenance (P<.01), medication adherence (P<.01), 

and diet (P<.01). No significant differences were found in the category of exercise 

(P=.10), smoking (P=.48), or alcohol use (P=.32). 

In the EQ-5D assessment, no significant differences were found in the change in 

category of mobility (P=.44), self-care (P=.26), usual activities (P=.59), discomfort 

(P=.46), and anxiety or depression (P=.38). The mean change in the overall score of 

EQ-5D was also not significantly different (ITEC-CHF: 4.05, SD 15.95 vs control: 1.10, 

SD 14.24; P=.13). 

No significant effects were found for the 6-min walk test distance, frailty, and 

depression. 

No significant differences were found in all-cause hospitalisations (ITEC-CHF: 73 vs 

control: 58; hazard ratio [HR] 1.18; P=.49) or emergency department (ED) 

presentations (ITEC-CHF: 36 vs control: 45; HR 0.83; P=.55), chronic heart failure 

(CHF)–related hospitalisations (ITEC-CHF: 15 vs control: 8; HR 1.98; P=.24), CHF-

related ED presentations (ITEC-CHF: 4 vs control: 5; HR 0.98; P=.98), or unplanned 

hospitalisations (ITEC-CHF: 41 vs control: 39; HR 1.06; P=.86). 
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6.5 Discussion 

6.5.1 Principal Findings 

In this study of an innovative telemonitoring program (ITEC-CHF), facilitated by 

community nurses with call centre support, we observed no significant differences in 

the weight monitoring frequency of at least 4 days a week but observed a significantly 

higher proportion of the intervention group achieving a weight monitoring frequency of 

at least 6 days per week compared with the control group receiving usual care. To our 

knowledge, this is the first study to use objective measures of weight monitoring and 

the intention-to-treat principle to comprehensively evaluate patient compliance with 

daily weighing in patients with CHF. 

The higher weight monitoring frequency of at least 6 days per week reflects better 

compliance with the recommendation in contemporary clinical guidelines for patients 

with CHF to weigh themselves daily as a self-management strategy to maintain fluid 

balance and identify signs of oedema.2, 3 This criterion for compliance is stricter than 

that applied to weight monitoring in previous studies of most of the time (or at least 4 

days per week) and was limited by a questionnaire-based assessment of compliance, 

which is prone to bias.4, 12 

In the intention-to-treat analysis, 45% of participants randomised to ITEC-CHF 

achieved a monitoring frequency of at least 6 days per week over the 6-month follow-

up period of the trial. This figure was influenced by the relatively high proportion of 

participants who discontinued the trial from the intervention group and provides 

valuable insight into factors that are pertinent to telemonitoring in clinical practice. In 

the early stages of the trial, there were relatively frequent technical issues with the 

telemonitoring system, which may have led to the withdrawal of some participants. It 

has previously been reported that learning how to use telemonitoring technology is 

perceived as burdensome and creates anxiety in some patients, especially those who 

are older.24 This may be further exacerbated in the event of technical issues. Technical 

issues also resulted in increased reliance on technical support, which would have 

increased the cost of telemonitoring, although this was not assessed in this study, 

highlighting the need for future telemonitoring studies with a health economics 
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component. These issues highlight the importance of telemonitoring systems being 

seamless and reliable to not create an unnecessary burden on patients and their 

carers or health service providers.25 Therefore, they underscore the need to improve 

the reliability and user experience of telemonitoring systems26 for use in clinical CHF 

care. 

In participants who completed the trial (the cohort in which the per-protocol analysis 

was conducted), compliance with weight monitoring in ITEC-CHF was high; 97% of 

participants monitored themselves for at least 4 days a week over the 6-month 

duration of the trial, and 61% of participants monitored themselves at least 6 days a 

week. In the ITEC-CHF group, 390 participant monitoring days were skipped because 

of technical issues, meaning that the difference in weight monitoring compliance 

between the ITEC-CHF and control groups is likely to be underestimated. These 

positive findings regarding weight monitoring compliance in participants who adhered 

to the program are likely to be underpinned by the multifactorial support mechanisms 

provided. This is further supported by a substantial number of alerts reported in this 

study, which included the automated generation of reminder alerts on 715 patient days 

when a weight recording was not received by 10 AM as well as contact made by the 

call centre and project nurses. These findings not only demonstrated the effectiveness 

of ITEC-CHF in supporting weight management but also indicated a strong need for 

such support in ongoing CHF care. 

The ITEC-CHF group experienced a significant improvement in health maintenance 

compared with usual care, as measured by the Heart Failure Compliance 

Questionnaire. This positive result was consistent with a finding of improved self-care 

maintenance reported in 2 other RCTs of telemonitoring in CHF.27, 28 Similarly, there 

was a significant improvement in adherence to medication and diet recommendations 

in the ITEC-CHF group, but not in the control group. These findings imply increased 

engagement with the heart failure nurses that occurred following the alerts generated 

through the telemonitoring intervention. These interactions created the opportunity for 

teachable moments, enabling nurses to provide informal education to reinforce self-

management practices. It has previously been acknowledged that patients often 

benefit from ongoing support in CHF care to effectively manage their health conditions 

through the reinforcement of self-management strategies.29 It is also possible that 
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merely being monitored was sufficient to enhance adherence to more desirable 

patterns of care because of a surveillance effect.30 Nevertheless, the combination of 

telemonitoring with nursing support resulted in improved self-management activities, 

although it is often difficult for researchers to identify which component of the ITEC-

CHF program drove these improvements. 

There were no significant effects of ITEC-CHF on hospitalisations and ED 

presentations, although it should be noted that the study was underpowered for this 

analysis. We observed that CHF-related events were not the major cause of 

hospitalisations (23/131, 17.5%) or ED presentations (9/81, 11%). CHF is a complex 

condition, more prevalent in older people, and associated with a range of 

comorbidities. Telemonitoring in the context of this study focused exclusively on daily 

weight recordings. This finding implies a need to extend telemonitoring intervention for 

comorbidity and critical non-CHF–related health conditions to more comprehensively 

address the range of health issues faced by patients with CHF. To date, the 

effectiveness of telemonitoring in improving hospitalisation and mortality remains 

inconclusive.13, 14 However, it has been shown that reduction in health services 

utilization, including unscheduled hospitalisations and length of stay, can be achieved 

for broader chronic disease management by monitoring a range of vital signs using 

telemonitoring enhanced care coordination.31, 32 Further research to understand the 

underlying principles that impact hospitalisations and ED presentations related to a 

specific primary diagnosis such as CHF remains essential in future studies. 

There are several limitations of this study that warrant discussion. First, the study was 

limited to a 6-month intervention, which may have been insufficient to translate to 

meaningful changes in clinical characteristics of patients. In addition, a relatively high 

number of participants discontinued their involvement in the trial, which has the 

potential to bias the analysis of some secondary outcomes where the intention-to-treat 

principle could not be applied. High rates of discontinuation in the ITEC-CHF group 

suggest a potential bias in the per-protocol analysis. Participants who discontinued in 

the ITEC-CHF group were unlikely to be random because some were because of 

deteriorating health (palliative care or dialysis) and because some were deceased, as 

shown in Figure 6.3. Therefore, we did not use the multiple imputation approach 

outlined in the trial protocol.15 The study did not achieve the target sample size 
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(n=300), proposed in the trial protocol15; this might have compromised the power to 

detect significant effects in the analysis of the primary outcome. There are several 

reasons for the smaller than proposed sample size. We experienced technical issues 

with the telemonitoring software that were not apparent during an extensive testing 

phase before study commencement, which delayed recruitment. This highlights the 

challenges that arise in a real-world environment that may not be present in a testing 

scenario. We also experienced slower than anticipated recruitment; some patients 

were reluctant to engage in a model of care involving technology, whereas others were 

concerned about their ability to weigh themselves safely because of frailty and were 

therefore excluded from the trial. A substantial number of patients reported as having 

CHF did not have an echocardiogram documented in their medical records and were 

therefore excluded because they failed to meet the inclusion criteria of an EF of <40%. 

Finally, a high proportion of patients who were residents of nursing homes were 

excluded on this basis. These issues highlight that the clinical complexity of many 

patients with CHF, who are often older with multiple comorbidities, may complicate 

their ability to engage with telemonitoring and underpin the importance of 

telemonitoring models being developed that are reliable, easy to use, and accessible 

for patients across the clinical spectrum of CHF. Finally, the patient compliance rate 

in usual care (25% for at least 6 days per week and 60% for at least 4 days per week) 

was likely to be influenced by the provision of weight scales to participants, which kept 

a record of their weight recordings and, accordingly, might have resulted in a 

Hawthorne effect33, reducing the difference between the ITEC-CHF and control 

groups. 

 

6.6 Conclusions 

The ITEC-CHF study is the first to report the effects of telemonitoring on weight 

monitoring compliance using an objective measure of weight recordings in patients 

with CHF. The proportion of participants in the ITEC-CHF program achieving a weight 

monitoring frequency of at least 6 days per week was higher than that in usual care 

controls. Furthermore, ITEC-CHF resulted in significant improvements in CHF self-

management related to health maintenance, medication adherence, and diet. Among 
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participants who completed the study, there was a high level of compliance with weight 

monitoring, underscoring the importance of telemonitoring platforms that are seamless 

to reduce the risk of patients disengaging with the technology. Although telemonitoring 

and digital health more broadly offer significant potential for supporting patients in self-

managing chronic conditions such as heart failure, further research is required to refine 

these evolving strategies to achieve effective care outcomes.  
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7.1 Introduction 

Chronic heart failure (CHF) is a complex disease that is expensive to manage and 

affects approximately 2%-3% of the adult population1, with a prevalence that continues 

to increase.2 Daily weight monitoring and symptom control are cornerstones of CHF 

management3; hence, innovative strategies that are both effective and acceptable to 

patients are required to support traditional approaches to manage these aspects of 

care. Recent studies have reported that remote monitoring can improve health 

outcomes and reduce costs associated with CHF care by providing real-time 

physiological information to healthcare providers that can be acted on quickly, 

reducing the potential for progressive clinical deterioration and more complex care 

requirements.4, 5 These contemporary telemonitoring systems have the advantage of 

being delivered by portable devices, enabling patients to be monitored in real-time 

from anywhere with access to the internet.6 However, positive findings of the efficacy 

of telemonitoring in CHF management are not ubiquitous, with several studies 

identifying patients who are resistant to change.7-9 

The mixed results from telemonitoring studies may, in part, reflect the willingness or 

readiness of patients with CHF to engage with telemonitoring technology and to 

adhere to its use.10-12 Because the prevalence of CHF increases with age, a high 

proportion of patients with CHF are over 75 years of age. This is a subset of the 

population in whom digital literacy has historically been low. However, the 

characteristics of the “over 75 years” demographic in modern times is different than 

that in prior generations, with increased life expectancy13 and rapidly improving digital 

literacy12 highlighting the need for new research in this area. 

Although several recent studies have investigated the perceptions of telemonitoring in 

other clinical cohorts, such as patients with chronic kidney disease, chronic obstructive 

pulmonary disease, or hypertension10, 11, 14, 15, there are few contemporary studies 

describing the perceptions of telemonitoring in patients with CHF. Remote monitoring 

in patients with CHF has specific objectives and unique challenges. For example, rapid 

fluctuations in body weight (>2 kg in 48 hours) may be the result of a variety of 

precipitating factors such as poor adherence to fluid and salt restrictions or 

noncompliance with medication, which can be rectified through modification of self-
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care behaviours, or it may be attributed to cardiac deterioration warranting urgent 

medical support.16 This increases the complexity of telemonitoring and emphasizes 

the importance of integrated clinical support in telemonitoring ecosystems16, 17, 

highlighting the importance of user-friendly technology.18-20 

The Innovative Telemonitoring Enhanced Care program for CHF (ITEC-CHF) was the 

first such program to incorporate telemonitoring supported by a 24-hour call centre 

and first-line nurse-led CHF intervention in community care settings in Australia .21, 22 

To minimize weight monitoring burdens and technical difficulties, the program 

introduced a novel “zero-touch” design, meaning that the participants were not 

required to interact with the technology other than stepping onto a scale for weight 

measurement as in usual care, and they did not need to have extra knowledge or skills 

to receive the telemonitoring intervention (Figure 7.1).21, 22 The objective of this study 

was to assess perceptions of telemonitoring among patients with CHF who 

participated in the ITEC-CHF study and to evaluate the usability of this model of care. 

 

Figure 7.1 ITEC-CHF Telemonitoring System. ITEC-CHF: Innovative 

Telemonitoring Enhanced Care Programme for Chronic Heart Failure. 
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7.2 Methods 

7.2.1 Study Setting and Design 

A detailed description of the protocol for the ITEC-CHF study has been previously 

published.22 Participants were recruited from the Frankston Hospital and Rosebud 

Hospital in Victoria, Australia, and Royal Perth Hospital and Fiona Stanley Hospital in 

Western Australia. Between January 2016 and December 2017, a total of 91 

participants enrolled in the ITEC-CHF trial were mailed a survey and provided with a 

self-addressed and stamped envelope to return the survey at the end of the 6-month 

intervention. The survey consisted of two parts (see Appendix 20-21). Part 1 was 

designed to evaluate the usability of the ITEC-CHF telemonitoring system and 

consisted of 9 questions, which were scored on a 5-point Likert scale (1=strongly 

disagree; 2=disagree; 3=neither agree nor disagree; 4=agree; and 5=strongly agree). 

The 9 Likert scale questions addressed the following concepts adapted from the 

technology acceptance model (TAM) and attitude toward technology use: (1) ease of 

use, (2) participants’ confidence with managing CHF, (3) participants’ ability to 

navigate the technology, and (4) perceived usefulness.23-26 These questions assessed 

the participants’ perceptions of telemonitoring and their comfort with using the 

technology involved. The TAM is an information technology framework for 

understanding users’ adoption and use of emerging healthcare technologies.25, 26 The 

model states that usefulness and ease of use are two essential elements in describing 

participants’ attitudes when using new technology.26 A number of studies support the 

validity of the TAM and its satisfactory explanation of end-user system usage.23, 24, 27 

Part 2 of the survey involved 3 open-ended questions to provide the participants with 

an opportunity to express more detailed opinions about the ITEC-CHF telemonitoring 

system. The open-ended questions addressed perceived benefits and perceived 

barriers, as well as sought participants’ suggestions about improving the system. The 

estimated time to complete all questions was approximately 15 minutes. 
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7.2.2 ITEC-CHF Telemonitoring System 

Eligible participants for the survey were required to have completed the ITEC-CHF 

intervention. The detailed protocol for this study has been published22, but it is 

summarised as follows: 

Participants were provided with electronic weighing scales (W550; ForaCare), and a 

computer tablet (Galaxy Tab A; Samsung). They were asked to weigh themselves on 

the provided scales daily. The measured weight entry was recorded in the weighing 

scale and then automatically transmitted to the tablet via a wireless Bluetooth function 

embedded in the scales. The tablet was preloaded with an Android application 

(MedTech Global) that received the weight entry and uploaded it to a proprietary 

software package, ManageMyHealth (MedTech Global). A web application in MMH 

automatically monitored the uploaded weight entries in real time to generate alerts and 

triage those alerts to project nurses and the call centre. The alerts were designed in 

accordance with the National Heart Foundation of Australia’s Guidelines for the 

Prevention, Detection, and Management of Chronic Heart.17 

The telemonitoring intervention consisted of three components: remote weight 

monitoring, structured telephone support, and nurse-led collaborative care. 

Telemonitoring was integrated with a personal assistance call service (MePACS) and 

a nurse care service according to their workflows in usual care. 

Operators at the call centre responded to the alerts in real time (24 hours, 7 days a 

week). In cases where the participant required clinical support, such as advice for 

assessing CHF symptoms or managing fluid and salt restriction, the call operator 

arranged a nurse follow-up. 

The project nurses provided structured interventions according to three types of alerts: 

rapid weight fluctuation (±2 kg in 2 days), slow weight fluctuation (±5 kg in 28 days), 

and low-risk weight fluctuation (±1 kg over 24 hours). If a participant’s body weight 

fluctuation exceeded ±1 kg (but less than ±2 kg) over 24 hours, a questionnaire was 

automatically triggered and sent to the participant’s computer tablet. If the participant 

reported any of the clinical conditions in the questionnaire or did not respond to the 

questionnaire, the project nurses contacted the participant for a clinical assessment. 
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However, if the response to the questionnaire determined the participant was 

asymptomatic, the alert was cancelled automatically to minimize unnecessary alerts 

to the project nurses. 

 

7.2.3 Inclusion and Exclusion Criteria 

The study’s inclusion criteria were as follows: patients (1) with CHF diagnosed by a 

clinician with an ejection fraction ≤40%, (2) who were able to weigh themselves safely, 

(3) who were at least 18 years of age, (4) who have a regular personal general 

practitioner (GP) or agree to use a designated GP, (5) who have a permanent 

residential address, and (6) without significant cognitive impairment. The exclusion 

criteria were as follows: (1) patients with expected survival <12 months, (2) patients 

with end-stage renal failure on dialysis, (3) long-term nursing home residents, or (4) 

patients participating in any other clinical trial. All participants provided written 

informed consent. 

 

7.2.4 Statistical Methods 

Statistical analyses were performed using SPSS software (version 26.0; SPSS Inc.). 

Descriptive statistics (mean and SD, frequencies, and percentages) were used to 

characterize the study population and described participants’ perceptions of the 

usability of ITEC-CHF. 

Open-ended questions were transcribed and imported into NVivo version 12 (QSR 

International) to facilitate the coding and to maximize the effectiveness and efficiency 

in sorting and merging the data according to themes reflecting common views and 

experiences. These were collated and supported by deidentified quotes from 

participants. Thematic analysis was performed to identify themes related to 

participants’ perceptions of the perceived benefits and perceived barriers, as well as 

their suggestions about improving the system, thus capturing participants’ 

understandings and allowing an in-depth analysis of the data.24 Data were described, 
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summarized, and then interpreted in relation to broader implications. The first author 

(SC), who is a nurse researcher with experience in research on CHF telemonitoring, 

familiarized herself with the data by reading the participants’ responses several times, 

while taking notes. Points of interest were noted while reading and re-reading the 

transcripts. Following the production of an initial set of codes, a thematic map was 

developed, which presented themes and subthemes. Accounts were then re-read to 

ensure that coding was checked and that nothing had been overlooked. Themes and 

subthemes were then allocated. The last author (AM), who is an experienced 

researcher in the fields of cardiac rehabilitation and heart failure management, cross-

checked the set of themes and was fully involved in the data interpretation and write-

up for dissemination. 

 

7.3 Results 

7.3.1 Overview 

The survey response rate was 77% (67/91 surveys; Table 1). There were no significant 

differences between the demographics or clinical characteristics of the participants 

who completed the survey and the overall cohort who completed the ITEC-CHF study. 
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Table 7.1 Demographics and clinical characteristics of study participants. 

Characteristic   

Completed 

survey (n=67) 

Completed ITEC-

CHF (n=91) 

Mean age, years  69.8 ± 12.4 69.5 ± 12.3 

Gender, n (%) 

 
Male 49 (73) 66 (73) 

 
Female 18 (27) 25 (27) 

Highest education achieved, n (%) 

 
Less than high school 9 (13) 10 (11) 

 
High school 28 (42) 41 (45) 

 
Trade or technical training 8 (12) 12 (13) 

 

College/university 

undergraduate 19 (28) 

23 (25) 

 
Postgraduate 3 (4) 5 (5) 

BMI 
 

32.1 ± 10.6 31.4 ± 9.6 

NYHA, n (%) 

 
I 5 (7) 8 (9) 

 II 50 (75) 68 (75) 

 III 11 (16) 14 (15) 

 IV 1 (1) 1 (1) 

LVEF, % 
 

28.7 ± 7.7 29.1 ± 7.1 

Other medical conditions, n (%) 

 
CHD 46 (68) 58 (64) 

 
COPD or asthma 16 (24) 23 (25) 

 
CKD 7 (10) 10 (11) 

  T2DM 22 (33) 28 (31) 

BMI, body mass index; NYHA, New York Heart Association Functional Class, LVEF, 

left ventricular ejection fraction; CHD, coronary heart disease; COPD, chronic 

obstructive pulmonary disease; CKD, chronic kidney disease; T2DM, type 2 diabetes 

mellitus. P = NS for all comparisons.  
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For the broad concepts of ease of use, confidence, navigability, and usefulness 

described in the TAM, 91% (61/67) of participants “agreed” or “strongly agreed” that 

the telemonitoring system was easy to use, 85% (57/67) “agreed” or “strongly agreed” 

that the technology improved their confidence in managing their CHF condition, 78% 

(51/65) “agreed” or “strongly agreed” that the technology was easy to navigate, and 

91% (59/65) “agreed” or “strongly agreed” that the telemonitoring was useful. A few 

participants indicated that they “disagreed” or “strongly disagreed that the 

telemonitoring system was easy to use (3%), that the technology improved their 

confidence in managing their CHF condition (2%), that the technology was easy to 

navigate (2%), and that the telemonitoring was useful (2%). 
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7.3.2 Themes and Subthemes Analysed 

Participants provided feedback, including a range of benefits and barriers to using 

telemonitoring. Eight key themes related to the ITEC-CHF program emerged from 

responses to the open-ended questions. Quotes from participants are provided to 

support each theme. 

Increased Support for Early Intervention of Clinical Deterioration 

Clinicians were able to view patient health data easily and quickly, which enabled early 

detection of clinical deterioration. This meant that problems were detected quickly, and 

participants were able to receive an early intervention. 

Weight fluctuation detected early and see GP same day. 

Improved Compliance to Daily Weighing 

The telemonitoring system helped participants get into a routine and inform them when 

a change occurred in their weight that was outside the predetermined limits. 

Information exchange. Motivation to try and be healthy. 

Learning about weight changes and fluid balance. 

A Sense of Reassurance 

Participants indicated they felt reassured that a clinician was behind the scenes 

reviewing their data. 

Staff are competent. 

Safety net that someone is watching. 

Improved Self-care and Accountability 

Participants felt accountable for their self-management because they were being 

monitored and would receive a reminder if they missed weighing themselves. This was 

reported as having had a positive effect on compliance to their self-management 

regime. 
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Weight measurement helped me with trying to maintain my health status. 

Made me personally more accountable of fluid management. 

Encouraging to weigh regularly. Help keep an eye on my diet. 

Supportive of Self-Management 

The ITEC-CHF environment helped participants feel supported in self-managing their 

condition while reflecting on the telemonitoring system in self-care. 

Weighing reminders from MEPACS. 

Don't feel alone. Familiar with nurses. 

Reassuring that help is on hand. 

Technical Difficulties 

Some concerns expressed by participants were related to the technology, mainly due 

to Bluetooth connectivity issues in the early stages of the trial. 

When machine doesn't register (scales). 

Computer tablet not registering weight measured from scales. 

Flexibility of Telemonitoring System 

Some participants suggested they would have liked greater flexibility to be able to 

weigh themselves later than 10 AM to suit their lifestyle. This feedback was provided 

by participants who are employed, including those who work a night shift, to have the 

flexibility of the cut-off time to weigh in extended. 

Sunday mornings when woken by MEPACS. 

Extend time to midday. 

Extend time limit. 
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System Not Suitable for All Patients 

Participants who had lifestyles involving frequent travelling found continuous 

telemonitoring unsuitable. In addition, some participants reported difficulty in 

answering the questions on the computer tablet in a timely manner. 

Not suitable when going away on holiday. 

Not enough time to answer symptoms questions. 

 

7.4 Discussion 

7.4.1 Principal Findings 

In this evaluation of the perceptions of telemonitoring among patients with CHF, the 

majority of participants “agreed” or “strongly agreed” that the intervention was feasible 

and helpful in their care. This included being easy to use (91% agreement) and helpful 

in improving their confidence in self-management (85% agreement). These findings 

are consistent with those reported from studies in other cohorts of people with chronic 

diseases that have evaluated perceptions of telemonitoring10, 11, 14, 15, but these results 

also provide new insights into the perceptions of patients with CHF. 

Feedback from participants in this study highlights the importance of minimal user 

burden and ensuring user-friendly technology for telemonitoring to be acceptable to 

patients. High rates of satisfaction were observed with all the aspects of usability 

surveyed. Participants reported that the ITEC-CHF program was easy to use, easy to 

navigate, useful, and increased their confidence in managing their weight. Similarly, 

patients with chronic kidney disease were found to be highly accepting of using 

telemonitoring because they perceived it as being interactive and applicable in 

managing their condition.10 In patients with hypertension, high levels of acceptability 

in using telemonitoring that relates to user-friendly technology has been previously 

reported.11 User acceptance is especially important if telemonitoring is to be widely 

adopted; this is an important objective in the COVID-19 era when remotely delivered 
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health care is increasingly being utilized to avoid subjecting patients to the risk of 

infection. 

Compliance with care provider instructions and being self-disciplined in health 

management activities and self-care were two themes that were expressed by a high 

proportion of participants using the ITEC-CHF system. Compliance with self-care 

activities, such as diet, exercise, and medication adherence, are important factors in 

managing chronic conditions such as CHF given that successful disease management 

is, in part, dependent on patients’ ability and willingness to carry out self-care 

activities.17 Moreover, confidence in undertaking self-management activities, 

particularly the ability to reliably self-identify symptoms associated with clinical 

deterioration and take appropriate action in a timely manner is an important 

component of chronic disease management.28 The observation that telemonitoring is 

beneficial for weight surveillance represents an important clinical outcome given that 

fluctuations in body weight are a reliable way of detecting fluid imbalance, which can 

be associated with poor self-care compliance or disease exacerbation.29-31 

However, the acceptance of telemonitoring was not ubiquitous for participants in the 

current study. For example, the technology in its current form may not suit patients 

who travel frequently. Several participants also indicated that greater flexibility in the 

telemonitoring system would reduce disruption to their lives, especially during holidays 

and on weekends. It was suggested by some participants that having the ability to alter 

the time before an alert was sent (ie, changing it to after 10 AM) would reduce the 

psychological burden of the alert system during these periods. This is an important 

consideration because previous studies have found that insufficient flexibility in 

telemonitoring models may hinder the ongoing use of the system.32-36 

Participant feedback also highlighted the importance of engaging consumers with a 

lived experience of CHF in the co-design of telemonitoring to ensure that it is simple 

and easy to engage with by the end user. Participants stressed the importance of a 

system that is robust, with easily accessible technical support—a finding consistent 

with observations in other clinical groups.37, 38 This is critical because technical 

problems are known to be a significant impediment to the uptake and adherence to 

telemonitoring.30-32 From the ITEC-CHF trial, it was evident that technical issues led to 
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disengagement from the system when encountered by some participants.22 Patients 

with CHF often have multiple competing comorbid health issues to manage in their 

lives, so a seamless system of telemonitoring takes on additional importance. 

 

7.4.2 Limitations 

There are several limitations to the study that warrant highlighting. First, the results 

from the usability of the ITEC-CHF program were based on a relatively small sample 

size, so larger studies are required to provide results from a sample  that is more 

representative of the broader population of patients with CHF, to confirm these 

findings. Second, there was no baseline data of participants’ perceptions of the 

usability of the system to provide a comparison for user satisfaction measured at the 

end of the study. However, this design would have its own limitations because 

participants would lack the experiential insight derived from being involved in the trial 

to answer some of the questions at baseline. Third, the findings are based on the 

experiences of participants who completed the trial and who are, therefore, likely to 

have a more favourable view of the telemonitoring system than those who dropped 

out. In future studies, it is essential to consider including a control or comparison group 

that does not use the system during the study. This approach would facilitate a more 

comprehensive evaluation by establishing a baseline for comparison against the group 

using the system. This comparative analysis would contribute to a more thorough 

assessment of changes in user satisfaction between those who have utilised the 

system and those who have not. Finally, the single-group ITEC-CHF usability design 

precluded the assessment of the feasibility of randomisation procedures, attrition, 

outcome measures, and acceptability in a control arm.  

7.5 Conclusions 

In this study evaluating the usability of a telemonitoring program in patients with CHF, 

a high overall usability rating was achieved, and the telemonitoring system was 

generally well accepted by users as an adjunct to their routine self-management 

activities. Participants in the study expressed that they were confident in using the 

ITEC-CHF system and reported many perceived benefits, including quick identification 
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of early signs of clinical deterioration, which allows for faster response to manage the 

symptoms of CHF. Future trials that are powered to assess whether telemonitoring 

affects rehospitalisation and mortality rates are required to determine whether these 

characteristics of telemonitoring translate to an improvement in clinical outcomes for 

patients with CHF. 
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Chapter 8 - General Discussion 

8.1 Overview 

Chronic heart failure (CHF) has a major impact on patients’ lives, due to cardinal 

symptoms such as fatigue and shortness of breath on exertion. Moreover, CHF leads 

to an increased requirement for clinical care, reduces patients’ independence and in 

advanced cases, the ability to effectively undertake activities of daily living. Ultimately, 

this can adversely affect quality of life. Accordingly, the symptoms of CHF, and its 

treatment, can affect physical, personal and psychosocial well-being.  

People with CHF have to learn to make adjustments in their lives to meet the new self-

care requisites associated with CHF and this is most successful when done under the 

guidance of health care professionals.1-3 For example, nurses play a pivotal role in 

providing education, advice and support to improve the ability of patients with CHF to 

perform self-care. Patient education on topics including the causes of CHF, 

medications used to manage and treat its symptoms, and lifestyle modifications such 

as fluid and dietary restrictions and physical activity can help demystify CHF for 

patients and their families and improve compliance with self-care actions. Moreover, 

clinical surveillance by nurses provides an opportunity to reinforce self-care activities, 

identify non-compliance and clinical deterioration early in its course, and take actions 

to rectify this to reduce more serious complications.  The current thesis describes two 

distinct nurse-led interventions for managing CHF; i) an independent community-

based, nurse practitioner-led clinic (‘SmartHeart’) operating out of a university, and ii). 

a telemonitoring program linked via a central call centre to nursing support. This 

chapter provides a summation of the thesis. It revisits the aims and discusses the 

strengths and limitations of the research undertaken.  

Among the nursing profession, nurse practitioners have an advanced scope of 

practice, including: designing and implementing therapeutic regimens; initiating 

referral to other health professionals; ordering and interpreting pathology and 

radiology tests; prescribing and reviewing medications.4 This makes them well 

credentialed to provide the specialised care required by patients with CHF. The 

intervention in the SmartHeart nurse practitioner-led CHF clinic (Study 1) involved the 
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provision of CHF support including clinical assessment, an individualised CHF 

management plan and education in self-management strategies in an independent 

university-based clinic. 

The intervention in the innovative telemonitoring enhanced care program for chronic 

heart failure (ITEC-CHF) (Study 2) involved three distinct components: remote weight 

monitoring, structured telephone support, and nurse-led collaborative care. 

Participants were provided with electronic weighing scales and a computer tablet, and 

asked to measure their body weight daily. The service was integrated with a telephone 

call centre with operators who were available 24 hours, 7 days a week. If the 

participant needed clinical support, nurse follow-up was arranged by the call operators. 

The clinical research nurses associated with each site followed up with the participant 

via a telephone call or home visit as appropriate. 

Participants in the usual care group in each study received standard care through the 

trial period, as available in their local health care environment at the time of the studies. 

This was predominantly through cardiologists or general practitioners. The usual care 

group in the SmartHeart study consisted of patients admitted to the same tertiary 

hospital following the cessation of the university-based clinic. The usual care group in 

the ITEC-CHF study were recruited at the same time as the intervention group and 

randomised to the control arm of the study. They were provided with a standard 

package of a paper-based diary and the Living Well with Heart Failure booklet, 

produced by the National Heart Foundation of Australia, (in accordance with best 

practice) and advised to undertake CHF self-management as instructed in their usual 

care.   

 

8.2 Description of findings   

The findings from this project highlight the important roles nurses can have in the ‘front 

line’ of community-based care of patients with CHF.  

The evaluation of the  SmartHeart clinic (Chapter 3) revealed enhanced self-care and 

improved psychosocial health in the intervention group.2 The higher level of self-care 
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behaviour in the intervention group compared with usual care, was sustained for at 

least six months following the completion of participants’ involvement in the 

SmartHeart program, highlighting that a time-limited intervention can have ongoing 

benefits. Compared with usual care, the intervention group also experienced 

significantly lower rates of all-cause hospitalisation, although no difference was 

evident in CHF-related hospitalisations.  It is relevant to note that patients with CHF 

are often older and can have a complex mix of both cardiac and non-cardiac 

conditions, such as diabetes, obesity, osteoarthritis and renal dysfunction, all of which 

can lead to adverse health outcomes that increase hospitalisations.3, 4 The nursing 

support providing through the clinic may have helped manage such conditions. This 

finding is consistent with those from systematic reviews that concluded that nursing 

case management reduces unplanned hospital readmissions.5, 6 Moreover, a previous 

study found that only 12% of patients understand their CHF discharge instructions7 

highlighting the importance of post-discharge care. Study 1 in this thesis highlights the 

value of community-based nurse practitioners in providing education and support to 

address this shortcoming of CHF management. 

As a precursor to Study 2, the thesis includes a systematic review and subgroup meta-

analysis of the effectiveness of different non-invasive telemonitoring strategies on 

reduced all-cause mortality and hospitalisation (Chapter 4), to identify which strategies 

were associated with these outcomes.8 The review found that telemonitoring 

strategies involving mobile health (mHealth) and medication support were associated 

with improvements in all-cause mortality or hospitalisation outcomes.8 Multi-arm 

studies were included in the systematic review and meta-analysis using a carefully 

considered approach. In these cases, we treated each arm of a multi-arm study as an 

independent comparison, which allowed us to incorporate data from these studies 

while avoiding issues of double-counting. Data from each arm were treated as a 

separate data point, ensuring that the analysis accounted for all relevant data while 

maintaining statistical integrity. This method was employed to ensure that the unique 

information from multi-arm studies was appropriately integrated into the review and 

meta-analyses, contributing to a comprehensive and accurate synthesis of the 

available evidence. A protocol for the systematic review and meta-analyses was not 

published before the research was conducted. While protocols are typically valuable 
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for outlining the methodology and promoting transparency, in this case, the study 

proceeded without a pre-published protocol. Instead, the research followed a 

structured approach to ensure a systematic and rigorous review process, including 

defining objectives, search strategies, inclusion and exclusion criteria, data extraction 

methods, and statistical analysis techniques in adherence to established standards 

and guidelines. Consistent with the findings of the meta-analysis, the telemonitoring 

strategy in Study 2 was delivered through a small mobile tablet provided to the 

participants in the intervention group. The device was used to facilitate weight 

monitoring, through ‘pairing’ with a set of blue-tooth enabled scales (also provided to 

participants). These devices were easily transportable and several participants 

continued the intervention while on holiday away from home. The findings of Study 2 

(Chapter 6) are also consistent with those of the meta-analysis. The ITEC-CHF 

intervention resulted in a significant improvement in CHF self-management, 

specifically related to medication adherence, in addition to health maintenance, and 

diet.9 Software installed on the tablet was utilised to detect a change in body weight, 

outside pre-determined limits (e.g. >2kg over 48 hours). When a weight fluctuation 

occurred, a clinical assessment questionnaire was generated by the telemonitoring 

software (MMH), and if indicated based on the participant’s response, a CHF nurse 

was notified and contacted the participant for clinical review and follow up action. This 

included medication support such as reinforcing adherence to prescribed medications, 

and encouraging participants to enact flexible diuretic regimens, if these were in place. 

In the event that the participant’s clinical status warranted care beyond the scope of 

the CHF nurse, they were referred for medical follow-up according to a predetermined 

clinical management algorithm.   

Compliance was higher with daily weight monitoring in the setting of telemonitoring 

support (Chapter 6), compared with usual care.9 While no differences were evident 

between the Telemonitoring and Usual Care groups for all-cause hospitalisation, 

Emergency Department presentations, CHF-related hospitalisation, or unplanned 

readmissions, the study wasn’t powered to assess these outcomes. Future studies 

with the statistical power to assess clinical outcomes as a result of similar 

telemonitoring interventions are therefore required. A usability evaluation (Chapter 7) 

of the telemonitoring intervention revealed that the intervention  was rated highly on 
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usability and was well accepted by patients who perceived the benefits of the 

intervention were complementary to their routine self-management strategies.10  

The results from this study support future investment in innovative nurse-led CHF 

educational programs which will promote high-quality CHF care. In terms of the 

implications for practice, this study identified several opportunities for practice which 

could be implemented in telemonitoring-enabled care. As health care services evolve 

to utilise virtual care more extensively, bio-metric information will need to become 

more accessible to clinicians managing the complexities of CHF. By accessing routine 

health data using telemonitoring in this care model, clinical decisions were able to be 

made in a timely fashion, potentially mitigating the risk of clinical deterioration to more 

serious medical events. 

Chronic heart failure can have an ongoing impact on a patient’s psychosocial health. 

The SmartHeart clinic in Study 1 resulted in improved health-related quality of life 

whereas there were no significant differences in health-related quality of life in 

response to the telemonitoring intervention evaluated in Study 2. This may have been 

influenced, at least in part, by the level of interpersonal interaction between the nurse 

practitioners and participants in the SmartHeart project, compared with the 

telemonitoring intervention, which was largely ‘hands off’ with the nurses only alerted 

when there were weight fluctuations meeting the predetermined criteria. In Study 2, 

the effect of telemonitoring on daily weighing, an important aspect of self-care was 

found to have a high level of compliance with weight monitoring in addition to a 

significant improvement in CHF self-management related to health maintenance, 

medication adherence, and diet. 

 

8.3 Overall Strengths 

This work has several strengths.  Firstly, it highlights the diversity of nursing roles and 

how the different scope of practice between nurse practitioners and registered nurses 

can be applied in different settings to support patients with CHF. In Study 1, nurse 

practitioners used their advanced scope of practice to provide case-management in 

an independent community clinic. In Study 2, the CHF nurse role at the different sites 
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was held by registered nurses who provided clinical advice to patients and acted as 

an intermediary between the patient and the healthcare system. In clinical practice, 

there is broad variability in the role and scope of nurses involved in supporting patients 

with CHF across Australia depending on the availability of nursing personnel, ranging 

from enrolled nurses in some regional and remote locations, to registered nurses and 

nurse practitioners being employed increasingly outside the hospital setting, such as 

in practice nurse roles complementing medical care in general practice. In the 

telemonitoring model, the nurse support could be provided by either registered nurses 

or nurse practitioners. While the telemonitoring was led by registered nurses in Study 

2, having a nurse practitioners employed in the role with their advanced scope of 

practice would provide greater opportunity to action episodes when patients’ clinical 

status is fluctuating, improve access for vulnerable groups with limited access to 

services, and integrate services for patients across the care continuum including 

access to alternative referral pathways.  

Secondly, the telemonitoring intervention in Study 2 was a program which was 

embedded into an existing call centre care model and not a pilot clinic or clinic model 

established for the sole purposes of this research, making this support system 

sustainable beyond the duration of the study. The implementation of the telemonitoring 

intervention was described in detail in Chapter 5. This protocol paper will be valuable 

to guide the implementation of telemonitoring in other settings that have access to a 

call centre, as well as to inform how to model new telemonitoring-enabled nurse-led 

chronic care delivery models in other settings.11  

Another strength of Study 2 is that it was conducted across multiple sites (two in 

Western Australia and one in Victoria). Study 2 provides a framework for measuring 

outcomes across organisations and states. Whilst there were differences in health 

care systems such as funding, operational and regulatory arrangements between the 

two states12; a single centralised call centre was able to support care provision. The 

results are therefore likely to have greater generalisability to other settings than if the 

study was conducted in one state or city.  

Lasty, the application of both quantitative and qualitative methods during the Study 2 

provides a deeper insight than if either method had been used in isolation. Collecting 
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and analysing qualitative data is an essential component in studying health community 

needs, since not all information can be captured through collecting quantitative data. 

Qualitative data can cover issues such as patient non-compliance with self-reporting 

symptoms as a result of weight fluctuations, perceived risk and satisfaction. Analysing 

routinely collected data and combining it with other sources of information such as 

surveys, questionnaires, suggestion boxes, focus groups, participant observation and 

interviews are useful methods for gaining insight into patients’ needs and expectations. 

 

8.4 Limitations 

Study-specific limitations have been discussed in the previous chapters. However, 

there are several overall limitations of this research that should be acknowledged. A 

limitation of Study 1 was that it was a pragmatic trial and not a randomised control trial. 

However, pragmatic trials optimise external validity and have the advantage of being 

able to evaluate an intervention’s effectiveness in routine practice conditions and can 

be more readily implemented because they are more generalisable to ‘real life’.13, 14 

The SmartHeart program in Study 1 involved multiple components, consistent with 

best-practice. Participants and carers were provided with support to increase their 

knowledge, attitude and self-management capabilities through educational resources, 

which included CHF management booklets, face-to-face education, discussions and 

the practising of skills, home visits and follow-up telephone calls.  The control group 

was recruited several months after the intervention group, once the nurse practitioner-

led program had ceased, to compare patient outcomes with and without the program 

in operation. While this time lag opens the possibility that other CHF management 

processes may have changed, the impact of this is likely to be minimal, given that no 

guideline updates or other changes to routine CHF management processes occurred 

during this time.     

A limitation of Study 2 was the lack of statistical power to evaluate clinical outcomes. 

The primary outcome, daily weighing compliance, is behavioural in nature and it is 

unclear from the current study how the observed changes in weight monitoring 

translate to reduced risk of emergency department presentations or hospitalisation 
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(and the costs associated with these), nor mortality. Future studies that are powered 

to test the effect of body weight telemonitoring on clinical outcomes are warranted.   

Secondly, in Study 2, patients were only eligible to enrol if they had received a recent 

echocardiogram, which limited the number of patients with CHF who were discharged 

from general medical wards where echocardiograms were not requested as 

frequently, despite having a clinical diagnosis of CHF. Despite this limitation, the 

overall participant population was heterogenous with a diverse background in 

aetiology and demographics.  

A further limitation of Study 2 is that all devices including the computer tablet and 

weighing scales were provided to participants at no cost, with the computer tablets 

equipped with a monthly data plan. We recognise that the likelihood of this type of 

resource provision is uncommon as comprehensive clinical service delivery of this kind 

is difficult to fund at a larger scale. However, bring your own device (BYOD) models 

have already demonstrated positive results in telemonitoring studies.15, 16 For instance, 

researchers at the Centre for Global eHealth Innovation have recently implemented 

several telemonitoring-models with success in clinical outcomes, quality of life, and 

patient self-care including BYOD models where study participants utilise their own 

devices including blood pressure cuffs, phones and weight scales.15 This pragmatic 

approach has significant potential for telemonitoring support programs in a real world 

setting.  

The study was conducted in a pre-COVID-19 era, which means it was undertaken in 

a different socio-economic, cultural, and technological context.17 At that time, society 

was not as heavily reliant on technology for daily activities, communication, and work 

as it has become in the post-pandemic world.18-20 

8.5 Future Research Directions 

By the end of this project, a number of areas for further research have been identified, 

which can build on this research and enrich the relevant findings on the nurse-led 

models of care. Based on the limitations, the following part addressed some 

suggestions for future research and practice.  
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Future studies need to keep investigating the effect of co-design on the nurse-led 

models of care to identify to generalise the users’ preferences. This will create 

meaningful engagement through creating awareness on the practical relevance of the 

research and valuing all stakeholder perspectives and experiences in the research 

process. This approach ensures a comprehensive understanding and application of 

co-designed interventions in nursing care, ultimately contributing to more effective and 

patient-centric healthcare practices.  The findings from the current project are valuable 

for informing future research in the area of nurse-led CHF management. Nurse-led 

services exist on a continuum from the direct substitution of single medical tasks, 

through to comprehensive, advanced practice nursing models of care.21 The range of 

nurse-led service models of care reflects the degree of professional autonomy 

exercised by nurses.21-23 Research is important to optimise the ability of nurses to work 

to their full regulated scope of practice, and in doing so, increase flexible service 

delivery options, improve integration of care, promote self-care amongst patients, and 

reduce the demand for acute services. 21, 22, 24 Future experimental, pragmatic and 

mixed mode research will all be important for developing the evidence base to support 

the evolution of nurse-led clinical practice in the management of CHF, as well as other 

clinical conditions. Indeed, pragmatic randomised controlled trials of innovative nurse-

led CHF management models that are embedded in usual clinical practice will be 

critical to inform the refinement of nurse-led and patient-centred care in real-world 

settings. 

Future studies involving detailed health economics evaluations will be especially 

important to influence the decisions of health-care policy makers. The comparison of 

cost effectiveness data between new nurse-led initiatives with routine practice will 

provide policy makers with the information required to allocate resources and staff to 

optimise clinical care based on evidence.25, 26  This is also the case for telemonitoring 

interventions. While telemonitoring has shown promise in this and other studies8, 9, 15, 

27-29, there remain barriers for its implementation into routine care, which are both 

bureaucratic and financial in nature. As with any new innovation, telemonitoring must 

operate within the financial constraints of health care services. Larger trials are 

warranted with the power to evaluate the effects of telemonitoring interventions on 

clinical outcomes and cost effectiveness. Importantly, cost effectiveness analyses 



187 

 

should be conducted that reports quality-adjusted life years as a measure of disease 

burden in order to understand the impact on both the quality and the quantity of life 

lived.   

Ongoing advances in digital technologies have led to the design, development and 

deployment of different types of telemonitoring interventions.30-33 Future research must 

consider the rapid changes in digital technologies in the context of nurse-led CHF 

management programs with particular emphasis on reaching patient populations with 

limited digital health literacy, so these patients are not further disadvantaged in the 

new age of digital technologies. 

Interventions similar to those investigated in the current project could easily be applied 

to a variety of other chronic conditions, providing innovative solutions to address 

emerging priorities. Building on the experiences and lessons learned from the 

management of CHF patients, the models investigated in these studies could readily 

be modified to support patients with conditions such as chronic obstructive pulmonary 

disease, type 2 diabetes, and osteoarthritis. 

Finally, more work needs to been done in understanding the parameters and impact 

of how the recent COVID-19 pandemic might have forced individuals and institutions 

to quickly adapt to technology, and this might have influenced user acceptance 

significantly.34-36 Users’ experiences, preferences, and expectations have evolved, 

making it important to recognise the limitations of the study's relevance to the current 

context as well as highlighting the need for the ongoing research and adaptation of 

strategies and solution due to the dynamic nature of technology acceptance in 

management of CHF patients.37, 38 Future studies can explore how these changes 

have influenced user preferences, trust in technology, and the sustainability of 

technological interventions. 

8.6 Summary and conclusions 

The growing prevalence of CHF warrants a redesign of traditional care delivery 

methods. New and innovative approaches to care delivery are needed to monitor and 

treat this complex patient cohort, who are characterised by frequent emergency 

department presentations and hospitalisations, due to exacerbations of their condition, 
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which in many cases are potentially avoidable with better clinical surveillance. Nurse-

led CHF management strategies can strengthen the interconnection between the 

clinician and the patient that can be of great value. With this support, patients are able 

to achieve more effective means to self-manage minor fluctuations in their health and 

detect more significant deterioration in their condition earlier for more timely clinical 

follow up.15, 39 This may result in a decrease in hospital usage and in an better overall 

health status for patients with CHF.15, 40 

With the rapid uptake of remote healthcare delivery in response to the COVID-19 

pandemic, the potential of virtual health care solutions such as telemonitoring has 

become more widely recognised as an important adjunctive clinical service to improve 

support for best-practice management and the provision of equitable access to care. 

Increasingly, telemonitoring is being adopted and implemented as an efficient and 

cost-effective means for delivering and accessing quality health care services and 

outcomes.8, 15 While telemonitoring continues to evolve, the results from this thesis 

demonstrate how telemonitoring can support patients with CHF through virtual 

assessments in a nurse-led care model by supporting patient self-care in the setting 

of a seamless transition of clinical information to the clinical team. 

In closing, the project undertaken in this thesis demonstrates the important role that 

nurses play in the management of patients with CHF, and how this can be delivered 

effectively in a community setting through monitoring patients, managing their 

symptoms, providing education and counselling, and developing new approaches to 

improve clinical surveillance. We trust that the new knowledge generated will 

contribute to an improvement in the lives of people experiencing this complex but 

increasingly common condition.  
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