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ABSTRACT

Background: Heart failure (HF) has been described as an emerging pandemic as its
prevalence continues to rise with a growing and aging population. HF patients are more
vulnerable to infections with higher risk of hospitalisation, morbidity, and mortality.
During this COVID-19 pandemic, telemedicine has emerged as an alternative to
usual out-patient care. This study aimed to systematically review available literature
regarding the effect of telemedicine on mortality, health-related quality of life (HR-
Qol), and hospitalisation rate of HF patients.

Method: A literature search was conducted on five databases (PubMed, Medline,
EMBASE, SCOPUS and Cochrane Central Database) up to 21t May 2022. Data from
studies that fulfilled the eligibility criteria were collected and extracted. Included
studies were critically appraised using suitable tools and extracted data were
synthesized qualitatively.

Results: A total of 27 studies were included in the qualitative synthesis with a total
of 21,006 patients and sufficient level of bias. Reduction in the mortality rate, HF-
related hospitalisation rate, and improvement in the HR-QoL were shown in most of
the studies, although only some were statistically significant.

Conclusions: The use of telemedicine is a promising and beneficial method for HF
patients to acquire adequate health care services. Further studies in this field are
needed, especially in developing countries and with standardized method, to provide
better services and protections for HF patients. Telemonitoring and patient-centred
partnership via interactive communication between healthcare team and patients is
central to successful telemedicine implementation.
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INTRODUCTION

Heart failure is a complex, debilitating syndrome characterized by symptoms of breathlessness,
ankle swelling and fatigue that occurs with minimal physical exertion or even at rest. The heart
performs its systolic and diastolic function with diminished capacity as a result of myocardium
injury and hence, metabolic demands of the body cannot be fulfilled. The resulting fall in
cardiac output leads to activation of neurohormonal responses, such as the sympathetic
nervous system and renin angiotensin-aldosterone system (RAAS), to maintain cardiovascular
homeostasis. In the long term, prolonged activation of the neurohormonal system exacerbates
cardiac injury. It has been known to be responsible for HF progression that is associated with
poor morbidities and mortalities [1, 2]. Furthermore, as a chronic and progressive disease, HF
results in higher rate of rehospitalisation and poor quality of life (QOL).

Heart failure has been described as an emerging pandemic as its prevalence continues to rise
with a growing and aging population. The risk increases over 20-fold in people aged > 60 years
old [3]. It poses a great clinical, social and economic challenge, especially in low-to-middle
income countries where its outcome is largely influenced by low health-care infrastructure
availability, workforce shortages and poorer access of care and quality [4].

Nevertheless, with advancement of digital technologies, the use of telemedicine has scaled up
as a strategy to help address workforce shortages and reach patients in rural or underserved
areas. This issue is especially prominent in low- to middle-income countries such as Indonesia,
where a large number of populations are widely diverse and dispersed across many islands.
Furthermore, it has gained popularity due to the efforts of maintaining mandatory social
distancing during the COVID-19 pandemic. Patients become reluctant to seek medical help
due to fear of contracting the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection [5]. Telemedicine becomes the safest medium for patients to interact with clinicians
and attempts to minimize substantial delays in management of HF patients. It will serve to
maintain communication between physicians and patients as well as delivery of information
and education, which is key to a sustainable self-care for individuals with HF.

The European Society of Cardiology has recognized its potential with a low level of
recommendation (IIb), and termed it as, ‘remote patient management’ [6]. Previous clinical
studies suggest that telemedicine lowers mortality and morbidity rates, but results have
been inconsistent due to various systems of telemedicine and study designs (durations and
population demographics) [7]. Telemedicine can be carried out invasively or non-invasively. An
invasive telemonitoring employs the use of implantable electronic cardiac devices (implantable
cardioverter-defibrillator or cardiac resynchronization therapy) with activated home monitoring
features [7]. Non-invasive telemedicine can be delivered via structured telephone call, virtual
visits, use of mobile apps or wearable devices connected to software and built-in algorithm
systems to detect signs of abnormalities. Therefore, this study aims to evaluate the outcome
of telemedicine in heart failure patients’ mortality rate, hospital admission rate, and quality of
life (QOL) compared to standard outpatient visits.

METHODS
PROTOCOL AND REGISTRATION

This systematic review was conducted based on the Preferred Reporting Items for Systematic
Review and Meta-Analysis (PRISMA) Statement. The protocol of this systematic review has been
registered in The International Prospective Register of Systematic Review (PROSPERO) database
(CRD42021271540).

ELIGIBILITY CRITERIA

Eligible studies included systematic reviews and randomized controlled trials that aimed to
investigate the use of telemedicine compared to standard of care in heart failure patients and
their effects on patients’ mortality, hospitalisation rate and quality of life. Participants that
were included were heart failure patients aged > 45 years old and classified under New York
Heart Association (NYHA) Functional Classification II-1V. We excluded studies with HF patients
with the following etiologies: pregnancy-related, congenital heart disease, valvular heart
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disease and present embolism. Studies without sufficient data, such as missing information on
patients’ baseline characteristics or incomplete results, were excluded.

SEARCH STRATEGY

Literature search was performed using PubMed, Medline, EMBASE, SCOPUS and Cochrane
Central Database, along with manual hand searching using keywords listed in Table 1, up to
21 May 2022. Additional searching was performed manually through relevant bibliographies
of selected systematic reviews and meta-analysis. Selection of studies was restricted to those
published in English or Bahasa Indonesia, with full text availability and no time limit. Title and
abstracts generated using the search terms were identified and screened using our eligibility
criteria. Screening for eligible records was done independently by five investigators (SF, SA, SP,
TMB). Decisions for inclusion and disputes were settled by discussions amongst investigators
with the help of a blinded, independent reviewer [8]. Flow of study selection was presented
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Table 1 Search queries of this

according to the PRISMA flow chart of study selection.

systematic review.

DATABASE

SEARCH QUERY

INITIAL HITS

PubMed

(((((HFrEF) OR (heart failure)) OR (congestive heart failure)) AND (((((((((telemedicine) OR (online follow up))
OR (telecardiology)) OR (ehealth)) OR (e-health)) OR (online consultation)) OR (telehealth)) OR (virtual care))
OR (telemonitoring))) AND (((outpatient visitation) OR (offline follow up)) OR (in person appointment))) AND
((((((((tMinnesota living with heart failure questionnaire) OR (quality of life)) OR (hospitalisation rate)) OR
(hospitalisation)) OR (inpatient admission)) OR (admission rate)) OR (mortality)) OR (death)) OR (survival rate))

68

Medline

(((Heart Failure or CHF or HF or Congestive Heart Failure).mp. [mp = title, abstract, original title, name of substance
word, subject heading word, floating sub-heading word, keyword heading word, organism supplementary
concept word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier,
synonyms]) OR (Heart Failure.mp. or exp Heart Failure/) OR (HFrEF.mp.) OR (Congestive Heart Failure.mp.)) AND
(((Online follow-up or telemedicine or online consultation or eHealth or telehealth or e-Health or telecardiology).
mp. [mp = title, abstract, original title, name of substance word, subject heading word, floating sub-heading
word, keyword heading word, organism supplementary concept word, protocol supplementary concept word, rare
disease supplementary concept word, unique identifier, synonyms]) OR (Telemedicine.mp. or exp Telemedicine/))
AND (((Offline follow-up or Outpatient visitation or in-person appointment).mp. [mp = title, abstract, original title,
name of substance word, subject heading word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary concept word, rare disease supplementary concept word,
unique identifier, synonyms]) OR (Outpatient Visitation.mp. or exp Ambulatory Care/)) AND ((quality of life.mp.

or exp “Quality of Life”/) OR (hospitalisation.mp. or exp hospitalisation/) OR (Admission Rate.mp. or exp Patient
Admission/) OR (exp Mortality/ or Mortality.mp.) OR (Survival rate.mp. or exp Survival Rate/) OR ((Quality of Life or
QoL or hospitalisation or Inpatient admission or Admission Rate or hospitalisation rate or Mortality or Death or
Survival rate).mp. [mp = title, abstract, original title, name of substance word, subject heading word, floating sub-
heading word, keyword heading word, organism supplementary concept word, protocol supplementary concept
word, rare disease supplementary concept word, unique identifier, synonyms]) OR (Death.mp. or exp Death/))

24

EMBASE

((heart failure OR congestive heart failure) AND (follow up OR online system OR telemedicine OR consultation OR
teleconsultation OR telehealth OR telecardiology) AND (outpatient OR outpatient care OR outpatient department)
AND (quality of life OR questionnaire OR hospitalisation OR hospital admission OR hospital mortality OR mortality
rate OR mortality OR cardiovascular mortality OR survival rate))

180

SCOPUS

( TITLE-ABS-KEY ( ( heart AND failure ) ) OR TITLE-ABS-KEY ( ( hf)) OR TITLE-ABS-KEY ( ( congestive AND heart
AND failure ) ) OR TITLE-ABS-KEY ( (chf) ) OR TITLE-ABS-KEY ( ( hfref)) AND TITLE-ABS-KEY ( ( telemedicine ) )

OR TITLE-ABS-KEY ( ( online AND follow-up ) ) OR TITLE-ABS-KEY ( ( online AND consultation) ) OR TITLE-ABS-

KEY ( (ehealth) ) OR TITLE-ABS-KEY ( ( telehealth ) ) OR TITLE-ABS-KEY ( ( e-health ) ) OR TITLE-ABS-KEY ( (
telecardiology ) ) OR TITLE-ABS-KEY ( ( virtual AND care ) ) OR TITLE-ABS-KEY ( ( telemonitoring ) ) AND TITLE-ABS-
KEY ( ( outpatient AND visitation ) ) OR TITLE-ABS-KEY ( ( offline AND follow-up ) ) OR TITLE-ABS-KEY ( (in AND
person AND appointment ) ) AND TITLE-ABS-KEY ( ( minnesota AND living AND with AND heart AND failure AND
questionnaire ) ) OR TITLE-ABS-KEY ( ( mlhfq) ) OR TITLE-ABS-KEY ( ( quality AND of AND life ) ) OR TITLE-ABS-KEY (
(gol) ) OR TITLE-ABS-KEY ( ( hospitalisation ) ) OR TITLE-ABS-KEY ( (inpatient AND admission ) ) OR TITLE-ABS-KEY
( (admission AND rate ) ) OR TITLE-ABS-KEY ( ( mortality ) ) OR TITLE-ABS-KEY ( ( death ) ) OR TITLE-ABS-KEY ( (
survival AND rate ) )

Cochrane
Central
Database

#1 MeSH descriptor: [Heart Failure] explode all trees

#2 “Heart Failure” OR HF OR “Congestive Heart Failure” OR CHF OR HFrEF

#3  MeSH descriptor: [Telemedicine] explode all trees

#4  Telemedicine OR “Online follow-up” OR “online consultation” OR eHealth OR telehealth OR e-Health OR
telecardiology

#5 MeSH descriptor: [Outpatients] explode all trees

#6 Outpatient OR “Outpatient visitation” OR “offline follow-up” OR “in person appointment”

#7  “Quality of life” OR QoL OR “Minnesota Living with Heart Failure Questionnaire” OR MLHFQ OR hospitalisation
OR hospitalisation OR “inpatient admission” OR “admission rate” OR mortality OR death OR “survival rate”

#8 #1OR#2

#9  #3 OR #4

#10 #5O0R#6

#11 #7 AND #8 AND #9 AND #10

94




DATA EXTRACTION

Data extraction was performed by three reviewers (SF, SA, SP) and checked by three independent
reviewers; any disputes regarding data extraction were discussed within the review team. Data
were extracted to an excel spreadsheet in a standardized form, including study citations,
baseline characteristics of participants, methods of intervention and study findings. Baseline
data such as study settings, sample size, patient characteristics (age, gender, NYHA class, and
left ventricle ejection fraction (LVEF), if available), types of intervention, as well as measures of
effect and method of analysis were extracted from the included studies. Extracted outcomes
were mortality rate, hospitalisation rate, as well as the quality of life of heart failure patients
after receiving patient care via telemedicine compared to standard outpatient visit. Patients
in the studies were followed for at least three months. The corresponding author of included
studies with missing or incomplete data was contacted via email.

QUALITY ASSESSMENT AND DATA SYNTHESIS

Studies were assessed for risk of bias using the A MeaSurement Tool to Assess systematic
Reviews 2 (AMSTAR 2) and Physiotherapy Evidence Database (PEDro) scale appraisal tools by five
independent reviewers (SF, SGA, SP, TMB, BBS) for systematic reviews and RCTs, respectively. The
AMSTAR 2 rating overall confidence was concluded as high if there was no to one non-critical
weakness, as moderate if there was more than one non-critical weaknesses, as low if there was
one critical weakness without non-critical weakness, and as critically low if there were more than
one critical weaknesses [9]. The summary of assessment using PEDro scale was ‘excellent’ for
scores of 9-10, ‘good’ for scores of 6-8, ‘fair’ for scores of 4-5, and ‘poor’ for scores of 0-3 [10].

We performed a qualitative analysis of the included studies and any discrepancies were resolved
by discussion amongst reviewers with the help of an independent reviewer until a conclusion
was reached. Data synthesis consisted of the study size, method of analysis used in each study,
the appropriate measures of effect (odds ratio, hazard ratio, relative risks) and its confidence
interval, as well as the risk of bias. Quality assessment of included studies was also tabulated.

RESULTS
STUDY SELECTION

Literature search using the listed keywords across five databases yielded 369 papers. After
duplicates were removed, titles and abstracts of 314 records were screened. A total of 273
records were removed due to irrelevant titles and abstracts. Forty-one full-text articles were
assessed for eligibility, 29 of which were excluded for reasons stated below. An additional 15
studies were found manually from bibliographies of relevant papers. A total of 27 studies were
included in the qualitative synthesis. Figure 1 represents the PRISMA Statement to illustrate the
flow of our study selection.

PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers and other sources

Identification of studies via other methods

( of studies vi and reg ) (

369 Records identified from*:
PubMed (n = 68)

Duplicate records removed Records identified from:

=
o
3 Medline (n = 24) (n = 55) Websites (n=0)
€ EMBASE (n = 180) P
H SCOPUS (n = 3) itation searching (n = 15)
=2 Cochrane (n = 94) Records excluded manually**
(n=273)
— Trial protocol (n= 9)
l Irrelevant PICO (n=151)
pr— Irrelevant study design (case-control,
Records screened ?::-;ggsiomised clinical trials, review)
(n=314) Trials not completed (n= 5)
Not in English (n=2)
Abstract not available (n=1)
Reports sought for Reports not retrieved
o retrieval (n=0)
5 (n =15)
£ Report for eligibilits Reports excluded (n=29)‘ ) )
5 eports oreligibility NYHA class not specified/mentioned
«» (n=41) (n=16)
Outcomes irrelevant (n = 5) Reports assessed for
No fulltext (n = 5) eligibility
Intervention group not specific to (n=15)
telemedicine only (n = 1)
Control group not standard care
(n=2)

Studies included in review
(n=27)
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Figure 1 The PRISMA flow
diagram for the systematic
review.



STUDY CHARACTERISTICS AND CRITICAL APPRAISAL

The characteristics of included systematic reviews and RCTs are summarized in Table 2 and Table 3,
respectively. The 27 included studies consisted of two systematic reviews and twenty-five RCTs
with a total of 21,006 patients. The two systematic reviews had included studies that were done in
various locations, including both developed and developing countries, with populations of mean age
ranging from 45 to 78 years old. One systematic review employed the use of structured telephone
support or non-invasive home telemonitoring [7]. Meanwhile, the other review used m-Health
technology to focus on distributing health education to HF patients [11]. Assessment of risk of bias
using AMSTAR 2 for both systematic reviews yielded a low level of confidence (see Table 5).

Most of the RCTs were performed in developed countries, except a study by Ferrante et al. in
Argentina [12]. Mean age of participants ranged from 55-78 years old. The proportion of male
participants was higher in the majority of studies, except in the study by Pedone et al. and
Jerant et al. [13, 14]. Most of the studies included patients with NYHA class II-1V, whereas Inglis
et al,, Allida et al., Pekmezaris et al., Koehler et al., and Soran et al. only included patients with
NYHA class II-11I [7, 11, 15-17]. Participants in three other studies [18-20] were in NYHA class
ITI-1V. Some studies had reported criteria of LVEF, most of which were under 40%. Mean LVEF
of the participants ranged from 21.8% to 44%. Other studies did not report mean LVEF.

In regards to intervention, twenty four of the included trials utilized home-based devices to
monitor vital signs and body weight [7, 12, 13, 15-35]. The received data are transmitted for
review by health personnel or by a built-in algorithm. Adjustments of medical therapies are made
whenever necessary. Aside from telemonitoring, some studies employed a combined method of
interventions, that s, structured telephone calls or video visits [12, 15, 18-20, 28-36]. Two studies
used telemedicine only to substitute face-to face consultation [7, 21]. Table 4 summarizes the
types of interventions utilized in the trials included in this study. Duration of intervention varied
from 1 to 36 months. A sufficient level of bias in the twenty-two RCTs was detected using the
PEDro tools. Quality of the other three RCTs was fair. Blinding of participants was not possible in
this type of study due to the nature of intervention (see Table 6).

STUDY RESULTS

Studies incorporating either telemonitoring devices or telephone-based monitoring systems
were compared with standard outpatient visits (usual care). The results of the included studies
are presented in Tables 7 and 8. Mortality rate was evaluated in eighteen studies. Four out
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Table 2 Summary of study
characteristics and population
demographics of systematic
reviews.

Abbreviations: NYHA, New
York heart association; LVEF,
left ventricle ejection fraction;
USA, United States of America;
UK, United Kingdom; STS,
structured telephone support;
HT, non-invasive home
telemonitoring; PDA, personal
digital assistant; RTM, remote
telemedical management N/A,
not available/not known/not
mentioned.

AUTHORS YEAR STUDY STUDY LOCATION STUDY SAMPLE CHARACTERISTICS TYPES OF
PUBLI- TYPE DURATION MEAN/ SAMPLE MALE/ NYHA LVEF INTERVENTION
SHED MEDIAN SIZE FEMALE CLASS (%)

AGE (%)
(YEARS)
Inglisetal. 2015  Systematic STS:USA 14), Australia 6 months  STS=45-75 41 studies STS=64/36 STS= N/A Structured
review (1), Argentmc (1), HT=55-78 STS=9332 HT=72/28 II-111 telephone
and meta- Brazil (1), Canada (1), N support or non-
analysis Germany (1), India (1), HT = 3860 HT=1II invasive home
Iran (1), Italy (1) and telemonitoring
two studies which compared with
were involved several usual post-
European countries discharge care
(Germany, Netherlands,
UK, Poland, Italy).
HT: Italy (3),
USA (3), Canada (2),
Austria (1), Belgium (1),
Finland (1),
France (1), Germany
(1), Sweden (1), The
Netherlands (1), UK
(1) and two studies
involved several
European countries
(Germany, The
Netherlands and the UK;
UK, Poland and Italy)
Allida et al. 2020 Systematic Australia (1), China (1), 1-12 60-75 5 studies 63/37 II-111 N/A mHealth-
review Iran (1), Sweden (1), months 1010 delivered
and The Netherlands (1) education

interventions
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Table & Description of intervention in randomised clinical trials.

AUTHOR TYPES OF INTERVENTION

Villani et al. Telemonitoring using a handheld PDA connected with the monitoring center

Pedoneetal.  Telemonitoring system that receives oxygen saturation, heart rate, and blood pressure readings with telephone support

Kenealy et al.  Using a small device to measure and input data daily (include weight, blood pressure, and oxygen level) compared with usual care

Pekmezaris Tailored telehealth self-monitoring (consists of daily vital signs monitoring and weekly video visit) compared with comprehensive

etal outpatient management

RiegelBetal.  Telephonic case-management and use of software programs to identify important clinical data such as patients’ worsening of
symptoms, knowledge and medical needs.

Benatar D Transtelephonic home monitoring devices to measure vital signs. Nurse evaluates objective data and conducts telephone

etal assessments, titrates medication therapy and educates patients

DarOetal. Daily telemonitoring of signs and symptoms (e-weigh scale, automated blood pressure cuff, pulse oximeter, and a control box
connected to phone line. Data were reviewed on a daily basis by a HF nurse. Any abnormal results alert the health personnel who
would call the patients for further assessment and medical advice

Koehler F Patients were provided with telehealth patient station in their home. Weekly virtual nursing visits and monitoring of symptoms and

etal vital signs on daily basis.

Jerant AF et al.  Scheduled phone call from study nurse and video-based telecare

KurtzBetal.  Automated home-based self-monitoring using conventional telephone weekly. The algorithm is able to advise patients medically
based on their symptoms. Patients are scheduled for three visits to the clinic in a year.

MelinMetal.  Utilised telemonitoring system. E-weighing scale is connected to OPTILOGG system (tablet computer and custom software), which
also contains education module about HF and patients are instructed to input their symptoms every 5 days

Antonicelli R Telephone support system weekly by HF team to collect information on vital blood signs, urine output and body weight, as well as

etal symptoms and treatment adherence. A weekly ECG was also recorded. Patients and caregivers underwent training courses to apply
the home study protocol and correct use of equipment. Therapeutic regimen was regularly assessed and altered as necessary based
on telemonitored data or telephone interviews.

Baker DW Daily weighing to guide diuretic self-adjustment, including an individualized pain developed with the patient clinicians. Symptoms

etal monitoring, intensive education and self-care training through 5-8 follow up phone calls in a month.

Blum K et al. Remote monitoring of daily weights, blood pressure, heart rate and 15-second heart rhythm strip using Phillips Electronics E-care
System. Data was then transmitted wirelessly and compared to individually assigned parameters based on subjects’ admission and
evaluations. Any needed adjustments including medication dosage and/or any readings outside of the normal parameter was then
done by a nurse practitioner.

DeWalt DA Structured telephone support through scheduled follow-up phone calls (day 3, 7 and every 7 days, and monthly during months 3-6)

etal preceded by educational session and allotment of educational booklets with clinical pharmacist or health educator regarding signs of
HF exacerbation, daily weight assessment and diuretic dose adjustment. Phone calls were done to reinforce these educational points.

Ferrante D Patients were followed up with a telephone intervention by specialised nurses. Patients were initially called every 14 days and then adjusted

etal according to the severity of each patient. Nurses were allowed to adjust short-term changes in diuretics and to suggest unscheduled visits to
the attending cardiologist. Control group continued treatment with their cardiologist in the same manner as the intervention group.

Goldberg LR Patients in the intervention group received continued standard outpatient heart failure therapy plus AlereNet system or standard

etal. outpatient heart failure therapy. The AlereNet system includes an electronic scale and an individualised symptom response system
(DayLink monitor) linked via a standard phone line to a computerized database monitored by trained cardiac nurses. Patients were
instructed to weigh themselves and respond to yes/no questions about HF symptoms twice daily. The nurses contacted the patient
as necessary to verify any changes observed in symptoms or weight.

Mizukawa M Patients in all groups were provided with a notebook to record daily self-monitoring data such as weight, blood pressure, and pulse.

etal Patients in the usual care group received one standard education session at enrollment using a pre-existing booklet and received HF
treatment provided by their physician. Patients in the intervention groups (self-management and collaborative management) received
disease management programs for 12 months. In addition, patients in the CM group received telemonitoring intervention, in which
a nurse checked data and called patients as needed for 12 months. Each patient received noninvasive physiologic telemonitoring
devices to measure BP, pulse rate, and body weight daily. The data were transmitted to the nurse’s computer and checked daily by
trained nurses. The nurses also arranged physician visits or contacted the patient care manager for care coordination as needed.

KrumHetal.  Usual care involved standard general practice management of heart failure according to the National Heart Foundation of Australia/
Cardiac Society of Australia and New Zealand Heart Failure Management Guidelines. In addition to UC, the UC plus intervention group
received ongoing support by touchtone telephone using the TeleWatch system. This telemedicine system was required to be dialled
into by the patient on a monthly basis at which time questions were asked with regard to heart failure clinical status by heart failure
specialist nurses. In addition, the patients were able at any time to dial to the system and receive advice about management of their
heart failure symptoms or be directed to a general practitioner or an emergency department. Patient information resource, regular
newsletters, and an individualised patient diary were also provided for the intervention group.

LyngaPetal.  Telemonitoring using an electronic scale (Zenicor Medical Systems AB) installed in the patient’s home. Quote, “...after weighing, a
wireless signal was sent from the scale to a modem plugged into the patient’s telephone. The weight was then automatically
transmitted via the telephone network to a central internet-based data server system (Zenicor Medical Systems AB). Hence, the
weight could be checked from any computer with internet access. The system sounds an alarm if the patient gains > 2 kg from the
target weight and if there is an increase of > 2 kg in 3 days.

Mortara A Home telemonitoring using a cardiorespiratory recorder and modem, digital blood pressure monitor (UA-767, A&D Company, Tokyo, Japan),

etal and electronic weighing scale. Patients were randomized into usual care and three home telemonitoring groups: (i) monthly telephone
contact; (ii) strategy 1 plus weekly transmission of vital signs; and (iii) strategy 2 plus monthly 24 h recording of cardiorespiratory activity.

Seto E et al. Telemonitoring of body weight and blood pressure (UA UC-321PBT weight scale and UA-767PBT blood pressure monitor, A&D Medical,

USA) and ECG recordings (SelfCheck ECG PMP4, CardGuard, Israel) were automatically sent wirelessly to a mobile phone (BlackBerry
Pearl 8130, Research in Motion, Canada) via Bluetooth before being transmitted to the data center at the hospital. The cardiologist
would call the patients once alerted by abnormal data

(Contd.)



AUTHOR

TYPES OF INTERVENTION

Soran OZ et al.

Home-based disease management program (Alere DayLink HF Monitoring System, HFMS) detects early signs and symptoms of

HF linked to a standard phone line and into a computerized database run by trained nurses. Patients were instructed to weigh
themselves and respond to HF symptoms questions daily. Transmitted data were reviewed daily, and patients were contacted to
verify changes in observed symptoms and/or weight. Significant changes in symptoms and/or weight were alerted to attending
physicians who then adjust therapeutic changes and/or schedule patient visits accordingly.

Wakefield BJ  Telephone or videophone interviews were conducted weekly by a nurse to assess patients’ reported HF-related symptoms, body
etal weight, blood pressure, ankle circumference that were measured by the patients. Additionally, patients underwent behaviour skill
training to optimise self-management, self-monitoring and self-efficacy
Wooden AK Home-monitoring equipment was installed in the patient’s home. Patients were instructed to measure body weight and blood
etal. pressure daily and data will be transmitted to a central station/ The 12-lead ECG was also recorded periodically. Video conference
with a nurse was conducted weekly to review the patient’s progress and self-care education
SYSTEMATIC  AMSTAR 2 ITEMS QUALITY OF T"bt'e 5 if't'col.qppm'?‘“ for
REVIEWS REVIEW systematic reviews using
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 AMSTAR 2 checklist.
Inglis et al. Y Y Y PY Y Y Y Y Y Y Y Y Y Y Low Abbreviations: Y, Yes; PY,
Allida et al. Y Y N PY Y Y Y Y Y Y Y Y Y N Low Partial Yes; N, No.
RCTS PEDRO SCALE ITEMS TOTAL  QUALITY Table 6 Critical appraisal for
SCORE RCTs using PEDro scale.
ELIGIBILITY 1 2 3 4 5 6 7 8 9 10
Villani et al. Yes 10 1 0 O O 1 1 1 O 5/10 Fair
Pedone et al. Yes 11 1 0o 1 0 1 0 1 1 7/10 Good
Kenealy et al. Yes 11 1 o o0 O 1 1 1 1 7110 Good
Pekmezaris et al. Yes 11 1 o0 O O 1 1 1 1 7/10 Good
Riegel B et al. Yes 11 1 o0 1 o 1 1 1 1 8/10 Good
Benatar D et al. Yes TP o 1 0 O O 1 1 1 1 6/10 Good
Dar O etal. Yes 10 1 o0 O 1 1 1 1 1 7/10 Good
Koehler F et al. Yes 1 0 1 0 O 1 O 1 1 1 6/10 Good
Jerant AF et al. Yes 11 1 o0 o0 1 1 1 1 1 8/10 Good
Kurtz B et al. Yes o 0 0 o o o 1 1 1 1 4/10 Fair
Melin M et al Yes 10 1 0 O 1 o0 1 1 1 6/10 Good
Antonicelli R et al Yes 1 0 1 0 O O 1 1 1 1 6/10 Good
Baker DW et al Yes 10 1 o0 O 1 1 o0 1 1 6/10 Good
Blum K et al Yes 11 o 1 O O o0 1 1 1 6/10 Good
DeWalt DA et al Yes 11 1 1 0 O O0O 1 1 1 7/10 Good
Ferrante D et al Yes 10 1 o o0 O 1 1 1 1 6/10 Good
Goldberg LR et al Yes 10 1 0 O 1 1 1 1 1 7/10 Good
Mizukawa M et al Yes 1o 1 o0 O o0 1 1 1 1 6/10 Good
Krum H et al Yes TP o 1 o0 O 1 1 1 1 1 7/10 Good
Lynga P et al Yes 10 1 o o0 O 1 1 1 1 6/10 Good
Mortara A et al Yes 11 1 0 O 1 1 O 1 1 7/10 Good
SetoEetal Yes 11 1 0 O O 1 o0 1 1 6/10 Good
Soran OZ et al Yes 11 o0 1 0 o0 1 1 1 1 7/10 Good
Wakefield BJ et al Yes 10 1 o o0 O O 1 1 1 5/10 Fair
Wooden AK et al Yes 10 1 o o0 O 1 1 1 1 6/10 Good
STUDIES  STUDY RESULTS Table 7 Results of the ]
systematic review included in
MORTALITY HR-QOL ALL-CAUSE HF-RELATED the study
HOSPITALISATION  HOSPITALISATION '
Abbreviations: HR-QoL
Inglisetal. STSRRO0.87(95%CI  N/A STSRR0.95(95% CI ~ STSRR 0.85 (95%CI h lth‘ilr llt d l(?[ yfl'f )
0.77-0.98); I = 0% 0.90-1.00);; P =47%  0.77-0.93); I = 27% eaith-related quality oT e,
STS, structured telephone
HT RR 0.80 (95% CI HT RR 0.95 (95% (I HT RR 0.71 (95%CI support; HT, non-invasive
0.69-0.94); I* = 24% 0.89-1.01); I)*=71%  0.60-0.83);1? = 20% home telemonitoring; MLHFQ,
Allida et al. N/A MLHFQ N/A OR 0.74 (95% CI Minnesota Living with Heart

MD -0.10 lower in the
intervention group
(95% CI-2.35 to 2.15);
12=61%)

0.52-1.06); I = 0%

Failure Questionnaire; RR,
relative risk; HR, hazard ratio;
(I, confidence interval; OR,
odd ratio; N/A, not available.
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of these eighteen studies demonstrated beneficial results in mortality rate after participants
received telemedicine intervention for a period ranging from 6 to 12 months. Inglis et al.
found that both structured telephone support (STS) (RR 0.87; 95% CI 0.77-0.98) and non-
invasive home telemonitoring (HT) (RR 0.80; 95% CI 0.69-0.94) significantly reduced mortality
compared with usual care during the six-month study period [7]. Similar result was shown by
Pedone et al. and Goldberg et al. [RR 0.51 (95% CI 0.26-0.98), RR 0.43 (95% CI 0.22-0.84); p =
0.0142] after a six-month duration of follow-up [13, 20]. Longer duration of follow-up up to a
year also proved to be beneficial in reducing mortality [26]. Other studies showed that the use
of telemedicine had no significant effect on mortality rate [12, 15, 18, 19, 30-36].

Five studies reported significant improvements in HR-QoL before and after intervention of
telemedicine, although none were statistically significant when compared between groups.
Allida et al. [13], Pekmezaris et al. [15] and Benatar et al. [19] used the Minnesota Living with
Heart Failure Questionnaire (MLHFQ), while Kenealy et al. [17] and Koehler et al. [14] used the
Short Form-36 Survey (SF-36) to evaluate QoL. An interesting result was shown by Pekmezaris
et al, in which the HR-QoL of the comprehensive outpatient management group showed
greater improvement from baseline compared to the telemedicine group [16].

The majority of studies reported lower hospitalisation rates in groups receiving telemedicine.
Inglis et al. showed that both STS and HT had similar insignificant effects on all-cause
hospitalisation (RR 0.95; 95% CI 0.90-1.00) and (RR 0.95; 95% CI 0.89-1.01), respectively [8].
A similar result was shown by Koehler et al. (HR 1.12; 95% CI 0.91-1.37) [14]. Contradictory
results were demonstrated by Pedone et al,, Riegel B et al,, Benatar et al. and Dar et al. [13,
23-25]. These studies reported that all-cause hospitalisation was reduced significantly after six
months of follow-up. Kenealy et al. also found a higher proportion of all-cause hospitalisation
in patients receiving telecare intervention compared to usual care group [22].

Meanwhile, Inglis et al. had also observed significant reduction in the HF-related hospitalisation
in patients receiving STS and HT (RR 0.85; 95%CI 0.77-0.93 and RR 0.71; 95%CI 0.60-0.83,
respectively) [8]. These results are in line with studies by Villani et al., Riegel et al. and Kurtz
et al. [21, 23, 26]. A longer duration of study up to three years also resulted in significant
benefit in reducing HF-related hospitalisation as demonstrated by Ferrante et al. [12]. However,
insignificant improvements on the HF-related hospitalisation were shown by Allida et al. [13]
(OR 0.74; 95%CI 0.52-1.06) and Pedone et al. [13] (RR 0.48; 95% CI 0.14-1.45). Pekmezaris et
al. did binary and non-binary analysis on both all-cause and HF-related hospitalisation [16].
There were no significant reductions in all-cause hospitalisation (RR 0.92; 95% CI 0.57-1.48, p
=0.73) and HF-related hospitalisation (RR 1.27; 95% CI 0.44-3.6, p = 0.65).

DISCUSSION

The burden on health care systems worldwide has increased enormously during the COVID-19
pandemic. Patients have become more reluctant to seek medical help for their illnesses due to
fear of infection [8]. Consequently, for decompensated HF patients, reluctance to seek medical
help may lead to late medical or non-medical treatments that are to no avail. This necessitates
the implementation of technology in clinical settings to safely and effectively deliver health
care in a timely manner. Telemedicine has been increasingly utilized during the COVID-19
pandemic with high levels of satisfaction from patients and healthcare providers [37, 38]. The
European Society of Cardiology has recognized the potential of telemedicine and encouraged
its use whenever preferable, while containing the spread of infections [39].

We investigated the outcomes of telemedicine on heart failure patients with NYHA class 11
to IV in our study. Previous study had found that rates of all-cause mortality and all-cause
hospitalisations were higher in patients with NYHA class II-1V [40]. Additionally, we included
patients aged 45 years old and above. As discussed earlier, the demography of heart failure
patients has gradually transitioned towards the older populations. This is evident in our included
studies where the mean age of HF patients ranged from 45 to 78 years old. Older adults are
increasingly using technology, although they still lag behind compared to those aged between
18 and 64. They face unique issues related to physical and cognitive functioning that hinders
them from finding and using appropriate health information and technology [41]. Therefore,
it is important to bear in mind that technology-based health care delivery services should be
user-friendly and meet demands of users across diverse ages.
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Methods of delivery of telemedicine vary amongst the included studies. Out of 27 studies, 92%
had utilised telemonitoring system that receive vital signs readings such as blood pressure,
oxygen saturation level, and weight [7, 12, 13, 15, 16, 18-35, 42]. Important clinical data such
as patients’ worsening of symptoms and medical needs are identified. According to the World
Health Organization, telemedicine, by definition, means ‘the provision of healthcare services
at a distance with communication conducted between healthcare providers seeking clinical
guidance and support from other healthcare providers (provider-to-provider telemedicine); or
conducted between remote healthcare users seeking health services and healthcare providers
(client-to-provider telemedicine)’ [43]. In this review, the use of this telemonitoring is often
coupled with structured telephone support or video visits from healthcare personnel on a regular
basis to check on the patients as well as to give medical services accordingly based on these data
whenever deemed necessary. One study [14] had performed scheduled group telephone call or
video-based telecare and another study [11] utilised the internet and web-based programmes
on smartphone and mobile devices to deliver education. The ESC e-Cardiology Working Group
position paper emphasised that patient-education programmes should be part of solutions to
challenges in digital health implementation in Europe [44]. As highlighted in a review by Inglis et
al., home telemonitoring yields lower risk of mortality and HF-related hospitalisation compared
to structured telephone support. In this study, it was demonstrated that telemedicine delivers
a relatively better impact on HF-related hospitalisation than mortality. Figure 2 illustrates the
central result of this study.

Telemedicine to Support Heart Failure Patients during Social Distancing

Mortality
‘ Reduced mortality rate in telemedicine group vs.
usual care group, observable after 6-months follow-up

W Health-Related Quality of Life

” ﬁ Ar Improved HR-Qol in patients receiving telemedicine,

as measured through MLHFQ, SF-36 scales

0
Hospitalisation Rates
Y A No difference in all-cause hospitalisation between
y \ ° telemedicine vs. usual care group
° Improved HF-related hospitalisation in telemedicine group
Objectives
Systematic review of effects of Conclusion

telemedicine on mortality, quality
of life and hospitalisation on
Heart Failure patients

Telemedicine is a promising alternative to deliver health services for heart failure patients,
particularly in reducing mortality, improving HR-QoL, and HF-related hospitalisation rates,
with relatively better impact on hospitalisation rates.

MORTALITY RATE

Heart failure is a life-limiting illness for many patients, with half of patients with severe HF dying
within one year of diagnosis [45]. One study found that 57% of mortality rates in HF patients
were categorised as cardiovascular, with coronary heart disease as the main cause of death
in 63% of cardiovascular deaths [46]. Furthermore, populations with HF are shown to be more
vulnerable to infections, which has emerged as a key immediate cause of death [47]. Another
study showed that pre-existing HF is a risk factor for more severe clinical courses of COVID-19
and an independent predictor of in-hospital mortality [48]. Coincidentally, patients with HF are
at a higher risk of contracting COVID-19 as they require continuous care in standard outpatient
or inpatient settings. In a traditional setting, patients have to physically leave their homes and
present themselves to the hospital [49]. Studies has shown that patient-to-patient COVID-19
transmissions in hospitals might reach 52%, with 40-50% of those cases resulting in further
transmissions [50]. Furthermore, prior to the pandemic, evidence has shown that HF patients
are also at increased risk of hospital-acquired pneumonia (HAP). A study by Tada et al. found
that the prevalence of HAP in hospitalised acute heart failure patients was as high as 8% and
they developed a higher rate of all-cause mortality, as well as worsening of symptoms [51].
Telemedicine can mitigate such risk by providing healthcare services for HF patients from their
own comfort.
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Our study found a reduction in the mortality rate of patients in the telemedicine group
compared to the usual care group, although only some showed statistically significant results.
Favourable outcomes were observable after six months of follow-up period. A systematic
review by Inglis et al. analysed in our study involved the largest number of study participants
and concluded positive results on all-cause mortality [7]. However, we rated low level of
confidence in risk of bias analysis as the majority of the involved studies failed to elucidate
methods of random sequence generation in their RCTs and concealment of allocations. This
is somewhat similar to our analysis of risk of bias. The nature of this intervention prevents
blinding of study participants. Blinding of outcome assessors and therapists can be made
possible. Therefore, further studies of RCTs producing exceptional qualities are warranted. The
Telemedical Interventional Monitoring in Heart Failure (TIM-HF) trial conducted by Koehler et
al. [42] did not observe a lower rate of mortality in HF patients with NYHA class II-1IT but the
author agreed that it would be potentially beneficial for certain heart failure populations.

Nevertheless, the positive outcome is supported by Armaignac et al. who showed that
telemedicine intervention decreased overall mortality rate by 20% in the progressive care
unit without substantial cost incurrences [52]. In 2010, six systematic reviews, reviewed by
Ekeland et al. also reported either a reduction in mortality rates or equivalent rates between
telehealth and usual care groups [53]. Tt is therefore safe to say that the safety of telemedicine
is comparable to that of usual care in heart failure patients. Effective interventions include
monitoring of vital signs at home with telephone follow-up by nurses for case adjustments and
managements. On the contrary, telehealth patients were more likely to experience emergency
admission or death by 1.34-fold in the study by Steventon et al. This study, however, included
a wider range of populations such as those with chronic obstructive pulmonary disease (COPD),
heart failure, and diabetes [54].

HR-QOL

Besides having physical limitations (e.g., shortness of breath, pain, fatigue, and restrictions
regarding daily living activities), patients with advanced cardiac failure also suffer from
psychosocial limitations (e.g., fear and social isolation), which contribute to the decrease of
QoL. [47]. Another study mentioned that individuals with heart failure have markedly impaired
QoL compared to other chronic diseases, as well as compared to the healthy population, which
is related to high hospitalisation and mortality rates [55]. The NYHA functional class was found
to be the most dominant predictor of reduced quality of life amongst heart failure patients
[56]. Therefore, it is important to improve QoL in heart failure patients and determine its impact
on patients’ daily lives.

Literaturesincludedinthisstudy showedimprovementonthe HR-QoL of HF patients whoreceived
delivery of services via telemedicine [17, 18, 33]. Similar results were shown in populations
with lung cancer who also received telemedicine interventions, especially in patients with
long-term follow-up [57]. Meta-analysis by Li et al. also showed better quality of life in cancer
survivors, with most improvement seen in the breast cancer group using application-based
intervention [57]. However, there are also some studies that show telemedicine is not superior
to usual care. Interestingly, Pekmezaris et al. found that HF patients had a non-significant
improvement of QoL after receiving comprehensive outpatient management compared to
those who had telehealth interventions [16]. Discomfort of using telemonitoring devices may
arise as patients are being frequently reminded of their chronic conditions or having to take
the measurements themselves. A total of 759 patients with COPD, diabetes, or heart failure
were analysed by Cartwright et al. after receiving 12 months of telemedicine. No significant
differences in regards to HR-QoL, anxiety, and depressive symptoms were demonstrated [58].
Ultimately, this also means that technology-based intervention does not negatively impact
patients’ quality of life.

HOSPITALISATION RATE

Data from the USA showed that in 2005-2018, heart failure was only second to sepsis as
the most common cause of hospitalisation [59]. A study with 8,603 HF patients showed that
recurrent HF hospitalisations increased risk of cardiovascular mortality by 2.65-fold, which was
positively correlated with the number of visits [60]. Pneumonia or other respiratory problems,
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cardiac ischemia or arrhythmia, and worsening of renal function were the most common
precipitating factors. These were found in more than 60% of a cohort of HF patients and
independently associated with higher in-hospital and follow-up mortality [61].

Earlier studies investigating telemedicine and hospitalisation rate had shown positive
outcomes. A study performed by O’Connor et al. showed promising results after three years
of telehealth which lowered hospital readmission rate of HF patients by approximately 14%.
Based on these results, the University of Pennsylvania Health System incorporated telehealth in
the readmission reduction program [62]. The results of our studies on all-cause and HF-related
hospitalisations supported previous evidence. Decreased patterns were seen in most studies,
albeit not statistically significant. With increased supervision available via telemonitoring, health
care teams were likely to check on the patients more frequently than they otherwise would
have [22]. This may have led to early detection of abnormal findings and timely intervention by
site coordinators based on the reported symptoms and weight. Non-significant improvement
in the rate of rehospitalisation might be due to the lack of interactive communication [63] or
poor adherence [64]. Although, Kotooka and colleagues had found a high adherence rate at
about 90% after 12 months during the 15 month period of study, they included low-risk HF
patients. DeBusk et al. also demonstrated no reduction in rehospitalisation rates in low-risk
HF patients compared with usual care. However, the study was single-centred and should be
interpreted with care [65]. On the other hand, Mizukawa et al. integrated collaborative self-
management through interactive communication via a telemonitoring system and observed
a significant improvement in QoL and readmission rate. Therefore, home telemonitoring care
systems should not only function as surveillance, but also patient-centered and comprehensive
to improve its effectiveness and partnership between patients and healthcare professionals.

Additionally, follow-up visits performed in-person and telemedicine was shown to cause similar
reduction of hospitalisation rates compared with no follow-up visits during the COVID-19
pandemic [66]. However, several studies have observed reduction of visits during the COVID-19
pandemic (ranging from 30-66% in different countries), which leads to a subsequent increase
in HF mortality [48]. Therefore, extra attention should be directed during this pandemic
period as fear against COVID-19 might negatively affect patients’ compliance to scheduled
appointments and medication [67].

TELEMEDICINE IN LOW-TO-MIDDLE INCOME COUNTRIES

Newly existing technologies have made it possible for health delivery services to be relatively
more accessible and quick for both individuals and healthcare personnel. The ultimate goal
is to achieve an equitable health coverage throughout the Nation in the most cost-effective
way possible. However, this does not come without big challenges, one of which is uneven
distribution of technology and internet connection. According to the data provided by The
Indonesian Ministry of Information and Communication, there are more than 150 million
internet users (56% of total population) in Indonesia in 2019 [68]. Most of the internet users
and development are located in the Java Island (95.3 million users). Those without access to
internet are located in remote areas with no available infrastructure. In Papua and Sulawesi
Island, the eastern part of Indonesia, only about 18.6 million people uses the internet [69].
Since 2015, the Indonesian Ministry of Communication has implemented Universal Service
Obligation to provide universal coverage of telecommunication across all parts of Indonesia.
The programs include development of infrastructures and provision of internet package data in
the rural areas. Additionally, in 2017, the Indonesian Ministry of Health has launched the first
national telemedicine service called “TEMENIN” (Telemedicine Indonesia) that serves to provide
four basic functions including tele-radiology, tele-electrocardiography, tele-ultrasonography,
and teleconsultation. This has been integrated with the referral system and the Indonesian
National Health Service. Before the COVID-19 pandemic, the telemedicine was supported
by almost 140 health centres (including primary care providers and hospitals) with almost
4 million users in total. The name changed to “KOMEN” (Konsultasi Medis Online) during the
pandemic, although the function remains the same. In 2020, its users rose up to 15 million
to monitor self-isolated COVID-19 patients. This number is expected to rise with extra support
from the government, advancement of technology, and increased availability of internet
connection [70]. Furthermore, Blueprint for Digital Health Transformation Strategy has also
been developed by Ministry of Health in 2021 as the potential of digitization of health care is
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increasingly recognized [71]. A digital innovation called HARKIT I-Care has also been developed
by the National Cardiovascular Center Harapan Kita. This smartphone-based application is
used to monitor patients with cardiovascular diseases as a secondary preventive strategy and
clinical trial is still underway [72, 73].

Although telemedicine can be a promising intervention, its implementation might be
complicated by several factors. Apart from internet connectivity and coverage, digital
literacy is very limited especially among the elderly, low- to middle-income population. It
is known that the prevalence of heart failure increases above the age of 60 years old [74].
During the implementation of HARKIT I-Care, patients and caretakers go through several
trainings to enable them to fully reap the benefits of telemedicine application. In terms of
cost-effectiveness, telemedicine-based intervention in other chronic conditions is related to
significantly lower costs compared to standard outpatient treatment. A scoping review for
telemedicine implementation in Asian countries (including India, China, Singapore, Japan, and
Thailand) shows reduced overall costs of treatment with enhanced effectiveness of health
services by saving time and travel costs [75]. The telemedicine-based diabetic retinopathy in
Singapore was shown to have saved approximately S$173 per person while generating similar
quality-adjusted life-years [76]. Research on the cost-effectiveness of telemedicine specifically
for heart failure in developing countries is still scarce as the implementation of telemedicine for
heart failure is still low. However, studies in developed countries have shown increased cost-
effectiveness up to 35% [77, 78].

TAKE-HOME MESSAGES

The future of heart failure management has never been more promising with the current
advances in telemedicine and its benefits as shown from existing evidence, including ours.
However, to ensure a sustainable, cost-effective, and most importantly patient-centred care for
heart failure patients, key stakeholders including policy makers, community leaders, healthcare
professionals, academia, technology and business developers and patients themselves, need to
be thoroughly invested in the implementation of telemedicine. The future of telemedicine for
heart failure, especially in developing countries are grossly expandable - not only telemonitoring
and teleconsultation, but also potentially telerehabilitation, use of teleconferencing to involve
multidisciplinary carers and specialistic advice, to potentially the implementation of Al-assisted
medical care [79-81]. Indeed, telemedicine could not fully replace traditional, in-person care,
however with an accessible, and cost-effective telemedicine means, heart failure patients
and related healthcare professionals from developing countries can both deliver and receive
optimized remote care with emphasis on efficiency, to reduce the burden of heart failure globally.

Result of this study will hopefully encourage people from several important fields such as
policy makers, governmental organisation, community leaders, health professionals, academic
institutions and educators, technology and business developers, to realise the potentials of
telemedicine in heart failure patients.

STRENGTH AND LIMITATION

To the best of our knowledge, this study yields the most recent updates on the clinical
effectiveness of telemedicine in heart failure patients, where the use of telemedicine is rapidly
increasing across the globe.

This study has several limitations, due to which interpretation of the results should be done
carefully. All of the studies included in this systematic review were performed before the
COVID-19 pandemic. The crises had only hit in recent years and hence, only few studies have
investigated the outcome of telemedicine in HF patients with significant duration, adequate
number of participants and appropriate methodology to extrapolate a high level of clinical
evidence during the pandemic. Telemedicine could be a promising solution to provide optimal
management of HF patients during this pandemic. As mentioned in the result section, additional
15 studies were identified manually from bibliographies of relevant papers. Since this constitutes
more than 50% of the total amount of selected studies, keywords can be improved for future
references to allow specific searching of studies that will be better suited to the eligibility
criteria. Furthermore, different studies used different techniques and lengths of intervention, as
well as varying clinical profiles of the patients studied. Large heterogeneity might exist due to
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these differences in study designs and population demographics. Implementing telemedicine Fatrin et al. 17
. . . . . . Global Heart

in developing countries is also still a challenge, which may greatly affect the results. Studies DOI: 10.5334/gh.1175

done in developing countries are still limited, as most available studies were done in developed

countries where participants have relatively adequate levels of knowledge, discipline, and

supporting technology for both patients and healthcare providers.

CONCLUSION

The use of telemedicine for heart failure patients has been shown to reduce mortality rate,
improve health-related quality of life, and lower hospitalisation rates. Nevertheless, inconsistent
results were also observed in these studies, hence careful interpretation is required. Employing
telemedicine for heart failure patients who require intensive monitoring will support the need
for social distancing during the era of COVID-19 pandemic, as well as protecting patients from
the risk of hospital-acquired infections. This interesting field of research will confer numerous
benefits in the future, hence warranting further high-quality studies to be performed. Current
absence of a standardized guideline of using telemedicine is an opportunity to construct one
with a sustainable, cost-effective, and patient-centered plan in mind.
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	ABSTRACT
	Background: Heart failure (HF) has been described as an emerging pandemic as its prevalence continues to rise with a growing and aging population. HF patients are more vulnerable to infections with higher risk of hospitalisation, morbidity, and mortality. During this COVID-19 pandemic, telemedicine has emerged as an alternative to usual out-patient care. This study aimed to systematically review available literature regarding the effect of telemedicine on mortality, health-related quality of life (HR-QoL), 
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	Results: A total of 27 studies were included in the qualitative synthesis with a total of 21,006 patients and sufficient level of bias. Reduction in the mortality rate, HF-related hospitalisation rate, and improvement in the HR-QoL were shown in most of the studies, although only some were statistically significant.
	Conclusions: The use of telemedicine is a promising and beneficial method for HF patients to acquire adequate health care services. Further studies in this field are needed, especially in developing countries and with standardized method, to provide better services and protections for HF patients. Telemonitoring and patient-centred partnership via interactive communication between healthcare team and patients is central to successful telemedicine implementation.
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	INTRODUCTION
	INTRODUCTION
	Heart failure is a complex, debilitating syndrome characterized by symptoms of breathlessness, ankle swelling and fatigue that occurs with minimal physical exertion or even at rest. The heart performs its systolic and diastolic function with diminished capacity as a result of myocardium injury and hence, metabolic demands of the body cannot be fulfilled. The resulting fall in cardiac output leads to activation of neurohormonal responses, such as the sympathetic nervous system and renin angiotensin-aldostero
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	Heart failure has been described as an emerging pandemic as its prevalence continues to rise with a growing and aging population. The risk increases over 20-fold in people aged ≥ 60 years old []. It poses a great clinical, social and economic challenge, especially in low-to-middle income countries where its outcome is largely influenced by low health-care infrastructure availability, workforce shortages and poorer access of care and quality [].
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	Nevertheless, with advancement of digital technologies, the use of telemedicine has scaled up as a strategy to help address workforce shortages and reach patients in rural or underserved areas. This issue is especially prominent in low- to middle-income countries such as Indonesia, where a large number of populations are widely diverse and dispersed across many islands. Furthermore, it has gained popularity due to the efforts of maintaining mandatory social distancing during the COVID-19 pandemic. Patients 
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	The European Society of Cardiology has recognized its potential with a low level of recommendation (IIb), and termed it as, ‘remote patient management’ []. Previous clinical studies suggest that telemedicine lowers mortality and morbidity rates, but results have been inconsistent due to various systems of telemedicine and study designs (durations and population demographics) []. Telemedicine can be carried out invasively or non-invasively. An invasive telemonitoring employs the use of implantable electronic
	6
	7
	7

	METHODS
	PROTOCOL AND REGISTRATION
	This systematic review was conducted based on the Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) Statement. The protocol of this systematic review has been registered in The International Prospective Register of Systematic Review (PROSPERO) database (CRD42021271540).
	ELIGIBILITY CRITERIA
	Eligible studies included systematic reviews and randomized controlled trials that aimed to investigate the use of telemedicine compared to standard of care in heart failure patients and their effects on patients’ mortality, hospitalisation rate and quality of life. Participants that were included were heart failure patients aged ≥ 45 years old and classified under New York Heart Association (NYHA) Functional Classification II-IV. We excluded studies with HF patients with the following etiologies: pregnancy
	SEARCH STRATEGY
	Literature search was performed using PubMed, Medline, EMBASE, SCOPUS and Cochrane Central Database, along with manual hand searching using keywords listed in , up to 21 May 2022. Additional searching was performed manually through relevant bibliographies of selected systematic reviews and meta-analysis. Selection of studies was restricted to those published in English or Bahasa Indonesia, with full text availability and no time limit. Title and abstracts generated using the search terms were identified and
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	DATA EXTRACTION
	Data extraction was performed by three reviewers (SF, SA, SP) and checked by three independent reviewers; any disputes regarding data extraction were discussed within the review team. Data were extracted to an excel spreadsheet in a standardized form, including study citations, baseline characteristics of participants, methods of intervention and study findings. Baseline data such as study settings, sample size, patient characteristics (age, gender, NYHA class, and left ventricle ejection fraction (LVEF), i
	QUALITY ASSESSMENT AND DATA SYNTHESIS
	Studies were assessed for risk of bias using the A MeaSurement Tool to Assess systematic Reviews 2 (AMSTAR 2) and Physiotherapy Evidence Database (PEDro) scale appraisal tools by five independent reviewers (SF, SGA, SP, TMB, BBS) for systematic reviews and RCTs, respectively. The AMSTAR 2 rating overall confidence was concluded as high if there was no to one non-critical weakness, as moderate if there was more than one non-critical weaknesses, as low if there was one critical weakness without non-critical w
	9
	10

	We performed a qualitative analysis of the included studies and any discrepancies were resolved by discussion amongst reviewers with the help of an independent reviewer until a conclusion was reached. Data synthesis consisted of the study size, method of analysis used in each study, the appropriate measures of effect (odds ratio, hazard ratio, relative risks) and its confidence interval, as well as the risk of bias. Quality assessment of included studies was also tabulated.
	RESULTS
	STUDY SELECTION
	Literature search using the listed keywords across five databases yielded 369 papers. After duplicates were removed, titles and abstracts of 314 records were screened. A total of 273 records were removed due to irrelevant titles and abstracts. Forty-one full-text articles were assessed for eligibility, 29 of which were excluded for reasons stated below. An additional 15 studies were found manually from bibliographies of relevant papers. A total of 27 studies were included in the qualitative synthesis.  repr
	Figure 1

	STUDY CHARACTERISTICS AND CRITICAL APPRAISAL
	The characteristics of included systematic reviews and RCTs are summarized in  and , respectively. The 27 included studies consisted of two systematic reviews and twenty-five RCTs with a total of 21,006 patients. The two systematic reviews had included studies that were done in various locations, including both developed and developing countries, with populations of mean age ranging from 45 to 78 years old. One systematic review employed the use of structured telephone support or non-invasive home telemonit
	Table 2
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	Most of the RCTs were performed in developed countries, except a study by Ferrante et al. in Argentina []. Mean age of participants ranged from 55–78 years old. The proportion of male participants was higher in the majority of studies, except in the study by Pedone et al. and Jerant et al. [, ]. Most of the studies included patients with NYHA class II-IV, whereas Inglis et al., Allida et al., Pekmezaris et al., Koehler et al., and Soran et al. only included patients with NYHA class II–III [, , –]. Participa
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	In regards to intervention, twenty four of the included trials utilized home-based devices to monitor vital signs and body weight [, , , –]. The received data are transmitted for review by health personnel or by a built-in algorithm. Adjustments of medical therapies are made whenever necessary. Aside from telemonitoring, some studies employed a combined method of interventions, that is, structured telephone calls or video visits [, , –, –]. Two studies used telemedicine only to substitute face-to face consu
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	STUDY RESULTS
	Studies incorporating either telemonitoring devices or telephone-based monitoring systems were compared with standard outpatient visits (usual care). The results of the included studies are presented in  and . Mortality rate was evaluated in eighteen studies. Four out of these eighteen studies demonstrated beneficial results in mortality rate after participants received telemedicine intervention for a period ranging from 6 to 12 months. Inglis et al. found that both structured telephone support (STS) (RR 0.
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	Five studies reported significant improvements in HR-QoL before and after intervention of telemedicine, although none were statistically significant when compared between groups. Allida et al. [], Pekmezaris et al. [] and Benatar et al. [] used the Minnesota Living with Heart Failure Questionnaire (MLHFQ), while Kenealy et al. [] and Koehler et al. [] used the Short Form-36 Survey (SF-36) to evaluate QoL. An interesting result was shown by Pekmezaris et al., in which the HR-QoL of the comprehensive outpatie
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	The majority of studies reported lower hospitalisation rates in groups receiving telemedicine. Inglis et al. showed that both STS and HT had similar insignificant effects on all-cause hospitalisation (RR 0.95; 95% CI 0.90–1.00) and (RR 0.95; 95% CI 0.89–1.01), respectively []. A similar result was shown by Koehler et al. (HR 1.12; 95% CI 0.91–1.37) []. Contradictory results were demonstrated by Pedone et al., Riegel B et al., Benatar et al. and Dar et al. [, –]. These studies reported that all-cause hospita
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	Meanwhile, Inglis et al. had also observed significant reduction in the HF-related hospitalisation in patients receiving STS and HT (RR 0.85; 95%CI 0.77–0.93 and RR 0.71; 95%CI 0.60–0.83, respectively) []. These results are in line with studies by Villani et al., Riegel et al. and Kurtz et al. [, , ]. A longer duration of study up to three years also resulted in significant benefit in reducing HF-related hospitalisation as demonstrated by Ferrante et al. []. However, insignificant improvements on the HF-rel
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	DISCUSSION
	The burden on health care systems worldwide has increased enormously during the COVID-19 pandemic. Patients have become more reluctant to seek medical help for their illnesses due to fear of infection []. Consequently, for decompensated HF patients, reluctance to seek medical help may lead to late medical or non-medical treatments that are to no avail. This necessitates the implementation of technology in clinical settings to safely and effectively deliver health care in a timely manner. Telemedicine has be
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	We investigated the outcomes of telemedicine on heart failure patients with NYHA class II to IV in our study. Previous study had found that rates of all-cause mortality and all-cause hospitalisations were higher in patients with NYHA class II–IV []. Additionally, we included patients aged 45 years old and above. As discussed earlier, the demography of heart failure patients has gradually transitioned towards the older populations. This is evident in our included studies where the mean age of HF patients ran
	40
	41

	Methods of delivery of telemedicine vary amongst the included studies. Out of 27 studies, 92% had utilised telemonitoring system that receive vital signs readings such as blood pressure, oxygen saturation level, and weight [, , , , , –, ]. Important clinical data such as patients’ worsening of symptoms and medical needs are identified. According to the World Health Organization, telemedicine, by definition, means ‘the provision of healthcare services at a distance with communication conducted between health
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	Figure 2

	MORTALITY RATE
	Heart failure is a life-limiting illness for many patients, with half of patients with severe HF dying within one year of diagnosis []. One study found that 57% of mortality rates in HF patients were categorised as cardiovascular, with coronary heart disease as the main cause of death in 63% of cardiovascular deaths []. Furthermore, populations with HF are shown to be more vulnerable to infections, which has emerged as a key immediate cause of death []. Another study showed that pre-existing HF is a risk fa
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	Our study found a reduction in the mortality rate of patients in the telemedicine group compared to the usual care group, although only some showed statistically significant results. Favourable outcomes were observable after six months of follow-up period. A systematic review by Inglis et al. analysed in our study involved the largest number of study participants and concluded positive results on all-cause mortality []. However, we rated low level of confidence in risk of bias analysis as the majority of th
	7
	42

	Nevertheless, the positive outcome is supported by Armaignac et al. who showed that telemedicine intervention decreased overall mortality rate by 20% in the progressive care unit without substantial cost incurrences []. In 2010, six systematic reviews, reviewed by Ekeland et al. also reported either a reduction in mortality rates or equivalent rates between telehealth and usual care groups []. It is therefore safe to say that the safety of telemedicine is comparable to that of usual care in heart failure pa
	52
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	HR-QOL
	Besides having physical limitations (e.g., shortness of breath, pain, fatigue, and restrictions regarding daily living activities), patients with advanced cardiac failure also suffer from psychosocial limitations (e.g., fear and social isolation), which contribute to the decrease of QoL. []. Another study mentioned that individuals with heart failure have markedly impaired QoL compared to other chronic diseases, as well as compared to the healthy population, which is related to high hospitalisation and mort
	47
	55
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	Literatures included in this study showed improvement on the HR-QoL of HF patients who received delivery of services via telemedicine [, , ]. Similar results were shown in populations with lung cancer who also received telemedicine interventions, especially in patients with long-term follow-up []. Meta-analysis by Li et al. also showed better quality of life in cancer survivors, with most improvement seen in the breast cancer group using application-based intervention []. However, there are also some studie
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	33
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	HOSPITALISATION RATE
	Data from the USA showed that in 2005–2018, heart failure was only second to sepsis as the most common cause of hospitalisation []. A study with 8,603 HF patients showed that recurrent HF hospitalisations increased risk of cardiovascular mortality by 2.65-fold, which was positively correlated with the number of visits []. Pneumonia or other respiratory problems, cardiac ischemia or arrhythmia, and worsening of renal function were the most common precipitating factors. These were found in more than 60% of a 
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	Earlier studies investigating telemedicine and hospitalisation rate had shown positive outcomes. A study performed by O’Connor et al. showed promising results after three years of telehealth which lowered hospital readmission rate of HF patients by approximately 14%. Based on these results, the University of Pennsylvania Health System incorporated telehealth in the readmission reduction program []. The results of our studies on all-cause and HF-related hospitalisations supported previous evidence. Decreased
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	Additionally, follow-up visits performed in-person and telemedicine was shown to cause similar reduction of hospitalisation rates compared with no follow-up visits during the COVID-19 pandemic []. However, several studies have observed reduction of visits during the COVID-19 pandemic (ranging from 30–66% in different countries), which leads to a subsequent increase in HF mortality []. Therefore, extra attention should be directed during this pandemic period as fear against COVID-19 might negatively affect p
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	48
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	TELEMEDICINE IN LOW-TO-MIDDLE INCOME COUNTRIES
	Newly existing technologies have made it possible for health delivery services to be relatively more accessible and quick for both individuals and healthcare personnel. The ultimate goal is to achieve an equitable health coverage throughout the Nation in the most cost-effective way possible. However, this does not come without big challenges, one of which is uneven distribution of technology and internet connection. According to the data provided by The Indonesian Ministry of Information and Communication, 
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	Although telemedicine can be a promising intervention, its implementation might be complicated by several factors. Apart from internet connectivity and coverage, digital literacy is very limited especially among the elderly, low- to middle-income population. It is known that the prevalence of heart failure increases above the age of 60 years old []. During the implementation of HARKIT I-Care, patients and caretakers go through several trainings to enable them to fully reap the benefits of telemedicine appli
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	TAKE-HOME MESSAGES
	The future of heart failure management has never been more promising with the current advances in telemedicine and its benefits as shown from existing evidence, including ours. However, to ensure a sustainable, cost-effective, and most importantly patient-centred care for heart failure patients, key stakeholders including policy makers, community leaders, healthcare professionals, academia, technology and business developers and patients themselves, need to be thoroughly invested in the implementation of te
	79
	81

	Result of this study will hopefully encourage people from several important fields such as policy makers, governmental organisation, community leaders, health professionals, academic institutions and educators, technology and business developers, to realise the potentials of telemedicine in heart failure patients.
	STRENGTH AND LIMITATION
	To the best of our knowledge, this study yields the most recent updates on the clinical effectiveness of telemedicine in heart failure patients, where the use of telemedicine is rapidly increasing across the globe.
	This study has several limitations, due to which interpretation of the results should be done carefully. All of the studies included in this systematic review were performed before the COVID-19 pandemic. The crises had only hit in recent years and hence, only few studies have investigated the outcome of telemedicine in HF patients with significant duration, adequate number of participants and appropriate methodology to extrapolate a high level of clinical evidence during the pandemic. Telemedicine could be 
	CONCLUSION
	The use of telemedicine for heart failure patients has been shown to reduce mortality rate, improve health-related quality of life, and lower hospitalisation rates. Nevertheless, inconsistent results were also observed in these studies, hence careful interpretation is required. Employing telemedicine for heart failure patients who require intensive monitoring will support the need for social distancing during the era of COVID-19 pandemic, as well as protecting patients from the risk of hospital-acquired inf
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	Goldberg LR et al.
	Goldberg LR et al.
	Goldberg LR et al.

	2003
	2003

	RCT
	RCT

	Multiple centres in United States
	Multiple centres in United States

	6 Months
	6 Months

	Intervention group (n = 138) 57.9 (15.7)Standard care (n = 142)60.2 (14.9)
	Intervention group (n = 138) 57.9 (15.7)Standard care (n = 142)60.2 (14.9)
	 
	 


	280
	280

	IG 69.6/30.4CG 65.5/34.5
	IG 69.6/30.4CG 65.5/34.5
	 


	III–IV
	III–IV

	Criteria LVEF <35%
	Criteria LVEF <35%
	IG 21.6 (6.8)CG 21.8 (6.8)
	 



	Mizukawa M et al.
	Mizukawa M et al.
	Mizukawa M et al.

	2019
	2019

	RCT
	RCT

	Hiroshima, Japan
	Hiroshima, Japan

	24 Months
	24 Months

	Usual Care74.5 (12.1)
	Usual Care74.5 (12.1)
	 

	Self-Management69.4 (12.9)
	 

	Collaborative management70.5(13.3)
	 


	60
	60

	Usual Care52.6/48.4
	Usual Care52.6/48.4
	 

	Self-ManagementMale (n = 15) 83.3/16.7
	 

	Collaborative management50/50
	 


	III–IV
	III–IV

	Criteria LVEF <40% or >40%
	Criteria LVEF <40% or >40%
	Usual Care 42.1 (16.5)Self-Management42 (14.7)
	 
	 

	Collaborative management42.2 (16.7)
	 



	Krum H et al.
	Krum H et al.
	Krum H et al.

	2012
	2012

	RCT
	RCT

	Australia
	Australia

	12 Months
	12 Months

	Usual Care(n = 217) 73 (11)
	Usual Care(n = 217) 73 (11)
	 

	Usual Care + Intervention(n = 188) 73 (10)
	 


	405
	405

	Usual Care54/36
	Usual Care54/36
	 

	Usual Care + Intervention52/38
	 


	II–IV
	II–IV

	Criteria LVEF <40%
	Criteria LVEF <40%
	Usual Care34.9 (23.5)
	 

	Usual Care + Intervention37.2 (14.1)
	 



	Lynga P et al.
	Lynga P et al.
	Lynga P et al.

	2012
	2012

	RCT
	RCT

	Sweden
	Sweden

	12 months
	12 months

	73
	73

	319
	319

	Control: 74/26Intervention: 76/24
	Control: 74/26Intervention: 76/24
	 


	III–IV
	III–IV

	Criteria LVEF <50%57% had LVEF <30%
	Criteria LVEF <50%57% had LVEF <30%
	 



	Mortara A et al.
	Mortara A et al.
	Mortara A et al.

	2008
	2008

	RCT
	RCT

	United Kingdom, Poland, Italy
	United Kingdom, Poland, Italy

	12 months
	12 months

	60 ± 11
	60 ± 11

	461
	461

	Control: 83/17Intervention: 86/14
	Control: 83/17Intervention: 86/14
	 


	II–IV
	II–IV

	Criteria LVEF <40%Mean LVEF 29 (7)
	Criteria LVEF <40%Mean LVEF 29 (7)
	 



	Seto E et al.
	Seto E et al.
	Seto E et al.

	2012
	2012

	RCT
	RCT

	Canada
	Canada

	6 months
	6 months

	55.1 (13.7)
	55.1 (13.7)

	100
	100

	Control: 76/24Intervention: 82/18
	Control: 76/24Intervention: 82/18
	 


	II–IV
	II–IV

	Criteria LVEF <40%
	Criteria LVEF <40%


	Soran OZ et al.
	Soran OZ et al.
	Soran OZ et al.

	2008
	2008

	RCT
	RCT

	USA (3 distinct medical centres)
	USA (3 distinct medical centres)

	6 months
	6 months

	Alere 76.9(7.1)
	Alere 76.9(7.1)
	Standard care 76(6.8)

	315
	315

	Alere 31/69SC 61/39
	Alere 31/69SC 61/39
	 


	II–III
	II–III

	Criteria LVEF <40%
	Criteria LVEF <40%
	Alere 24.3(8.8)SC 23.8(8.7)
	 



	Wakefield BJ et al.
	Wakefield BJ et al.
	Wakefield BJ et al.

	2007
	2007

	RCT
	RCT

	USA
	USA

	12 months
	12 months

	69.3 (9.6)
	69.3 (9.6)

	148
	148

	Videophone 88/12Telephone 94/6Usual care 100/0
	Videophone 88/12Telephone 94/6Usual care 100/0
	 
	 


	II–IV
	II–IV

	Mean LVEF 41.4%(Range 6–81%)
	Mean LVEF 41.4%(Range 6–81%)
	 



	Woodend AK et al.
	Woodend AK et al.
	Woodend AK et al.

	2008
	2008

	RCT
	RCT

	Canada
	Canada

	3 months
	3 months

	68
	68

	121
	121

	Telehome 74/27Usual care 70/30
	Telehome 74/27Usual care 70/30
	 


	II–IV
	II–IV

	N/A
	N/A





	AUTHOR
	AUTHOR
	AUTHOR
	AUTHOR
	AUTHOR
	AUTHOR

	TYPES OF INTERVENTION
	TYPES OF INTERVENTION


	Villani et al.
	Villani et al.
	Villani et al.

	Telemonitoring using a handheld PDA connected with the monitoring center
	Telemonitoring using a handheld PDA connected with the monitoring center


	Pedone et al.
	Pedone et al.
	Pedone et al.

	Telemonitoring system that receives oxygen saturation, heart rate, and blood pressure readings with telephone support
	Telemonitoring system that receives oxygen saturation, heart rate, and blood pressure readings with telephone support


	Kenealy et al.
	Kenealy et al.
	Kenealy et al.

	Using a small device to measure and input data daily (include weight, blood pressure, and oxygen level) compared with usual care
	Using a small device to measure and input data daily (include weight, blood pressure, and oxygen level) compared with usual care


	Pekmezaris et al.
	Pekmezaris et al.
	Pekmezaris et al.

	Tailored telehealth self-monitoring (consists of daily vital signs monitoring and weekly video visit) compared with comprehensive outpatient management
	Tailored telehealth self-monitoring (consists of daily vital signs monitoring and weekly video visit) compared with comprehensive outpatient management


	Riegel B et al.
	Riegel B et al.
	Riegel B et al.

	Telephonic case-management and use of software programs to identify important clinical data such as patients’ worsening of symptoms, knowledge and medical needs.
	Telephonic case-management and use of software programs to identify important clinical data such as patients’ worsening of symptoms, knowledge and medical needs.


	Benatar D et al.
	Benatar D et al.
	Benatar D et al.

	Transtelephonic home monitoring devices to measure vital signs. Nurse evaluates objective data and conducts telephone assessments, titrates medication therapy and educates patients
	Transtelephonic home monitoring devices to measure vital signs. Nurse evaluates objective data and conducts telephone assessments, titrates medication therapy and educates patients


	Dar O et al.
	Dar O et al.
	Dar O et al.

	Daily telemonitoring of signs and symptoms (e-weigh scale, automated blood pressure cuff, pulse oximeter, and a control box connected to phone line. Data were reviewed on a daily basis by a HF nurse. Any abnormal results alert the health personnel who would call the patients for further assessment and medical advice
	Daily telemonitoring of signs and symptoms (e-weigh scale, automated blood pressure cuff, pulse oximeter, and a control box connected to phone line. Data were reviewed on a daily basis by a HF nurse. Any abnormal results alert the health personnel who would call the patients for further assessment and medical advice


	Koehler F et al.
	Koehler F et al.
	Koehler F et al.

	Patients were provided with telehealth patient station in their home. Weekly virtual nursing visits and monitoring of symptoms and vital signs on daily basis.
	Patients were provided with telehealth patient station in their home. Weekly virtual nursing visits and monitoring of symptoms and vital signs on daily basis.


	Jerant AF et al.
	Jerant AF et al.
	Jerant AF et al.

	Scheduled phone call from study nurse and video-based telecare
	Scheduled phone call from study nurse and video-based telecare


	Kurtz B et al.
	Kurtz B et al.
	Kurtz B et al.

	Automated home-based self-monitoring using conventional telephone weekly. The algorithm is able to advise patients medically based on their symptoms. Patients are scheduled for three visits to the clinic in a year.
	Automated home-based self-monitoring using conventional telephone weekly. The algorithm is able to advise patients medically based on their symptoms. Patients are scheduled for three visits to the clinic in a year.


	Melin M et al.
	Melin M et al.
	Melin M et al.

	Utilised telemonitoring system. E-weighing scale is connected to OPTILOGG system (tablet computer and custom software), which also contains education module about HF and patients are instructed to input their symptoms every 5 days
	Utilised telemonitoring system. E-weighing scale is connected to OPTILOGG system (tablet computer and custom software), which also contains education module about HF and patients are instructed to input their symptoms every 5 days


	Antonicelli R et al.
	Antonicelli R et al.
	Antonicelli R et al.

	Telephone support system weekly by HF team to collect information on vital blood signs, urine output and body weight, as well as symptoms and treatment adherence. A weekly ECG was also recorded. Patients and caregivers underwent training courses to apply the home study protocol and correct use of equipment. Therapeutic regimen was regularly assessed and altered as necessary based on telemonitored data or telephone interviews.
	Telephone support system weekly by HF team to collect information on vital blood signs, urine output and body weight, as well as symptoms and treatment adherence. A weekly ECG was also recorded. Patients and caregivers underwent training courses to apply the home study protocol and correct use of equipment. Therapeutic regimen was regularly assessed and altered as necessary based on telemonitored data or telephone interviews.


	Baker DW et al.
	Baker DW et al.
	Baker DW et al.

	Daily weighing to guide diuretic self-adjustment, including an individualized pain developed with the patient clinicians. Symptoms monitoring, intensive education and self-care training through 5–8 follow up phone calls in a month.
	Daily weighing to guide diuretic self-adjustment, including an individualized pain developed with the patient clinicians. Symptoms monitoring, intensive education and self-care training through 5–8 follow up phone calls in a month.


	Blum K et al.
	Blum K et al.
	Blum K et al.

	Remote monitoring of daily weights, blood pressure, heart rate and 15-second heart rhythm strip using Phillips Electronics E-care System. Data was then transmitted wirelessly and compared to individually assigned parameters based on subjects’ admission and evaluations. Any needed adjustments including medication dosage and/or any readings outside of the normal parameter was then done by a nurse practitioner.
	Remote monitoring of daily weights, blood pressure, heart rate and 15-second heart rhythm strip using Phillips Electronics E-care System. Data was then transmitted wirelessly and compared to individually assigned parameters based on subjects’ admission and evaluations. Any needed adjustments including medication dosage and/or any readings outside of the normal parameter was then done by a nurse practitioner.


	DeWalt DA et al.
	DeWalt DA et al.
	DeWalt DA et al.

	Structured telephone support through scheduled follow-up phone calls (day 3, 7 and every 7 days, and monthly during months 3–6) preceded by educational session and allotment of educational booklets with clinical pharmacist or health educator regarding signs of HF exacerbation, daily weight assessment and diuretic dose adjustment. Phone calls were done to reinforce these educational points.
	Structured telephone support through scheduled follow-up phone calls (day 3, 7 and every 7 days, and monthly during months 3–6) preceded by educational session and allotment of educational booklets with clinical pharmacist or health educator regarding signs of HF exacerbation, daily weight assessment and diuretic dose adjustment. Phone calls were done to reinforce these educational points.


	Ferrante D et al.
	Ferrante D et al.
	Ferrante D et al.

	Patients were followed up with a telephone intervention by specialised nurses. Patients were initially called every 14 days and then adjusted according to the severity of each patient. Nurses were allowed to adjust short-term changes in diuretics and to suggest unscheduled visits to the attending cardiologist. Control group continued treatment with their cardiologist in the same manner as the intervention group.
	Patients were followed up with a telephone intervention by specialised nurses. Patients were initially called every 14 days and then adjusted according to the severity of each patient. Nurses were allowed to adjust short-term changes in diuretics and to suggest unscheduled visits to the attending cardiologist. Control group continued treatment with their cardiologist in the same manner as the intervention group.


	Goldberg LR et al.
	Goldberg LR et al.
	Goldberg LR et al.

	Patients in the intervention group received continued standard outpatient heart failure therapy plus AlereNet system or standard outpatient heart failure therapy. The AlereNet system includes an electronic scale and an individualised symptom response system (DayLink monitor) linked via a standard phone line to a computerized database monitored by trained cardiac nurses. Patients were instructed to weigh themselves and respond to yes/no questions about HF symptoms twice daily. The nurses contacted the patien
	Patients in the intervention group received continued standard outpatient heart failure therapy plus AlereNet system or standard outpatient heart failure therapy. The AlereNet system includes an electronic scale and an individualised symptom response system (DayLink monitor) linked via a standard phone line to a computerized database monitored by trained cardiac nurses. Patients were instructed to weigh themselves and respond to yes/no questions about HF symptoms twice daily. The nurses contacted the patien


	Mizukawa M et al.
	Mizukawa M et al.
	Mizukawa M et al.

	Patients in all groups were provided with a notebook to record daily self-monitoring data such as weight, blood pressure, and pulse. Patients in the usual care group received one standard education session at enrollment using a pre-existing booklet and received HF treatment provided by their physician. Patients in the intervention groups (self-management and collaborative management) received disease management programs for 12 months. In addition, patients in the CM group received telemonitoring interventio
	Patients in all groups were provided with a notebook to record daily self-monitoring data such as weight, blood pressure, and pulse. Patients in the usual care group received one standard education session at enrollment using a pre-existing booklet and received HF treatment provided by their physician. Patients in the intervention groups (self-management and collaborative management) received disease management programs for 12 months. In addition, patients in the CM group received telemonitoring interventio


	Krum H et al.
	Krum H et al.
	Krum H et al.

	Usual care involved standard general practice management of heart failure according to the National Heart Foundation of Australia/ Cardiac Society of Australia and New Zealand Heart Failure Management Guidelines. In addition to UC, the UC plus intervention group received ongoing support by touchtone telephone using the TeleWatch system. This telemedicine system was required to be dialled into by the patient on a monthly basis at which time questions were asked with regard to heart failure clinical status by
	Usual care involved standard general practice management of heart failure according to the National Heart Foundation of Australia/ Cardiac Society of Australia and New Zealand Heart Failure Management Guidelines. In addition to UC, the UC plus intervention group received ongoing support by touchtone telephone using the TeleWatch system. This telemedicine system was required to be dialled into by the patient on a monthly basis at which time questions were asked with regard to heart failure clinical status by


	Lynga P et al.
	Lynga P et al.
	Lynga P et al.

	Telemonitoring using an electronic scale (Zenicor Medical Systems AB) installed in the patient’s home. Quote, “…after weighing, a wireless signal was sent from the scale to a modem plugged into the patient’s telephone. The weight was then automatically transmitted via the telephone network to a central internet-based data server system (Zenicor Medical Systems AB). Hence, the weight could be checked from any computer with internet access. The system sounds an alarm if the patient gains > 2 kg from the targe
	Telemonitoring using an electronic scale (Zenicor Medical Systems AB) installed in the patient’s home. Quote, “…after weighing, a wireless signal was sent from the scale to a modem plugged into the patient’s telephone. The weight was then automatically transmitted via the telephone network to a central internet-based data server system (Zenicor Medical Systems AB). Hence, the weight could be checked from any computer with internet access. The system sounds an alarm if the patient gains > 2 kg from the targe


	Mortara A et al.
	Mortara A et al.
	Mortara A et al.

	Home telemonitoring using a cardiorespiratory recorder and modem, digital blood pressure monitor (UA-767, A&D Company, Tokyo, Japan), and electronic weighing scale. Patients were randomized into usual care and three home telemonitoring groups: (i) monthly telephone contact; (ii) strategy 1 plus weekly transmission of vital signs; and (iii) strategy 2 plus monthly 24 h recording of cardiorespiratory activity.
	Home telemonitoring using a cardiorespiratory recorder and modem, digital blood pressure monitor (UA-767, A&D Company, Tokyo, Japan), and electronic weighing scale. Patients were randomized into usual care and three home telemonitoring groups: (i) monthly telephone contact; (ii) strategy 1 plus weekly transmission of vital signs; and (iii) strategy 2 plus monthly 24 h recording of cardiorespiratory activity.


	Seto E et al.
	Seto E et al.
	Seto E et al.

	Telemonitoring of body weight and blood pressure (UA UC-321PBT weight scale and UA-767PBT blood pressure monitor, A&D Medical, USA) and ECG recordings (SelfCheck ECG PMP4, CardGuard, Israel) were automatically sent wirelessly to a mobile phone (BlackBerry Pearl 8130, Research in Motion, Canada) via Bluetooth before being transmitted to the data center at the hospital. The cardiologist would call the patients once alerted by abnormal data
	Telemonitoring of body weight and blood pressure (UA UC-321PBT weight scale and UA-767PBT blood pressure monitor, A&D Medical, USA) and ECG recordings (SelfCheck ECG PMP4, CardGuard, Israel) were automatically sent wirelessly to a mobile phone (BlackBerry Pearl 8130, Research in Motion, Canada) via Bluetooth before being transmitted to the data center at the hospital. The cardiologist would call the patients once alerted by abnormal data


	AUTHOR
	AUTHOR
	AUTHOR

	TYPES OF INTERVENTION
	TYPES OF INTERVENTION


	Soran OZ et al.
	Soran OZ et al.
	Soran OZ et al.

	Home-based disease management program (Alere DayLink HF Monitoring System, HFMS) detects early signs and symptoms of HF linked to a standard phone line and into a computerized database run by trained nurses. Patients were instructed to weigh themselves and respond to HF symptoms questions daily. Transmitted data were reviewed daily, and patients were contacted to verify changes in observed symptoms and/or weight. Significant changes in symptoms and/or weight were alerted to attending physicians who then adj
	Home-based disease management program (Alere DayLink HF Monitoring System, HFMS) detects early signs and symptoms of HF linked to a standard phone line and into a computerized database run by trained nurses. Patients were instructed to weigh themselves and respond to HF symptoms questions daily. Transmitted data were reviewed daily, and patients were contacted to verify changes in observed symptoms and/or weight. Significant changes in symptoms and/or weight were alerted to attending physicians who then adj


	Wakefield BJ et al.
	Wakefield BJ et al.
	Wakefield BJ et al.

	Telephone or videophone interviews were conducted weekly by a nurse to assess patients’ reported HF-related symptoms, body weight, blood pressure, ankle circumference that were measured by the patients. Additionally, patients underwent behaviour skill training to optimise self-management, self-monitoring and self-efficacy
	Telephone or videophone interviews were conducted weekly by a nurse to assess patients’ reported HF-related symptoms, body weight, blood pressure, ankle circumference that were measured by the patients. Additionally, patients underwent behaviour skill training to optimise self-management, self-monitoring and self-efficacy


	Wooden AK et al.
	Wooden AK et al.
	Wooden AK et al.

	Home-monitoring equipment was installed in the patient’s home. Patients were instructed to measure body weight and blood pressure daily and data will be transmitted to a central station/ The 12-lead ECG was also recorded periodically. Video conference with a nurse was conducted weekly to review the patient’s progress and self-care education
	Home-monitoring equipment was installed in the patient’s home. Patients were instructed to measure body weight and blood pressure daily and data will be transmitted to a central station/ The 12-lead ECG was also recorded periodically. Video conference with a nurse was conducted weekly to review the patient’s progress and self-care education





	SYSTEMATIC REVIEWS
	SYSTEMATIC REVIEWS
	SYSTEMATIC REVIEWS
	SYSTEMATIC REVIEWS
	SYSTEMATIC REVIEWS
	SYSTEMATIC REVIEWS

	AMSTAR 2 ITEMS
	AMSTAR 2 ITEMS

	QUALITY OF REVIEW
	QUALITY OF REVIEW


	1
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	Table 5 Critical appraisal for systematic reviews using AMSTAR 2 checklist.
	Table 5 Critical appraisal for systematic reviews using AMSTAR 2 checklist.
	Abbreviations: Y, Yes; PY, Partial Yes; N, No.

	RCTS
	RCTS
	RCTS
	RCTS
	RCTS
	RCTS

	PEDRO SCALE ITEMS
	PEDRO SCALE ITEMS

	TOTAL SCORE
	TOTAL SCORE

	QUALITY
	QUALITY


	ELIGIBILITY
	ELIGIBILITY
	ELIGIBILITY

	1
	1

	2
	2

	3
	3

	4
	4

	5
	5

	6
	6

	7
	7

	8
	8

	9
	9

	10
	10


	Villani et al.
	Villani et al.
	Villani et al.

	Yes
	Yes

	1
	1

	0
	0

	1
	1

	0
	0

	0
	0

	0
	0

	1
	1

	1
	1

	1
	1

	0
	0

	5/10
	5/10

	Fair
	Fair


	Pedone et al.
	Pedone et al.
	Pedone et al.

	Yes
	Yes

	1
	1

	1
	1

	1
	1

	0
	0

	1
	1

	0
	0

	1
	1

	0
	0

	1
	1

	1
	1

	7/10
	7/10

	Good
	Good


	Kenealy et al.
	Kenealy et al.
	Kenealy et al.

	Yes
	Yes

	1
	1

	1
	1

	1
	1

	0
	0

	0
	0

	0
	0

	1
	1

	1
	1

	1
	1

	1
	1

	7/10
	7/10

	Good
	Good


	Pekmezaris et al.
	Pekmezaris et al.
	Pekmezaris et al.

	Yes
	Yes

	1
	1

	1
	1

	1
	1

	0
	0

	0
	0

	0
	0

	1
	1

	1
	1

	1
	1

	1
	1

	7/10
	7/10

	Good
	Good


	Riegel B et al.
	Riegel B et al.
	Riegel B et al.

	Yes
	Yes

	1
	1

	1
	1

	1
	1

	0
	0

	1
	1

	0
	0

	1
	1

	1
	1

	1
	1

	1
	1

	8/10
	8/10

	Good
	Good


	Benatar D et al.
	Benatar D et al.
	Benatar D et al.

	Yes
	Yes

	1
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	0
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	1
	1

	0
	0

	0
	0

	0
	0
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	1
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	6/10
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	Good
	Good


	Dar O et al.
	Dar O et al.
	Dar O et al.

	Yes
	Yes

	1
	1

	0
	0

	1
	1

	0
	0

	0
	0

	1
	1

	1
	1

	1
	1

	1
	1

	1
	1

	7/10
	7/10

	Good
	Good


	Koehler F et al.
	Koehler F et al.
	Koehler F et al.

	Yes
	Yes

	1
	1

	0
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	1
	1

	0
	0

	0
	0

	1
	1

	0
	0

	1
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	6/10
	6/10

	Good
	Good


	Jerant AF et al.
	Jerant AF et al.
	Jerant AF et al.

	Yes
	Yes

	1
	1

	1
	1

	1
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	0
	0

	0
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	1
	1

	1
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	1
	1
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	8/10
	8/10

	Good
	Good


	Kurtz B et al.
	Kurtz B et al.
	Kurtz B et al.

	Yes
	Yes

	0
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	0
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	0
	0

	0
	0

	0
	0

	1
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	1
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	1

	1
	1

	4/10
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	Fair
	Fair


	Melin M et al
	Melin M et al
	Melin M et al

	Yes
	Yes
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	1

	0
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	0
	0

	0
	0

	1
	1

	0
	0

	1
	1

	1
	1

	1
	1

	6/10
	6/10

	Good
	Good


	Antonicelli R et al
	Antonicelli R et al
	Antonicelli R et al

	Yes
	Yes

	1
	1

	0
	0

	1
	1

	0
	0

	0
	0

	0
	0

	1
	1

	1
	1

	1
	1

	1
	1

	6/10
	6/10

	Good
	Good


	Baker DW et al
	Baker DW et al
	Baker DW et al

	Yes
	Yes

	1
	1

	0
	0

	1
	1

	0
	0

	0
	0

	1
	1

	1
	1

	0
	0

	1
	1
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	1

	6/10
	6/10

	Good
	Good


	Blum K et al
	Blum K et al
	Blum K et al

	Yes
	Yes

	1
	1

	1
	1

	0
	0

	1
	1

	0
	0

	0
	0

	0
	0

	1
	1

	1
	1

	1
	1

	6/10
	6/10

	Good
	Good


	DeWalt DA et al
	DeWalt DA et al
	DeWalt DA et al

	Yes
	Yes

	1
	1

	1
	1

	1
	1

	1
	1

	0
	0

	0
	0

	0
	0

	1
	1

	1
	1

	1
	1

	7/10
	7/10

	Good
	Good


	Ferrante D et al
	Ferrante D et al
	Ferrante D et al

	Yes
	Yes

	1
	1

	0
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	1
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	0
	0

	0
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	0
	0

	1
	1
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	1
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	1

	6/10
	6/10

	Good
	Good


	Goldberg LR et al
	Goldberg LR et al
	Goldberg LR et al

	Yes
	Yes

	1
	1

	0
	0

	1
	1

	0
	0

	0
	0

	1
	1

	1
	1

	1
	1

	1
	1

	1
	1

	7/10
	7/10

	Good
	Good


	Mizukawa M et al
	Mizukawa M et al
	Mizukawa M et al

	Yes
	Yes

	1
	1

	0
	0

	1
	1

	0
	0

	0
	0

	0
	0

	1
	1

	1
	1

	1
	1

	1
	1

	6/10
	6/10

	Good
	Good


	Krum H et al
	Krum H et al
	Krum H et al

	Yes
	Yes

	1
	1

	0
	0

	1
	1

	0
	0

	0
	0

	1
	1

	1
	1

	1
	1

	1
	1

	1
	1

	7/10
	7/10

	Good
	Good


	Lynga P et al
	Lynga P et al
	Lynga P et al

	Yes
	Yes

	1
	1

	0
	0

	1
	1

	0
	0

	0
	0

	0
	0

	1
	1

	1
	1

	1
	1

	1
	1

	6/10
	6/10

	Good
	Good


	Mortara A et al
	Mortara A et al
	Mortara A et al

	Yes
	Yes

	1
	1

	1
	1

	1
	1

	0
	0

	0
	0

	1
	1

	1
	1

	0
	0

	1
	1

	1
	1

	7/10
	7/10

	Good
	Good


	Seto E et al
	Seto E et al
	Seto E et al

	Yes
	Yes

	1
	1

	1
	1

	1
	1

	0
	0

	0
	0

	0
	0

	1
	1

	0
	0

	1
	1

	1
	1

	6/10
	6/10

	Good
	Good


	Soran OZ et al
	Soran OZ et al
	Soran OZ et al

	Yes
	Yes

	1
	1

	1
	1

	0
	0

	1
	1

	0
	0

	0
	0

	1
	1

	1
	1

	1
	1

	1
	1

	7/10
	7/10

	Good
	Good


	Wakefield BJ et al
	Wakefield BJ et al
	Wakefield BJ et al

	Yes
	Yes

	1
	1

	0
	0

	1
	1

	0
	0

	0
	0

	0
	0

	0
	0

	1
	1

	1
	1

	1
	1

	5/10
	5/10

	Fair
	Fair


	Wooden AK et al
	Wooden AK et al
	Wooden AK et al

	Yes
	Yes

	1
	1

	0
	0

	1
	1

	0
	0

	0
	0

	0
	0

	1
	1

	1
	1

	1
	1

	1
	1

	6/10
	6/10

	Good
	Good
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	STUDIES
	STUDIES
	STUDIES
	STUDIES
	STUDIES
	STUDIES

	STUDY RESULTS
	STUDY RESULTS


	MORTALITY
	MORTALITY
	MORTALITY

	HR-QOL
	HR-QOL

	ALL-CAUSE HOSPITALISATION
	ALL-CAUSE HOSPITALISATION

	HF-RELATED HOSPITALISATION
	HF-RELATED HOSPITALISATION


	Inglis et al.
	Inglis et al.
	Inglis et al.

	STS RR 0.87 (95% CI 0.77–0.98); I = 0%
	STS RR 0.87 (95% CI 0.77–0.98); I = 0%
	2

	HT RR 0.80 (95% CI 0.69–0.94); I = 24%
	2


	N/A
	N/A

	STS RR 0.95 (95% CI 0.90–1.00); I = 47%
	STS RR 0.95 (95% CI 0.90–1.00); I = 47%
	2

	HT RR 0.95 (95% CI 0.89–1.01); I= 71%
	2 


	STS RR 0.85 (95%CI 0.77–0.93); I = 27%
	STS RR 0.85 (95%CI 0.77–0.93); I = 27%
	2

	HT RR 0.71 (95%CI 0.60–0.83); I = 20%
	2



	Allida et al.
	Allida et al.
	Allida et al.

	N/A
	N/A

	MLHFQ
	MLHFQ
	MD -0.10 lower in the intervention group (95% CI -2.35 to 2.15); I = 61%)
	2


	N/A
	N/A

	OR 0.74 (95% CI 0.52–1.06); I = 0%
	OR 0.74 (95% CI 0.52–1.06); I = 0%
	2






	Table 7 Results of the systematic review included in the study.
	Table 7 Results of the systematic review included in the study.
	Abbreviations: HR-QoL, health-related quality of life; STS, structured telephone support; HT, non-invasive home telemonitoring; MLHFQ, Minnesota Living with Heart Failure Questionnaire; RR, relative risk; HR, hazard ratio; CI, confidence interval; OR, odd ratio; N/A, not available.

	STUDIES
	STUDIES
	STUDIES
	STUDIES
	STUDIES
	STUDIES

	STUDY RESULTS
	STUDY RESULTS


	MORTALITY
	MORTALITY
	MORTALITY

	HR-QOL
	HR-QOL

	ALL-CAUSE HOSPITALIZATION
	ALL-CAUSE HOSPITALIZATION

	HF-RELATED HOSPITALIZATION
	HF-RELATED HOSPITALIZATION


	Villani et al.
	Villani et al.
	Villani et al.

	RR 0.56 (95%CI 0.20–1.51), 5/40 vs 9/40,p > 0.05 at 1-year follow-up
	RR 0.56 (95%CI 0.20–1.51), 5/40 vs 9/40,p > 0.05 at 1-year follow-up
	 


	N/A
	N/A

	N/A
	N/A

	RR 0.52 (95%CI 0.30–0.89)
	RR 0.52 (95%CI 0.30–0.89)
	12/40 vs 23/40, p < 0.03, at one-year of follow up


	Pedone et al.
	Pedone et al.
	Pedone et al.

	RR 0.51 (95% CI 0.26–0.98) at 6-month follow-up
	RR 0.51 (95% CI 0.26–0.98) at 6-month follow-up

	N/A
	N/A

	RR 0.30 (95% CI 0.12–0.67) at 6-month follow-up
	RR 0.30 (95% CI 0.12–0.67) at 6-month follow-up

	RR 0.48 (95% CI 0.14–1.45) at 6-month follow-up
	RR 0.48 (95% CI 0.14–1.45) at 6-month follow-up


	Kenealy et al.
	Kenealy et al.
	Kenealy et al.

	RR 0.63 (95%CI 0.21–1.82)
	RR 0.63 (95%CI 0.21–1.82)
	at 6-month follow-up

	Coefficient of interaction (telecare vs usual care) of 0.47 (p = 0.63) after 6 months of follow up using the SF-36 (Mental component score)
	Coefficient of interaction (telecare vs usual care) of 0.47 (p = 0.63) after 6 months of follow up using the SF-36 (Mental component score)

	95 vs 63 (p-value unavailable) at 6-month follow-up
	95 vs 63 (p-value unavailable) at 6-month follow-up

	N/A
	N/A


	Pekmezaris et al.
	Pekmezaris et al.
	Pekmezaris et al.

	N/A
	N/A

	TSM: 62.7 at baseline and 36.3 after 90 days vs COM: 59.9 at baseline and 27.8 after 90 days, p = 0.50 using MLHFQ
	TSM: 62.7 at baseline and 36.3 after 90 days vs COM: 59.9 at baseline and 27.8 after 90 days, p = 0.50 using MLHFQ
	 


	Binary analysis: RR 0.92 (95% CI 0.57–1.48, p = 0.73) during 90 days of follow up; Non-binary analysis mean (62): 0.78 (1.3) TSM vs 0.55 (0.9) COM, p = 0.03
	Binary analysis: RR 0.92 (95% CI 0.57–1.48, p = 0.73) during 90 days of follow up; Non-binary analysis mean (62): 0.78 (1.3) TSM vs 0.55 (0.9) COM, p = 0.03
	 


	Binary analysis: RR 1.27 (95% CI 0.44–3.6, p = 0.65) during 90 days of follow up; Non-binary analysis mean (62): 0.15 (0.47) TSM vs 0.16 (0.41) COM, p = 0.76
	Binary analysis: RR 1.27 (95% CI 0.44–3.6, p = 0.65) during 90 days of follow up; Non-binary analysis mean (62): 0.15 (0.47) TSM vs 0.16 (0.41) COM, p = 0.76


	Riegel B et al.
	Riegel B et al.
	Riegel B et al.

	N/A
	N/A

	N/A
	N/A

	Telemedicine 0.45(0.73) vs usual care 0.61(0.88) at 3-month follow-up, p = 0.09;
	Telemedicine 0.45(0.73) vs usual care 0.61(0.88) at 3-month follow-up, p = 0.09;
	Telemedicine 0.62(0.88) vs usual care 0.87(1.1) at 6-month follow-up, p = 0.03

	Telemedicine 0.17 (0.43) vs usual care 0.31(0.64) at 3-month follow-up, p = 0.03;
	Telemedicine 0.17 (0.43) vs usual care 0.31(0.64) at 3-month follow-up, p = 0.03;
	 Telemedicine 0.21(0.5) vs usual care 0.4(0.77) at 6-month follow-up, p = 0.01


	Benatar D et al.
	Benatar D et al.
	Benatar D et al.

	N/A
	N/A

	MLHFQ
	MLHFQ
	Pre vs post intervention HT group: 77.92 (10.30) vs 51.64(17.36), p < 0.01
	Pre vs post intervention home nurse visit: 77.1(8.52) vs 57.72 (16.24), p < 0.01
	Between-group p = 0.98

	13 vs 24, p ⩽ 0.001 at 3-month follow-up
	13 vs 24, p ⩽ 0.001 at 3-month follow-up
	38 vs 63, p ⩽ 0.05 at 6-month follow-up
	75 vs 103, p = 0.12 at one-year follow-up

	N/A
	N/A


	Dar O et al.
	Dar O et al.
	Dar O et al.

	N/A
	N/A

	N/A
	N/A

	36 % vs 81% (p = 0.01) at 6-month follow-up
	36 % vs 81% (p = 0.01) at 6-month follow-up

	N/A
	N/A


	Koehler F et al.
	Koehler F et al.
	Koehler F et al.

	HR 0.97 (95% CI 0.67–1.41), p = 0.87
	HR 0.97 (95% CI 0.67–1.41), p = 0.87

	SF-36 (physical functioning) mean score (46) 54.3 (1.2) vs 49.9 (1.2), p = 0.01 after 12 months
	SF-36 (physical functioning) mean score (46) 54.3 (1.2) vs 49.9 (1.2), p = 0.01 after 12 months

	N/A
	N/A

	N/A
	N/A


	Jerant AF et al.
	Jerant AF et al.
	Jerant AF et al.

	N/A
	N/A

	N/A
	N/A

	RR 0.36 (95% CI 0.21–0.62)
	RR 0.36 (95% CI 0.21–0.62)

	N/A
	N/A


	Kurtz B et al.
	Kurtz B et al.
	Kurtz B et al.

	Risk reduction
	Risk reduction
	22% vs 44%, p = 0.04 at one year follow-up

	N/A
	N/A

	N/A
	N/A


	Blum K et al.
	Blum K et al.
	Blum K et al.

	RR 1.07 (95%CI 0.79–1.44) at 4-years follow-up
	RR 1.07 (95%CI 0.79–1.44) at 4-years follow-up

	MLHFQ
	MLHFQ
	Scores improved over the years within UC and MG (p < 0.001), but no difference between UC & MG

	RR 1.06 (95%CI 0.90–1.24)
	RR 1.06 (95%CI 0.90–1.24)

	Mean HF hospitalizations per subject MG 2 ± 2 vs. UC 3 ± 3 (p = 0.76)
	Mean HF hospitalizations per subject MG 2 ± 2 vs. UC 3 ± 3 (p = 0.76)


	DeWalt DA et al.
	DeWalt DA et al.
	DeWalt DA et al.

	RR 0.79 (95% CI 0.18–3.37)
	RR 0.79 (95% CI 0.18–3.37)

	MLHFQ
	MLHFQ
	Difference between scores in IG and CG 3.5 points (95% CI -4–11), p = 0.36

	Crude all-cause hospital admission or death IRR 0.69 (95% CI 0.40–1.19)
	Crude all-cause hospital admission or death IRR 0.69 (95% CI 0.40–1.19)

	Unadjusted IRR 0.79 (95% CI 0.42–1.5)
	Unadjusted IRR 0.79 (95% CI 0.42–1.5)


	STUDIES
	STUDIES
	STUDIES

	STUDY RESULTS
	STUDY RESULTS


	MORTALITY
	MORTALITY
	MORTALITY

	HR-QOL
	HR-QOL

	ALL-CAUSE HOSPITALIZATION
	ALL-CAUSE HOSPITALIZATION

	HF-RELATED HOSPITALIZATION
	HF-RELATED HOSPITALIZATION


	Ferrante D et al.
	Ferrante D et al.
	Ferrante D et al.

	Intervention vs. ControlAt 1 year: RR 0.94 (0.77–1.16); p = 0.586
	Intervention vs. ControlAt 1 year: RR 0.94 (0.77–1.16); p = 0.586
	 

	At 3 years: RR 1.02 (0.87–1.2); p = 0.73

	Intervention vs. Control
	Intervention vs. Control
	MLHFQGlobal score: 30.6 vs. 35, p = 0.001Physical domain: 11.2 vs. 12.8, p –0.007Emotional domain: 6.7 vs. 7.9, p = 0.002
	 
	 
	 


	N/A
	N/A

	Intervention vs Control
	Intervention vs Control
	At 1 year: 174 (22.9%) vs 220 (29%); RR 0.73 (0.6–0.9); p = 0.002At 3 years: 217 (28.9%) vs 266 (35.1%); RR 0.72 (0.6–0.87); p = 0.0004
	 



	Goldberg LR et al.
	Goldberg LR et al.
	Goldberg LR et al.

	Intervention vs Control
	Intervention vs Control
	11 (8%) vs. 26 (18.4%), number needed to treat 9.7, p < 0.003
	RR: 0.43 (95%CI 0.22–0.84); p = 0.0142

	Intervention vs Control MLHFQ (mean ± SD)
	Intervention vs Control MLHFQ (mean ± SD)
	–27.8 ± 23.8 vs -23.3 ± 26.9, p = 0.22

	Intervention vs Control (mean ± SD) average utilisation per patient per month
	Intervention vs Control (mean ± SD) average utilisation per patient per month
	0.19 ± 0.46 vs 0.2 ± 0.3, p = 0.28

	Intervention vs Control (mean ± SD) average utilisation per patient per month
	Intervention vs Control (mean ± SD) average utilisation per patient per month
	0.08 ± 0.24 vs. 0.11 ± 0.26, p = 0.28


	Mizukawa M et al.
	Mizukawa M et al.
	Mizukawa M et al.

	15% vs. 15.8%
	15% vs. 15.8%
	RR: 1.1 (95%CI 0.25–4.83), p = 0.8996

	Using MLHFQ
	Using MLHFQ
	The CM group had better improvement with statistical significance vs UC group at 18 months (p = 0.014) and at 24 months (p = 0.016) vs SM group at 18 months (P = 0.044); vs baseline at 6 months (p = 0.002), 12 months (p = 0.012), 18 months (p = 0.003) and 24 months (p = 0.018)

	60% vs. 68.4%
	60% vs. 68.4%
	RR: 0.87 (95%CI 0.54–1.40); p = 0.5843

	20% vs. 57.9%
	20% vs. 57.9%
	HR: 0.29 (95% CI, 0.09–0.92; p = 0.035)


	Krum H et al.
	Krum H et al.
	Krum H et al.

	Usual Care
	Usual Care
	16/209 (7.6%)
	Usual Care + Intervention
	17/170 (10%)
	Unadjusted HR: 1.3 (95%CI 0.65–2.77,p = 0.43)
	 

	Adjusted HR: 1.36 (95% CI 0.63–2.93,p = 0.439)
	 


	N/A
	N/A

	Usual Care
	Usual Care
	114/204 (55.8%)
	Usual Care + Intervention
	74/161 (45.9%)
	Unadjusted HR: 0.71 (95%CI 0.53–0.95, p = 0.021)
	 

	Adjusted HR: 0.67 (95%CI 0.50–0.89, p = 0.006)
	 


	Usual Care
	Usual Care
	35/204 (17.2%)
	Usual Care + Intervention
	23/161 (14.3%)
	Unadjusted HR: 0.81 (95%CI 0.44–1.38, p = 0.43)
	 

	Adjusted HR: 0.78 (95%CI 0.45–1.33, p = 0.36)
	 



	Lynga P et al.
	Lynga P et al.
	Lynga P et al.

	8/153 vs. 5/166, HR 0.57 [0.19–1.73], p = 0.32
	8/153 vs. 5/166, HR 0.57 [0.19–1.73], p = 0.32

	N/A
	N/A

	84/153 vs. 79/166, HR 0.83 [0.61–1.13], p = 0.24
	84/153 vs. 79/166, HR 0.83 [0.61–1.13], p = 0.24

	70/153 vs. 70/166, HR 0.90 [0.65–1.26], p = 0.54
	70/153 vs. 70/166, HR 0.90 [0.65–1.26], p = 0.54


	Mortara A et al.
	Mortara A et al.
	Mortara A et al.

	7/94 vs. 9/160, RR 1.32 (95% CI 0.51–3.44)
	7/94 vs. 9/160, RR 1.32 (95% CI 0.51–3.44)

	N/A
	N/A

	34/94 vs 48/160, RR 1.21 (95% CI 0.84–1.72)
	34/94 vs 48/160, RR 1.21 (95% CI 0.84–1.72)

	17/94 vs 28/160, RR 1.03 (95% CI 0.60–1.78)
	17/94 vs 28/160, RR 1.03 (95% CI 0.60–1.78)


	Seto E et al.
	Seto E et al.
	Seto E et al.

	3/50 vs 0/50, RR 7.00 (95% 0.37–132.10)
	3/50 vs 0/50, RR 7.00 (95% 0.37–132.10)

	MLHFQ
	MLHFQ
	Control Group: p = 0.9;Intervention Group: p = 0.02;Between group post study: p = 0.2;Between group change scores data: p = 0.05
	 
	 
	 


	14/50 vs 10/50, RR 1.40 (95% CI 0.69–2.85)
	14/50 vs 10/50, RR 1.40 (95% CI 0.69–2.85)

	N/A
	N/A


	Soran OZ et al.
	Soran OZ et al.
	Soran OZ et al.

	RR 0.63 (95% CI 0.30–1.29)
	RR 0.63 (95% CI 0.30–1.29)

	N/A
	N/A

	RR 1.10 (95% CI 0.86–1.41)
	RR 1.10 (95% CI 0.86–1.41)

	Unadjusted HR 0.78 (95% CI 0.48–1.27);Adjusted HR (NYHA, B-blocker use, Sex, Na levels) 0.71 (95% CI 0.43–1.17)
	Unadjusted HR 0.78 (95% CI 0.48–1.27);Adjusted HR (NYHA, B-blocker use, Sex, Na levels) 0.71 (95% CI 0.43–1.17)
	 



	Wakefield BJ et al.
	Wakefield BJ et al.
	Wakefield BJ et al.

	HR 1.04 (95% CI 0.49–2.24; p = 0.91) at 12-month follow up
	HR 1.04 (95% CI 0.49–2.24; p = 0.91) at 12-month follow up

	MLHFQp = 0.0002 (changes over 6 months within all groups). Between-group p value not significant
	MLHFQp = 0.0002 (changes over 6 months within all groups). Between-group p value not significant
	 


	OR 0.49 (95% CI 0.24–0.98; p = 0.04) at 12-month follow up
	OR 0.49 (95% CI 0.24–0.98; p = 0.04) at 12-month follow up

	OR 0.58 (95% CI 0.21–1.56; p = 0.28) at 12-month follow up
	OR 0.58 (95% CI 0.21–1.56; p = 0.28) at 12-month follow up


	Woodend AK et al.
	Woodend AK et al.
	Woodend AK et al.

	RR 1.19 (95% CI 0.34–4.22)
	RR 1.19 (95% CI 0.34–4.22)

	RR 1.06 (95% CI 0.97–1.16)
	RR 1.06 (95% CI 0.97–1.16)
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