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ABSTRACT
Telemedicine interventions may be associated with
reductions in hospital admission rate and mortality
in patients with heart failure (HF). The present study
is an updated analysis (as of June 30, 2016) of
randomized controlled trials, where patients with HF
underwent telemedicine care or the usual standard
care. Data were extracted from 39 eligible studies
for all-cause and HF-related hospital admission rate,
length of stay, and mortality. The overall all-cause
mortality (pooled OR=0.80, 95% CI 0.71 to 0.91,
p<0.001), HF-related admission rate (pooled
OR=0.63, 95% CI 0.53 to 0.76, p<0.001), and
HF-related length of stay (pooled standardized
difference in means=−0.37, 95% CI −0.72 to
−0.02, p=0.041) were significantly lower in the
telemedicine group (teletransmission and telephone-
supported care), as compared with the control
group. In subgroup analysis, all-cause mortality
(pooled OR=0.69, 95% CI 0.56 to 0.86, p=0.001),
HF-related admission rate (OR=0.61, 95% CI 0.42
to 0.88, p=0.008), HF-related length of stay
(pooled standardized difference in means=−0.96,
95% CI −1.88 to −0.05, p=0.039) and HF-related
mortality (OR=0.68, 95% CI 0.54 to 0.85,
p=0.001) were significantly lower in the
teletransmission group, as opposed to the standard
care group, whereas only HF-related admission rate
(OR=0.64, 95% CI 0.52 to 0.79, p<0.001) was
lower in the telephone-supported care group.
Overall, telemedicine was shown to be beneficial,
with home-based teletransmission effectively
reducing all-cause mortality and HF-related hospital
admission, length of stay and mortality in patients
with HF.

INTRODUCTION
Chronic heart failure (CHF) is a common
problem that is associated with a significant
clinical and financial burden.1 Indeed, indivi-
duals who experience heart failure (HF) have
higher rates of morbidity and mortality, as well
as reduced quality of life.1 From an economic
perspective, estimates from the USA indicate
that the cost associated with treating HF was in
excess of $70 billion per year in recent times.2

With the increase in aging populations world-
wide, HF will remain a significant problem for
the foreseeable future, one that will require a

concerted effort to optimize management strat-
egies, improve clinical outcomes, and minimize
the associated economic burden.
One strategy that has been implemented as

an adjunct to conventional medicine in the

Significance of this study

What is already known about this
subject?
▸ Telemedicine involves telecommunication-

based management of patients either by
telephone-based care (eg, information/data
are collected or distributed by a healthcare
provider who calls the patient on a regular
basis) or through a home-based
teletransmission monitoring system (eg,
information/data are automatically
transmitted from home to the healthcare
provider by internet or a phone line).

▸ Previous studies have found that
telemedicine interventions, including home
telemonitoring and telephone-supported
care, are variously associated with
improvement in all-cause mortality,
hospital admission rates and improved
quality of life.

▸ There is insufficient evidence to support
use of telephone support with respect to
heart failure-related hospitalization and
mortality.

What are the new findings?
▸ Regardless of the type of intervention,

telemedicine intervention overall was
associated with benefit to the patients with
HF-related hospitalization and mortality.

▸ Home-based teletransmission, a subtype of
telemedicine, may significantly reduce
all-cause and HF-related mortality.

▸ Home-based teletransmission may
significantly reduce admission rate and
shorten the HF-related length of hospital
stay.

▸ Telephone support care, which is usually
conducted by a nurse, may significantly
reduce HF-related hospital admission rate.
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management of CHF, in particular to reduce the likelihood
of repeat hospital admission, is telemedicine. Telemedicine
involves telecommunication-based management of patients
and may be active (eg, information/data are collected or
distributed by a healthcare provider who calls the patient
on a regular basis) or automated (eg, information/data are
automatically transmitted to the healthcare provider).3 The
type of information collected or distributed as part of
telemedicine-based management of HF is varied, but may
include body weight, vital signs, ECGs, education, counsel-
ing, etc.3 4 The advantage of telemedicine is that medical
decisions by HF-trained nurses or physicians for the man-
agement of patients are made promptly based on the
HF-related parameters.4 Any variation in these vital signs
from predefined parameters can trigger an alert suggesting
clinical deterioration resulting in a telephone call for
further patient assessment.5 The nurse can take several
actions: (1) if the conditions are stable, patients can keep
their scheduled appointment, (2) the medications pre-
planned with the cardiologist or the general practitioner
can be reviewed, (3) further investigations or a scheduled
cardiological consultation can be arranged.6

A number of studies and meta-analyses have reported
the effectiveness of telemedicine in the management of
CHF. Reports suggest that telemedicine interventions,
including teletransmission (a home telemonitoring system)
and telephone support, are variously effective in reducing
all-cause mortality and hospital admission rates, and
improving the quality of life.7–12 The most recent
meta-analysis, reported by Kotb et al,13 included studies
published between 1998 and 2011. Given that a number
of relevant studies have been published since that time, and
that the telemedicine system used in various trials was het-
erogeneous with inconsistent outcomes, we decided to
carry out an up-to-date meta-analysis of the literature on
this topic. The aim of our meta-analysis was therefore to
comprehensively review the literature and provide an
update on the effectiveness of telemedicine (teletransmis-
sion system and telephone support care) for treating
patients with CHF.

MATERIALS AND METHODS
Search strategy
This meta-analysis was carried out in accordance with the
PRISMA guidelines.14 MEDLINE, the Cochrane Library,
EMBASE, and CINAHL Plus were searched (from the date
of inception to June 30, 2016) using combinations of the
following key words: heart failure, remote, telemedicine,
telehealth, health information systems, internet, and
monitoring.

Eligibility criteria
Inclusion criteria
Studies were considered for inclusion in the meta-analysis
if they met the following criteria: (1) randomized con-
trolled trials (RCTs) involving patients (age≥18 years) diag-
nosed with CHF; patients had to be hospitalized for HF
with New York Heart Association (NYHA) class I–IV, mea-
sured at randomization, and received optimized standard
medical therapy (ACE inhibitor or angiotensin receptor
blocker, and a β-blocker; all medications as tolerated) prior
to enrollment. (2) The studies included an intervention
group and a control group. In the intervention group, par-
ticipants received any form of home-based telemedicine
(teletransmission or telephone-supported care) combined
with the usual standard care. In the control group, patients
were required to receive standard care only. (3) End points
included length of intervention, hospital admission rate,
length of hospital stay and all-cause mortality.

Definitions
Teletransmission consists of a home telemonitoring system.
ECG, blood pressure, body weight, and other cardiac-
related measurements are sent either wired or wirelessly to
a computer-based home HF monitoring system in the
patient’s home, and the data are linked via a standard
phone line to a telemedical center. For some studies, video
consultation equipment (video-based telecare) for a
two-way video conference was used. The telephone-
supported care monitors clinical status and delivers medical
management by a conventional telephone call. A telephone-
supported care programme usually is a part of a nurse-
based care programme after discharge. The vital signs (eg,
heart rate, blood pressure, changes in weight) for both
groups were collected during regular face-to-face visits or
self-reported during the phone interview instead of auto-
matic transfer. Usual care is defined as a guideline-based
standard care in addition to the scheduled clinic visits.

Exclusion criteria
Studies were excluded if they were not RCTs, involved
patients with acute HF, did not report numerical data for
the outcomes of interest, were not published in English, or
if they were published in the form of letters, comments,
editorials, case reports, or technical reports.

Study selection and data extraction
Studies were identified using the aforementioned search
strategy by two independent reviewers (M-hL and W-lY).
In cases of uncertainty regarding eligibility, a third reviewer
( J-fW) was consulted.

The following information was extracted from studies
that met the eligibility criteria: name of the first author,

Significance of this study

How might these results change the focus of
research or clinical practice?
▸ A home-based teletransmission monitoring system may

be recommended in the management of chronic heart
failure.

▸ A combination of home-based teletransmission and
nurse-based telephone reinforcement may be
encouraged.

▸ The efficacy of the telemedicine in different populations
(eg, patients in either community, remote care or under
institutional care) might be investigated.

▸ The efficacy of telemedicine using an advanced
telemonitoring device and newly developed guidelines
in the remote monitoring and management of patients
with heart failure might be investigated.
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year of publication, patient demographics, type of tele-
medicine intervention, length of intervention, hospital
admission rate, length of hospital stay, and mortality. Data
extraction was also performed by the same two independ-
ent reviewers who consulted with a third reviewer to
resolve any disagreement.

Outcomes
The outcomes of interest were the rates of all-cause and
HF-related hospital admission rate, length of hospital stay,
and mortality.

Quality assessment
The Cochrane Risk of Bias Tool15 was used to assess the
quality of studies included in the meta-analysis. Quality
assessment was performed by two independent reviewers,
with consultation of the third reviewer as necessary.

Statistical analysis
The OR and standardized difference in means were calcu-
lated for all outcomes for the telemedicine group compared
with the usual care (control) group. Subgroup analyses
were carried out for teletransmission versus control, and
telephone-supported care versus control, groups.
Heterogeneity among the studies was assessed by determin-
ing the Cochran Q and the I2 statistic.16 For the Q statistic,
p<0.10 was considered to indicate statistically significant
heterogeneity. For the I2 statistic, which indicates the per-
centage of the observed between-study variability due to

heterogeneity rather than chance, no heterogeneity was
indicated by an I2 of 0–25%, moderate heterogeneity was
indicated by an I2 of 25–50%, large heterogeneity was indi-
cated by an I2 of 50–75%, and extreme heterogeneity was
indicated by an I2 of 75–100%. A random-effects model of
analysis was used (the DerSimonian-Laird method) for all
pooled ORs and standardized differences in the means of
outcomes.17 A two-sided p value<0.05 was considered to
indicate statistical significance. All statistical analyses were
performed using the statistical software, Comprehensive
Meta-Analysis, V.2.0 (Biostat, Englewood, New Jersey,
USA).

RESULTS
Literature search
A total of 911studies were identified in the literature
search. Of these, 837were excluded after title and abstract
review. Reasons for exclusion are: unrelated to HF, not
RCT, unrelated to home-based teletransmission/telephone
support care, no outcome of interest, or non-English publi-
cations. A total of 74 articles underwent a full-text review.
Subsequently, 35 studies were excluded, due to no numer-
ical data for outcomes of interest (n=17), no RCTs (n=9),
duplicated publications (n=5), unrelated to HF (n=3),
including caregivers in the study (n=1). Finally, a total of
39 randomized, open-labeled, controlled trials were
included in the systematic review/meta-analysis.5 6 18–54

Figure 1 represents the flow chart of studies included in the
current meta-analysis.

Figure 1 PRISMA flow chart of study selection.
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Basic characteristics
Studies were classified into two groups based on the type
of intervention(s): teletransmission (n=21)5 6 18–20 23 25–27

34–36 38 42 44 45 47 49 51 53 54 and telephone-supported
care (n=21).21 22 24 25 28–33 35 37 39 40 41 43 44 46 48 50 51

Please note that three studies25 35 44 reported outcomes
for teletransmission and telephone-supported care. Since
the data for different types of intervention were analyzed

separately, we included those studies in both groups. The
characteristics of the studies included are summarized in
table 1 (teletransmission) and table 2 (telephone-supported
care). There was a large heterogeneity in sample size and
demographic data. The total number of participants was
11 758 (range 20–1653), of which 5935 subjects belonged
to the telemedicine groups (range 10–826), while 5823
subjects were in the control group (range 10–827). The

Table 1 Basic characteristics of studies (teletransmission vs usual care) included in the meta-analysis

Author (year) Comparison
Patient
number (N) Age* Male (%)

NYHA
grade LVEF (%)* Follow-up

Lyngå (2012)42 Teletransmission (BW) 166 73.7 (9.9) 76 III/IV <30%: 102 (61.4) 12 months
30–39%: 34 (20.5)
40–49%: 30 (18.1)

Without monitoring the BW 153 73.5 (10.4) 74 <30%: 80 (52.3)
30–39%: 40 (26.1)
40–49%: 33 (21.6)

Pekmezaris (2012)45 Teletransmission (BP, stethoscope) 83 81 (7) 43 I–IV NA 30 and
90 daysUsual care 85 83 (7) 33 NA

Wade (2011)51 Teletransmission (BW, BP) 164 75.8 (6.96) 51 NA NA 12 months
Usual care 152 77.7 (6.97) 49 NA

Koehler (2011)38 Teletransmission (BW, BP) 354 66.9 (10.8) 81 II/III 26.9 (5.7) 26 months
Usual care 356 66.9 (10.5) 82 27.0 (5.9)

Weintraub (2010)53 Teletransmission (BW, BP, HR) 95 69.5 (14.2) 63 I–IV 32.1(17.2) 90 days
Usual care 93 68.5 (12.8) 69 27.2 (15.8)

Mortara (2009)44 Teletransmission (vital signs, stethoscope) 101 59 (11) 84 II–IV 28 (8) 12 months
Usual care 94 60 (12) 89 29 (7)

Scherr (2009)47 Teletransmission (BW, BP, HR) 66 66 (62, 73)† 70 II–IV 25 (20–38)† 6 months
Usual care 54 67 (61, 72)† 72 29 (21–36)†

Giordano (2009)6 Teletransmission (ECG) 230 58 (10) 84 II–IV 28 (7) 1 year
Usual care 230 56 (10) 86 26 (8)

Dar (2009)5 Teletransmission (BW, BP, HR, S/S) 91 70 (12.8) 68 II–IV >40%: 33/85 (39) 3 and
6 monthsUsual care 91 72 (10.4) 65 >40%: 33/83 (40)

Kashem (2008)36 Teletransmission (BW, BP, HR) 24 53 (10) 72 II–IV 25 (3) 1 year
Usual care 24 54 (11) 76 26 (3)

Antonicelli (2008)18 Teletransmission (ECG, BP, HR, BW) 28 77 (8) 57 II–IV 35 (6) 12 months
Usual care 29 79 (6) 66 37 (7)

Balk (2008)19 Teletransmission (BW, BP) 101 68 (33, 85)‡ 64 I–IV 31 (9, 69)‡ 288 days
Usual care 113 65 (42, 87)‡ 75 31 (11, 71)‡

Soran (2008)49 Teletransmission (BW) 160 76.9 (7.1) 31 II–III 24.3 (8.8) 6 months
Standard care 155 76.0 (6.8) 39 23.8 (8.7)

Woodend (2008)54 Teletransmission (BW, BP, ECG) 62 67 (13) 74 II–IV NA 1 year
Usual care 59 66 (11) 70 NA

Dansky (2008)26 Teletransmission (BW, BP, HR, digital
stethoscope)

45 78.11 (7.11) NR NR NA 120 days

Usual care 112 76.88 (10) NR NA
Cleland (2005)25 Teletransmission (BW, BP, ECG) 168 67 (13) 80 I–IV 25 (8) 240 days

Usual care 85 68 (10) 82 24 (8)
Capomolla (2004)23 Teletransmission (BW, BP, HR, S/S) 67 57 (10) 93 II–IV 29 (8) 12 months

Usual care 66 57 (10) 83 28 (7)
Goldberg (2003)34 Teletransmission (BW) 138 57.9 (15.7) 70 III–IV 21.6 (6.8) 6 months

Usual care 142 60.2 (14.9) 66 21.8 (6.8)
Benatar (2003)20 Teletransmission (BW, BP, HR, SatO2) 108 62.9 (13.2) 36 III–IV 38.05 (13.70) 12 months

Usual care 108 63.2 (12.6) 38 38.83 (13.97)
de Lusignan (2001)27 Teletransmission (BW, BP, HR) 10 75.2 n/a I–IV NA 12 months

Usual care 10 n/a NA
Jerant (2001)35 Teletransmission (digital stethoscope) 13 66.6 (10.9) 46 II–IV NA 180 days

Usual care 12 72.7 (11.4) 50 NA

*Data expressed as mean±SD.
†Data expressed as median (IQR).
‡Data expressed as median (range).
AHA, American Heart Association; BP, blood pressure; BW, body weight; HFSA, Heart Failure Society of America; HR, heart rate; ICD/CRT, implantable cardiac defibrillator/
cardiac resynchronization therapy; LVEF, left ventricular ejection fraction; NA, not available; NR, not reported; NYHA, New York Heart Association Grade; RCT, randomized
controlled trial; RPM, remote patient monitoring.
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mean age of patients ranged from 43 to 81 years in the
telemedicine groups and from 46 to 83 years in the
control groups. The proportion of male patients ranged
from 31% to 100% in the telemedicine groups and from
33% to 98% in the control groups. The follow-up period
ranged from 90 days (3 months) to 1 year for the tele-
transmission studies, and from 90 days (3 months) to
3 years for the telephone-supported care studies (tables 1

and 2). A majority of the patients in the included studies
had an impairment in the left ventricular ejection fraction
(LVEF; defined as LVEF<50% or <40%). The only
exceptions were in the study reported by Dar et al,5

where the patients had a preserved left ventricular (LV)
systolic function (EF≥40%; table 1) and in Dunagan
et al’s31 study, where ∼16% of patients had an
LVEF>50% (table 2).

Table 2 Basic characteristics of studies (telephone-supported care vs usual care) included in the meta-analysis

Author (Year) Comparison
Patient
number (N) Age* Male (%) NYHA grade LVEF (%)* Follow-up

Krum (2013)39 Telephone 188 73 (10) 62 II–IV 37.2 (14.14) 12 months
Usual care 217 73 (11) 64 34.9 (23.48)

Boyne (2012)22 Telephone 197 71.0 (11.9) 58 II–IV NA 1 year
Usual care 185 71.9 (10.5) 60 NA

Domingues (2011)30 Telephone 48 62 (12) 67 II–IV 29 (8) 90 days
Usual care 63 63 (13) 51 29 (9)

Ferrante (2010)32 Telephone 760 64.8 (13.9) 73 II–III NA 3 years
Usual care 758 65.2 (12.7) 69 NA

Chaudhry (2010)24 Telephone 826 61 (51, 73)† 57 I–IV NA 180 days
Usual care 827 61 (51, 73)† 59 NA

Mortara (2009)44 Telephone 106 60 (12) 86 II–IV 29 (8) 12 months
Usual care 160 60 (12) 83 30 (7)

Wakefield (2008)52 Telephone 47 71.8 (10.2) 100 II–IV 43.5 (13, 75)‡ 90 days
Videophone 52 69.0 (9.6) 98 38 (6, 73)
Usual care 49 67.2 (8.5) 98 43 (12, 81)‡

Ramachandran (2007)46 Telephone 25 43.4 (11.5) 80 I–IV NA 6 months
Usual care 25 45.8 (12.5) 76 NA

Sisk (2006)48 Telephone 203 59.6 (13.8) 55 I–IV NA 12 months
Usual care 203 59.3 (13.7) 52 NA

DeWalt (2006)29 Telephone 59 63 (9) 58 II–IV NA 12 months
Usual care 64 62 (11) 41 NA

Cleland (2005)25 Telephone 173 67 (11) 72 I–IV 25 (8) 240 days
Usual care 85 68 (10) 82 24 (8)

Dunagan (2005)31 Telephone 76 70.5 (12.7) 41 II–IV <25%: 29 1 year
25–40%: 27
41–50%: 6
>50%: 14

Usual care 75 69.4 (13.9) 47 <25%: 36
25–40%: 23
41–50%: 5
>50%: 11

Tsuyuki (2004)50 Telephone 140 71 (12) 58 I-IV 32 (12) 6 months
Usual care 136 72 (12) 58 31 (11)

DeBusk (2004)28 Telephone 228 72 (11) 48 I–IV NA 1 year
Usual care 234 54 NA

Laramee (2003)41 Telephone 141 70.6 (11.4) 58 I–IV NA 12 weeks
Usual care 146 70.8 (12.2) 50 NA

Kasper (2002)37 Telephone 102 60.2 (13.8) 65 II–IV 27.1 (13.8) 6 months
Usual care 98 63.7 (15.0) 56 27.5 (13.9)

Krumholz (2002)40 Telephone 44 75.9 (8.7) 48 NA 38 (17) 1 year
Usual care 44 71.6 (10.3) 66 37 (16)

McDonald (2002)43 Telephone 51 70.76 (10.37) 63 NA 38.4 (12.9) 3 months
Usual care 47 70.83 (10.69) 70 37.7 (12.6)

Blue (2001)21 Telephone 84 74.4 (8.6) 64 II–IV NA 1 year
Usual care 81 75.6 (7.9) 51 NA

Jerant (2001)35 Telephone 12 71.3 (14.1) 42 II–IV NA 180 days
Usual care 12 72.7 (11.4) 50 NA

Gattis (1999)33 Telephone 90 71.5 (60, 77)† 69 I–IV NA 6 months
Usual care 91 63.0 (55, 72)† 67 NA

*Data expressed as mean±SD.
†Data expressed as median (IQR).
‡Data expressed as median (range).
LVEF, left ventricular ejection fraction; NA, not available; NYHA, New York Heart Association Grade.
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Interventions
The types of interventions are described in online
supplementary table S1. Teletransmission usually consists
of an automated home telemonitoring system to transmit
data, like body weight, blood pressure, heart rate, arterial
oxygen saturation and/or other vital signs and symptoms
via a standard telephone line to a central web server. A
two-way video-monitoring system may also be equipped
for video conference with the nurse. The telephone
support intervention is usually performed during the
follow-up period after discharge from the hospital or after
the end of the patient education programme. The tele-
phonic monitoring reinforces the instructions received
during hospitalization or through educational programmes,
and also ensures medication adherence and self-
management of symptoms. In most of the studies included
in this meta-analysis, the usual care (control group) was
defined as a guideline-based standard care in addition to
the scheduled clinic visits without any additional
intervention.

Data reviewing and treatment
The data collection and related treatment are summarized
in online supplementary table S1. In most of the studies,
transmitted data from home monitoring were reviewed on
a daily basis by an HF nurse. If the patient’s data showed
abnormality or any alert sign suggesting clinical deterior-
ation, the HF nurse would call the patient to discuss the
deviation and to initiate an intervention if necessary.
Additional clinic visits were performed whenever needed.
Based on the evaluation of all HF-related parameters, the
therapeutic regimen was reassessed and altered when neces-
sary. Changes in treatment were only made in consultation
with the cardiologist, or by a consultant clinical physiolo-
gist. Decision for hospital readmission during follow-up
was taken after consulting medical team members accord-
ing to predefined criteria based on a set of clinical signs
and symptoms related to worsening of cardiac insufficiency
or its complications. For the telephone-supported care, any
suspect data were checked by the monitoring nurse or
attending physician. When patients reported symptoms,
such as weight gain, after reviewing the reported data, the
nurses reinforced the plan of care and made referrals, or
contacted the patient’s physician for adjustments in the
care plan. Most of the studies did not provide specialized
nursing assessment, care or medication advice beyond diur-
etic dosing. During telephone contacts, nurses screened
patients for HF exacerbations and administered a standar-
dized screening instrument developed to detect such
changes. If there was evidence of an exacerbation, pro-
gramme nurses recommended that the patient take supple-
mental diuretics or contact their physician for instructions.

Outcome measurement
Outcome measures are summarized in online
supplementary table S2, including all-cause hospital admis-
sion rate, length of hospital stay, mortality, and HF-related
hospital admission rate, length of hospital stay and mortal-
ity. There was remarkable heterogeneity in the data across
the studies. For example, the all-cause length of hospital
stay ranged from 2.2 to 245 days in the telemedicine
groups and from 4.8 to 260 days in the control groups.

The HF-related length of hospital stay ranged from 0.67 to
95 days in the telemedicine groups and from 3 to 150 days
in the control groups.

Meta-analyses
All-cause hospital admission
A total of 27 studies reported all-cause hospital admission
data, including 13 telephone-supported care studies and 14
teletransmission intervention studies (figure 2). There was
significant heterogeneity when data from the 27 studies
were pooled (Q=90.77, df=27, p<0.001, I2=71.36%).
The analysis revealed that there was no significant differ-
ence in all-cause hospital admission between the overall
telemedicine and control groups (pooled OR=0.92, 95%
CI 0.82 to 1.04, Z=−1.29, p=0.196). A subgroup analysis
also did not reveal any significant difference between the
treatment and control groups (teletransmission, pooled
OR=0.90, 95% CI 0.72 to 1.13, Z=−0.89, p=0.376;
telephone-supported care, pooled OR=0.93, 95% CI 0.81
to 1.07, Z=−0.98, p=0.329; figure 2).

All-cause length of hospital stay
A total of 13 studies reported all-cause length of hospital
stay data, including 7 telephone-supported care studies and
6 teletransmission intervention studies (figure 3). There
was significant heterogeneity when data from the 13
studies were pooled (Q=164.64, df=12, p<0.001,
I2=92.71%). The analysis revealed that there was no sig-
nificant difference in all-cause length of hospital stay
between the overall telemedicine and control groups
(pooled standardized difference in means=−0.15, 95% CI
−0.35 to 0.06, Z=−1.42, p=0.155), the teletransmission
and control groups (pooled standardized difference in
means=−25, 95% CI −0.80 to 0.31, Z=−0.88, p=0.381),
or the telephone-supported care and control groups
(pooled standardized difference in means=−0.13, 95% CI
−0.35 to 0.09, Z=−1.18, p=0.237; figure 3).

All-cause mortality
A total of 30 studies reported all-cause mortality data,
including 17 telephone-supported care studies, and 13 tele-
transmission intervention studies (figure 4). There was sig-
nificant heterogeneity when data from the 30 studies were
pooled (Q=43.67, df=29, p=0.039, I2=33.59%). The
analysis revealed that all-cause mortality was significantly
lower in the overall telemedicine group compared with the
control group (pooled OR=0.80, 95% CI=0.71 to 0.91,
Z=−3.54, p<0.001) and in the teletransmission group
compared with the control group (pooled OR=0.69, 95%
CI 0.56 to 0.86, Z=−3.43, p=0.001). However, the
telephone-supported care group (pooled OR=0.87, 95%
CI 0.74 to 1.01, Z=−1.89, p=0.059) showed no signifi-
cant difference in all-cause mortality as compared with the
control group (figure 4).

HF-related hospital admission rate
A total of 29 studies reported hospital admission rate data,
including 18 telephone-supported care intervention studies
and 11 teletransmission intervention studies (figure 5).
There was significant heterogeneity when data from the 29
studies were pooled (Q=120.77, df=28, p<0.001,
I2=76.82%). The analysis revealed that, in comparison to
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the control, the rate of HF-related admission rate was sig-
nificantly lower in the overall telemedicine group (pooled
OR=0.63, 95% CI 0.53 to 0.76, Z=−4.91, p<0.001), in
the teletransmission group (pooled OR=0.61, 95% CI
0.42 to 0.88, Z=−2.64, p=0.008), and in the telephone-
supported care group (pooled OR=0.64, 95% CI 0.52 to
0.79, Z=−4.15, p<0.001; figure 5).

HF-related length of hospital stay
A total of 11 studies reported HF-related length of hospital
stay data, including 5 telephone-supported care studies and
6 teletransmission intervention studies (figure 6). There
was significant heterogeneity when data from the 11
studies were pooled (Q=353.45, df=10, p<0.001,
I2=97.17%). The analysis revealed that, in comparison to

Figure 2 Forest plot of all-cause hospital admission for teletransmission and telephone-supported care versus usual care.

Figure 3 Forest plot of all-cause length of hospital stay for teletransmission and telephone-supported care versus usual care. Std diff in
means, standardized difference in means.
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Figure 4 Forest plot of all-cause mortality for teletransmission and telephone-supported care versus usual care.

Figure 5 Forest plot of heart failure-related admission for teletransmission and telephone-supported care versus usual care.
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the control, the HF-related length of hospital stay was sig-
nificantly lower in the overall telemedicine group (pooled
standardized difference in means=−0.37, 95% CI −0.72
to −0.02, Z=−2.05, p=0.041), and in the teletransmission
group (pooled standardized difference in means=−0.96,
95% CI −1.88 to −0.05, Z=−2.06, p=0.039). But, no sig-
nificant difference in HF-related length of hospital stay was
observed comparing telephone-supported care group with
control group (pooled standardized difference in means=
−0.27, 95% CI −0.65 to 0.12, Z=−1.35, p=0.176)
(figure 6).

HF-related mortality
A total of eight studies reported HF-related mortality data,
including two telephone intervention studies and six tele-
transmission intervention studies (figure 7). There was no
significant heterogeneity when data from the eight studies
were pooled (Q=6.02, df=8, p=0.538, I2=0%). The ana-
lysis revealed that, in comparison to the control,
HF-related mortality rate was significantly lower in the
overall telemedicine group (pooled OR=0.69, 95% CI
0.55 to 0.86, Z=−3.24, p=0.001) and in the teletransmis-
sion group (pooled OR=0.68, 95% CI 0.54 to 0.85, Z=

−3.30, p=0.001). However, no difference in the
telephone-supported care group was observed as compared
with the control group (pooled OR=0.94, 95% CI 0.34 to
2.57, Z=−0.12, p=0.904; figure 7).

Sensitivity analysis
The results of meta-analyses using the leave-one-out
approach to assess sensitivity of fixed-effect models are
summarized in online supplementary figure S1, including
all-cause hospital admission (A), all-cause length of hos-
pital stay (B), all-cause mortality (C), HF-related hospital
admission (D), HF-related length of hospital stay (E),
and HF-related mortality (F). The direction and magni-
tude of the pooled estimates did not vary considerably,
indicating that the meta-analyses had good reliability. The
removal of Chaudhry et al’s24 study caused the pooled
standard difference in means to become significant in the
overall meta-analysis of all-cause length of hospital stay
(p=0.039, see online supplementary figure S1B). The
removal of Weintraub et al’s53 study caused the pooled
standard difference in means to become non-significant
for the overall meta-analysis of HF-related length

Figure 6 Forest plot of heart failure-related length of hospital stay for teletransmission and telephone-supported care versus usual care.
Std diff in means, standardized difference in the means.

Figure 7 Forest plot of heart failure-related mortality for teletransmission and telephone-supported care versus usual care.
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of hospital stay (p=0.468, see online supplementary
figure S1E).

Publication bias
Publication bias was assessed by constructing funnel plots
by Egger’s test.55 The absence of publication bias was indi-
cated by data points forming a symmetric funnel-shaped
distribution and one-tailed significance level p>0.05.
Funnel plots to detect publication bias are shown in online
supplementary figure S2. There was no significant evidence
of publication bias for all-cause hospital admission
(t=1.481, df=25, p=0.076, see online supplementary
figure S2A), all-cause length of hospital stay (t=0.448,
df=11, p=0.332, see online supplementary figure S2B),
all-cause mortality (t=0.386, df=28, p=0.351, see online
supplementary figure S2C), HF-related length of hospital
stay (t=1.713, df=9, p=0.060, see online supplementary
figure S2E), or HF-related mortality (t=1.521, df=6,
p=0.090, see online supplementary figure S2F) as deter-
mined by Egger’s test. However, there was significant
evidence of publication bias for the HF-related admission
rate (t=5.285, df=27, p<0.001, see online supplementary
figure S2D). The observed studies in HF-related
admission are shown as white circles. The observed point
estimate of OR is shown as a white rhombus at 0.63 (95%
CI 0.53 to 0.76). Duval and Tweedie’s trim and fill method
was used to adjust for the effect of publication bias56

and the 10 theoretically imputed studies are shown as
black circles in online supplementary figure S2D.
Incorporating these imputed studies, the adjusted point
estimates of OR are shown as a black rhombus at 0.85
(95% CI 0.69 to 1.04).

Quality assessment
The results of the quality assessment are summarized in
figure 8, including the potential risk of individual studies
(8A) and the overall risk (8B). Overall, the studies had a
low risk of attrition and reporting bias. In addition, the
majority of studies included analyses based on an
intention-to-treat population. Overall, the studies had a
high risk of performance and detection bias, and a low to
unclear risk of selection bias.

DISCUSSION
Telemedicine involves telecommunication-based manage-
ment of patients with chronic diseases either by telephone-
based care (eg, information/data are collected or distributed
by a healthcare provider who calls the patient on a regular
basis) or through a home-based teletransmission monitor-
ing system (eg, information/data are automatically transmit-
ted to the healthcare provider by internet or a phone line).
In this systematic review and meta-analysis, we performed
an up-to-date assessment of the effectiveness of telemedi-
cine for the management of patients with CHF. A total of
39 RCTs, comparing two different types of telemedicine
(telephone-supported care and teletransmission) with usual
care, were included in our analyses. Telemedicine interven-
tion, overall, was shown to be beneficial in patients with
HF-related hospitalization and mortality regardless of the
type of data retrieval system. The home-based

Figure 8 The results of quality assessment. (A) Risk of bias for
each study; (B) the summary of bias of the included studies. ITT,
intention-to-treat.
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teletransmission monitoring system was effective in improv-
ing the clinical outcomes, particularly reducing all-cause
mortality and HF-related outcomes (admission rate, length
of stay and mortality). Telephone-based monitoring
(telephone-supported follow-up care) appears to provide
little benefit except for reducing the HF-related admission
rate.

In a recent network meta-analysis of 30 RCTs by Kotb
et al,13 teletransmission was found to reduce the odds of
mortality as well as the HF-related hospitalizations com-
pared with the standard care. In addition, structured tele-
phone support reduced the odds of HF-related mortality
and hospitalizations, while ECG monitoring reduced the
odds of HF-related hospitalizations.13 Our systematic
review and meta-analysis differs from the previous studies
for the following reasons: (1) our meta-analysis of 39 ran-
domized, open-labeled, controlled trials provide additional
data to the field with an updated literature search up to
June 2016; (2) it provides a more comprehensive system-
atic review in terms of patient characteristics (tables 1, 2);
intervention procedures and follow-up care (see online
supplementary table S1); and numerical data of outcome
measurements (see online supplementary table S2); (3) our
meta-analysis does not fully support the use of telephone-
based monitoring (telephone-supported care) in patients
with HF.

Notably, the home-based teletransmission monitoring
system was associated with a significantly lower rate of all-
cause mortality and HF-related mortality. Previous
meta-analyses had also shown that teletransmission (often
referred to as telemonitoring) is associated with improved
survival outcomes, although most have focused on all-
cause, rather than HF-related, outcomes.7 8 Likewise,
Clarke et al11 reported a decreased risk of all-cause mortal-
ity with telemonitoring, in addition to a reduction in the
rate of HF-related hospital admission. In a Cochrane
Collaboration Review published in 2010, Inglis et al9

found that telemonitoring significantly reduced the risk of
all-cause mortality and HF-related hospitalization. In
another systematic review and network meta-analysis pub-
lished in 2013, Pandor et al12 found that the telemonitor-
ing intervention with medical support during office hours
was associated with a reduction in all-cause mortality as
compared with the usual care. However, in contrast to the
finding of our meta-analysis, Pandor et al’s meta-analysis
reported that there was no effect of telemonitoring on the
rate of HF-related hospital admission. The reason for this
difference is not readily apparent, although we do note
that Pandor et al’s12 meta-analysis included both RCTs and
observational cohort studies (vs only RCTs in our
meta-analysis). In addition, the meta-analysis conducted by
Pandor et al’s research group only searched the literature
from 2008 to January 2012. Two recent related RCTs pub-
lished in 201357 and 201458 supported the Pandor et al’s
report that telemonitoring of in-home patients with HF
and/or chronic lung disease (CLD) reduced the percentage
of patients with hospital admissions, but no effect on the
length of stay and HF-related admission.57 Furthermore,
the telemonitoring system did not result in lower costs,
decreased 30-day readmission rates, reduced length of stay,
improved symptoms, or improved 180-day mortality.58 We
did not include Martín-Lesende’s RCT in our meta-analysis

since 72% of patients in this study had chronic lung
disease. We also did not include Blum’s RCT, since the
main objective of this study was to evaluate the medical
cost and health-related quality of life. Overall, we believe
that there is strong and consistent evidence that teletrans-
mission (telemonitoring) can improve the survival rate as
well as hospital admission in patients with CHF. As such,
when feasible, we recommend the implementation of
teletransmission-based monitoring in patients with CHF.

The telephone support intervention is usually performed
during the follow-up period after the discharge from the
hospital or after the end of the patient education pro-
gramme. HF-related hospital admission rate was the only
outcome that was significantly decreased compared with
usual care. Other meta-analyses have reported similar find-
ings, where structured telephone support care showed no
significant reduction in all-cause mortality. However, it was
associated with reduced HF-related hospitalization.9 11 12

A recently published RCT of a nurse-implemented transi-
tional care programme (a predischarge visit, two home
visits, and then regular telephone calls over 9 months) also
found that the patients in the intervention group had a
lower hospital readmission rate at 6 weeks, with no signifi-
cant differences in the event-free survival and mortality.59

We did not include this study in meta-analysis since the
results were affected by the attrition rate.

The inconsistent outcomes of the telephone-supported
care programme may be due to the lack of consensus proto-
col, or guideline for conducting a telephone-supported
care. Telephone-supported care is a part of the nurse-based
care programme after discharge. The purpose of a tele-
phone interview may range from improving diet and treat-
ment compliance, to regular monitoring of the HF-related
symptoms, and self-management. The telephone contact
also aims to reinforce the instructions received during the
hospitalization or as a part of the patient education pro-
gramme. The reason why remarkably different outcomes
were found between home-based teletransmission monitor-
ing and telephone-supported care remains uncertain.
However, many automated home monitoring systems are
designed for transmission of body weight, blood pressure,
and heart rate via a standard telephone line or network
system to a central server (refer to online supplementary
table S1). It may be helpful to monitor the real-time clinical
condition of the patients for early treatment. However, for
the telephone-supported care programme, intervention
patients were usually scheduled to receive telephone calls
once a week or a month, generally from a designated nurse
(refer to online supplementary table S1). In a recently pub-
lished large sample size RCT (n=1437), patients were
scheduled to receive only nine telephone calls over a
6-month period. The vital signs (eg, heart rate, blood pres-
sure, changes in weight) were collected during regular
face-to-face contacts or were self-reported during the
phone interview instead of automatic transfer.60 It is intri-
guing that the combination of teletransmission (telemoni-
toring) and telephone-supported care interventions found
no differences in 30-day readmission or 180-day mortality
between the intervention and the control groups.60 61

We realize that HF may occur in the presence of a
normal LVEF, and patients with preserved ejection fraction
(HFpEF) may represent up to half of the HF population.62
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HFpEF represents a complex and heterogeneous clinical
syndrome with a poor outcome, and a preserved systolic
LV function, with LVEF>50%.62 One of the inclusion cri-
teria in studies included in this meta-analysis was the
impaired LVEF, defined as LVEF<50%. Most of the studies
comprised patients with reduced LVEF, <40%; thus, our
patients were mostly reduced ejection fraction (HFrEF),
and not HFpEF. The only exceptions were studies by Dar
et al,5 which consisted of patients with EF≥40%, and
Dunagan et al,31 where ∼16% of patients had LVEF>50%
(tables 1 and 2). Therefore, the study reported by Dar
et al5 may be the only one that relates to HFpEF.

Our study has a number of limitations that warrant
mention. Although we found that telemedicine was associated
with a number of improved patient outcomes, we did not
perform a comprehensive assessment of outcomes relevant to
patients with CHF. Other outcomes, not assessed but rele-
vant, include emergency department visits, treatment costs,
and quality of life. Quality of life is a particularly important
measure in the context of CHF and a considerable improve-
ment in the quality of life by telemedicine has been
reported.7–9 Regarding the quality of the studies included in
our meta-analysis, all were randomized, open-labeled, con-
trolled trials. A double-blind design is not feasible for these
types of studies. Nevertheless, the lack of double-blinding
does introduce the possibility of bias and the Hawthorne
effect.63 Furthermore, the presence of heterogeneity among
the studies (I2 of 50–75%) may affect the validity of our con-
clusion. However, we analyzed the data by the
random-effects model. The meta-analysis can be done using a
random-effects model if there is heterogeneity among the
studies.16 17 Therefore, the conclusion of our study is valid.
The random-effects model assumes that the effects being esti-
mated in the different studies are not identical, but the
studies included in the meta-analysis constitute a random
selection of studies from this hypothetical population.17

Another limitation is the detection of publication bias in the
analysis of the HF-related hospital admission rate. These
results must therefore be interpreted with caution. Further
research is warranted to determine the optimal means of
monitoring, particularly in the category of teletransmission.

In conclusion, the results of this meta-analysis support
the use of teletransmission monitoring for improving
patient outcomes after HF. Specifically, the home-based tel-
etransmission monitoring system was associated with lower
rates of HF-related hospital admission, all-cause mortality
and HF-related mortality, and can thus be recommended in
the management of CHF. In contrast, nurse-based
telephone-supported care appears to provide little benefit,
and only a reduction in the rate of HF-related admission
was noted as compared with the control group. However, a
combination of home-based teletransmission and a nurse-
based telephone reinforcement may be encouraged. We
suggest that telemedicine is only one component of man-
aging CHF and does not/should not replace face-to-face
consultations between healthcare providers and patients.
Nevertheless, telemedicine clearly has the potential to
improve patient outcomes by encouraging better self-
management and early intervention. The efficacy of tele-
medicine using an advanced telemonitoring device and
newly developed guidelines in the remote monitoring and
management of patients with HF should be investigated.
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