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Abstract

BACKGROUND

Home telemonitoring has been used as a modality to prevent readmission and
improve outcomes for patients with heart failure. However, studies have
produced conflicting outcomes over the years.

AIM

To determine the aggregate effect of telemonitoring on all-cause mortality, heart
failure-related mortality, all-cause hospitalization, and heart failure-related
hospitalization in heart failure patients.

METHODS

We conducted a systematic review and meta-analysis of 38 home telemonitoring
randomized controlled trials involving 14993 patients. We also conducted a
sensitivity analysis to examine the effect of telemonitoring duration, recent heart
failure hospitalization, and age on telemonitoring outcomes.

RESULTS

Our study demonstrated that home telemonitoring in heart failure patients was
associated with reduced all-cause [relative risk (RR) = 0.83, 95% confidence
interval (CI): 0.75-0.92, P = 0.001] and cardiovascular mortality (RR = 0.66, 95%Cl:
0.54-0.81, P < 0.001). Additionally, telemonitoring decreased the all-cause hospit-
alization (RR = 0.87, 95%ClI: 0.80-0.94, P = 0.002) but did not decrease heart failure-
related hospitalization (RR = 0.88, 95%CI: 0.77-1.01, P = 0.066). However,
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prolonged home telemonitoring (12 mo or more) was associated with both decreased all-cause and
heart failure hospitalization, unlike shorter duration (6 mo or less) telemonitoring.

CONCLUSION

Home telemonitoring using digital/broadband/satellite/wireless or blue-tooth transmission of
physiological data reduces all-cause and cardiovascular mortality in heart failure patients. In
addition, prolonged telemonitoring (= 12 mo) reduces all-cause and heart failure-related hospital-
ization. The implication for practice is that hospitals considering telemonitoring to reduce heart
failure readmission rates may need to plan for prolonged telemonitoring to see the effect they are
looking for.

Key Words: Telemonitoring; Heart failure; Telehealth; Home monitoring; Remote monitoring

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Home telemonitoring has been used as a modality to prevent readmission and improve outcomes
for patients with heart failure. However, studies have produced conflicting outcomes over the years. This
meta-analysis aims to determine the aggregate effect of telemonitoring on all-cause mortality, heart
failure-related mortality, all-cause hospitalization, and heart failure-related hospitalization in heart failure
patients. This study found that home telemonitoring using digital/broadband/satellite/wireless or blue-
tooth transmission of physiological data reduces all-cause and cardiovascular mortality in heart failure
patients. Additionally, prolonged home telemonitoring (12 mo or more) led to both decreased all-cause
and heart failure hospitalization, unlike shorter duration (6 mo or less) telemonitoring. The implication for
practice is that hospitals considering telemonitoring to reduce heart failure readmission rates may need to
plan for prolonged telemonitoring to see the effect they are looking for.
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patients: Systematic review and meta-analysis of randomized controlled trials. World J Cardiol 2022; 14(12): 640-
656
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INTRODUCTION

Heart failure is a clinical syndrome in which patients develop signs and symptoms, including dyspnea,
fatigue, and/ or fluid retention due to cardiac dysfunction or abnormality in cardiac structure[1]. Heart
failure is classified as heart failure with reduced ejection fraction (EF) (< 40%), heart failure with mildly
reduced EF (41% to 49%), or heart failure with preserved EF (> 50%)[1]. Heart failure has become the
primary cause of hospitalization in the United States in the elderly[2,3]. The prevalence increases with
increasing age, and affected individuals significantly consume healthcare resources. It has significant
public health implications, with an estimated cost of about $30.7 billion in the United States in 2012,
with the projected total rise in cost up to $69.7 billion by 2030[2,4]. Additionally, heart failure is
associated with high morbidity and mortality, with a readmission rate during six months following
discharge as high as 50%[5]. Heart failure is not just a problem in the United States but a global disease,
with its prevalence increasing across the globe[1,2].

As the survival of patients with acute myocardial infarction improves and with a population that
continues to age, we will continually see a rise in patients with heart failure and, thus, more rehospital-
izations. Various modalities have been in the works to improve outcomes for patients with heart failure
to prevent readmission. One of these modalities, termed home telemonitoring, involves tracking
patients” health status using electronic devices at home[6-10]. Healthcare providers can obtain patients’
vital signs, weight, and other parameters recorded and transmitted through communication technology
and contact the patients if abnormalities are noted. In this way, deteriorations in patients” conditions are
detected early, resulting in early interventions. A review of randomized controlled trials of noninvasive
home telemonitoring compared to standard practice for people with heart failure has shown a reduced
risk of all-cause mortality, heart failure-related hospitalizations, and improvement in quality of life and
heart failure knowledge and self-care behaviors in some studies[6].

Though using home telemonitoring to monitor patients remotely has been going on for a while,
further evaluation is needed as studies have reported inconsistent results over the years. While telemon-
itoring was beneficial in reducing hospital admission, all-cause mortality, and emergency room visits in
some studies, others did not show such benefits[7-10]. These differences in outcomes from multiple
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studies suggest that careful analysis of study outcomes is needed to determine its aggregate benefit to
heart failure patients. This meta-analysis aims to determine the aggregate effect of telemonitoring on all-
cause mortality, heart failure-related mortality, all-cause hospitalization, and heart failure-related
hospitalization in heart failure patients. We also conducted sensitivity analysis to examine the effect of
telemonitoring duration, recent heart failure hospitalization, and age on telemonitoring outcome.

MATERIALS AND METHODS
Study design

Our systematic review and meta-analysis was designed according to the guidelines included in the
PRISMA statement[11].

Outcomes
Our primary outcomes were all-cause and heart failure-related mortality and all-cause and heart failure-
related hospitalizations.

Eligibility criteria

We included only randomized controlled trials of home telemonitoring in heart failure patients that
reported mortality or readmissions as the outcome measure. We defined home telemonitoring as
patients self-measuring their vital signs (such as pulse, weight, blood pressure) at home and using a
digital/broadband/satellite/ wireless or blue-tooth device to transmit the data to healthcare profes-
sionals. The healthcare professionals reviewed the transmitted data and instructed the patient on the
next steps if the values were abnormal, including medication adjustment. We excluded studies not
written in English. Two authors independently reviewed the abstracts after our literature search to
assess if they met the inclusion and exclusion criteria to be included in the study.

Literature search

Articles were obtained by searching the PubMed, Embase, Google scholar, Reference Citation Analysis
and Cochrane databases with the term heart failure, combined with the following terms: “telemon-
itoring”, “telehealth”, “home monitoring”, and “remote monitoring”. In PubMed and Embase, we used
a filter to limit our search to randomized controlled trials conducted between January 1, 2000, and
September 2021. In the Google scholar search, we restricted the search to the article titles that contain the

search terms.

Data extraction of primary studies

Information on study participants, methods, interventions, and outcomes, including hospitalization and
death, was extracted onto a data-sheet in Excel (Microsoft Corporation, 2018). We reported only the
result of the heart failure patients for articles that included heart failure patients and patients with other
illnesses but reported separate results.

Methods for assessing the risk of bias

We assessed the risk of bias using the methods presented in the Cochrane handbook[12]. First, the risk
of bias was evaluated independently by two authors. In case of disagreement between the two authors,
the matter was discussed and decided by consensus. The presence of publication bias for each outcome
was assessed using funnel plots.

Quantitative data synthesis

The study’s primary endpoints are the effect of telemonitoring on all-cause mortality, heart failure-
related mortality, all-cause hospitalization, and heart failure-related hospitalization in heart failure
patients. We calculated the relative risk (RR) and 95% confidence interval (CI) for each outcome in each
study. We used the random effect model and tested the null hypothesis using Z-score. A P value of <
0.05 was interpreted as statistically significant. We tested heterogeneity in study outcomes using the y*
test and the I” statistic.

To assess the outcomes in different sub-groups, we performed a series of subgroup analyses: (1)
Comparison of cumulative outcomes in the telemonitoring and usual care approach, according to the
duration of follow-up (£ 6 mo and = 12 mo). The median and modal duration of follow-up in the studies
was six months, and most of the studies that extended beyond six months lasted for at least 12 mo.
Thus, we decided to compare studies with a duration of < 6 mo with those = 12 mo; (2) Comparison of
cumulative outcomes in the telemonitoring and usual care approach, in studies of patients with recent
heart failure hospitalization, which we defined as heart failure hospitalization within six weeks before
the study, and those that did not; and (3) Comparison of cumulative outcomes in the telemonitoring and
usual care approach, in studies that recruited patients > 65 years. The analysis was done using Compre-
hensive Meta-Analysis Version 3.
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Figure 1 The literature search result.
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RESULTS

Identification of relevant studies

Our search produced 1326 articles, of which 603 were unique articles after removing duplicate public-
ations and clinical trial registrations. Two researchers independently reviewed the 603 abstracts to
assess if they met the inclusion and exclusion criteria in the review. We excluded papers not in English (
n = 13), papers that used implantable devices such as pacemakers (n = 62), papers on telemonitoring
study protocol (n = 59), papers on teleconsulting (n = 36), conference abstracts (n = 29), papers that did
not measure heart failure patients” hospitalization or mortality or did not include self-monitoring (n =
288), papers studying another disease in heart failure patients (1 = 65), and papers that joined the results
of patients with heart failure and patients with other illnesses (n = 13) (Figure 1).

Our study included 38 randomized controlled trials on telemonitoring in heart failure patients
between January 1, 2000, and October 3, 2021[7-10,13-46] (Table 1). Fourteen thousand nine hundred
and ninety-three patients were recruited in the 38 studies, with a mean of 394 and a range of 48 to 1653.
The mean duration of the studies was 9.4 mo and a range of 1 to 32 mo in Table 1. Forty-seven percent
of the studies were done in North America (the United States of America and Canada), and the majority
of the remaining were done in Europe. All the studies involved patients measuring their vital signs and
weight and using digital/broadband/satellite/ wireless or blue-tooth to transmit the data to the
healthcare providers. The patients transmitted their data daily in 92% of the studies and weekly in 8% of
studies (Table 1). The nurses were the primary healthcare professionals that monitored the patients’
data and informed the physicians of abnormal values in 79% of the studies. They also contacted the
patient if there were abnormal values with instructions on what to do next. Physicians led the process in
6 studies (16%), where the physicians reviewed the transmitted patients” data and contacted them if
values were abnormal with instructions on what to do next. A case manager led the process in one of
the studies, and a non-clinician led one study (Table 1).

Risk of bias assessment

There was a low risk of bias in the randomization process, measurement of outcome data, or missing
outcome data in the studies included in the meta-analysis. However, the intervention was not blinded in
any of the primary studies because of the nature of the studies. Additionally, many of the studies did
not provide information on whether outcome assessors were aware of the intervention received by
study participants. Thus, it is unclear how these affected the study outcomes. Furthermore, many
studies did not indicate if the data was analyzed per a pre-specified plan that was finalized before
unblinded outcome data were available for analysis. Thus, we did not have information to assess the
risk of bias in selecting the reported result. Table 2 shows the bias assessment in each of the primary
studies. The heterogeneity within the studies ranged from low (for cardiovascular mortality, I = 0%) to
substantial (for all-cause hospitalizations, I? = 69%). The funnel plots did not show any major
publication bias in the primary outcomes assessed (Supplementary Figures 1-3).

All-cause mortality

The pooled estimate of the effect of telemonitoring on all-cause death in comparison with standard care
in 28 studies with 13188 patients showed that telemonitoring was associated with reduced all-cause
mortality in heart failure patients (RR = 0.83, 95%CI: 0.75-0.92, P = 0.001) (Figure 2A). Our sensitivity
analysis showed that the duration of telemonitoring did not influence all-cause mortality in heart failure
patients. Analysis of 15 studies of six months or less duration showed reduced all-cause mortality (RR =
0.78, 95%ClI: 0.65-0.94, P = 0.009). Similarly, analysis of 12 studies of 12 mo or more months duration also
showed reduced all-cause mortality (RR = 0.86, 95%CI: 0.74-0.99, P = 0.032) (Table 3).
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Table 1 Summary of studies included in the meta-analysis

f . Frequency of Included . Recruited Recruited
Number  Duration of Person responsible q . ¥ Frequency of  Included Recruited
o measuring and . o control group . recently frequently
Ref. of follow-up  Country for monitoring A clinicians telemonitoring . patients 2 . Lo
. . transmitting vital L . . patient discharged hospitalized
patients  (mo) telemedicine data . reviewing data patients’ education . 65 yr . .
signs education patients patients
Nouryan et al 89 6 United States Nurse Daily Daily Yes Yes Yes No No
[15], 2019
Seto et al[16], 100 6 Canada Physician Daily Daily No No No No No
2012
Weintraub et al 188 3 United States Nurse Daily Daily Yes Yes No Yes No
[17], 2010
Blum and 156 27 United States Nurse Daily Daily No No No No No
Gottlieb[18],
2014
Dansky et al 284 4 United States Nurse Daily Daily No No No No No
[19], 2008
Kashem et al 48 12 United States Nurse Daily Daily No No No No No
[20], 2008
Benatar et al 216 12 United States Nurse Daily Daily No Yes No Yes No
[21], 2003
Pedone et al 96 6 Italy Physician Daily Daily No No Yes No No
[22], 2015
Wadeetal[23], 316 6 United States Case manager Daily Daily Yes Yes Yes No No
2011
Comin-Colet et 178 6 Spain Nurse Daily Daily No No No Yes No
al[24], 2016
Olivari et al 339 12 Ttaly Non-clinician Daily Daily No No Yes No No
[25], 2018
Lynga et al[26], 319 12 Sweden Nurse Daily 3 d aweek No No No No No
2012
Scherr et al[27], 120 6 Austria Physician Daily Daily No No No Yes No
2009
Antonicelli etal 57 12 Ttaly Nurse Weekly Weekly Yes No Yes No No
[28], 2008
Giordano etal 460 12 Ttaly Nurse Daily Daily Yes No No No No
[29], 2009
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Ong et al[30], 1437 6 United States Nurse Daily Daily Yes No No Yes No
2016
Kalter-Leibovici 1360 32 Isreal Nurse Daily Daily Yes No No No No
et al[10], 2017
Mortara et al 461 12 United Kingdom, Nurse Weekly Weekly No No No No No
[31], 2009 Poland, and Italy
Dar et al[32], 182 6 United Kingdom  Nurse Daily Daily No No No Yes No
2009
Vuorinenetal 94 6 Finland Nurse Weekly Weekly No No No No No
[33], 2014
Goldbergetal 280 6 United States Nurse Daily Daily No No No No No
[34], 2003
Soran et al[35], 315 6 United States Nurse Daily Daily No No Yes No No
2008
Chaudhry etal 1653 6 United States Physician Daily Daily No No No Yes No
[36], 2010
Koehler et al 1571 12 Germany Physician Daily Daily Yes No No No No
[13], 2018
Cleland et al 418 8 Germany, Nurse Daily Daily Yes No No Yes No
[14], 2005 Netherlands, and

United Kingdom
Koehler et al[7], 710 26 Germany Physician Daily Daily No No No No No
2011
Kotooka et al 181 15 Japan Nurse Daily Daily No No No Yes No
[8], 2018
Pekmezaris et al 104 3 United States Nurse Daily Daily Yes No No Yes No
[9], 2019
Villani et al[37], 80 12 Ttaly Nurse Daily Daily No No Yes Yes Yes
2014
Dendale et al 160 6 Belgium Nurse Daily Daily No No No Yes No
[38], 2012
Woodend etal 121 8 Canada Nurse Daily Daily Yes No No Yes No
[39], 2007
Galinier et al 937 18 France Nurse Daily Daily Yes No No No No
[40], 2020
Capomollaetal 133 12 Italy Nurse Daily Daily Yes No No No No
[41], 2004
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Kulshreshtha et 150 6 United States
al[42], 2010

Kenealy et al 98 6 New Zealand

[43], 2015

Dawson et al 1380 1 United States

[44], 2021

Delaney et al 100 3 United States

[45], 2013

Schwarz et al 102 3 United States

[46], 2008

Nurse Daily Daily No No No Yes

Nurse Daily Daily No No No No

Nurse Daily Daily No No No Yes

Nurse Daily Daily No No No No

Nurse Daily Daily No No Yes Yes

No

JRaishideng®
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Furthermore, our sensitivity analysis showed that being recently hospitalized for heart failure, which
we defined as heart failure hospitalization within six weeks before the study, did not affect the telemon-
itoring outcome. The analysis of 12 studies that recruited patients recently hospitalized for heart failure
showed reduced all-cause mortality in telemonitoring patients (RR = 0.83, 95%ClI: 0.71-0.97, P = 0.021).
Similarly, an analysis of 16 studies that recruited patients who were not recently hospitalized showed
reduced all-cause mortality in telemonitoring patients (RR = 0.81, 95%CI: 0.69-0.95, P = 0.01) (Table 3).
Analysis of seven studies that recruited only patients 65 years or more showed that telemonitoring
reduced all-cause mortality in this age group (RR = 0.66, 95%CI: 0.50-0.87, P = 0.004).

Cardiovascular mortality

The pooled estimate of the effect of telemonitoring on cardiovascular death in comparison with
standard care in nine studies with 4043 patients showed that telemonitoring was associated with
reduced cardiovascular mortality in heart failure patients (RR = 0.66, 95%CI: 0.54-0.81, P < 0.001)
(Figure 2B). Two studies were excluded from the analysis because they reported no cardiovascular
deaths in the telemonitoring and usual care groups.

Our sensitivity analysis showed that the duration of telemonitoring did not influence cardiovascular
mortality in heart failure patients. Analysis of 3 studies of 6 mo or less duration showed reduced
cardiovascular mortality in telemonitoring patients (RR = 0.47, 95%CI: 0.28-0.79, P = 0.005). Similarly,
our analysis of 5 studies of 12 mo or more duration showed reduced cardiovascular mortality in
telemonitoring patients (RR = 0.71, 95%ClI: 0.56-0.90, P = 0.005) (Table 3).

Furthermore, our sensitivity analysis showed that being recently hospitalized for heart failure, which
we defined as heart failure hospitalization within six weeks before the study, did not affect the telemon-
itoring outcome. Analysis of 3 studies that recruited patients with recent hospitalization showed
reduced cardiovascular mortality in telemonitoring patients (RR = 0.57, 95%CI: 0.35-0.94, P = 0.026).
Similarly, our analysis of 6 studies that recruited patients with no recent hospitalization showed

reduced cardiovascular mortality in telemonitoring patients (RR = 0.68, 95%CI: 0.54-0.85, P = 0.001)
(Table 3).

All-cause hospitalization
The pooled estimate of the effect of telemonitoring on all-cause hospitalization in comparison with
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Table 2 Showing the bias assessment of the primary studies

The allocation Interventions Outcome data were Data analysis plan was

The allocation Participants aware Outcome measurement Outcome assessors were

sequence was . . implementors were aware available for all, or . . ) finalized before data
Ref. sequence was of their assigned . o L could have differed aware of the intervention .
adequately ) . of participants’ assigned  nearly all, participants . . were available for
random intervention . between groups received by participants .
concealed groups randomized analysis
Nouryan et al Yes Probably yes Yes Yes Yes No No information No information
[15], 2019
Seto et al[16], Yes Yes Yes Yes Yes No No information No information
2012
Weintraub etal ~ Probably yes No information Yes Yes Yes No No Yes
[17], 2010
Blum and Probably yes No information Yes Yes Yes No No information No information
Gottlieb[18],
2014
Dansky et al Yes Yes Yes Yes Yes No No Yes
[19], 2008
Kashem et al Yes Yes Yes Yes Yes No No information No information
[20], 2008
Benatar et al Probably yes No information Yes Yes Probably yes No No information No information
[21], 2003
Pedone et al[22], Probably yes No information Yes Yes Yes No No information No information
2015
Wadeetal[23],  Yes No information Yes Yes No No No information No information
2011
Comin-Coletet  Yes Yes Yes Yes Yes No No No information
al[24], 2016
Olivari et al[25],  Yes Yes Yes Yes Yes No No information Yes
2018
Lynga et al[26],  Probably yes No information Yes Yes Yes No No information No information
2012
Scherr et al[27],  Probably yes No information Yes Yes No No No information No information
2009
Antonicelli etal ~ Probably yes No information Yes Yes Probably yes No No information No information
[28], 2008
Giordano et al Yes Yes Yes Yes Yes No No information No information
[29], 2009
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Yes Yes Yes No No information
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Table 3 Result of sensitivity analysis

All-cause mortality

Cardiovascular mortality All-cause hospitalization

Heart failure hospitalization

No of studies Number of patients Effect No of studies Number of patients Effect No of studies Number of patients Effect  No of studies Number of patients Effect

Follow up < 6 mo

Follow up 212 mo

Recent hospitalization

No recent hospitalization

Patients > 65 yr

15

12

12

16

6781

6159

5865

7417

1522

Reduced 3 773 Reduced 19 7442 No effect 8
Reduced 5 3022 Reduced 13 5360 Reduced 6
Reduced 3 607 Reduced 13 6057 Reduced 6
Reduced 6 3436 Reduced 20 6993 Reduced 8

Reduced - - - 8 1611 No effect -

2774

2962

2486

3250

No effect

Reduced

No effect

Reduced

JBaishideng®
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standard care in 33 studies with 13050 patients showed that telemonitoring was associated with reduced
all-cause hospitalization in heart failure patients (RR = 0.87, 95%Cl: 0.80-0.94, P = 0.002) (Figure 2C).

Our sensitivity analysis showed that the duration of telemonitoring influenced all-cause hospital-
ization in heart failure patients. Analysis of 19 studies with six months or less duration showed no effect
of telemonitoring on all-cause hospitalization (RR = 0.93, 95%CI: 0.83-1.04, P = 0.21). Conversely, our
analysis of 13 studies with 12 mo or more duration showed that telemonitoring reduced all-cause
hospitalization (RR = 0.79, 95%CI: 0.68-0.92, P = 0.002) (Table 3).

Furthermore, our sensitivity analysis showed that being recently hospitalized for heart failure did not
affect the all-cause hospitalization. Analysis of 13 studies that recruited recently hospitalized heart
failure patients showed that telemonitoring reduced all-cause hospitalization (RR = 0.85, 95%CI: 0.74-
0.98, P = 0.03). Similarly, our analysis of 20 studies that recruited patients that were not recently hospit-
alized showed that telemonitoring also reduced all-cause hospitalization in this group (RR = 0.88,
95%ClI: 0.78-0.98, P = 0.03) (Table 3). Analysis of eight studies that recruited only patients 65 years or
older showed that telemonitoring did not affect all-cause hospitalization in this age group (RR = 0.77,
95%ClI: 0.58-1.02, P = 0.071).
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Effect of home telemonitoring on all-cause mortality in heart failure patients

Favors telemonitoring

Favors control

Study name Statistics for each study Risk ratio and 95%CI
Risk ~ Lower Upper
ratio  limit limit ~ # value
Seto er a/1], 2012 7.000 0.371 132,101  0.194
Weintraub et 217}, 2010 0.245 0.028  2.149  0.204
Kashem et 242%, 2008 1.000 0.066  15.081 1.000
Pedone ef 2/2], 2015 0.927 0305 2.812  0.893
Wade et a/%3], 2011 0.927  0.305 2,812  0.893 —_—
Comin-Colet ef /2%, 2016 ~ 0.499  0.183 1357  0.173 —_—
Olivari ef a/25], 2018 0.643 0.437 0.947  0.025 —
Lyng3 et at%], 2012 0.567  0.193 1723  0.324 —_—
Scherr et a?], 2009 0.333  0.014  8.005  0.498
Antonicelli eta/lzs] 2008 0.621 0.164  2.359  0.485 —_—
Giordano ef /2%, 2009 0.656  0.390 1.103  0.112 —=1
Ong et a3, 2016 0.886  0.691 1.135  0.337
Kalter- Lelbowﬁl eta/[1°1 2017 1.058 0.909  1.231  0.465
Goldberg ef /3%, 2003 0435 0.224 0.846  0.014 —_—
Soran ef a/1*] zoos 0.627  0.303 1.295  0.207
Chaudhry et a3, 2010 0.980  0.747 1.285  0.883
Koehler et a/13], 2018 0.693 0508  0.944  0.020 -
Cleland et 2%, 2005 0.730 0438 1.216  0.227 —t
Koehler et a1, 2011 0.987  0.699 1.395  0.942 -
Kotooka et /8], 2018 0.778  0.360 1.682  0.523 —_—
Villani eta/f371 2014 0.556 0.204 1512  0.250 —_—
Dendale ef 2381, 2012 0.286 0.098  0.831  0.021 ———
Galinier et 2412020 0.965  0.742 1.255  0.791 -
Capomolla et a1 2004 0.704  0.235 2.106  0.530 —_—
Kulshreshtha ef a/*2], 2010  0.829  0.215 3.193  0.785 — =
Kenealy et a1, 2015 0.500 0.132 1.887  0.306 —_—
Dawson et A%, 2021 0.727  0.294 1.797  0.490 —_—
Schwarz et /%61, 2008 0.571  0.178 1.833  0.347 —_—
0.829  0.745 0.923  0.001 ¢
0.01 0.1 1 10 100
Favors telemonitoring Favors control
Effect of home telemonitoring on cardiovascular mortality in heart failure patients
Study name Statistics for each study Risk ratio and 95%CI
Risk ratio Lower limit Upper limit P value
Comin-Colet er 221, 2016  0.479 0.156 1.470 0.198 —1
Giordano et /2%, 2009 0.621 0.355 1.086 0.094 —a
Goldberg et a/[34], 2003 0.441 0.209 0.929 0.031 — -
Soran et a/t*], 2008 0.528 0.200 1.394 0.197 —
Koehler et a'3], 2018 0.668 0.451 0.988 0.044
Cleland et a1, 2005 0.633 0.328 1.221 0.173
Koehler et a”}, 2011 0.874 0.588 1.301 0.508
Kotooka et /8], 2018 0.506 0.180 1.421 0.196 — 1
Capomolla et a1, 2004 0.563 0.173 1.833 0.340 —_—
0.660 0.537 0.810 0.000 *
0.01 0.1 1 10 100
Favors telemonitoring Favors control
Effect of home telemonitoring on all-cause hospitalization in heart failure patients
Study name Statistics for each study Risk ratio and 95%CI
Risk  Lower Upper
ratio limit limit P value
Nouryan et g/11%], 2019 0.861  0.572  1.295 0.472
Seto et a/l1°], 2012 2.111 1.059  4.207 0.034
Weintraub ef a/17], 2010  0.916  0.603 1.391 0.680
Blum and Gottljeb['8], 2014 1.060 0.904 1.243 0.471
Dansky et a1 2008 0.883  0.652  1.195 0.419
Kashem et a/2%, 2008 0.200 0.049  0.818 0.025 — )] -
Benatar et 2121, 2003 0.542  0.291  1.007 0.053
Pedone et 3 1 2015 1.078 0790  1.472 0.636
Wade et a/1#] 1.078 0.790 1.472 0.636
Comin-Colet, eta ,2016 0.532 0.344  0.823 0.005 ——
Olivari et #1251, 2018 0.496 0.355 0.692 0.000 -
Lynga et a/26] 2012 0.867  0.699  1.074 0.192
Scherr et 2271, 2009 0.647 0.335 1.249 0.195
Antonicelli et a/f ,2008 0.359 0.206  0.623 0.000 —.—
Glordanolﬁg 2oo9 0.689  0.542  0.899 0.005 ---
Ong et a3 1.033 0931  1.145 0.544
Mortara fﬁf 2009 1.231 0904  1.676 0.188
Dar et a 1.435 0.918  2.241 0.113
Vuorinen et a 331 2014 0.615  0.281 1,346 0.224
Goldberg el' a/f3“1’ 2oo3 1.067 0.664  1.714 0.788
Soran ef a/t? gﬁc] 1.101  0.861 1.408 0.444
Chaudhry et a/[ 2010  1.040  0.941  1.149 0.446
Koehler et 2131, 2018 0.923  0.706 1.165  0.445
Cleland ef 2141, 2005 0.803  0.531 1.213 0.297
Koehler et a”],’ 2011 1.089 0676  1.754 0.726
Kotooka et a/%], 0.803  0.531 1.213 0.297
Pekmezan?[;ﬁa 2019 1.089 0.676 1.754 0.726
Villani et 0.522 0.303 0.898  0.019 ——
Galinier et a/1%] 2020 0.948  0.837 1.073 0.398
Capomolia et 0“1, 2004  0.525  0.366  0.753 0.000 ——
Dawson ef a/*, 2021 0.628  0.486  0.812  0.000 -
Delaney eta/f451 2013 0.500  0.249 1.004  0.051
Schwarz et a/1%1, 2008 0.923  0.467 1.825 0.818
0.869  0.796  0.949 0.002
0.01 0.1 1 10 100
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Effect of home telemonitoring on heart failure hospitalization

Study name Statistics for each study Risk ratio and 95%CI
Risk ratio Lower limit Upper limit 2 value
Nouryan et af%1, 2019 0.205 0.642 2.262 0.561
Weintraub et at'7], 2010 0.515 0.253 1.048 0.067 —=—
Comin-Colet et a/?4], 2016  0.466 0.271 0.801 0.006 —-—
Lyng& et a/%°], 2012 0.922 0.719 1.181 0.519
Giordano et a/?°1, 2009 0.663 0.497 0.883 0.005 -I_
Mortara et a/31], 2009 1.026 0.653 1.610 0.912
Dar et a2, 2009 1.700 0.823 3.510 0.151 1 -
Goldberg et a4, 2003 1.403 0.668 2.947 0.371 . -
Chaudhry et a/3¢), 2010 1.019 0.871 1.193 0.813
Koehler et a”], 2011 0.894 0.660 1.210 0.468
Kotooka et a/%], 2018 0.961 0.551 1.675 0.887 ——
Pekmezaris et af%], 2019  0.981 0.395 2.433 0.966 —-
Galinier et a/%1 2020 0.832 0.690 1.003 0.053
Delaney et a/1%51, 2013 0.429 0.117 1.564 0.200 —-a—
0.879 0.765 1.009 0.066
0.01 0.1 1 10 100

Favors telemonitoring Favors control

DOI: 10.4330/wjc.v14.i12.640 Copyright ©The Author(s) 2022.

Figure 2 Forest plot showing the effect of home telemonitoring. A: On all-cause mortality; B: On cardiovascular mortality; C: On all-cause hospitalization;
D: On heart failure hospitalization. Cl: Confidence interval.
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Heart failure hospitalization
The pooled estimate of the effect of telemonitoring on heart failure hospitalization compared to
standard care in 14 studies with 5736 patients showed that telemonitoring had no effect on heart failure
hospitalization (RR = 0.88, 95%CI: 0.77-1.01, P = 0.066) (Figure 2D). Our sensitivity analysis showed that
the duration of telemonitoring influenced heart failure hospitalization. Analysis of 8 studies of six
months or less duration showed no effect of telemonitoring on heart failure hospitalization (RR = 0.90,
95%Cl: 0.65-1.23, P = 0.50). Conversely, our analysis of 6 studies of 12 mo or more duration showed that
telemonitoring reduced heart failure hospitalization (RR = 0.85, 95%CI: 0.75-0.95, P = 0.004) (Table 3).
Sensitivity analysis showed that telemonitoring had no effect on heart failure hospitalization in
patients recently discharged from the hospital. Analysis of 6 studies showed no effect on heart failure
hospitalization (RR = 0.85, 95%CI: 0.61-1.21, P = 0.37). Conversely, our analysis of 8 studies that
recruited patients that were not recently hospitalized showed that telemonitoring reduced heart failure
hospitalization (RR = 0.86, 95%CI: 0.76-0.98, P = 0.02) (Table 3).

DISCUSSION

Our study demonstrated that home telemonitoring in heart failure patients was associated with reduced
all-cause and cardiovascular mortality. These findings are consistent with previous meta-analyses of
heart failure patients but inconsistent with some others[6,47-49]. Our sensitivity analysis showed that
all-cause and cardiovascular mortality reduction was seen with short (six months or less) and longer
(one year or more) telemonitoring. The decrease in mortality was also seen in studies that recruited
recently hospitalized heart failure patients, which we defined as heart failure hospitalization within six
weeks before the study, and those that did not. The decrease in mortality seen in-home telemonitoring
could be due to early detection of clinical deterioration and early intervention.

Our study found that telemonitoring marginally decreased the all-cause hospitalization but did not
decrease heart failure-related hospitalization. Some prior meta-analysis did not show reduced all-cause
hospitalization[49-52] or heart failure-related hospitalization[52] with telemonitoring in heart failure
patients. It is reasonable to expect that telemonitoring and early intervention will reduce hospitalization
by detecting clinical deterioration early and early intervention. Conversely, telemonitoring could lead to
more frequent hospitalization. This is because telemonitoring patients have more frequent contact with
the healthcare system, and severe episodes of decompensation requiring hospitalization will be detected
early. In this case, it will be expected that such patients will come to the hospital at the early stage of
severe decompensation and that duration of hospitalization will be shorter. Unfortunately, length of
hospital stay was inconsistently reported in the studies, preventing meta-analysis of telemonitoring on
this outcome. However, our sensitivity analysis showed that while short-duration telemonitoring (6 mo
or less) did not affect both all-cause hospitalization and heart failure hospitalization, long-duration
telemonitoring (12 mo or more) showed a reduction in both all-cause and heart failure hospitalization.
This may explain why some earlier meta-analyses with fewer studies showed a decrease in heart failure
hospitalization with telemonitoring[49,53]. In the long run, telemonitoring may lead to early detection of
clinical deterioration and early interventions that reduce hospitalization.
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Some studies included scheduled nurse-led patient interaction or education as part of the
intervention in addition to measuring and transmitting vital signs. The scheduled patient-nurse
interactions included counseling if there is an acute change in health status, providing patient self-care
education, adjusting medications using designated protocols, monitoring disease signs and symptoms,
monitoring medication adherence, and addressing technical and social issues[10,13,14]. Three studies
had the scheduled patient-nurse education and interaction in both the control and telemonitoring
groups, while seven had the education and interaction in only the telemonitoring group. Thus, we
thought that the additional intervention might partially explain the decrease in all-cause mortality with
telemonitoring in those studies. However, our sensitivity analysis in the seven studies that received
further intervention showed that telemonitoring with additional patient education did not affect heart
failure hospitalization or mortality. This points that telemonitoring and not the additional interventions
were likely responsible for the improved mortality seen in these studies.

Additionally, we had thought that home telemonitoring might be more helpful in reducing hospital-
ization and death in recently hospitalized or newly diagnosed heart failure patients who need support
and education. However, our sensitivity analysis showed that home telemonitoring reduced all-cause
and cardiovascular mortality in both studies that recruited patients recently hospitalized for heart
failure and those that did not. Similarly, telemonitoring reduced all-cause hospitalization in both studies
that recruited patients who were recently hospitalized for heart failure and those who had not.
However, contrary to our expectation, home telemonitoring did not affect heart failure hospitalization
in studies that recruited patients recently hospitalized for heart failure. However, this might reflect the
small number of trials and participants rather than an actual lack of effect.

Limitations of the study

There are certain limitations to this study. First, home telemonitoring organizations sponsored some of
the studies included in this review. This may have introduced a conflict of interest and bias in the
results that were published. Secondly, many of the studies had incomplete reporting of their study
methodology, making it difficult to classify them as high or low bias studies. Thus, the risk of bias in
some of the studies was unclear. Thirdly, some of the sensitivity analyses involved a combination of a
few small-sized studies. The small number of studies and participants may make it difficult to detect an
effect, even if one exists.

Implications of the results for practice, policy, and future research

Prolonged home telemonitoring (12 mo or more) was associated with both decreased all-cause and heart
failure hospitalization, unlike shorter duration (6 mo or less) telemonitoring. The implication for
practice is that hospitals considering telemonitoring to reduce heart failure readmission rates may need
to plan for prolonged telemonitoring to see the effect they are looking for. In addition, these hospitals or
organizations will need to consider the cost of prolonged telemonitoring viz-a-viz the cost of rehospital-
ization. The opportunities for future research include a cost-benefit analysis of home telemonitoring in
heart failure patients. There is also a need for more studies on the effect of telemonitoring on frequently
hospitalized heart failure patients.

CONCLUSION

The results of this meta-analysis support the benefit of home telemonitoring using digital/broadband/
satellite/ wireless or blue-tooth transmission of physiological data in reducing all-cause and
cardiovascular mortality in heart failure patients. In addition, this analysis also shows the benefit of
prolonged telemonitoring (= 12 mo) in reducing all-cause and heart failure-related hospitalization.

ARTICLE HIGHLIGHTS

Research background
Home telemonitoring has been used as a modality to prevent readmission and improve outcomes for
patients with heart failure.

Research motivation

However, while telemonitoring was beneficial in reducing hospital admission, all-cause mortality, and
emergency room visits in some studies, others did not show such benefits. These differences in
outcomes from multiple studies suggest that a careful analysis of study outcomes is needed to
determine its aggregate benefit to heart failure patients.
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Research objectives

This meta-analysis aims to determine the aggregate effect of telemonitoring on all-cause mortality, heart
failure-related mortality, all-cause hospitalization, and heart failure-related hospitalization in heart
failure patients.

Research methods
We conducted a systematic review and meta-analysis of 38 home telemonitoring randomized controlled
trials involving 14993 patients.

Research results

Home telemonitoring in heart failure patients was associated with reduced cardiovascular [relative risk
(RR) = 0.66, 95% confidence interval (CI): 0.54-0.81, P < 0.001] and all-cause mortality (RR = 0.83, 95%CI:
0.75-0.92, P = 0.001). Furthermore, telemonitoring was associated with decreased all-cause hospital-
ization (RR = 0.87, 95%CI: 0.80-0.94, P = 0.002) but not heart failure-related hospitalization (RR = 0.88,
95%ClI: 0.77-1.01, P = 0.066). Interestingly, prolonged home telemonitoring (12 mo or more) was
associated with both decreased all-cause and heart failure hospitalization, unlike shorter duration (6 mo
or less) telemonitoring.

Research conclusions

Home telemonitoring reduces all-cause and cardiovascular mortality in heart failure patients. This study
found that prolonged home telemonitoring (12 mo or more) led to both decreased all-cause and heart
failure hospitalization, unlike shorter duration (6 mo or less) telemonitoring. The implication for
practice is that hospitals considering telemonitoring to reduce heart failure readmission rates may need
to plan for prolonged telemonitoring to see the effect they are looking for.

Research perspectives

The opportunities for future research include a cost-benefit analysis of home telemonitoring in heart
failure patients. There is also a need for more studies on the effect of telemonitoring on frequently
hospitalized heart failure patients.
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