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Abstract

Purpose of Review To examine the effectiveness of telemonitoring and hemodynamic monitoring devices in reducing mortality
rates in heart failure. PubMed and Cochrane Library were searched to 1 May 2017 for randomized controlled trials and real-world
studies investigating the effects of telemonitoring or hemodynamic monitoring on mortality in heart failure.

Recent Findings Heart failure is associated with increased mortality. Telemonitoring and hemodynamic monitoring have been
shown to reduce mortality rates in some studies but not others.

Summary Fifty-two and five publications on telemonitoring and hemodynamic monitoring were included. In 23,233 patients
(mean age 70 years, mean follow-up 12+ 10 months), telemonitoring reduced all-cause mortality by 22% (HR =0.78; 95%
confidence interval (CI), 0.74-0.83; P < 0.0001). In 1224 patients (mean age 59 years, mean follow-up 12 + 6 months), wireless
hemodynamic monitoring had no effect on all-cause mortality (HR = 0.87;95% CI, 0.61-1.25; P> 0.05). Overall, telemonitoring

but not hemodynamic monitoring reduced mortality in heart failure.

Keywords Telemonitoring - Hemodynamic monitoring - Heart failure - Mortality

Introduction

Heart failure (HF) is a complex syndrome and a major public
health problem worldwide, with a prevalence of more than 5.8
million in the USA and more than 23 million worldwide [1],
placing significant economic burdens on the global healthcare
system. For example, it is estimated that HF accounts for 1 to
2% of the healthcare expenditure, of which 75% is due to
hospital admissions [2]. Moreover, mortality remains high
for this condition, with a four- to eightfold increase compared
with age-matched individuals without HF [3]. In addition to
guideline-directed therapy for HF, implantable technologies
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for remote monitoring of intracardiac hemodynamics have
been developed in an attempt to reduce adverse outcomes.
Telemonitoring involves telephone-based surveillance and
management [4] while implantable wireless monitors have
been created to measure and record hemodynamic parameters
remotely. Currently, three devices are available in the market:
CardioMEMS, Chronicle, and HeartPOD, which can measure
pulmonary arterial pressure, right ventricular pressure, and left
atrial pressure, respectively.

Several systematic reviews with meta-analysis of random-
ized controlled trials (RCTs) on the effects of telemonitoring
on mortality rates in HF have been performed. One study
summarized results from 11 RCTs, demonstrating no signifi-
cant effects of telemonitoring on mortality rates [5™]. By con-
trast, another study pooled data from 41 RCTs and demon-
strated a significant reduction in all-cause mortality rates [6].
Another meta-analysis found a 15 to 52% reduction in mor-
tality [7]. In the modern era of digital health care, the role of
telemonitoring in reducing overall mortality in HF patients
still remains unclear. Also, whether remote monitoring can
be utilized as a reasonable substitute for doctors’ office visits
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Fig. 1 Flow diagram of the study

selection process

Telemonitoring

330 and 175 publications
were retrieved from
PubMed and Cochrane
Library

Hemodynamic monitoring

351 and 233 publications
were retrieved from
PubMed and Cochrane
Library

192 publications
were excluded as
they were duplicates
or did not meet the
inclusion criteria

231 publications were
assessed

o

584 publications were
assessed

l—.

54 publications met the
inclusion criteria

5 publications met the
inclusion criteria

579 publications
were excluded as
they were duplicates
or did not meet the
inclusion criteria

2 studies excluded as

zero death occurred
in the control group

2 studies excluded as
they were from the
same trial but
reporting mortality at

52 publications included
in the final meta-analysis

3 publications included in different time points

the final meta-analysis

and physical examination remains to be determined. The aim
of this updated meta-analysis is to include not only random-
ized controlled trials but also real-world studies that have ex-
amined the effects of both telemonitoring and hemodynamic
monitoring on mortality outcomes in heart failure.

Methods

Search Strategy, Criteria for Inclusion, and Quality
Assessment

This systematic review and meta-analysis was performed ac-
cording to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses statement [8]. It has been regis-
tered with PROSPERO. PubMed and Cochrane Library were
searched up to 16 April 2018, with no language restriction, for
studies that investigated mortality rates in heart failure using
the following terms: “telemonitoring” AND “heart failure”
and “hemodynamic monitoring” AND “heart failure” sepa-
rately. The following inclusion criteria were applied: (i) the
study design was a case-control, prospective or retrospective
observational study, or randomized controlled trial conducted
in humans and (ii) mortality rates, including all-cause, cardio-
vascular-related, and heart failure-specific, were reported.
Quality assessment of randomized controlled trials using
the Jadad scale (Oxford quality scoring system)
(Supplementary Tables 1 and 2 for telemonitoring and hemo-
dynamic monitoring, respectively), and of case-control and
cohort studies, was conducted using the Newcastle—Ottawa
Quality Assessment Scale (NOS) (Supplementary Table 3)
[9]. The NOS evaluated the categories of study participant
selection, comparability of the results, and quality of the out-
comes. The following domains were assessed: (a) representa-
tiveness of the exposed cohort; (b) selection of the non-
exposed cohort; (¢) ascertainment of exposure; (d) demonstra-
tion that outcome of interest was not present at the start of the

study; (e) comparability of cohorts on the basis of the design
or analysis; (f) assessment of outcomes; (g) follow-up period
sufficiently long for outcomes to occur; and (h) adequacy of
follow-up of cohorts. This scale ranged from zero to nine stars,
which indicated that studies were graded as poor quality if
they met <5 criteria, fair if they met 5 to 7 criteria, and good
if they met > 8 criteria. The Jadad score assessed the quality by
the following criteria of (a) randomization, (b) allocation con-
cealment, (c) double blinding, and (d) withdrawal and drop-
outs. The total score is 7; scores 1 to 3 indicate low quality and
4 to 7 high quality.

Data Extraction and Statistics

Data from the different studies were entered in a spread-
sheet template in Microsoft Excel. All potentially relevant
entries were retrieved as complete manuscripts and
assessed for compliance with the inclusion criteria. Two
reviewers (GT and MG) independently reviewed each in-
cluded study and disagreements were resolved by adjudi-
cation with input from a third reviewer (TL). The extract-
ed data included (i) publication details: last name of the
first author, publication year, and locations; (ii) study de-
sign (cohort study or randomized controlled trial); (iii)
follow-up duration; (iv) type of mortality endpoints (all-
cause, cardiac-related, or heart failure—related); (v) quality
score; and (vi) the characteristics of the population includ-
ing sample size, age, and gender. The endpoints for this
meta-analysis were mortality rates. Multivariate-adjusted
hazard ratios (HRs) or relative risks (RRs) with 95% con-
fidence interval (CI) were extracted from each study.
When values from multivariate analysis were not avail-
able, those from the univariate analysis were used.
When the latter was not provided, raw mortality data were
used to calculate unadjusted risk estimates. The pooled
adjusted risk estimates from each study as the HR/OR
values with 95% CI were presented.

@ Springer
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Table 1 (continued)

Follow-up (months) Variables in multivariate model

Study design Sample size (1) Age SD % Male Ejection fraction (%) Endpoints

First author/year
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133
1069
462
208
287
98
358
200
88
25
165
81
181

RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
RCT
Cohort
RCT

Capomolla 2004
Galbreath 2004
DeBusk 2004
Goldberg 2003
Laramee 2003
McDonald 2002
Riegel 2002
Kasper 2002
Krumbholz 2002
Jerant 2001
Blue 2001
Cordisco 1999
Gattis 1999

RCT, randomized controlled trial; HF, heart failure

Heterogeneity between studies was determined using
Cochran’s Q, which is the weighted sum of squared dif-
ferences between individual study effects and the pooled
effect across studies, and the I statistic from the standard
chi-square test, which is the percentage of the variability
in effect estimates resulting from heterogeneity. I° > 50%
was considered to reflect significant statistical heteroge-
neity. A fixed effects model was used if P < 50%:; other-
wise, the random-effects model using the inverse variance
heterogeneity method was selected. To locate the origin of
the heterogeneity, sensitivity analysis excluding one study
at a time was conducted. Subgroup analyses based on
time points or type of telemonitoring or hemodynamic
monitoring were performed. Short-term was defined as
those occurring within 6 months, whereas long-term was
defined as 12 months or longer. Where a study reported
effective estimates at successive time points, the longer
time point was used. Funnel plots, the Begg and
Mazumdar rank correlation test, and Egger’s test were
used to assess for publication bias.

Results

A flow diagram detailing the search strategy and study selec-
tion is shown in Fig. 1. On telemonitoring, a total of 371 and
175 entries were retrieved from PubMed and Cochrane
Library, of which 37 publications were included. For hemo-
dynamic monitoring, a total of 351 and 233 entries were re-
trieved from the same databases, with five articles included in
this meta-analysis.

Telemonitoring

Atotal of 54 studies satisfied the inclusion criteria [4, 10—47].
However, two of these found no deaths in the control group,
preventing us to calculate a hazard ratio or odds ratio, and
were excluded [24, 31]. Therefore, 52 studies were included
in the final meta-analysis [4, 10-23, 25-30, 32—47]. A total
0f23,233 patients (mean age, 70 years old; 61% male) were
included. The baseline characteristics of these studies are
listed in Table 1. The parameters determined by
telemonitoring in each included study are shown in
Supplementary Table 4. Forty-four studies were randomized
controlled trials and eight were cohort studies. The mean
follow-up duration was 12 + 10 months. Telemonitoring re-
duced all-cause mortality by 22% (HR, 0.78; 95% confi-
dence interval, 0.74 to 0.83; P <0.0001; Fig. 2). Cochran’s
Q value was greater than the degrees of freedom (52 vs. 51),
suggesting the true effect size was different among the vari-
ous studies. Moreover, /2 took a value of 3%, indicating the
presence of little heterogeneity. Sensitivity analysis by leav-
ing out one study at a time did not significantly alter the

@ Springer
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Studyname Statistics for each study
Hazard Lower Upper

ratio limit limit Z-Value p-Value
Herold 2017 0662 0563 0779 -4984 0.000
Sardu 2016 0924 0350 2443 -0.159 0.874
Van Spall 2016 0875 0684 1120 -1.060 0.289
Martin-Lesende 2016 0743 050 0936 -25256 0.012
Ong 2016 0850 0640 1129 1121 0.262
Kraai 2016 125 0520 3002 0.499 0618
Snolis-Bak 2016 1000 022 4505 0.000 1.000
Kao 2016 0841 073 0957 -2624 0.009
Idris 2015 0500 0051 4905 -0595 0.552
Pedone 2015 0274 0081 0932 -2073 0.038
Agboola2015 0640 0339 1207 -1.378 0.168
Bekelman 2015 0444 019 0989 -1.988 0.047
Dierckx 2015 0674 0491 0925 -2440 0.015
Kenealy 2015 0500 0132 1887 -1.023 0.306
Hindricks 2014 0360 0173 0751 -2723 0.006
Giacomelli 2014 0719 0541 095 -2279 0.023
Martin-Lesende 2013 0402 0118 1365 -1461 0.144
Krum2013 0670 0502 084 -2723 0.006
Sabatier 2013 0643 0310 1332 -1.189 0234
Boyne 2012 1409 0698 2843 0.956 0.339
Dendale 2012 0286 0098 0831 -2301 0.021
Koehler 2012 1112 0787 1570 0.600 0.548
Kurtz 2011 0213 0069 0654 -2702 0.007
Wade 2011 1030 0321 3305 0.050 0.960
Dorringo 2011 0581 0127 2655 -0.701 0483
Howlett 2011 0579 0112 2987 -0653 0514
Chaudhry 2010 0980 0747 1285  -0.147 0.883
Antonicelli 2010 0579 0153 219  -0.802 0422
Peters-Klimnm2010 1031 0308 3449 0.049 0.961
Goode 2009 0813 054 1261 -094 0.3%
Soran 2008 0627 0303 1295 -1262 0.207
Antonicelli 2008 0621 0164 2359  -0.699 0485
Schwarz 2008 0570 0179 1817 -0950 0.342
Kashem 2008 1000 0068 14677 0.000 1.000
Sisk 2006 1000 0571 1752 0.000 1.000
Riegel 2006 0590 0202 1725 -09%4 0.335
GESICA Investigators 2005 0950 0751 1202 -0428 0.669
Dunagan 2005 1170 0561 2442 0.418 0676
Cleland 2005 0730 0438 1216 -1.208 0.227
Caponolla 2004 0704 0235 2106 -0629 0.530
Galbreath 2004 0700 0471 1041 -1.760 0.078
DeBusk 2004 0740 0437 1252 1122 0.262
Goldberg 2003 0440 0224 0865 -2381 0.017
Laramee 2003 0900 0443 1830 -0291 0.771
McDonald 2002 0920 0197 4286 -0.106 0915
Riegel 2002 0880 0501 1544 -0445 0656
Kasper 2002 0540 0223 1308 -1.366 0.172
Krurholz 2002 0692 0330 1451 -0974 0.330
Jerant 2001 2500 0130 48218 0.607 0.544
Blue 2001 0960 0606 1520 -0.174 0.862
Cordisco 1999 1082 0470 2490 0.185 0.853
Gattis 1999 0607 0149 2464 -0699 0485
0783 0738 0830 -8118 0.000

Hazard ratio and 95% CI

|

'}ih“!*“ s

1

HW

-\n nmmi Hh

0.01 0.1

-

10 100

Decreased mortality Increased mortality

Fig. 2 Forest plot demonstrating the association between telemonitoring and mortality in heart failure

pooled hazard ratio (Supplementary Figure 1). Funnel plot
plotting standard errors or precision against the logarithms of
the hazard ratios is shown in Supplementary Figure 2 and
Supplementary Figure 3, respectively. The Begg and
Mazumdar rank correlation test suggested no significant
publication bias (Kendal’s Tau value=—0.10, P> 0.05).
Egger’s test demonstrated no significant asymmetry (inter-
cept —0.35, ¢ value 1.62; P> 0.05). Nineteen studies exam-
ined the effects of telemonitoring on short-term mortality
(<=6 months, mean =5 +2 months), with our meta-

@ Springer

analysis showing a reduction of 25% (HR =0.75; CI, 0.65
to 0.86; P= 0%; P<0.0001; Fig. 3). Moreover, 30 studies
reported on long-term mortality (> = 12 months; mean=17
+ 11 months), showing a 22% reduction with telemonitoring
(HR =0.78; CI, 0.73 to 0.84; I* =4%; P <0.0001; Fig. 4).
Subgroup analysis based on study design was also per-
formed. The pooled hazard ratio from 44 RCTs was 0.81
(CIL, 0.75 to 0.88; P=0%:;P<0.0001; Fig. 5), whereas that
of fromthe eight cohort studies was comparable, at 0.75 (0.69
to 0.82; I> =40%; P < 0.0001; Fig. 6).
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Fig. 3 Forest plot demonstrating Study name Statistics for each study Hazard ratio and 95% ClI
the association between Hazard Lower Upper
telemonitoﬁng and short-term ratio limit limit Z-Value p-Value
mortality in heart failure VanSpall2016  0.875 0684 1120 -1.060 0.289 =

Ong 2016 0.850 0640 1.129 -1.121 0.262

Idris 2015 0.500 0.051 4905 -0.595 0.552

Pedone 2015 0.274 0.081 0932 -2.073 0.038

Agboola 2015 0.330 0.111 0980 -1.996 0.046

Kenealy 2015 0.500 0.132 1887 -1.023 0.306 —_—

Dendale 2012 0.286 0.098 0.831 -2.301 0.021 —=—

Wade 2011 1.030 0.321 3.305 0.050 0.960 —_—

Soran 2008 0.627 0.303 1295 -1262 0.207 —e

Schwarz 2008 0.570 0.179 1817 -0.950 0.342 ——

Riegel 2006 0.590 0202 1.725 -0.964 0.335 ——

Galbreath2004 0.700 0471 1.041 -1.760 0.078 -

Goldberg 2003 0440 0224 0865 -2.381 0.017 ——

Laramee 2003 0.900 0443 1830 -0.291 0.771 —a—

McDonald 2002 0.920 0.197 4286 -0.106 0.915 —_—

Riegel 2002 0.880 0.501 1544 -0.445 0656 —a—

Kasper 2002 0.540 0223 1.308 -1.366 0.172

Jerant 2001 2.500 0.130 48.218 0607 0.544

Gattis 1999 0.607 0.149 2464 -0.699 0485 —_—

0.750 0.653 0.861 -4.074 0.000 ’
0.01 0.1 1 10 100

Hemodynamic Monitoring

For hemodynamic monitoring, five studies based on data ob-
tained from three clinical trials (CHAMPION for

Decreased mortality Increased mortality

CardioMEMS, REDUCEQf and COMPASS-HF for
Chronicle) were included [48—52]. Two studies were excluded
as they reported mortality rates in the same patient cohort at
different time points for the same trial (CHAMPION) [48, 49].

Fig. 4 Forest plot demonstrating Study name Statistics for each study Hazard ratio and 95% CI

the association between Hazard Lower Upper

telemonitoring and long—term ratio limit limit Z-Value p-Value

mortality in heart failure Herold 2017 0662 0.563 0779 4.984 0.000 |
Sardu 2016 0924 0.350 2443 -0.159 0.874 —
Martin-Lesende 2016 0743 0590 0936 -2525 0.012 L 2
SmolisBak2016 1.000 0.222 4.505 0.000 1.000 —_—
Kao 2016 0.841 0.739 0957 -2624 0.009 [ |
Agboola 2015 0.640 0.339 1207 -1.378 0.168 —
Bekelman 2015 0444 0.199 0989 -1.988 0.047 —
Dierckx 2015 0674 0491 0925 2440 0.015 -
Martin-Lesende 2013 0402 0.118 1.365 -1461 0.144 —_—
Krum 2013 0670 0.502 0.894 -2.723 0.006 -
Sabatier 2013 0643 0.310 1332 -1.189 0234 —_—
Boyne 2012 1409 0698 2.843 0.956 0.339 e
Koehler 2012 1112 0.787 1570 0.600 0.548 -
Kurtz 2011 0.213 0.069 0654 -2.702 0.007
Domingo 2011 0.581 0.127 2655 -0.701 0483 —_—t
Howlett 2011 0579 0.112 2987 -0.653 0514
Antonicelli 2010 0579 0.153 2199 -0.802 0422 —_—
PetersKlimm 2010 1.031 0.308 3449 0.049 0.961 —_——
Goode 2009 0.813 0524 1261 -0.924 0.356 —-r
Antonicelli 2008 0621 0.164 2359 -0.699 0485 —_—
Kashem 2008 1.000 0.068 14.677 0.000 1.000
Sisk 2006 1.000 0.571 1.752 0.000 1.000 —
GESICA Invedigators2005 0.950 0.751 1.202 0428 0.669 -
Dunagan 2005 1170 0.561 2442 0418 0676 ——
Capomolla 2004 0.704 0235 2106 -0.629 0.530 ———
Galbreath 2004 0.700 0471 1.041 -1.760 0.078 ——
DeBusk 2004 0740 0437 1252 -1.122 0.262 —a
Krumholz 2002 0692 0.330 1451 -0.974 0.330 —
Blue 2001 0960 0.606 1520 -0.174 0.862 —
Cordisco 1999 1.082 0470 2490 0.185 0.853 —_—

0.782 0.730 0.838 -6.938 0.000 (]

0.01 0.1

-

10 100

Decreased mortality Increased mortality

@ Springer



Curr Emerg Hosp Med Rep (2019) 7:36-47

42

Studyname

Hazard Lower
ratio limit

Sardu 2016 0924 0350
Van Spall 2016 0875 0684
Ong 2016 0850 0640
Kraai 2016 1250 0520
Idris 2015 0500 0051
Pedone 2015 0274 0081
Bekelman 2015 0444 019
Kenealy 2015 0500 0132
Hindricks 2014 0360 0173
Giacomelli 2014 0719 0541
Martin-Lesende 2013 0402 0118
Krum2013 0670 0502
Sabatier 2013 0643 0310
Boyne 2012 1409 0698
Dendale 2012 028 0098
Koehler 2012 1112 0787
Weade 2011 1030 0321
Domingo 2011 0581 0127
Howett 2011 0579 0112
Chaudhry 2010 0980 0747
Antonicelli 2010 0579 0153
Peters-Klimm2010 1031 0308
Goode 2009 0813 0524
Soran 2008 0627 0303
Antonicelli 2008 0621 0164
Schwarz 2008 0570 0179
Kashem2008 1000 0068
Sisk 2006 1000 0571
Riegel 2006 0590 0202
GESICA Investigators 2005 0950 0751
Dunagan 2005 1170  0.561
Cleland 2005 0730 0438
Capormolla 2004 0704 0235
Galbreath 2004 0700 047
DeBusk 2004 0740 0437
Goldberg 2003 0440 0224
Laramee 2003 0900 0443
McDonald 2002 0920 0197
Riegel 2002 0880 0501
Kasper 2002 0540 0223
Krumholz 2002 0692 0330
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0811 0748
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Fig. 5 Forest plot demonstrating the association between telemonitoring and mortality in heart failure from randomized controlled trials

Fig. 6 Forest plot demonstrating
the association between
telemonitoring and mortality in
heart failure from cohort studies
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Study name Statistics for each study
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Characteristics of the 3 studies on hemodynamic monitoring included in this meta-analysis

Table 2

Variables in multivariate

model

Follow-
up

Endpoints

Ejection

SD % Male

Age

Sample

Type of hemodynamic

Population
monitoring

Study design

First author/year

fraction (%)

size (n)

(months)

(Univariate)

17
12

All-cause mortality
All-cause mortality

HF

73

245

Pulmonary arterial pressure

HF

RCT
RCT
RCT

Adamson 2016

(Univariate)

21 34 23
65

55
58

400
274

Right ventricular pressure

HF

Adamson 2011
Bourge 2008

(Univariate)

33

19

Right ventricular pressure

HF

Therefore, three studies including a total of 1224 patients
(mean age, 59 years old; 58% male) were meta-analyzed.
The baseline characteristics of these studies are listed in
Table 2. The mean follow-up duration was 12 +6 months.
Our meta-analysis shows that hemodynamic monitoring had
no effect on all-cause mortality (HR, 0.87; 95% CI, 0.61 to
1.25; P>0.05; Fig. 7). Cochran’s Q value was smaller than
the degrees of freedom (1 vs. 2), suggesting the true effect size
was not different among the various studies. 7 was 0%, indi-
cating the presence of minimal heterogeneity. Sensitivity anal-
ysis by leaving out one study at a time did not significantly
alter the pooled HR (Supplementary Figure 4). Funnel plot
plotting standard errors or precision against the logarithms
of the hazard ratios is shown in Supplementary Figure 5 and
Supplementary Figure 6, respectively. The Begg and
Mazumdar rank correlation test suggested no significant pub-
lication bias (Kendal’s Tau value =0, P> 0.05). Egger’s test
demonstrated no significant asymmetry (intercept 0.69, ¢ val-
ue 0.43; P >0.05).

Discussion

Our study utilized both randomized clinical trial data as well
as real-world observational studies to determine the utility of
telemonitoring and invasive hemodynamic assessment in re-
ducing overall mortality in HF patients. The key findings of
this systematic review and meta-analysis are as follows: (1)
telemonitoring significantly reduced overall mortality by
22%; (2) telemonitoring led to significant reductions in both
short-term and long-term mortality; however, (3) wireless he-
modynamic monitoring had no effect on mortality. Our study
complements, updates, and extends previous meta-analyses
published on remote patient monitoring.

Telemonitoring and Mortality

An overview of systematic reviews demonstrated reduction in
mortality between 15 and 40% [53]. In 2009, Klersy and col-
leagues meta-analyzed 20 randomized controlled trials
(RCTs) and 12 cohort studies, including 6133 patients [54].
The authors found that remote patient monitoring reduced
mortality risk by 17% in RCTs, but more markedly at 47%
in real-world studies. For hospitalizations, the benefit was also
greater at 48% in real-world studies compared with a 7%
observed in RCTs [54]. The higher reduction in mortality seen
in real-world studies is a testament to the utility of close mon-
itoring of cardiac and vital signs in patients with HF. To the
best of our knowledge, this is one of the largest meta-analysis
published to date, reporting on a total of 55 studies (47 RCTs
and 8 cohort studies) that included 24,457 patients.
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Fig. 7 Forest plot demonstrating Study name Statistics for each study Hazard ratio and 95% ClI
the association between Hazard Lower Upper
hemodynamic monitoring and ratio limit limt Z-Value p-Value
mortality in heart failure Adamson 2016 0.804 0519 1.246 -0.977  0.328
Adamson 2011 0.762 0.290 2.007 -0.549 0.583
Bourge 2008 1235 0573 2659 0.539 0.590
0.874 0614 1.246 -0.742 0.458

Invasive Hemodynamic Assessment and Mortality

There has been a growing interest in wireless hemodynamic
monitoring using implantable devices. Currently, three de-
vices are available for such monitoring. CardioMEMS,
Chronicle, and HeartPOD measure pulmonary arterial pres-
sure, right ventricular pressure, and left atrial pressure, respec-
tively. A recent meta-analysis of RCTs found that hemody-
namic monitoring significantly reduced all-cause and heart
failure-related hospitalization events [557]. These findings
are consistent with the observations from the COMPASS-HF
RCT that reported a positive association between intra-arterial
pressures and the risk of hospitalization [52]. Our study com-
plements existing meta-analytical studies by demonstrating
that hemodynamic monitoring had no effect on mortality in
heart failure. In terms of hemodynamic predictors, pulmonary
capillary wedge pressure and right atrial pressure have been
identified as strong predictors of mortality in heart failure
patients [56]. The fact that no effect on mortality was noted
using wireless hemodynamic devices suggests that continuous
and more intense monitoring of physiological parameters do
not improve mortality outcomes [57].

Comparisons of the Advantages and Disadvantages
of Telemonitoring and Hemodynamic Monitoring

Interestingly, our study would suggest that telemonitoring
does indeed improve survival. Other investigators have sug-
gested that this may be due to better adherence to prescribed
therapy [22]. Fundamentally, telemonitoring and hemody-
namic monitoring measure different parameters, and patient
participation levels or engagement may differ between the
different monitoring strategies, as suggested previously [58].
For example, telemonitoring measures body weight and vital
signs such as blood pressure, heart rate, and oxygen satura-
tion. Healthcare providers can also do inquiries about symp-
toms such as increasing dyspnea or ankle swelling. This en-
ables physicians to determine signs of fluid overload and
guide patient management remotely. By contrast, hemody-
namic monitoring measures parameters such as pulmonary
arterial pressure, which is elevated in heart failure due to pul-
monary vascular remodeling. In the CHAMPION trial,
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hemodynamic monitoring has been shown to be effective in
reducing hospitalizations [49, 50], which have been linked to
increased filling pressures. The fact that hemodynamic moni-
toring does not reduce mortality means that death in heart
failure may be caused by factors other than increased pres-
sures within the pulmonary vasculature or cardiac chambers,
such as ventricular arrhythmias [59, 60]. However, the answer
awaits further analysis. Moreover, hemodynamic monitoring
is not without risks. Device-related or system-related compli-
cations can arise but the risks are small and the benefits are
thought to outweigh the risks [48].

Results from Randomized Controlled Trials Compared
with those from Observational Studies

In our meta-analysis, both RCTs and observational studies
were included. Although RCTs are very well controlled and
designed, they do not necessarily reflect conditions encoun-
tered in daily clinical practice. Although observational studies
are susceptible to bias, confounding factors are not controlled
to stringent extents that are done in RCTs. Nevertheless, we
found no significant difference in mortality reduction between
RCTs and cohort studies. These findings suggest that remote
patient monitoring is equally effective in real-life situations.

Conclusion

This systematic review and meta-analysis shows that remote
patient monitoring in heart failure by telemonitoring signifi-
cantly reduces mortality rates, whereas hemodynamic moni-
toring had no effect on mortality.
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