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Aims Pre-clinical congestion markers of worsening heart failure (HF) can be monitored by devices and may support the
management of patients with HFE. We aimed to assess whether congestion-guided HF management according to
device-based remote monitoring strategies is more effective than standard therapy.

Methods A comprehensive literature research for randomized controlled trials (RCTs) comparing device-based remote
and results monitoring strategies for congestion-guided HF management versus standard therapy was performed on PubMed,
Embase, and CENTRAL databases. Incidence rate ratios (IRRs) and associated 95% confidence intervals (Cls) were
calculated using the Poisson regression model with random study effects. The primary outcome was a composite
of all-cause death and HF hospitalizations. Secondary endpoints included the individual components of the primary
outcome. A total of 4347 patients from eight RCTs were included. Findings varied according to the type of parameters
monitored. Compared with standard therapy, haemodynamic-guided strategy (4 trials, 2224 patients, 12-month
follow-up) reduced the risk of the primary composite outcome (IRR 0.79, 95% Cl 0.70—0.89) and HF hospitalizations
(IRR 0.76, 95% Cl 0.67—-0.86), without a significant impact on all-cause death (IRR 0.93, 95% CI 0.72—1.21). In
contrast, impedance-guided strategy (4 trials, 2123 patients, 19-month follow-up) did not provide significant benefits.
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Introduction

Heart failure (HF) is a growing public health and economic
problem, affecting almost 64 million people worldwide.! Despite
the recent advances characterized by the introduction of more
effective classes of drugs and device therapies, the natural history
of patients with HF is still etched by poor quality of life, recurrent
hospitalizations, and high rates of morbidity and mortality.>?
The hospitalization rate due to fluid overload and worsening HF
remains significantly frequent, affecting patients’ long-term progno-
sis and burdening healthcare systems.* In order to improve clinical
outcomes and reduce healthcare costs, a wide range of invasive and
non-invasive monitoring strategies aimed at preventing HF decom-
pensation have been developed.’ Several randomized controlled
trials (RCTs) tested the hypothesis that careful monitoring of signs
and symptoms of clinical deterioration (e.g. dyspnoea, weight gain,
or peripheral oedema) through non-invasive telemonitoring sys-
tems could lead to early medical management avoiding hospitaliza-
tion.® However, these strategies have failed in their attempt as clin-
ical parameters of fluid accumulation are delayed and unreliable as
early signs of decompensation.®~® Later, the use of invasive devices
able to automatically monitor physiological data allowed to contin-
uously check pre-clinical markers of worsening HF, including con-
gestion parameters such as increased intracardiac or pulmonary
artery pressures and pulmonary fluid accumulation.”'® Remote
monitoring strategies of these parameters to allow a prompt and
targeted therapeutic response have been tested in various RCTs,
often underpowered, which have led to conflicting results.”’~*
Previous meta-analyses did not provide unequivocal results as
they were selectively performed on a single guided management
strategy,’™'® included studies testing telemonitoring systems as
a substitute for in-clinic follow-up, or assessed heterogeneous

Remote monitoring e Telemonitoring e

outcomes or strategies in the same subgroup,’”’~"? leading to
questionable results. Therefore, to provide a comprehensive and
updated evidence, we did a systematic review and meta-analysis
of RCTs comparing device-based remote monitoring strategies
to guide the management through congestion markers versus
standard care in patients with HF.

Methods

This systematic review and meta-analysis was carried out in accordance
with the Cochrane Collaboration and Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines.?’ The
protocol was registered within the international prospective register
of systematic reviews (PROSPERO, CRD42022308167).

Search strategy and selection criteria

On 14 January 2022, we did a systematic and comprehensive litera-
ture research using PubMed, Embase, and Cochrane Central Register
of Controlled Trials databases. In addition, we made backward snow-
balling research (i.e. review of references from identified articles). A
combination of the following search terms was used: ‘monitoring’,
‘telemedicine’, ‘haemodynamic’, ‘impedance’, ‘implantable cardioverter
defibrillator’, ‘cardiac resynchronization therapy’, ‘heart failure’. The
full search strategy is available in online supplementary Table S2. Two
investigators (AZ and GP) systematically and independently screened
all records retrieved from the research. Eligibility was assessed accord-
ing to titles and abstracts. Articles potentially suitable were assessed
for inclusion inspecting full-text, and online appendices.

We included all RCTs comparing a strategy of guided management
according to device-based remotely monitored markers of congestion
with standard therapy in patients with HF. Studies testing telemonitor-
ing strategies only as a substitute for in-clinic follow-up, not reporting
clinical outcomes, or with overlapping populations were excluded. We

© 2022 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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have applied no restrictions for study language, follow-up duration, and
publication date.

For the purposes of this analysis, the included trials were strat-
ified according to the type of parameters guiding the manage-
ment, resulting in two pre-specified groups of management strategies:
haemodynamic-guided (i.e. driven by pulmonary artery and/or right
ventricular pressure values) and impedance-guided (i.e. driven by the
intrathoracic impedance value, directly related to the degree of pul-
monary congestion).?’

Data extraction and quality assessment

Data extraction of study design and features, patients’ baseline charac-
teristics, and outcomes was performed independently by two investiga-
tors (AZ and GP) using a standardized data worksheet. When multiple
studies were reported from the same cohort of subjects, the one
with the longest follow-up was included in the analysis. Conflicts were
resolved by collegial discussion.

The risk of bias assessment was independently made by two
investigators (AZ and GP) according to the Cochrane Collaboration
risk-of-bias tool (RoB2), composed of five domains: (1) randomization
process; (2) deviations from intended interventions; (3) missing out-
come data; (4) measurement of the outcome; and (5) selection of the
reported result.2?

Outcome definition

The primary outcome was a composite of all-cause death and hospi-
talizations for HF (including recurrent events). Secondary outcomes
included the individual components of the primary outcome (i.e.
all-cause death and hospitalizations for HF). Endpoint definitions of
each study are reported in online supplementary Table 4.

Statistical analysis

A patient-years approach was adopted to address different follow-up
times and recurrent events. When the number of patient-years was
not clearly reported, it was arithmetically calculated by multiplying
the number of patients with the years of follow-up (for each arm,
if available). Incidence rate ratios (IRRs) and the associated 95%
confidence intervals (Cls) were used as metric of choice for treatment
effects and were calculated using the mixed-effects Poisson regression
model with random study effects. The heterogeneity between studies
was evaluated using the Cochran’s Q test, while consistency was
measured by Higgins and Thompson 2. Low heterogeneity was defined
as an 2 value <25%, moderate heterogeneity as a value of 25—50%,
and high heterogeneity as a value >50%. The potential presence of
publication bias was assessed by visual inspection of funnel plots and
using Egger’s test.

A main pre-specified subgroup analysis was performed according to
the type of monitoring strategy (haemodynamic or impedance) and
findings were presented based on this analysis. Subgroup effects were
compared using the Borenstein and Higgins test?® and the credibility
of subgroup differences was assessed by the ICEMAN tool, which
consists of an eight-question survey that provides a four-level rating
of the credibility of subgroup-effect modification (very low credibility,
low credibility, moderate credibility, and high credibility).?*

A pre-specified sensitivity analysis using the leave-one-out approach
was performed removing all studies one at a time to investigate
the influence of each study on the overall effect-size estimate.

Furthermore, two post-hoc sensitivity analyses included an analysis
which added two studies testing a strategy of impedance-guided
HF management with parameters monitored during in-clinic
follow-up without remote monitoring systems (DOT-HF*® and
IMPEDANCE-HF?¢) and another analysis which excluded two studies
reporting an outcome of first hospitalization instead of recurrent
hospitalizations (COMPASS-HF?” CONNECT-OptiVol'4).

Several univariable meta-regression analyses were performed to
assess the presence of a relation between some covariates (age, left
ventricular ejection fraction [LVEF], proportion of patients with atrial
fibrillation, proportion of patients with HF of ischaemic cause, pro-
portion of patients in different New York Heart Association (NYHA)
functional classes, and proportion of patients treated with different
drugs) and treatment effect for all outcomes. A two-sided p <0.05
was considered statistically significant. Statistical analysis was per-
formed using R version 4.1.2 (The R Foundation, 2021) “meta”
package.?®

Results

The comprehensive literature research retrieved 13496 articles.
The PRISMA checklist and flow diagram are shown in online
supplementary Tables ST and S3. After screening, eight RCTs
were identified, with a total of 4347 patients randomly allo-
cated to guided management (n = 2173) or standard therapy
(n = 2174). The average follow-up duration was 15months,
providing data on 5984 patient-years, including 3023 patient-years
in the guided-management arm and 2961 patient-years in the
standard-therapy arm. Four trials investigated a strategy of
haemodynamic-guided management (n = 2224 patients) during
an average follow-up of 12months (n = 2362 patient-years)
and four trials a strategy of impedance-guided management
(n = 2123 patients) during an average follow-up of 19 months
(n = 3620 patient-years). Key features of included trials and
baseline characteristics of patients are summarized in Table 7
and online supplementary Tables S5 and $6.1-142729-31 Trjals
testing a haemodynamic-guided management were characterized
by frequent data revision (daily or weekly), while trials testing
an impedance-guided management were characterized by an
only-alert-based data revision (online supplementary Table S5).
All patients were receiving optimal medical therapy at the date
of randomization (online supplementary Table S7) and the clinical
characteristics and therapeutic history of patients were similar in
the two arms of each trial. The risk-of-bias assessment identified
four studies at low risk of bias, three studies with some concerns,
and one study at high risk of bias (online supplementary Figure S7).

Main analyses

The primary outcome of all-cause death and hospitalizations for
HF was significantly reduced with a strategy of congestion-guided
HF management compared with standard therapy (IRR 0.88, 95%
Cl10.78-0.99, p = 0.034, 2 =47%; Figure 7). This result was driven
by a reduction in the risk of hospitalizations for HF (IRR 0.85, 95%
Cl10.75-0.97, p = 0.016, I> = 45%), without a significant impact on
all-cause death (IRR 0.96, 95% Cl 0.80—1.16, p = 0.697, I*> =0%)
(Figures 2 and 3).

© 2022 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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All-cause death and Hospitalizations for Heart Failure

Guided Standard
Study Events Time Events Time
CHAMPION 232 405 343 420
COMPASS-HF 50 67 68 70
GUIDE-HF 225 497 262 503
REDUCEhf 79 202 87 198
CONNECT-OptiVol 28 109 28 111
LIMIT-CHF 15 41 9 39
MORE-CARE 151 707 137 696
OptiLink HF 279 995 281 924

Fixed effect model
Random effects model

Heterogeneity: /% = 47%, 1° = 0.0099, 2 = 13.22 (p = 0.07)
Test for overall effect (fixed effect): z = -3.45 (p < 0.001)
Test for overall effect (random effects): z = -2.12 (p = 0.034)

IRR 95%-Cl

0.70
0.77
0.87
0.89

[0.59; 0.83]
[0.53; 1.11]
[0.73; 1.04]
[0.66; 1.21]

1.02
1.59
1.09
0.92

[0.60; 1.72]
[0.69; 3.62]
[0.86; 1.37]
[0.78; 1.09]

0.86 [0.80; 0.94]
0.88 [0.78; 0.99]
1

0.1 0.2

05 1 2 5 10

Test for subgroup differences (fixed effect): Xf =7.08,df =1 (p <0.01)
Test for subgroup differences (random effects): xf =6.20,df =1 (p =0.01)

Figure 1 Guided management versus standard therapy for the primary outcome. Cl, confidence interval; IRR, incidence rate ratio; Time,

patient-years.

Treatment effects varied according to the type of monitoring
strategy (haemodynamic or impedance) with subgroup analyses
showing significant interactions for the primary outcome and the
outcome of HF hospitalizations, with moderate credibility due to
effect modification based on between-trial comparisons. A strategy
of haemodynamic-guided management, compared with standard
therapy, was associated with a reduction in the primary outcome
(IRR 0.79, 95% Cl 0.70-0.89, p < 0.001, > =18%; Figure 1) and
hospitalizations for HF (IRR 0.76, 95% Cl 0.67-0.86, p <0.001,
I* =20%; Figure 3), but no significant impact on all-cause death (IRR
0.93, 95% CI 0.72-1.21, p = 0.594, ? =0%; Figure 2). Conversely,
a strategy of impedance-guided management did not reduce the
risks of all-cause death (IRR 1.00, 95% Cl 0.77-1.30, p = 0.992,
I* = 0%; Figure 2), HF hospitalizations (IRR 0.99, 95% CI 0.85-1.14,
p = 0.853, I> = 0%; Figure 3), and the composite of both (IRR 0.99,
95% Cl1 0.87—1.13, p = 0.868, I> = 0%; Figure 1) in comparison to
standard therapy.

Sensitivity and meta-regression analyses

At leave-one-out sensitivity analyses (online supplementary
Figure S2), no trial showed significant influence on the pooled
estimate for all outcomes. Both the analyses which added

DOT-HF? and IMPEDANCE-HF?* (online supplementary Table S8
and Figure S3) and the analyses which excluded trials report-
ing an outcome of first hospitalization (COMPASS-HF? and
CONNECT-OptiVol; online supplementary Figure S4) showed
findings consistent with the main analyses.

Meta-regression analyses showed no significant relation between
all covariates (age, LVEF, proportion of patients with atrial fibrilla-
tion, proportion of patients with HF of ischaemic cause, proportion
of patients in different NYHA functional classes, and proportion
of patients treated with angiotensin-converting enzyme inhibitors
or angiotensin receptor blockers, beta-blockers, mineralocorticoid
receptor antagonists, and diuretic) and treatment effect for all out-
comes (online supplementary Table $9). Funnel plots and Egger’s
tests suggested no evidence of publication bias or small study effect
(online supplementary Figure S5).

Discussion

This comprehensive systematic review and meta-analysis address
the challenging task of guiding the management of HF according to
device-based remotely monitored congestion markers. The results
of this meta-analysis of eight RCTs involving 4347 patients with HF

© 2022 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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All-cause death

Guided Standard
Study Events Time Events Time
CHAMPION 50 405 64 420
COMPASS-HF 13 67 11 70
GUIDE-HF 40 497 37 503
REDUCEhf 7 202 9 198
CONNECT-OptiVol 8 109 6 111
LIMIT-CHF 4 41 3 39
MORE-CARE 40 707 34 696
OptiLink HF 59 995 63 924

Fixed effect model
Random effects model
Heterogeneity: 2= 0%, 7* =0, x§ =3.21 (p = 0.86)

Test for overall effect (fixed effect): z = -0.39 (p =0.697) 0.1 0.2
Test for overall effect (random effects): z = -0.39 (p = 0.697)

IRR 95%~Cl

0.81
1.23
1.09
0.76

[0.56; 1.17]
[0.55; 2.76]
[0.70; 1.71]
[0.28; 2.05]

1.36
1.27
1.16
0.87

[0.47; 3.91]
[0.28; 5.67]
[0.73; 1.83]
[0.61; 1.24]

0.96 [0.80; 1.16]
0.96 [0.80; 1.16]
|

05 1 2 5 10

Test for subgroup differences (fixed effect): xf =0.13,df =1 (p =0.72)
Test for subgroup differences (random effects): Xf =0.13,df =1 (p =0.72)

Figure 2 Guided management versus standard therapy for the all-cause death outcome. Cl, confidence interval; IRR, incidence rate ratio;

Time, patient-years.

show that, compared with standard therapy, guided management
according to device-based remotely monitored pre-clinical conges-
tion markers is associated with a reduced risk of the composite
of all-cause death and hospitalizations for HF, mainly driven by a
reduction in HF hospitalizations. Findings varied according to the
type of parameters monitored (Graphical Abstract): (i) a strategy of
haemodynamic-guided management was associated with a reduc-
tion in the composite of all-cause death and hospitalizations for
HF, driven by a reduction in hospitalizations without a significant
mortality reduction; (ii) a strategy of impedance-guided manage-
ment was not able to provide a significant reduction in the risks of
death, HF hospitalizations, and the composite endpoint.

These results reflect the pathogenesis of HF progression from
a compensated and euvolaemic state to an acutely and volume
overloaded state, which occurs through various steps beginning
about 30 days before the development of clinical signs.® A slight
increase in filling and intracardiac pressures occurs early in this
transition phase,’ followed by a compensatory autonomic response
characterized by sympathetic activation and vagal withdrawal,
detectable by changes in several cardiac electrical activity features
with varying predictive values (e.g. onset of atrial fibrillation or
ventricular tachyarrhythmias, reduction of heart rate variability,
and of biventricular pacing rate).32-3* Then pulmonary vascular

capacitance gets overwhelmed with initial pulmonary fluid accu-
mulation, which can be detected by a reduction in intrathoracic
impedance.'®?! Finally, this process results in generalized fluid
overload with progressive development of symptoms and signs of
decompensation leading to hospitalization.

In line with the pathophysiological and clinical findings, the use of
intrathoracic impedance as a unique monitoring parameter to guide
the management is limited by the late onset of pulmonary conges-
tion.3 In contrast, a strategy of haemodynamic monitoring as a tool
for continuous optimization of care appears to offer reasonable
effectiveness in directing HF management because an increase in
intracardiac or pulmonary artery pressures represent an early sign
of worsening HF which allows a prompt and targeted therapeutic
response. However, it should be emphasized that the frequency of
data revision (daily or weekly for haemodynamic-guided strategy
and only-alert-based for impedance-guided management) may
have been a potential treatment modifier, influencing the effects
provided by the impedance-guided management strategy. Future
studies are needed to explore this inference.

Previous meta-analyses suggested a marginal reduction in the
risk of HF hospitalizations with a strategy of haemodynamic-guided
management and no benefits with an heterogeneous group of
strategies of impedance-guided management. Our meta-analysis,

© 2022 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Hospitalizations for Heart Failure

Guided Standard
Study Events Time Events Time
CHAMPION 182 405 279 420
COMPASS-HF 37 67 57 70
GUIDE-HF 185 497 225 503
REDUCEhf 72 202 78 198
CONNECT-OptiVol 20 109 22 111
LIMIT-CHF 11 41 6 39
MORE-CARE 111 707 103 696
OptiLink HF 220 995 218 924

Fixed effect model
Random effects model

Heterogeneity: /° = 45%, 1> = 0.0110, x5 = 12.79 (p = 0.08) |
Test for overall effect (fixed effect): z = -3.66 (p < 0.001) 0.1 0.2
Test for overall effect (random effects): z = -2.42 (p = 0.016)

IRR 95%-ClI

0.68
0.68
0.83
0.90

[0.56; 0.82]
[0.45; 1.03]
[0.69; 1.01]
[0.66; 1.25]

0.93
1.74
1.06
0.94

[0.51; 1.70]
[0.64; 4.72]
[0.81; 1.39]
[0.78; 1.13]

0.84 [0.77; 0.92]

0.85 [0.75; 0.97]
I I I I 1

05 1 2 5 10

Test for subgroup differences (fixed effect): Xf =7.28,df =1 (p <0.01)
Test for subgroup differences (random effects): Xf =6.94,df =1 (p <0.01)

Figure 3 Guided management versus standard therapy for the heart failure hospitalization outcome. Cl, confidence interval; IRR, incidence

rate ratio; Time, patient-years.

by adopting a patient-years approach and strict selection criteria
of RCTs, suggested a substantial difference in the effects of the
different strategies of congestion-guided management according to
the monitored parameters.’”’~"?

Although haemodynamic-guided management reduced the inci-
dence of HF hospitalizations, it did not result in a significant mor-
tality reduction over a 12-month follow-up period. However, since
a reduction in HF hospitalizations or pulmonary artery pressure

was previously associated with long-term mortality benefits,3*3’

a
longer follow-up time and/or a larger sample size might be able to
provide this finding, as already confirmed by real-world data.3® Fur-
thermore, the inclusion of a proportion of patients with LVEF >40%
in two trials investigating haemodynamic-guided management (22%
of patients in CHAMPION'" and 47% of patients in GUIDE-HF'2)
should not be overlooked. Although a guided management accord-
ing to haemodynamic parameters in this subgroup is able to reduce
HF hospitalizations as well as in patients with lower LVEE*® its
impact on mortality is still uncertain and under investigation, likely
affecting overall estimates of the mortality benefit provided by this
monitoring strategy.

Some trials, taken individually, did not provide sufficient evidence
to support the widespread use of device-based congestion-guided
HF management, as reported by recent guidelines and consensus

statements.>*° However, the use of unreliable decompensation
markers, the lack of adequate or prompt therapeutic response, and
some design limitations may have skewed trial results. Major pitfalls
included insufficient statistical power to detect significant differ-
ences between arms, inadequate transmission of monitored data,
and/or poor treatment reaction.'>'*231 Furthermore, frequent
clinical monitoring of control arms, sometimes by non-invasive
telemonitoring, may have underestimated the favourable effect pro-
vided by the guided management. Indeed, real-world data broadly
support the routine use of monitored haemodynamic parameters
in guiding HF management.?® Finally, as predicted by clinicians’
learning curves after implementation of remote monitoring sys-
tems, the large-scale use of these tools will optimize their perfor-
mance by gradually enhancing the targeted treatment response.

Our findings should be interpreted in light of public health
and economic priority, with HF hospitalizations representing the
main financial burden to healthcare systems and one of the
strongest predictors of mortality.* The primary outcome of our
meta-analysis, as a surrogate of keeping patients alive and out of
the hospital, addresses both sides of this issue.

The inevitable costs deriving from the implementation of these
devices (e.g. CardioMEMS listed as $17 750 with Medicare),*’ the
use of monitoring algorithms, and the development of telemedical

© 2022 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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evaluation units are important issues to be addressed. Some
analyses suggested that haemodynamic-guided management may be
cost-effective with a favourable clinical and economic impact.*2*
However, it should be recognized that the costs of deploying
telemedical evaluation units have been roughly estimated and might
be a major burden for health systems. As a result, additional data
on device maintenance and monitoring costs are needed to guide
future global economic assessments.

The success of remote monitoring strategies will depend on the
optimal data transmission, as well as on the physicians’ clinical atti-
tude to telemonitoring strategies and on patients’ engagement and
acceptance. Machine-learning systems could address these limita-
tions, implementing virtual coaching systems for both healthcare
professionals and patients.* Future RCTs will provide further data
on the effectiveness of guided management according to parame-
ters monitored through a wide range of devices.*

Limitations

Our study has some limitations. First, the lack of patient-level data
has foreclosed the assessment of potential treatment modifiers.
Particularly, two trials testing haemodynamic-guided management
included a proportion of patients with LVEF >40%, and it cannot
be ruled out that this may have influenced the impact on mor-
tality of this monitoring strategy.'’'? Second, two trials assessed
an endpoint of first hospitalizations instead of recurrent hospi-
talizations. However, the results after removing those trials were
consistent with the main analysis. Third, some studies have not
reported or are heterogeneous in defining the outcome of HF hos-
pitalizations, limiting results reliability. Fourth, one study may have
enrolled a small proportion of patients without HE'* However, at
leave-one-out sensitivity analysis, the exclusion of this trial pro-
vided results consistent with the main analysis. Fifth, the use of
the patient-years approach may have led to a bias due to partially
reported arm-specific follow-up times. However, the inclusion of
only RCTs and the use of the Poisson regression model reduced
the risk of this bias, supporting results validity.*

Conclusion

Compared to standard therapy, a device-based remote monitor-
ing strategy for haemodynamic-guided management of patients
with HF is associated with a reduction in the composite of
all-cause death and hospitalizations for HF, driven by a reduction
in hospitalizations without a significant mortality benefit. Con-
trarily, an impedance-guided management was not able to pro-
vide significant benefits. Further research will determine whether
haemodynamic-based remote monitoring strategy is cost-effective
in guiding the management of patients with HE.
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