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Abstract

Our recently published systematic review and meta-analysis of heart failure (HF) remote monitoring using implantable devices
(Hajduczok et al. in HF Reviews 1-20, 1) has been updated to reflected new data from the GUIDE-HF trial (Lindenfeld et al. in
Lancet 398(10304):991-1001, 2). Data from randomized controlled trials (RCTs) was assessed to determine the effectiveness
of implantable remote monitoring on the improvement of outcomes in HF patients. With the inclusion of the data from 1000
patients followed for 12 months in GUIDE-HF, our conclusions remain unchanged: Compared to standard of care, remote
monitoring using implantable devices did not reduce mortality, CV, or HF hospitalizations. However, right ventricular/pul-
monary pressure monitoring may reduce HF hospitalizations.
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To the editors:

We would like to update our recently published manu-
script (Hajduczok et al. [1]) due to the emergence of new
data from the GUIDE-HF randomized controlled trial (RCT)
that meets the inclusion criteria of our systematic review and
meta-analysis [1, 2].
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In Hajduczok et al., we reported data from 11 RCTs that
tested implantable remote monitoring versus standard of care
for management of heart failure (HF) patients [1]. Primary
endpoints were all-cause mortality and a composite of car-
diovascular (CV) and HF hospitalizations. Remote monitor-
ing did not reduce mortality (RR 0.89 [95% CI 0.77, 1.03])
or the composite of CV and HF hospitalizations (RR 0.98
[0.81, 1.19]). Subgroup analysis found significant heteroge-
neity of treatment effects (HTE) for hospitalizations between
those studies that used right ventricular/pulmonary pressure
monitoring versus impedance-based monitoring (*=87.1%,
chi’=7.75, p=0.005). We concluded that although implant-
able remote monitoring did not reduce mortality, CV hos-
pitalizations, or HF hospitalizations, that right ventricular/
pulmonary pressure monitoring may reduce HF hospitaliza-
tions and that these conclusions would need further valida-
tion from future studies, namely from GUIDE-HF [2].

GUIDE-HF, published in the Lancet in 2021, built upon the
CHAMPION trial, which showed a 33% reduction in HF hos-
pitalizations after 18 months of follow-up using pulmonary
artery (PA) pressure monitoring versus control [3]. CHAM-
PION enrolled New York Heart Association (NYHA) Class
III HF patients with a previous HF hospitalization but was
not powered to detect differences in mortality. In GUIDE-HF,
1000 patients were randomized to a PA pressure monitoring
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strategy using CardioMEMS (Abbott) or standard follow-up
for HF. The trial enrolled a broader group of patients than
CHAMPION, including those with NYHA Class II-IV
symptoms regardless of ejection fraction (EF) and either a
HF hospitalization within 12 months or elevated BNP or NT-
proBNP (BNP >250 pg/mL or NT-proBNP > 1000 pg/mL).
The primary endpoint was a composite of all-cause mortality
and HF events (HF hospitalizations and urgent emergency
department or unplanned clinic visits) [3].

The study did not meet its primary endpoint, with 253
primary endpoint events (0.56 events per patient-year)
occurring in the remote monitoring group and 289 events
(0.64 per patient-year) in the standard of care group (hazard
ratio [HR] 0.88, 95% confidence interval (CI) 0.74-1.05).
There were 185 HF hospitalizations in the treatment group
and 225 in the control group (HR 0.83, 95% CI 0.68-1.01).
There were no significant differences in mortality between
the treatment and control group [3].

In a pre-COVID-19 subgroup analysis comparing out-
comes prior to March 2020, there was a reduction in pri-
mary endpoint events with 177 events (0.55 events per
patient-year) in the treatment group and 224 events (0.68
events per patient-year) in the control group (HR 0.81, 95%
CI 0.66-1.00). Similarly, HF hospitalizations were reduced
in the treatment group (HR 0.72, 95% CI 0.57-0.92;

Remote Monitoring Control
Study or Subgroup Events Total Events Total

Weight M-H, Random, 95% CI

p=0.0072). Consistent with the overall analysis, there were
no differences in all-cause mortality in this subgroup [3].

The addition of the GUIDE-HF results to our meta-
analysis yields 12 total RCTs of implantable remote moni-
toring for HF patients (n=7196) with mean follow-up of
20.5 months, mean age of 65 years, and EF of 29.3%, respec-
tively (Tables S1, S2). The overall results of our analysis are
unchanged. There remains no difference in all-cause mortal-
ity (RR 0.91 [95% CI 0.79-1.04]), CV or HF hospitaliza-
tions (RR 0.96 [95% CI 0.82—-1.14]), or HF hospitalizations
alone RR 0.94 [95% CI 0.77-1.15]) (Figs. S1-4).

Notably for HF hospitalizations, there remains a dif-
ference in treatment effects between those with implanted
right ventricular or pulmonary pressure monitoring systems
versus those with thoracic impedance-based monitoring
devices (RR 0.77 [95% CI 0.64-0.92] vs. RR 1.10 [95%
CI 0.96-1.26]; test for subgroup differences: I°=89.5%,
chi’=9.56, p=0.002) (Fig. 1).

The findings from GUIDE-HF are consistent with our
prior conclusion that right ventricular/pulmonary pressure
monitoring may reduce HF hospitalizations [1]. Overall the
addition of the GUIDE-HEF results to our previously pub-
lished meta-analysis tightened the confidence interval and
had minimally affected the point estimate for reduction of
HF hospitalizations.

Risk Ratio Risk Ratio

M-H, Random, 95% CI

1.7.1 Intracardiac pressure monitoring

Abraham 2016 182 270 279 280 10.8%
Adamson 2011 79 202 83 198 9.1%
Bourge 2008 37 134 57 140 7.6%
Lindenfeld 2021 185 497 225 503 10.2%
Subtotal (95% CI) 1103 1121 37.6%
Total events 483 644

Heterogeneity: Tau? = 0.02; Chi? = 12.76, df = 3 (P = 0.005); I = 76%
Test for overall effect: Z = 2.82 (P = 0.005)

1.7.2 Impedance-based monitoring

Bohm 2016 220 505 218 497 10.3%
Boriani 2017 197 437 200 428 10.2%
Domenichini 2016 11 41 6 39 2.7%
Hindricks 2014 23 333 27 331 5.2%
Landolina 2012 57 99 49 101 8.7%
Luthje 2015 20 87 22 89 5.3%
Morgan 2017 315 824 297 826 10.4%
Van Veldhuisen 2011 115 168 74 167 9.6%
Subtotal (95% CI) 2494 2478 62.4%
Total events 958 893

Heterogeneity: Tau? = 0.02; Chi? = 18.99, df = 7 (P = 0.008); I’ = 63%
Test for overall effect: Z=1.39 (P = 0.17)

Total (95% CI) 3597

Total events 1441 1537
Heterogeneity: Tau? = 0.07; Chi*> = 99.66, df = 11 (P < 0.00001); I> = 89%
Test for overall effect: Z = 0.42 (P = 0.68)

Test for subgroup differences: Chi? = 9.56, df = 1 (P = 0.002), I = 89.5%

3599 100.0%

Fig. 1 Intracardiac pressure monitoring vs. thoracic impedance-based
monitoring (subgroup analysis). Outcomes shown are the composite
of HF or CV hospitalizations. Subgroup analysis showed there was
a statistically significant difference in the composite of CV or HF
hospitalizations when comparing studies using implanted right ven-

@ Springer

0.68 [0.62, 0.74]
0.93 [0.74, 1.18]
0.68 [0.48, 0.95]
0.83 [0.72, 0.97]
0.77 [0.64, 0.92]

ﬂ!J*

0.99 [0.86, 1.14] -
0.96 [0.83, 1.11] ==
1.74 [0.71, 4.26]
0.85 [0.50, 1.45]
1.19 [0.91, 1.54] .
0.93 [0.55, 1.58]
1.06 [0.94, 1.21] T
1.54 [1.27, 1.88]

1.10 [0.96, 1.26] L 2

T

0.96 [0.82, 1.14]

4

0.2 0.5 2
Favors Remote Monitoring Favors Control

w4

tricular/pulmonary pressure monitoring versus impedance-based
monitoring, favoring the intracardiac pressure monitoring (RR 0.77
[0.64, 0.92] vs. RR 1.10 [0.96, 1.26]); test for subgroup differences:
P=89.5%, chi®’=9.56, p=0.002
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The reasons for the more modest treatment effect on HF
hospitalizations in the GUIDE-HF trial in comparison to
the CHAMPION trial will be debated. However, when the
entire body of evidence for HF management with hemo-
dynamic pressure monitoring is taken as a whole, the con-
clusion continues to suggest a possible benefit in reducing
HF hospitalizations. However, when analyzing all studies,
remote monitoring does not reduce the primary endpoint
of all-cause mortality and HF hospitalizations. Additional
work will be needed to discern the most appropriate use for
improvement of outcomes using implantable remote moni-
toring strategies, but GUIDE-HF adds valuable information
to this rapidly evolving field.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10741-021-10190-x.
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