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Abstract

Background: Heart failure (HF) readmission continues to be a ma-
jor health problem. Monitoring pulmonary artery pressure (PAP) and
thoracic impedance (TI) are the two modalities utilized for early iden-
tification of decompensation in HF patients. We aimed to assess the
correlation between these two modalities in patients who simultane-
ously had both the devices.

Methods: Patients with history of New York Heart Association class
III systolic HF with a pre-implanted intracardiac defibrillator (ICD)
capable of monitoring TI and pre-implanted CardioMEMs™ remote
HF monitoring device were included. Hemodynamic data including
TI and PAPs were measured at baseline and then weekly. Weekly per-
centage change was then calculated as: Weekly percentage change =
(week 2 - weekl)/week 1 x 100. Variability between the methods was
expressed by Bland-Altman analysis. Significance was determined as
a P-value < 0.05.

Results: Nine patients met the inclusion criteria. There was no sig-
nificant correlation between the assessed weekly percentage changes
in pulmonary artery diastolic pressure (PAdP) and TI measurements
(r=-0.180, P = 0.065). Using Bland-Altman analytic methods, both
methods had no significant difference in agreement (0.011+0.094%,
P =0.215). With the linear regression model applied for Bland-Alt-
man analysis, the two methods appeared to have proportional bias
without agreement (unstandardized beta-coefficient of 1.91, t 22.9,
P<0.001).

Conclusion: Our study demonstrated that variations exist between
measurement of PAdP and TI; however, there is no significant cor-
relation between weekly variations between them.
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Introduction

Heart failure (HF) is a major health problem with a continu-
ous rise in its prevalence despite major advances in pharma-
cotherapy and adjunctive therapies over the past few decades
[1]. It affects approximately 6 million or 1.8% of the total US
population as per the 2021 American Heart Association Statis-
tical Update [2]. HF is one of major causes of hospitalization
[3] and is associated with high readmission rates and thus in-
creased mortality [4]. Over the past several decades, multiple
attempts have been made to improve HF readmission rates in-
cluding the introduction of new classes of medications. In the
Paradigm-HF trial [5], the use of angiotensin receptor-neprily-
sin inhibitor (ARNI) resulted in a decreased rate of readmis-
sion for HF. More recently, sodium-glucose co-transporter-2
(SGLT-2) inhibitors dapagliflozin [6] and empagliflozin [7,
8] also similarly reduced HF hospitalization when added to
goal-directed medical therapy. Despite these significant recent
medical advances, readmissions in patients with chronic HF
have continued to rise over the past decade [9]. About 31% of
the patients are readmitted within 90 days [9].

The most common reason for admission with acute HF is
congestion [10]. Continued efforts are being made to utilize re-
mote monitoring to identify patients at early stages of conges-
tion and institute therapeutic changes that reduce readmission.
Remote monitoring of pulmonary artery pressure (PAP) using
the CardioMEMS™ HF System (Abbott Laboratories, Sylmar,
CA) has shown promise in reducing readmission rate and thus
improving outcomes. However, randomized controlled trials
have shown conflicting results. The COMPASS-HF [11] trial
showed that assessing implantable continuous hemodynamic
monitor-guided care did not significantly reduce total HF-re-
lated events compared with optimal medical management. On
the other hand, the CHAMPION trial, a major randomized con-
trolled trial, showed hemodynamic monitoring using PAP led to
increased medication changes and reduced HF hospitalization
[12]. A more recent trial, the GUIDE-HF [13], failed to show a
benefit of hemodynamic monitoring on the composite endpoint
rate of mortality and total HF events. However, the results were
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affected by a COVID-19 pandemic mainly driven by signifi-
cant reduction in HF hospitalization in the control group dur-
ing the pandemic. This was possibly related to multiple factors
including but not limited to changes in patient compliance with
medications and dietary restrictions, access to health care and
possible effect of COVID-19 on disease progression. However,
an analysis of the pre-pandemic period showed reduced HF
hospitalization rate in the management group compared with
the control group. Despite the proven benefit, its large-scale
adoption in the real world continues to lag behind [14].
Another commonly utilized non-invasive modality is meas-
uring the thoracic impedance (TI) using the cardiovascular im-
plantable electronic devices (CIED). Studies have shown that
monitoring of T is correlated to increase in pulmonary capillary
wedge pressure and congestion [15]. It was also found that de-
creased TI was independently associated with increased risk of
HF hospitalization [16, 17]. As a result, algorithms were devel-
oped and studied to assess utility of this modality in predicting
acute decompensation. However, these studies showed low sen-
sitivity and high inter-patient variability in predicting episodes
of acute decompensation in patients with chronic HF [18]. In
the DOT-HF study, a randomized controlled trial management
based on alerts from decreased TI failed to decrease hospitaliza-
tion and/or improve mortality when compared to usual care [19].
In summary, while the evidence has shown potential ben-
efit of monitoring PAP, the utility of TI remains uncertain. We
designed this prospective study with an aim to assess the cor-
relation between these two modalities in patients who simul-
taneously had both the devices to fully understand the clinical
usefulness of these devices in patients with chronic HF.

Materials and Methods

Study design

Our research protocol was developed and approved by the insti-
tutional review board (IRB). The study was conducted in com-
pliance with the ethical standards of the responsible institution
on human subjects as well as with the Helsinki Declaration.
We included patients with history of New York Heart Associa-
tion (NYHA) class III systolic HF longer than 6 months with a
pre-implanted intracardiac defibrillator (ICD) capable of moni-
toring TI (St. Jude Medical’s Corvue™ Birmingham, MN)
and pre-implanted CardioMEMs™ remote HF monitoring de-
vice. Eligible patients were identified using the Merlin.net™
database of patients with CardioMEMs™ device previously
implanted at our institution (Ascension Providence Hospital,
Southfield) and cross-checking them with our pacemaker clinic
to assess whether they have implanted ICDs which can measure
TI (St. Jude Medical’s Corvue™). After initial identification,
subjects were brought in for a routine clinic visit where con-
sent for enrolment in the study was obtained. During this initial
visit, each patient was assessed for volume status and current
medications, baseline assessment of pulmonary artery diastolic
pressure (PAdP) via CardioMems device along with their St.
Jude ICD interrogation. Patients were subsequently prospec-
tively followed over a period of 12 weeks. Medication changes,
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if needed, were left to the treating cardiologist’s discretion.

Remote hemodynamic data were acquired from the St.
Jude portal (Merlin) for weekly CardioMems PAdP transmis-
sions and biweekly transmissions from CorVue TI recordings.
Weekly PAdP values (mm Hg) were averaged (defined to be
valid for at least three valid transmissions per week) for an
individual subject during the follow-up duration.

TI data were acquired from St. Jude’s CorVue remote device
monitoring system. The weekly values (ohms) were acquired
from reconstructed graphs/curves using the web-based software
program, WebPlotDigitizer [20]. For comparison across a uni-
form variable for the two methods, weekly PAdP measurements
were averaged. Weekly percentage change was then calculated
as: Weekly percentage change = (week 2 - week1)/week 1 x 100.

Statistical analysis

All statistical analyses were performed using IBM SPSS, ver-
sion 21.0 [21]. Summary statistics are presented as N (%) for
categorical variables; continuous variables are presented as
mean + standard deviation (SD). With presence of outliers and
skewed distribution of TI data (P = 0.161 for weekly change
in PAdP and P = 0.015 for weekly change in TI by Shapiro-
Wilk test), non-parametric, Spearman correlation coefficient
was utilized for the comparison of weekly percentage change
in PAPs obtained with CardioMEMS™ and CorVue TI data.
Variability between the methods was expressed relative to the
average PAdP plus 2 SDs by Bland-Altman analysis [22]. Sig-
nificance was determined as a P-value < 0.05.

Results

We identified nine patients in our practice with previously im-
planted St. Jude ICDs as well as CardioMems devices. Base-
line demographic, clinical data, pharmacologic regimen and
baseline hemodynamic PAP readings from CardioMems are
presented in Table 1.

Aside from one subject (with missing CardioMems trans-
missions for weeks 3 and 12), all subjects had at least three re-
liable PAdP transmissions with a total of 106 readings included
in the final analysis. Linear regression and agreement plots for
weekly percentage changes in PAdP from CardioMEMS™ and
CorVue TI measurements are shown in Figure 1. There was no
significant correlation between the assessed weekly percent-
age changes in PAdP and TI measurements (r = -0.180, P =
0.065). Using Bland-Altman analytic methods, both methods
had no significant difference in agreement (0.011+0.094%, P
= 0.215). With the linear regression model applied for Bland-
Altman analysis, the two methods appeared to have propor-
tional bias without agreement (unstandardized beta coefficient
of 1.91,t22.9, P<0.001) (Fig. 2).

Discussion

Reducing readmission among patients with HF remains an
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Table 1. Baseline Characteristics of the Included Patients

N 9
Age (mean + SD), years 74+9
Male gender (n, %) 5 (59%)
BMI (mean + SD), kg/m? 31.7+6.3
Smoking (n, %)
Never smoker 3 (41%)
Current smoker 1 (11%)
Former smoker 5 (55%)
Hypertension (n, %) 9 (100%)
Hyperlipidemia (n, %) 9 (100%)
Diabetes mellitus (n, %) 5 (55%)
Coronary artery disease (n, %) 7 (82%)
Peripheral arterial disease (n, %) 1 (11%)
Atrial fibrillation/other arrhythmias (n, %) 3 (41%)
Chronic kidney disease (n, %) 2 (23%)
Medications (N = 9)
Beta-blockers (n, %) 9 (100%)
ACE-I or ARB (n, %) 3 (41%)
ARB/neprilysin inhibitor (n, %) 4 (44%)
Aldosterone receptor blocker (n, %) 6 (67%)
Diuretics (n, %) 9 (100%)
Other vasodilators (n, %) 1 (11%)
Digoxin (n, %) 1 (11%)

ACE-I: angiotensin-converting enzyme inhibitor; ARB: angiotensin Il re-
ceptor blocker; BMI: body mass index; SD: standard deviation.

unmet need. Recent advances have focused on identifying pa-
tients earlier in the clinical congestive cascade prior to devel-
opment of symptoms [23]. As per the congestive cascade, the
increase in filling pressure significantly precedes decrease in
TI and occurs about 20 and 10 days prior to the development
of symptoms, respectively [24].

Theoretically, accumulation of intrathoracic fluid during
pulmonary congestion results in better conductance, causing a
corresponding decrease in impedance. Thus, a decrease in TI
should allow prediction of congestion leading to subsequent HF
readmission. This hypothesis was described in an early study
by Yu et al [15]. They found that TI decreased before each HF
hospitalization and was associated with increased pulmonary
capillary wedge pressure during hospitalization. However,
management based on these changes failed to decrease read-
mission rates in randomized controlled trials [19]. One of the
explanations is that there are numerous factors contributing to
variations in measurements of TI by implanted devices. Tang
and colleagues described that electrode placements, blood con-
tent, viscosity, skin moisture, body composition, body habitus,
aortic valve disorders, volume status of a patient, as well as
environmental noise among others can contribute to changes
in TI values [25]. In addition to that, the short period between
occurrence of changes in TI and clinical decongestion does
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not allow enough time for clinical decision-making including
medications changes to affect outcomes.

This stands in contrast to remote monitoring of PAP. As the
increase in filling pressure precedes the decrease in impedance
by approximately 10 days, it is presumed to be more beneficial
than measuring TI and will allow for earlier identification of
patients with decompensation. Multiple studies have assessed
the utility of these two modalities in reducing HF readmission
and thus improving outcomes independently. We aimed to as-
sess the simultaneous correlation between the two modalities.
Our study demonstrated that variations exist between measure-
ment of PAdP and TI; however, there is no significant correla-
tion between weekly variations between them. A similar study
by Volodarskiy et al found no significant correlation between
changes in PAP and TI during follow-up period in chronic HF
patients [26]. Furthermore, they found that no significant vari-
ations existed in either of the two modalities prior to admission
with decompensation [26].

Another study that assessed correlation between the two
modalities was conducted by Perego et al [27]. They found that
there was a significant negative correlation in variation of PAP
and TI from baseline value. However, like our study results,
the weekly variations in these two parameters did not correlate.

Putting all the data from clinical trial and our study in per-
spective, it may be reasonable to conclude that hemodynamic
monitoring using PAP is more beneficial than monitoring of TI
as it allows for earlier identification of possibly decompensat-
ing patients and thus leads to improved outcomes.

Limitations

This is a single-center study and carries inherent limitations.
Besides a small sample size, local patient demographics and
characteristics could further limit the generalization of these
findings. While we used only a single device algorithm (St.
Jude CorVue) to assess TI, this cannot be generalized to oth-
er device algorithms like Medtronic’s OptiVol or BioTronik.
While the weekly percentage variation appears to correlate,
with limited sample size and short duration of follow-up with
no HF-related readmission during the study duration, it is not
possible to make any conclusions on the preceding variations
in PAdP or TI. Larger randomized trials are needed to predict
which variables are better predictors of HF-related admissions.

Conclusion

Significant PAP and TI variations can exist in patients with HF.
Our study showed there was no significant correlation when
assessing weekly variations between TI and PAP values. Al-
though TI values have shown negative correlation with PAP
measurement, data are lacking regarding their clinical benefit
in capturing patients in the initial stages of the HF cascade and
reducing hospitalizations related to acute exacerbations. PAP
remote monitoring may be a more useful tool to monitor HF
patients and to reduce their hospital readmissions for decom-
pensation.
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Figure 1. Correlation between weekly percentage changes in pulmonary artery pressure and thoracic impedance.
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