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ABSTRACT

Heart failure (HF) remains a leading cause of morbidity, mortality, and
healthcare expenditures. A surge in novel technologies targeting different
components of chronic HF pathophysiology has emerged, including the
CardioMEMS pulmonary artery pressure monitor, the carotid barostimulator
(Barostim Neo™) and the Bodyport cardiac scale. Despite the growing
availability of remote solutions, the limited availability of robust studies has led
to lower-level recommendations by national cardiology societies which may
limit their adoption. One way to generate practical application data is by
integrating established real-time hemodynamic monitoring devices with novel
innovations, providing real-world evidence to support emerging solutions. In
this case series, we review remote patient monitoring tools and their ability to
evaluate novel implanted cardiovascular devices. This study aims to illustrate
the benefit of clinical integration of these technologies and advocate for further
use of this approach to enhance their real-world applicability in patient care.
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Introduction

Heart failure (HF) remains a leading cause of morbidity,
mortality, and healthcare expenditures. Along with
advances in guideline-directed therapies, the
prevalence of HF is rising with projections estimating
over 8 million affected adults in the United States by
2030". Effective outpatient management is essential to
reduce hospitalizations>. The complexity of HF
management is compounded by patient adherence,
financial constraints, and sociodemographic disparities
requiring a multidisciplinary team-based approach3. As
prevalence continues to grow, interventions needed to
continue improving mortality and quality of life may be
limited as identification of decompensated HF remains
rooted in physical examination findings which have
limited positive predictive value**.

To address this limitation, the use of remote patient
monitoring (RPM) tools allows patients and providers
to identify decompensation earlier in the course, and
titrate treatment appropriately. The CardioMEMS
pulmonary artery pressure monitor is an implantable
wireless monitoring system that provides direct
hemodynamic change detection and is well-
established in HF management®”. The Bodyport
Cardiac Scale is an emerging technology that employs
a technology-enabled weight scale to track changes in
multiple noninvasive biomarkers that generate a fluid
vector to inform worsening volume status and alert
impending heart failure exacerbations; potentially
offering complementary information®. Despite the
growing availability of remote solutions, the limited
availability of robust studies has led to a 2b
recommendation of CardioMEMS by the American
College of Cardiology and the American Heart
Association”®. Nevertheless, these RPM devices continue
garnering attention from experts to supplement the
efforts of reducing HF hospitalization rates.

A surge in novel technology targeting treatment
through different components of chronic HF
pathophysiology has emerged. Recent innovations
that have captured significant attention from the HF

CardioMEMS™ HF System

A

academic community and industry partners include:
Barostim Neo™ and V-Wave interatrial shunt. The
Barostim Neo™ device utilizes carotid baroreceptor
stimulation through activation of the parasympathetic
nervous system to improve cardiac function***, The V-
Wave interatrial shunt is another device that works by
physically offloading the failing left heart, allowing for
pressure and volume relief**8,

Although there has been a growth in the number of
novel technological interventions, there is hesitation
from patients, clinicians, and health systems to adopt
them given the limited ability to assess clinical benefit
in a practical setting. To this end, we aim to demonstrate
through this case series how an integrative approach
combining established RPM devices can be used to
evaluate the efficacy of new technologies and augment
evidence of their practical use.

Methods

We reviewed two cases demonstrating the utility of
noveltechnologies, the Barostim Neo™ neurostimulator,
and the V-Wave interatrial shunt, using two different
RPM devices, the CardioMEMS monitoring system and
the Bodyport Cardiac Scale. We also reviewed a case
comparing the noninvasive and invasive RPM devices.

Cases

#1: RPM TOOL EVALUATING NOVEL
NEUROHORMONAL STIMULATION DEVICE
Baroreceptor activation therapy (BAT) stimulates
carotid baroreceptors to increase parasympathetic
activity, leading to a reduction in afterload and cardiac
remodeling. BAT is FDA approved for use in patients
with LVEF< 35%, yet device use has been limited partly
due to a lack of data demonstrating long-term clinical
efficacy*?. CardioMEMS (demonstrated in Figure 1A), a
pulmonary artery pressure sensor with RPM capacity
that is implanted in the pulmonary artery, has achieved
widespread clinical use for remote monitoring in HF
patients™.

BAROSTIMNED™

Figure 1: Figure 1A illustrates the CardioMEMS™ HF System, an implantable sensor placed into distal branches of the pulmonary artery during right heart catheterization.
Pulmonary arterial pressures are then wirelessly transmitted to provide estimates of volume status to a reviewing clinicians.

Figure 1B illustrates the Barostim™ Neo Implant. A pulse generator is placed in the subcutaneous tissue with a stimulating electrode connected to the carotid sinus.
Electrical signals delivered to carotid baroreceptors stimulate the baroreflex pathway to decrease sympathetic tone, reducing heart rate and systemic vascular resistance4.
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An 88-year-old (y/o) male with a history of ischemic
cardiomyopathy (LVEF 34%), status post CardioMEMS,
presented with severe tricuspid regurgitation,
however, was deemed not to be a surgical candidate for
repair. He was subsequently approved for and
underwent BAT device placement, illustrated in Figure
1B below. Prior to BAT, he had chronically elevated PA
diastolic pressure (PADP) requiring nearly weekly
adjustment to diuretic therapy. Following implantation
of BAT, the patient required no additional medication

Day 71:
Barostim
device
placed

Day 110:
Barostim
activated

[ = medication change based on CardioMEMS

[ = Barostim device augmentation

PA Diastolic (mmHg}

50 100

+ goal PA Diastolic Pressure (mmHg)

3 Day 30: Increase
| torsemide x2 days

Day 68: Data reviewed
pre-op

Day 10:

PA Diastolic

adjustments to maintain PADP goal of 22 mmHg. BAT
demonstrated clinical efficacy in reducing vascular
congestion without additional medication titration as
demonstrated by the consistent PADP data presented
via the CardioMEMS device, captured in Figure 2.

Day 260: Clinic
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Figure 2: Figure 2 shows patient’s pulmonary artery diastolic pressure (goal PADP = 22 mmHg) and delta from goal PADP over time, with medication changes and
Barostim™ manipulation demarcated at various time points. Prior to Barostim™ placement, this patient required nearly weekly medication titration with persistently
elevated PADP. After Barostim™ activation on Day 110, no titration of medication regimen was needed to maintain goal PADP26.

#2: INVASIVE VERSUS NONINVASIVE RPM TOOLS
FOR HEART FAILURE

The Bodyport Cardiac Scale measures hemodynamic
biomarkers viaembedded sensors in a weight scale*. In
this case study, we qualitatively compared the

PG

\ ECG

AIPG

Time series signals

performance of the Bodyport Cardiac Scale (weight,
fluid vector, heart rate, illustrated in Figure 3) and
CardioMEMS in the longitudinal management of a
patient with HF.

Cardiac output
Stroke volume
Systolic time intervals
Pulse rate
Pulse rate variability
Fluid vector
Center of pressure

Body weight

Feature extraction Biomarker calculation

Figure 3: Bodyport cardiac scale and data collection abilities such as ballistocardiography(BCG) and impedance plethysmography(IPG). From Fudim et al. 2023, “use of a
Cardiac Scale to Predict Heart Failure Events: Design of SCALE-HF1”, Circulation: HF. 2023, 16(5).

A 71 y/o female with HFpEF (NYHA lII, Stage C) and
group 2 pulmonary hypertension was monitored for
evidence of volume overload, with data captured on
Figure 4 below. On six occasions the patient had an
increased fluid vector and weight which improved with
additional bumetanide for 1-7 days. The pulmonary
artery diastolic pressure (PADP) as measured by the

© 2025 European Society of Medicine

CardioMEMS device remained elevated with wide
variability at each timepoint. On day 89, the patient
reported shortness of breath with an increased fluid
vector; however, her PADP of 25mmHg was below her
average of 26mmHg. Increased diuretic for 2 days
improved her fluid vector, PADP, and symptoms.
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Figure 4: Figure 5 displays several parameters obtained from non-invasive monitoring with Bodyport Cardiac scale use alongside the patient's PADP as measured by invasive
CardioMEMS placement. Patient had wide variability in PADP and occasional discordance between PADP readings and symptoms after Day go. Fluid indices and weight
obtained by noninvasive BodyPort scales however correlated well with the patient's subjective heart failure symptoms and were used to help titrate medications.*”

In a patient with HFpEF and pulmonary hypertension,
chronically elevated (>25mmHg) and highly variable
PADP made management of her volume status
challenging despite there being an implanted device.
The fluid vector from the cardiac scale trended with the
patient's clinical status and enhanced the team's ability
to remotely manage her HF.

#3: NONINVASIVE RPM TO EVALUATE
INTRACARDIAC DEVICE EFFICACY

Managing heart failure in patients with complex
structural heart disease often requires a multimodal
approach that integrates remote monitoring strategies
with advanced therapies to optimize care. The
MitraClip, a transcatheter mitral valve repair device,
has been shown to improve outcomes in patients with
mitral regurgitation and heart failure by reducing
symptoms and hospitalizations®. Similarly, the V-Wave
interatrial shunt aims to alleviate left atrial pressure
and mitigate congestion in HF patients®?®,
Complementing these interventional therapies, the
Bodyport scale provides non-invasive, remote fluid
status monitoring, enabling early detection of
congestion and timely intervention.

An 81 y/o male with a medical history including
ischemic HFrEF (EF 26%), coronary artery bypass
grafting with redo procedure, severe aortic stenosis
now status post (s/p) transcatheter aortic valve
replacement (TAVR) procedure, s/p V-wave interatrial
shunt placement (2019), and s/p CRT-D placement,

© 2025 European Society of Medicine

presented with shortness of breath secondary to volume
overload. The patient was noted to have had three
separate admissions within a six-month period for HF
exacerbations. Subsequently, this patient was enrolled
in the USC and Bodyport Remote Heart Failure
Management Study (NCTo4975633) for closer fluid
status monitoring, with eventual MitraClip placement
for moderate-to-severe mitral regurgitation contributory
to HF.

In this patient with recurrent presentations for HF and
MitraClip placement for contributory valvular disease,
BodyPort monitoring of fluid index and weight was
crucial in titration of home diuretics and GDMT post-
procedurally, as shown in Figure 5 below. The patient
felt well after MitraClip placement and independently
discontinued SGLT2i and decreased home diuretic
dosing but managed to avoid hospitalization with the
benefit of prudent intervention based on remote
monitoring.
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Figure 5: Figure 5 tracks this patient’s weight and fluid index through a noninvasive measurement with the BodyPort cardiac scale. Alarms for overload were enabled during
the second half of the trial. Following a long period of euvolemia after MitraClip placement, the patient independently discontinued SGLT-2 therapy, triggering an alarm
for an increased fluid index. Patient’s cardiologist was able to adjust outpatient GDMT based on BodyPort readings to prevent hospitalization for decompensated heart

failure exacerbation.

Discussion:

This case series demonstrates practical applications of
remote patient monitoring tools, both invasive and
non-invasive, to evaluate the real world applicability of
novel or investigational medical devices in the
management of patients with HF. Each case provides
specificinsights into the integration of RPM with advanced
therapies, offering actionable lessons for clinicians.

In Case 1,the integration of CardioMEMS, an invasive
RPM tool, with BAT demonstrated the utility of RPM in
objectively assessing the efficacy of a novel device
outside of a standard clinical trial setting. This case
involves an 88-year-old male with HFrEF and severe
tricuspid regurgitation who was not a surgical
candidate. He underwent implantation of a baroreflex
activation device to improve symptomatic management
of volume management. Prior to BAT, the patient
required nearly weekly adjustment of his diuretic
therapy. The stabilization of his PADP following BAT
initiation without the need for diuretic adjustment
provides clear evidence of BAT's clinical benefit in
reducing vascular congestion. This evidence is important
as previously published clinical studies regarding BAT
excluded patients with a similar profile (e.g. elderly
patients who are poor surgical candidates). This
underscores the value of continuous hemodynamic
monitoring in optimizing device therapy for advanced
HF patients, particularly in real-world settings where
traditional clinical trial data may be lacking.

The head-to-head comparison of invasive (CardioMEMS)
and noninvasive (BodyPort Cardiac Scale) further
exemplifies how predicate RPM can be used to evaluate
new medical technologies and devices. Case 2 involves
a 71i-year-old female with HFpEF and group 2

pulmonary hypertension with an existing CardioMEMS
PA pressure monitoring device, who was given a
noninvasive Bodyport scale that can measure fluid
index through biometric sensors along with a patient’s
weight.  While  CardioMEMS  provided direct
hemodynamic data, Bodyport offered actionable
insights into fluid status through weight and fluid
vector trends. Notably, Bodyport’s ability to detect
early signs of fluid overload—even in the presence of
variable PADP—demonstrates the potential of non-
invasive tools to enhance remote HF management and
guide therapeutic decisions.

Case 3 involved a complex patient with multiple cardiac
interventions; a noninvasive RPM device (Bodyport
Cardiac Scale) played a critical role in post-procedural
monitoring following transcatheter mitral valve
replacement (MitraClip). This case involves an 81-year-
old male with ischemic HFrEF, with multiple inpatient
admissions for HF exacerbation. He was monitored via
the Bodyport scale and eventually underwent a
MitraClip placement. The detection of fluid index and
weight trends enabled timely adjustments to diuretics
and guideline-directed medical therapy (GDMT),
preventing hospitalization. This case exemplifies how
non-invasive RPM can support the evaluation of
structural heartinterventions and improve outcomes in
high-risk HF patients.

The cases presented here underscore several key
principles for leveraging RPM to evaluate novel HF
technologies in clinical practice:

1. COMBINING NON-INVASIVE AND INVASIVE RPM
TOOLS

As newer RPM tools enter the market, being able to
compare the data generated by these tools with
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existing, validated RPM tools is critical for both patients
and clinicians. We propose that, whenever possible,
pairing non-invasive RPM (e.g., Bodyport Cardiac
Scale) with invasive devices (e.g.,, CardioMEMS)
provides a more comprehensive approach to HF
management. While invasive tools offer precise
hemodynamic data, non-invasive tools enhance
accessibility, patient comfort, and longitudinal
monitoring. This dual approach can improve the
evaluation of novel devices by capturing both
physiological and patient-centered outcomes.

2. INTEGRATING PATIENT SYMPTOM MONITORING
While not always presented in clinical studies as a
primary endpoint, patient-reported outcomes (PROs)
such as symptom management or quality of life are
important markers to assess if a device has true real
world applicability. Stated simply, if patients cannot
experience a perceived improvement in their disease
process, the uptake and distribution of these novel
devices or technologies should be limited. For example,
Bodyport's ability to detect early signs of fluid
overload, even in the absence of significant PADP
changes, highlights the importance of integrating
symptom monitoring into RPM strategies.

3. FACILITATING TIME-LIMITED TRIALS

RPM can support time-limited trials of novel devices by
providing continuous, objective data on their efficacy.
For instance, the use of CardioMEMS to monitor PADP
post-BAT implantation provided clear evidence of
clinical benefit within a defined follow-up period. Such
trials can help address hesitancy among patients,
clinicians, and health systems by generating real-world
evidence of device performance.

This case series sought to demonstrate examples of the
transformative potential of RPM in evaluating novel HF

technologies. By pairing established RPM tools with
investigational devices, clinicians can generate real-
world evidence to support their adoption and
integration into clinical practice. The cases highlight
the importance of combining invasive and non-invasive
diagnostics, incorporating patient symptom monitoring,
and leveraging RPM for diuretic and outcome
measurement. As the field of HF management
continues to evolve, RPM will play an increasingly
critical role in bridging the gap between clinical trials
and real-world practice. Future research should focus
on standardizing RPM protocols, developing predictive
algorithms, and addressing barriers to implementation,
such as cost and patient adherence.

Conclusion

In conclusion, RPM represents a powerful tool for
evaluating and optimizing novel HF therapies, and may
ultimately improve outcomes for patients with this
complex and heterogeneous condition. Its integration
into clinical practice can provide clinicians with the
evidence needed to confidently adopt innovative
technologies, ensuring that patients benefit from
advancements in HF care.
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