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Background: After several neutral telehealth trials, the positive findings and subsequent Food and Drug

Administration approval of an implantable pulmonary arterial pressure monitor (PAPM) led to renewed

interest in remote patient monitoring (RPM). Here we seek to provide contemporary guidance on the appro-

priate use of RPM technology.

Results: Although early trials of external RPM devices suggested benefit, subsequent multicenter trials failed

to demonstrate improved outcomes. Monitoring features of cardiac implantable electronic devices (CIEDs) also

did not deliver improved HF outcomes, newer, multisensor algorithms may be better. Earlier technologies using

direct pressure measurement via implanted devices failed to show benefit owing to complications or failure.

Recently, 1 PAPM showed benefit in a randomized controlled trial. Although not showing cost reduction, cost-

benefit analysis of that device suggests that it may meet acceptable standards. Additional research is warranted

and is in progress. Consumer-owned electronic devices are becoming more pervasive and hold hope for future

benefit in HF management. Practical aspects around RPM technology include targeting of risk populations, hav-

ing mechanisms to ensure patient adherence to monitoring, and health care team structures that act on the data.

Conclusions: Based on available evidence, routine use of external RPM devices is not recommended.

Implanted devices that monitor pulmonary arterial pressure and/or other parameters may be beneficial in

selected patients or when used in structured programs, but the value of these devices in routine care

requires further study. Future research is also warranted to better understand the cost-effectiveness of these

devices. (J Cardiac Fail 2018;24:682�694)
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Remote patient monitoring (RPM) seeks to use electronic

means to optimally manage health conditions outside of health

care facilities. RPM first gained popularity in the heart failure
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(HF) community after several studies, including the 1995 study

by Rich et al, demonstrated reductions in HF readmissions with

telephone and clinic follow-up.1 However, subsequent large

randomized trials have brought into question the efficacy of

various forms of RPM. At the same time, the Food and Drug

Administration (FDA) approval of an implantable device that

provides direct real-time measurements of pulmonary arterial

pressure (CardioMEMS HF system, St Jude Medical [now

Abbott], Atlanta, Georgia) has renewed interest and raised

additional questions, such as: What is the place for RPM in the

management of patients with HF? Why the conflicting results

in the trials? What types of RPM are most useful, and what

complementary systems of care are required for RPM to

be effective in the real world? Are the data around

implantable hemodynamic monitoring (IHM) strong

enough to justify its widespread use? Is the new
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technology cost-effective? Will emerging personal health

technologies (eg, Fitbit, iHealth, etc.) have a role in the

care of populations of patients with HF?

The present white paper seeks to provide as meaningful

guidance as possible for answering these and other ques-

tions that may arise regarding the use of RPM. The goal

is to provide clarity to the community managing HF,

especially regarding patient selection, optimal setting

and appropriate use of RPM technology. This paper also

intends to present a blueprint for future goals of RPM

technology.

Past and Present Technologies

RPM via External Electronic Devices

In 1995, Rich et al published on the benefit of telephonic

monitoring in the treatment of patients with HF and created

great enthusiasm for the idea of RPM.1 Since that time,

many studies have been conducted, looking at the benefits

of using either scheduled/automatic telephonic interven-

tions or electronic monitoring systems to improve outcomes

of patients with HF. Several trials showed value of RPM in

reducing clinical events such as mortality and hospitaliza-

tion rates.2�6 But several subsequent randomized trials

however have been unable to replicate those earlier

findings.7�9 Nevertheless, industry and payers continue to

show interest. In 2011, the Veterans Administration

invested $1.38 billion in RPM, estimating a 25%�30%

reduction in hospitalizations among patients with HF and

hypertension.10 In 2013, Medtronic invested in RPM with

the purchase of Cardiocomm Solutions and, more recently,

with the rollout of multiple RPM platforms, such as the

Beacon HF Management Service.11 How can we resolve

this conflict between ongoing commercial enthusiasm for

RPM and research that does not show benefit?

The literature is filled with references to RPM via

external electronic devices that were the subject of a

Cochrane review.12 That data synthesis concluded that

noninvasive home monitoring reduced all-cause mortality

and the rate of HF hospitalizations but did not reduce all-

cause hospitalization. However, those positive findings

run contrary to more recent contemporary large random-

ized trials (not part of the Cochrane review) that did not

show benefit. A closer look into those neutral trials, as

presented in Table 1, suggests that the targeted popula-

tion (ill enough to gain benefit from monitoring), how

the technology is implemented, and how nonadherence is

handled may influence whether there is benefit to using

RPM via external devices.

The United Kingdom’s Whole System Demonstrator

(WSD) program represented a wide scale implementation

of RPM. It was a large program (n = 3154) carried out in

routine clinical practices, but it was not purely an HF trial

(it included diabetes and chronic obstructive pulmonary dis-

ease as well).13 WSD demonstrated a significant reduction

in emergency hospital admissions and mortality.14 How-

ever, the decline in hospital admissions was confined
mostly to the first 3 months of the study when there was an

increase in admissions in the control group, raising ques-

tions about the clinical relevance of these changes. Further-

more, the WSD program was not judged to be cost-

effective, with an average cost of £92,000 per quality-

adjusted life-year (QALY).15 Researchers noted that having

“clinical champions” led to increased engagement of the

clinical staff and better use of the RPM data.13

Which patients should be targeted? Patients who are clin-

ically stable are less likely to appreciate benefit. The WSD

investigators speculate that the program’s effect could have

been stronger if patients were better targeted. They

acknowledge however that there are no clear guidelines to

identify the most appropriate individuals. Patients with

higher New York Heart Association (NYHA) functional

class (FC) or a recent hospitalization seem more likely to

benefit.16,17 Common sense would suggest that patients

with a history of poor attention to their health might benefit,

and clearly, adherence to monitoring is essential.

A recognized limitation of the trials is that many patients

chose not to participate (as high as 80% in some). The reasons

behind this are varied, but many center on a fear of giving up

“in-person” or so-called “warm” care to electronic or “cold”

care.18,19 Staff enthusiasm in recommending and implement-

ing the therapy can be an important factor in overcoming these

barriers as well as enhancing adherence.13

How the RPM is implemented may also be important. A

meta-analysis suggests that the 2 strongest determinants of

benefit are the frequency of monitoring (daily monitoring ver-

sus less than daily) and whether monitoring is linked to medi-

cation adjustments.20 A common barrier in the large neutral

trials was poor adherence. Implementation should therefore

focus on daily monitoring, with mechanisms to monitor and

improve adherence and with specific measures to ensure that

findings from the monitoring drive medication adjustments.

Finally, another novel solution involves the use of a

remote dielectric sensing (ReDS) system that can estimate

lung water content.21 That system was shown to correlate

closely with thoracic fluid content as estimated with the use

of thoracic computerized tomographic scans.22 In a pilot

nonrandomized study, there was benefit. This led to the pro-

spective randomized Sensible Medical Innovations Lung

fLuid Status Monitor Allows rEducing Readmission Rate

of Heart Failure Patients (SMILETM) study, but that study

was terminated by the sponsor reportedly for financial rea-

sons.23 In the absence of randomized prospective data, no

definite conclusions about the effectiveness or cost-effec-

tiveness of the ReDS system can be made.

Conclusions

1. Multiple small-scale and single-center trials demon-

strated the benefit of RPM via external devices on the

outcomes of mortality and hospitalization.

2. However, 5 large prospective randomized trials failed to

show benefit.



Table 1. Exploration of Neutral Trials of External-Device Remote Patient Monitoring (RPM)

Study Size What the Study Involved Potential Explanation for Lack of Benefit

TIM-HF8 n = 710 (355 on RPM) Randomized trial of a Bluetooth-enabled device
designed to follow 3-lead electrocardiography,
blood pressure, and weight

Participants had stable HF, so it may be that remote moni-
toring is not as effective in lower-risk patients.

Tele-HF7 n = 1653 (826 on RPM) Telephone-based interactive voice response system
with a higher-risk population than in the TIM-HF
study.

Patient adherence was poor, with<55% of the study sub-
jects using the device 3 days per week by the end of the
study. Interestingly, a smaller previous trial had shown
benefit; this difference in results implies that how a
technology is implemented might determine benefit.

BEAT-HF9 n = 1437 (715 on RPM) Health-coaching telephone calls with monitoring of
weight, blood pressure, heart rate, and symptoms in a
high-risk population with a 50% rehospitalization rate

Nonadherence was the primary limitation, with only 61%
of patients more than half-adherent in the first 30 days.

Mayo Clinic
study24

n = 205 (102 on RPM) Telemonitoring in a primary care (PC) panel (vari-
ous health conditions and not only HF) in the top
10% of Elder Risk Assessment Index managed
with biometrics (BP, HR, weight, pulse oximetry,
etc) plus daily symptom assessment. Video con-
ference capability was present.

Abnormal telehealth data were directed to PC providers. It
is unclear what action this drove. It might have caused
the PC provider to direct the patient to an emergency
department or a hospital. Could increased symptom sur-
veillance actually increase health care utilization?

TEHAF25 n = 382 (197 on RPM) Electronic device to assess symptoms and educate
patients on HF. Abnormal symptoms directed to a
monitoring nurse. Device tailored itself to
patient’s knowledge.

Excellent adherence with use of the device. Planned and
unplanned face-to-face HF nurse visits were higher in the
control group. Event rates for both groups were lower than
expected. Primary limitation appeared to be the excellent
outcomes in the control group.
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3. The WSD program showed improved clinical outcomes

but failed to meet cost-benefit expectations.

4. RPM, when applied broadly to patient populations,

is unlikely to be beneficial (or at least not in a cost-

effective manner.)

5. RPM via external devices is therefore a tool rather than a

treatment.

6. If RPM is going to be used, it should be (1) carefully targeted

to at-risk patients, (2) implemented/monitored in a way that

ensures high utilization and adherence to care or prespecifies

time-limited usage, and (3) used to direct and improve

patient care (tangible clear actions able to be taken.)

7. The ReDS system is commercially available but does not

have results from testing in a randomized controlled trial.

Data Contained Within Cardiac Implantable
Electronic Devices

Thoracic Impedance Data

In addition to the development and study of external devi-

ces, there has been an increased interest in cardiac implantable

electronic devices (CIEDs) that contain remote monitoring

data.26�29 Among the earliest and most thoroughly evaluated

examples involves the monitoring of thoracic impedance with

the use of implantable cardioverter-defibrillators (ICDs).

Impedance is the measure of resistance to flow of an electrical

current between 2 points. When measured across the chest by

means of either a band electrode or an implanted device,

impedance has been shown to reflect thoracic fluid content.30

An analytical algorithm can be applied to serial thoracic

impedance measurements over a set time period to derive the

clinically meaningful “fluid index” (FI) impedance threshold

risk for a population or individual patient.27

In the clinical studies to date, a variety of diagnostic

algorithms and definitions of FI risk thresholds have been
used. Many, such as the 2007 study by Maines et al31 and

the 2011 study by Abraham et al,26 used the Optivol system

in implanted Medtronic devices. These studies revealed

that thoracic impedance measures did not affect the predic-

tion of HF-related events and appear to have resulted in

more HF hospitalizations (hazard ratio [HR] 1.79;

P = .022).28,32 Several large trials were neutral,32,33 includ-

ing one that highlighted the logistical problems of acting on

FI threshold crossings.33 The SENSE-HF trial showed the

challenges of the technology, with low sensitivity and posi-

tive predictive value, especially early after implantation,

which also happened to be the highest risk period for HF

events.34,35 Although there are multiple reasons for the lim-

ited predictive abilities of these implanted RPM systems,

the most important include (1) the lack of standardized FI

threshold definitions, (2) the frequent occurrence of unex-

plained FI threshold�crossing alarms, resulting in unneces-

sary response and action, and (3) the logistical difficulties

of ensuring timely and effective interventions based on FI

threshold alerts and alarms.28,33 Ultimately, owing to the

lack of significant results and the existence of alternatives,

RPM trials in HF have either (1) incorporated thoracic

impedance into the creation of multisensory predictive

device algorithms36 or (2) abandoned thoracic impedance

altogether.
Heart Rate Variability

Another potential predictor of prognosis in HF is heart

rate variability (HRV), which is a complex integrated

response to multiple adaptive/maladaptive signals, such as

neural, environmental, and emotive inputs.37,38 HRV, when

assessed by means of a number of linear and nonlinear

methods, has been shown to have prognostic value in

chronic HF.39�41 For example, in the UK-Heart study pub-

lished in 1998, investigators demonstrated that SDNN (the
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standard deviation of R-R intervals by Holter monitoring)

was the most powerful predictor of death due to progressive

HF.42 Likewise, in the DIAMOND HF study, DFAa1 (an

assessment of fractal characteristics of the R-R interval

oscillations)39 <0.9 was an independent predictor of mor-

tality.43 Limitations of this approach included the presence

of atrial fibrillation, frequent atrial/ventricular premature

beats, chronic pacing, and high-dose beta-blocker ther-

apy.41 Moreover, the available studies are small, and data

comparing the benefit of this approach with others is lim-

ited. Expert opinion, based on available data, is that the

incremental prognostic values of HRV determinations are mod-

est at best.39,40 To date, no prospective clinical trials using

HRV to improve clinical outcomes in HF have been published.

Combination Algorithms

Given the limitations of individual parameters, many investi-

gators have now turned toward developing combination diag-

nostic algorithms, which can use a more diverse array of

implanted sensors contained within devices.44 For example, in

the MultiSENSE study, a combination index/alert algorithm

called Heartlogic was used to detect HF events (HFEs). It incor-

porated heart sounds, respiration, thoracic impedance, heart

rate, and activity collected by an implanted cardiac resynchroni-

zation therapy�defibrillator (CRT-D) device. The algorithm

was used in 900 patients with NYHA FC II�IV HF and had 2

primary end points: to maintain a sensitivity of �40% to HFEs

and to keep unexplained alerts to �2.0 per patient per year

(as evaluated at the 1-year follow-up).44 Both primary end

points were met. In fact, 89% of subjects had HFE alerts �2

weeks before the corresponding event. The overall sensitivity

of the algorithm was 70%, with a median alert window of

34 days before the HFE and an unexplained alert rate of 1.47

per patient-year. This algorithm was predictive independently

from natriuretic peptide data. Whether this information can lead

to improved management strategies has yet to be determined.

Several other device multisensor diagnostic algorithms,

however, have not revealed similar performance. For exam-

ple, in the CLEPSYDRA (Clinical Evaluation of the Physi-

ologic Diagnosis Function in the Paradym CRT device)

study, a diagnostic algorithm based on minute ventilation

and activity reported a sensitivity of only 34% and a false

positive rate of 2.4 alerts per patient-year.45 Nevertheless,

combination algorithms appear to be a potentially beneficial

RPM method for the detection of HFEs, as exemplified by

the MultiSENSE study as well as other investigations, such

as the PARTNERS-HF study.46

Conclusions

1. Investigations into the use of RPM to detect clinically

relevant shifts in thoracic impedance have had mixed

results, owing to the lack of standardized definitions

regarding FI thresholds and uncertainty about timing

and appropriateness of acting on the information.
2. Sophisticated analyses of HRV have been shown to provide

prognostic information in patients with chronic HF, but the

use of HRV as a marker to guide treatment is unproven.

3. Some studies suggest that combination algorithms may

be a better approach to RPM via CIEDs, but the impact

of these devices on clinical outcomes requires further

investigation.

Implantable Pressure-Sensing Devices

Monitoring Right Ventricular Pressures

Beyond external devices and the data gleaned from CRT/

ICDs, investigators have argued that direct invasive monitor-

ing of intracardiac and pulmonary arterial pressures may pre-

dict HF decompensation at an earlier, asymptomatic

phase.26�29Ambulatory data has shown that symptomatic HF

decompensation is preceded by asymptomatic elevations in

intracardiac and pulmonary artery pressures for days or even

weeks.26,47�49 The Medtronic Chronicle implantable continu-

ous hemodynamic monitoring system (ICHM) was the first

such direct invasive monitoring system.48 The Chronicle

ICHM used a specialized right ventricular lead and sensor to

monitor heart rate, body temperature, activity, right ventricular

systolic/diastolic pressure, right ventricular preejection and

systolic time intervals, and estimated pulmonary arterial dia-

stolic pressure (ePAD).48

In the COMPASS-HF (Chronicle Offers Management to

Patients With Advanced Signs and Symptoms of Heart Fail-

ure) trial, 274 patients with NYHA FC III�IV HF were ran-

domly divided into 2 groups. One group combined optimal

medical therapy with data from the Chronicle ICHM, and the

other continued with optimal medical therapy alone.48 The 3

study end points were (1) freedom from system-related com-

plications, (2) freedom from pressure-sensor failure, and (3)

efficacy defined as a reduction in the rate of HF-related

events, such as emergency visits requiring intravenous HF

therapy and hospitalizations. The first 2 end points were met

in so far as there were no pressure sensor failures and only

8% of patients experienced system-related complications.

The efficacy end point, however, was not met; the Chronicle

group had a nonsignificant 21% lower rate of HF-related

events compared with the control group. Therefore, study

investigators concluded that the Chronicle system did not sig-

nificantly reduce total HF-related events compared with opti-

mal medical management. However, the low observed versus

expected event rate in the control group may have been

attributable to the frequent and intensive contact between

subjects and HF clinics for the duration of the study.50 A post

hoc analysis using the time to first HF-related event after ran-

domization revealed a 36% reduction in the relative risk of a

HF-related hospitalization in the Chronicle group. Another

concern raised about COMPASS-HF was the lack of consis-

tency in the investigators’ responses to changes in ePAD in

asymptomatic patients.

Although 2 retrospective studies of the COMPASS-HF

trial demonstrated similarly nonsignificant improvements in
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clinical outcomes,49,51 they also revealed an important con-

nection between decompensated HF and increases in ePAD.

So too did the REDUCEhf trial,52 which used the same sen-

sor as the Chronicle device integrated into an implantable

defibrillator. The trial randomized 1300 patients with NYHA

FC II�III symptoms to medical and disease management

with or without the hemodynamic information provided by

an ICHM. Trial enrollment was halted prematurely owing to

the revelation of lead failures in earlier studies using this

lead. As a result, although the end point of 90.5% freedom

from system-related complications was met, premature ter-

mination of enrollment did not permit adequate assessment

of the clinical efficacy end point, which required a greater

number of subjects. Nevertheless, study investigators

revealed that ePAD pressures were slightly lower in the

treatment group versus the control group during the 12-

month follow-up, and that subjects with an HF-related event

had higher ePADs than those without an event, regardless of

treatment group. In addition, patients with at least 1 HF-

related event had progressive increases in ePAD in the days

preceding hospitalization,47,52 and baseline ePAD and

change from baseline ePAD were found to be strong inde-

pendent predictors of mortality.53 Thus, although the trials

failed to demonstrate significant benefit, they advanced our

understanding of HF pathophysiology through what they

revealed about ePAD levels.

Conclusions.

1. The trials of pressure monitoring with the use of a lead

in the right ventricular outflow tract were unable to

show improved patient outcomes based on the prespeci-

fied end points.

2. The lack of efficacy may have been related to trial

design and termination of further research due to failures

of the pressure-sensing lead.

3. Regardless of the efficacy of the RPM systems, the trials

revealed important information regarding the pathophys-

iology of HF in “free-living” patients, which may prove

to be useful in the development of future systems.
Monitoring Left Atrial Pressure

The LAPTOP-HF (Left Atrial Pressure Monitoring to

Optimize Heart Failure Therapy) trial used a left atrial pres-

sure�monitoring lead which was placed via transeptal

puncture.54 Data from the lead was fed to a Patient Advisor

Module (PAM) that would provide patients specific advice

on changes in their HF therapy based on their hemodynamic

measurements and physician direction. The trial was

designed to enroll 730 patients with NYHA FC III HF

regardless of ejection fraction but was terminated after 486

patients were enrolled owing to a cluster of implant-related

complications. From the available data presented, the treat-

ment group (feedback instructions based on hemodynamic

data) appeared to have a lower rate of HF events than

the control group (daily medication reminders without
hemodynamic measures input): 0.40 vs 0.70 events per

patient-year, HR 0.57; P = 0.003.55 In the absence of peer-

reviewed data from a completed trial, however, no conclu-

sions can be made about efficacy.

Conclusions.

1. The LAPTOP-HF trial of a left atrial pressure monitor

failed owing to an excess of complications from the

implantation procedure.

2. Limited data from the trial suggest that the hemody-

namic monitoring and associated management algorithm

for patient-directed therapy adjustments could have been

effective.
Monitoring Pulmonary Arterial Pressures

The CardioMEMS device is a sealed pressure sensor

placed into a distal pulmonary artery branch and anchored

with the use of nitinol loops. The device has a coil and

capacitor that resonate at a specific frequency when pulsed

with radiofrequency waves. External pressure on the device

causes a characteristic shift in the resonance frequency that

can be detected and serve as a reliable indicator of pressure

in the pulmonary artery where the device is placed.56 A bal-

loon-tipped flow-directed catheter is used to guide the device

into a pulmonary artery and calibrate the pulmonary artery

pressure measurement. An external antenna placed briefly

under the patient provides power to the device and then

monitors the resonant frequency of the CardioMEMs sensor.

Those resonant frequencies then are used to generate pulmo-

nary artery pressure waveforms. Data are transmitted to a

secure website for subsequent analysis.57 Notification alerts

for pressure thresholds can be individualized, and triggered

alerts can be communicated via multiple platforms, includ-

ing through text messages to the care provider. Trends over

time can be examined for individual patients.

The CHAMPION (CardioMEMS Heart Sensor Allows

Monitoring of Pressure to Improve Outcomes in NYHA

Functional Class III Heart Failure Patients) trial was a pro-

spective multicenter single-blind trial in 550 patients with

NYHA FC III HF and an HF hospitalization within 12

months before enrollment. Patients were followed for a

minimum of 6 months. All patients were implanted with a

CardioMEMS device and then randomized to allow clini-

cian access to transmitted data (in the treatment group) or

usual care (control group).57 The investigators demon-

strated a 28% reduction in the primary end point of HF hos-

pitalizations at 6 months and a 37% reduction in HF

hospitalizations over the entirety of the trial. Freedom from

death and from first HF-related hospitalization was signifi-

cantly reduced in the treatment group. In addition, both pri-

mary safety end points of the trial were met.

The data were presented to the FDA Circulatory Systems

Device panel in 2011, but the device was not approved

owing to panel concerns regarding sponsor access to pres-

sure data and recommendations for management in some
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treatment group subjects.58 Consequently, an analysis of

long-term ongoing follow-up of patients enrolled in CHAM-

PION was performed, this time without sponsor communica-

tions.59 In the patients who had previously received usual

care, open access to pulmonary arterial pressure data for a

mean period of 13 months resulted in a 48% reduction in HF

hospitalization rate, and the risk of death or first HF hospital-

ization was reduced by 47%. Targeted changes in diuretics

and vasodilators were shown to be in large part responsible

for these benefits.60 Based on these data, the CardioMEMS

device received FDA approval in May 2014. A postmarket

registry study was required and is still under way.

Additional analyses of the CHAMPION study have

reported reduced HF hospitalizations with PA pressure

monitoring in patients with HF and preserved ejection frac-

tion61 and reductions in both morbidity and mortality on

top of optimal medical therapy in patients with HF and

reduced ejection fraction.62

Thus, in a single trial, wireless IHMs measuring pulmo-

nary arterial pressure appeared to be effective in reducing

HF hospitalizations in NYHA FC III patients with a history

of HF hospitalization. A postapproval observational study

of 1114 patients with the use of Medicare claims data sug-

gested “real-world” effectiveness of the CardioMEMS IHM

in reducing HF hospitalizations outside the clinical trial set-

ting,63 although an accompanying editorial delineated the

limitations of that observational report.64

Controversy remains around the technology, however,

based on its approval after a single trial. Adoption has been

limited by variable payer coverage, including the lack of a

national coverage decision from the Centers for Medicare

and Medicaid Services (CMS) in the United States. This

has prompted a second large-scale randomized controlled

trial. The GUIDE-HF trial (ClinicalTrials.gov identifier

NCT03387813) aims to enroll 3600 patients, will study the

technology in a broader population (NYHA FC II, III, and

IV rather than just III), and has an estimated completion

date of April 2023.65

Conclusions.

1. Clinical care with the use of the CardioMEMS device

resulted in fewer HF hospitalizations than standard care

in NYHA FC III patients with recent HF-related events.

2. Additional data to confirm earlier findings, determine

best practices, and define cost-effectiveness are needed.
Table 2. California Technology Assessment Forum Assessment
Results

Result
CardioME
MS Arm

Routine
Care Arm

Hospitalizations per patient 2.19 3.18
Life-years per patient 5.72 5.28
QALYs per Patient 2.74 2.44
Total cost per patient $174,037 $156,764

QALY, quality-adjusted life-year.
Cost/Benefit

Ultimately, the successful integration of RPM into the

care of patients with HF will depend on the cost-effective-

ness and value of such technology. Owing to the large and

growing economic burden of HF, even small costs on a per-

patient basis can have large financial ramifications. Because

most direct HF costs are related to inpatient care, RPM

technology, with its goal of reducing hospitalizations, offers

the possibility of substantial savings. Moreover, because
performance measures and payments are increasingly asso-

ciated with the quality of chronic disease management,

health care providers and systems may see cost benefits

from enhanced disease-management strategies.66

Value derived from the incremental benefits of a treat-

ment strategy is weighed against its risks, burdens, and

distractions, all relative to added costs.67 Critical to cost-

effectiveness appraisals are the costs not only of the device,

but also of ongoing monitoring and the follow-up of

remotely captured data. Most analyses of RPM assume that

the increased cost of the technology and associated moni-

toring are offset by reduced hospitalization and other

resource use. However, determining these various inputs

can be difficult, especially in the setting of rapidly evolving

technologies and taking heterogeneity into account.

Because the CHAMPION trial provides some of the only

positive efficacy data for RPM, assessment of RPM value is

most straightforward for CardioMEMS68 and sets the stage

for how value may be determined for other RPM technolo-

gies. Two detailed cost-effectiveness analyses have been

published. The first was by the California Technology

Assessment Forum (CTAF).69 For that, a Markov model

was constructed of the natural history of chronic HF using

event rates from recent literature. The cost of the Cardio-

MEMS device was estimated from the Medicare price

($17,750) plus additional costs, such as implantation, com-

plications, and routine monitoring. As outlined in Table 2,

the CardioMEMS arm showed an increased life expectancy

of 0.44 years and 0.30 quality-adjusted life-years (QALYs)

per patient at an increased cost of $17,274, resulting in a

cost per QALY of $57,933. The second analysis was from a

US payer perspective. Over a 5-year horizon assuming con-

sistent benefits over time, patients in the CHAMPION treat-

ment group had an average of 2.56 QALYs, whereas

patients in the control group had 2.16 QALYs. Total costs

were $212,004 in the treatment group and $200,360 in the

control group, leading to an incremental cost-effectiveness

ratio (ICER) of $29,593 per QALY. When confined to costs

of HF-related events, the ICER at 5 years improved to

$12,262. Thus, both analyses concluded that use of Cardio-

MEMS, according to conditions matching the CHAMPION

trial, falls below the accepted willingness to pay thresholds

of $50,000�150,000 per QALY. It should be noted that

these cost-effectiveness projections are derived from the

CHAMPION trial, which was single-blind and followed

some patients for less than a year and has not yet been
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replicated in another controlled trial. This leaves questions

about whether benefit is sustained and what the degree of bene-

fit would be outside of the bounds of a structured clinical trial.

Assessment of the value of other RPM technologies is

limited, owing to a relative lack of high-quality evidence

on effectiveness or a lack of effectiveness in rigorous

assessments. Notably, without benefit, questions of risk,

burden, and cost become moot. With questionable bene-

fit—as in the case for most RPM technologies—there may

be a willingness to try approaches that have relatively low

risks, burdens, and costs, but not to try anything too dis-

ruptive or costly.70

A few other key assumptions may help guide future cost

effectiveness evaluations: (1) although replacing in-person vis-

its with RPM is cost-saving in general,71 because most RPMs

represent an add-on to usual care, an RPM may actually

increase in-person visits at first; (2) decrements in patient

adherence are likely to reduce benefit72; and (3) the perspec-

tive from which cost-effectiveness is assessed can significantly

alter the assessment of value. In particular, it is important to

understand patient perspectives as well as the society or payer

view. Ultimately, merging health policy and payments to cre-

ate favorable value perceptions is likely to accelerate the

development, testing, and implementation of useful RPM

technologies for HF. In fact, one area in which this has proven

especially true is in reimbursement for data retrieval.

It is important to note that although CardioMEMS appears

to meet acceptable cost-effective thresholds, it is not cost

saving. At present, no technology has been able to demon-

strate that degree of benefit for the costs involved. In the UK

WSD program, it was estimated that with wide-scale imple-

mentation of RPM costs might be reduced 80%. Even with

this reduction, the technology would just meet criteria for

cost-effectiveness but would still not be cost saving.15

A further barrier of implementation, as previously stated,

is willingness to pay. In the US, CMS coverage for Cardio-

MEMs has been regulated by local coverage decisions

rather than a national coverage decision.73 To date, this has

resulted in nonpayment by Medicare in at least 11 states.74

This has in part prompted further research that is currently

in progress.65

Conclusions
1. RPM technology may result in cost-effectiveness, partic-

ularly if reductions in hospitalization are realized.

2. Future cost-effectiveness evaluations need to consider

multiple factors, including patient adherence, when

assessing the value of RPM technology.

3. To further the development and implementation of RPM

technologies, there needs to be a strong effort to merge

health policy with payment strategies.
Practical Application

Beyond the issue of cost, there are many other practical

patient-centric and health care provider�specific questions
regarding RPM that should be addressed. For example:

Should transmissions and data be sent to health care pro-

viders or simply entered into an electronic health record?

Who should be responsible for reviewing the data and mak-

ing clinical decisions? How often should data be reviewed?

Should support tools or algorithms be used when data are

abnormal, or should each case be treated individually?

These considerations ensure that data use is balanced with

both health care resources and costs. Toward these goals,

Table 3 provides an overview and suggestions for handling

questions that may arise while implementing, managing, and

evaluating RPM systems and data. It is important that health

care team members are knowledgeable about who is respon-

sible for what data, how to interpret values accurately, and

how to incorporate data into an assessment and plan of care.

It is also important for electrophysiology and HF teams to

collaborate to ensure that data are communicated in a timely

and direct manner that supports optimal care. Furthermore,

because reimbursement is available for medically necessary

data retrieval every 30 days, billing services should be coor-

dinated between electrophysiology and HF services. It may

be important to develop a nurse-directed program whereby 1

nurse is responsible for reviewing all routine and unsched-

uled remote interrogations to assess trends in data so that

treatment changes can be made in a time-sensitive manner.

Specific recommendations for use of an implantable

hemodynamic monitor (IHM) can be taken from the clinical

trial design upon which device approval was based.57

� Who (which patients): Patients with a hospitalization for HF

in the previous 12 months and persistent significant symp-

toms despite best efforts at optimal management (NYHA

FC III).
� Who not:

○ Too late: Is the patient headed to transplant or ven-

tricular assist device?

○ Too late: Is the patient so advanced that goals-of-care

discussions are more appropriate?

○ Renal insufficiency (limiting ability to provide bene-

fit): estimated creatinine clearance <25 mL/min.

○ Recurrent pulmonary embolism.

○ Body mass index >35 kg/m2 and chest >52 inches

may not be suitable (pulmonary angiogram will be

necessary for further measurement.)

○ Inability to tolerate antiplatelet or anticoagulation therapy.
� Where: Within the context of an HF disease management

program capable of frequent monitoring and intervention

(weekly or greater telephone contact with patients).
� How:

○ Goal is pulmonary arterial pressure 15�35/8�20,

mean 10�25 mm Hg.

& In this range: window of opportunity to titrate/opti-

mize HF medications.
& Above this range: increase diuretics or vasodilators.
& Below this range: reduce diuretics (or vasodilators

if systemic hypotension)



Table 3. Practical Use of Remote Patient Monitoring Data

Area of Concern External Electronic Devices ICD-Based Data IHM

Developing the
systems and
structures

� Identify clinical “champions” who can
create enthusiasm in patients and staff for
robust use (high % daily monitoring).
� Develop criteria that accurately target the
at-risk patients (recently hospitalized, prone
to fluid overload, struggles with medication
adherence, etc)
� Train key clinical staff to identify and
deploy the technology for these patients.

� Implement an efficient notification system.
� Decrease the number of clicks needed to
retrieve data.
� Develop a reporting system for technical
issues.
� Determine the best support staff and
system of HF team billing.

� Develop inclusion and exclusion criteria
for use that may trigger identification of
patients who will be most likely to benefit.
� Train clinical staff to identify optimal
patients.
� Determine which staff members are
responsible for obtaining payer approval,
scheduling the implantation, and teaching
patients and families.

Clinical practice � The technology is not a treatment. It is a
tool to make your clinical care better. It will
only have benefit if you use the tool to direct
your care.
� It may not be as useful in stable patients
with HF.

� Use physician-approved algorithms to
understand EP and HF cardiologist perspec-
tives on making changes to a plan of care
based on data.
� Also talk to the patient about the process and
offer impartial medical counseling.

� Determine the correlation between PA
wedge pressure and PA diastolic pressure.
� Establish practice protocols for the effi-
cient management of trended data.

Ensuring patient
understanding

� Communicate clearly and regularly with
patients to ensure high utilization.
� Check that patients understand how to
properly use the technology.

� Communicate data findings regularly with
patients to maintain or improve engagement.
� Review data with the patients during clinic
visits.

� Train patients and family members in
the steps of obtaining and submitting data
and have patients carry out the steps at
least once independently.

Handling patient
nonadherence

� Reassert to patients the usefulness of tele-
phonic monitoring in improving their care.
� Assure them that it will not completely
replace face-to-face interactions.
� Convey the impression that the technol-
ogy (cold) is actually an extension of the
clinical team’s touch (warm).

� Create a system that flags patients who
have not submitted data and then sends them
messages.
� Collaborate with patients to learn rationale
for nonadherence.
� Reassure patients that RPM results are
shared and that an office appointment can be
made at any time.

� Set a notification threshold for the num-
ber of days without transmitted pressures.
� Contact patients directly when data are
not submitted and encourage them to pro-
vide data as requested.
� Review the data with the patients during
clinic visits to emphasize the value.

Dealing with
abnormalities

� Develop a system for dealing with abnor-
malities either on a case-by-case basis or
more broadly.

� Develop performance metrics surrounding
actions taken after the discovery of abnor-
mal data and clinical outcomes.

� Health care providers should determine
if each abnormal case will be individually
managed or if an algorithm will be used.

EP, electrophysiology; HF, heart failure; ICD, implantable cardioverter-defibrillator; IHM, implantable hemodynamic monitoring; PA, pulmonary arterial.
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○ Patient submits data daily.

○ Clinical team monitors and acts on the data daily until

the patient is stable and medications are optimized

and then sets parameters for alerts.

○ Action should be taken whenever pressures fall out-

side of the alert ranges.

Conclusions
1. The practical side of implementing RPM technology

into clinical settings is complex, and issues such as the

division of responsibilities and the handling of abnor-

malities ought to be addressed by health care providers.

2. It is important for electrophysiology teams, HF teams,

and nurses to all work together to ensure that data is

used well and patients receive the best care possible.

3. IHM should be used in a manner similar to that in the

clinical trials (see detailed description above).

4. Further specific recommendations around RPM are pro-

vided in Fig. 1.
Consumer Devices and Wearable Technology

Consumer Device Types

There has been an increased interest among patients and

companies in consumer devices, which aim to enhance

health and wellness and can collect a wide range of data,

from heart rate to sleep quality to medication intake. Impor-

tantly, the data recorded by these devices has the potential
to empower patients and caregivers, allowing them to work

effectively to achieve optimal HF management. However,

there are some concerns that these devices may increase the

data burden of medical care, threaten patient privacy, or

incur additional patient expenses. Therefore, it is essential

that health care providers understand the benefits as well as

the limitations of incorporating consumer devices into

remote monitoring, to best guide patients and technology

companies in the further development of this field.

mHealth is the general term for the use of mobile telephones

and other communication technologies to collect and access

health services and information. These devices may be smart-

phones, tablets, personal computers (PCs), health-specific

wearable technology, or biosensors, with smartphones being

the most popular option. Most mHealth approaches use appli-

cations (“apps”) to collect data, and as of May 2013 there

were 710 apps on the market related to cardiology and heart

disease, although some were purely educational and medical

calculator apps.77 Given the high prevalence of smart devices

across socioeconomic lines, apps hold real potential for patient

monitoring.78 The related apps collect data either automati-

cally, via manual entry, or through a wearable transmitter. The

data may then remain locally within the patient’s device or be

uploaded to cloud-based storage under the control of the app

creator. Some consumers may choose to share their personal

health and wellness data on social media forums such as Face-

book or Twitter, with their health care providers, or with clini-

cal research data repositories. These data collection, storage,

and dissemination relationships are outlined in Fig. 2.



Fig. 1. Practical implementation of remote patient monitoring (RPM) technology. RPM technologies are a tool and not a treatment. They
are only effective to the extent that you use them to improve your clinical care of the patient: if advanced (stage D HF), see HFSA Guideline
Committee statement on stage D75; if patient facing possible end of life, see HFSA Guideline Committee statement on end of life in HF.76

Fig. 2. Collection, storage, and dissemination of personal health
and wellness data on social media.
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Collectable Health Data

The data elements that can be collected by consumer

devices are wide and varied, ranging from HF symptoms to

mood to sleep duration and quality. The most advanced

data collection devices enable third-party integration into

another company’s health/fitness app, with popular choices

including MyFitnessPal and Microsoft HealthVault. Table 4

outlines the categories of wearable devices that can be used

in HF monitoring and includes some of the currently mar-

keted devices. In fact, consumer-directed heart rhythm

monitoring is an area in which smartphone technology has

clearly surpassed the previous generation of home tele-

health devices. For example, one device, called Kardia

Mobile, uses 2 electrodes that attach to a smartphone and

convert electrical signals from the fingertips into ultrasound

that is transmitted to the smartphone’s microphone, to pro-

duce an electrocardiography (ECG) tracing corresponding

to a standard lead I. The ECG tracing can then be down-

loaded wirelessly for immediate remote interpretation.79

Such devices also hold potential for unobtrusive physio-

logic monitoring for participants in HF clinical trials.

Practical Applications of Consumer Devices

Devices alone are unlikely to make a significant impact

on patient outcomes; rather, it is the framework in which

the patient and health care provider interact with the use of

data from consumer devices that will determine their



Table 4. Examples of Wearable Technology With HF Monitoring

Type of Wearable
Technology Example Devices/Companies:

Smart clothing Hexoskin, Athos
Activity trackers Fitbit, Jawbone Up, Nike Fuelband
Sleep sensors Beddit Sleep Tracker
Smart glasses Google Glass
Smart watch Apple iWatch, Fitbit Charge, Kardia Band
Biosensors and
patches

Heart rate monitoring belts, Scanadu Vitals
device that measures vital signs from left
side of the forehead

Ingestibles, tattoos,
and smart implants

Proteus Helius smart sensor pills, skin
implants monitoring circulating lactate or
glucose levels16

Brands listed are examples only; other companies are available, and the
Heart Failure Society of America does not endorse any specific brands.
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success. This point was reaffirmed by a systematic review

of 9 mHealth studies, which found that consumer devices

had mixed results regarding the improvement of HF out-

comes and noted the need for actionable mHealth monitor-

ing strategies.80 Ultimately, to increase the impact of

mHealth platforms, developers will need to minimize the

pathway between incoming data and outgoing information

that directs adjustments in HF therapy, enabling patient

empowerment and ownership of their HF disease manage-

ment. Patient empowerment through technology is already

a reality in other disease settings. For example, patients

with diabetes can use apps that integrate their blood gluc-

ometer readings with software that calculates insulin dosing

to promote optimal glycemic control. A similar approach

could be envisaged whereby HF apps integrate weight,

blood pressure, heart rate, physical activity data, and hemo-

dynamic measurements to automatically calculate diuretic

dosing or alert the patient to seek medical attention.

Of course, it is still uncertain how patients with HF, par-

ticularly those who are older and less technologically

engaged, will feel about adopting mHealth platforms.

Because there appears to be a growing acceptance of

mHealth platforms overall, the Heart Failure Society of

America has stepped into the fray with an app that enables

self-directed recording of symptoms, vital signs, and medi-

cations.81 Patients can choose which of these elements they

wish to track, building a summary titled “My Storylines.”

The goal is for patients to share personal health data with

their health care provider to build a more complete picture

of their health status between clinic visits.

Some investigators have identified research opportunities

presented by the vast quantity of health and wellness data

being collected. The Health eHeart study, for example, enrolls

adults who are either healthy or diagnosed with heart disease

with the goal to create a new paradigm for clinical research

that does not require enrollment in a specific study at a specific

research center. In the future, it is hoped that electronic

patient-centered research approaches will reduce the cost and

inconvenience of conducting clinical research and provide

“big data” to address cardiology research questions that have

remained unanswered by traditional studies.
Although there appear to be many benefits to using mHealth

platforms, from the empowerment of patients82 to the possibili-

ties for research, there are also limitations. Data from the

Health eHeart study, for example, show that volunteer partici-

pation can lead to enrollment bias that may limit generalizabil-

ity.83 In addition, there are concerns regarding data privacy and

security. Experts have highlighted serious lapses in mHealth

apps that may result in accidental or unlawful loss of data, as

well as unauthorized access or disclosure.84 In addition, data

quality remains an issue, because there is no centralized over-

sight or credentialing of medical apps, with only a fraction of

platforms requiring evaluation by the FDA.85 Major mHealth

data quality flaws have been described, especially in insulin-

dosing apps where inaccurate data processing could be life

threatening.86 Strategies for improving the quality of medical

apps have been proposed, from boosting app literacy to enforc-

ing transparency.87 In addition, more diverse and representative

patient samples must be studied before widespread use of

mHealth in HF can be fully recommended. However, the

potential to integrate IHM into mHealth remote monitoring

platforms that also track weight, blood pressure, heart rate/

rhythm, and physical activity may represent the future para-

digm of HF disease management.

Conclusions

1. mHealth tools present an opportunity for greater patient

empowerment and ownership of their HF disease man-

agement.

2. The future impact of mHealth platforms in HF care will

depend less on the amount of data and more on the inte-

gration of quality information sources into clinical algo-

rithms that generate actionable information, such as HF

medication dosing.

3. Health care providers and patients with HF must work

closely with app developers and device companies and

subject mHealth HF management tools to rigorous aca-

demic review.

4. The academic HF community has an opportunity to

embrace mHealth tools to conduct research on a scale

beyond that achievable by standard study designs.

Conclusion

RPM has experienced a resurgence of interest based on

industry investment as well as the commercial availability of an

implantable PAPM system. Depending on the platform, results

in randomized controlled trials have often failed to show bene-

fit.We conclude with the following recommendations:

1. RPM with the use of external devices has had variable

efficacy in clinical trials. Clinical teams can not assume

that it will provide benefit.

2. If RPM with the use of external devices is used it should

be (a) focused on higher-risk populations, (b) with dedi-

cated efforts to ensure patient adherence with monitor-

ing, and (c) in collaboration with a disease management
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team capable of monitoring and responding to actionable

changes in readings.

3. Optimal target populations for RPM are not well defined.

Patients to be considered include those with recent hospi-

talization, persistent symptoms (NYHA III), or problems

with self-monitoring or adherence to treatment. Patients

with very advanced disease or with significant renal

insufficiency may be too ill to achieve benefit from RPM.

4. Data obtained from CIEDs have not delivered clear

improvements in outcomes. Combination algorithms

that use multiple risk indicators could prove to be more

useful in the future, and multicenter prospective studies

are encouraged.

5. IHM via wireless PAPM did appear to be effective in a

single trial in reducing hospitalizations and other out-

comes regardless of ejection fraction.

6. If used, IHMs should be deployed in a manner similar to

that in the CHAMPION trial. This should include well

defined (a) mechanisms for monitoring data, (b) ability

to make tangible changes in therapy in response to the

data, and (c) clinical teams that understand the strategies

used in the clinical trial.

7. RPM platforms may be cost-effective but have not yet

proven to be cost reducing. Implementation should

include monitoring for cost versus benefit.

8. RPM via consumer devices is rapidly growing. Cur-

rently, the data are interesting but they have not yet been

used in a systematic way to manage HF.
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