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Abstract

Technological advances have enabled increasingly sophisticated attempts to remotely monitor heart failure. This should allow earlier
identification of decompensation, better adherence to lifestyle changes and medication and interventions (such as diuretic dosage
changes) that reduce the need for hospitalisation. This review discusses telemonitoring approaches in heart failure, and the evidence for
their impact. It is not difficult to collect data remotely, but converting more data into better decision-making that improves the outcome
of care is challenging. Policy-makers and technology companies are enthusiastic about the potential of digital technologies to transform
healthcare and bring expertise to the patient, rather than the other way round, but guideline writers are not yet convinced, due to the

lack of consistent findings in randomised trials.
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Heart failure (HF) is increasing in prevalence globally, and is associated
with considerable ill health, healthcare costs and mortality. Prevalence
increases steeply with age, and the average age of a person admitted
to hospital with decompensation in developed countries such as the
UK is in the high 70s." Comorbidity is the rule, with half of hospitalised
patients having at least five comorbidities.??

Frailty is common and, even when HF is diagnosed in the community,
almost 10% of patients are admitted as an emergency with worsening
symptoms within 1 year.* In-hospital mortality is in the range of 5-10%
in most series, and emergency readmission within 1 month is as high
as 25% in some studies.® Length of stay varies between 7 and 11
days in most developed countries, and the overall economic impact
on health budgets is therefore substantial. In European and North
American countries, approximately 2% of the healthcare budget is
spent on HE¢ In the US, projections suggest that, by 2030, the total cost
of HF will increase by almost 130% to US$70 billion annually.”

Much attention has focused on identifying decompensation of the HF
syndrome before there is a need for emergency hospital admission.
International guidelines recommend disease management programmes
with education and support for individuals and families who wish
to become more skilled in self-monitoring and management.t® The
hope is that more intensive monitoring in the community can identify
decompensation early, support adherence to lifestyle and medication,
and prompt intervention (such as changes to diuretic dosage) in those
who are no longer euvolaemic.
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Technological advances in the past three decades have allowed
increasingly sophisticated attempts to remotely monitor and manage
the HF syndrome. Simple, telephone-call based, remote assessment
by a HF nurse specialist, standalone home-based systems, implanted
devices (such as cardiac resynchronisation therapy and ICDs) and now
wearable technologies have opened up a world of possibilities. It is not
difficult to collect data remotely, but it has been a challenge to find a
way to integrate such potentially continuous data streams into systems
of care, and to convert more data into better decision-making that
improves the outcome or experience of care.

Policy-makers and technology companies are enthusiastic about the
potential of digital technologies to transform the healthcare system
into a more personalised, responsive and effective process that brings
the expertise to the patient, rather than the other way round.”

The field is rapidly changing, as are the technologies that can be
used, and regulators, reimbursement authorities and healthcare
professionals often struggle to assess the value of the technologies.
Medical guideline writers are sceptical and are lukewarm in their
current recommendations (Table 1), on the basis that there is a lack
of large-scale, randomised trials that show a consistent effect of the
introduction of remote monitoring (RM).

This article briefly discusses a variety of telemonitoring approaches

that have been used in HF management, and the evidence for their
impact.
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Table 1: Guidelines on Remote Monitoring in Heart Failure

European Society of Cardiology (2016):®

"Telemedicine in HF, which is also termed remote patient management, has variable clinical trial results. Several meta-analyses suggest clinical benefits, but

numerous prospectively initiated clinical trials including >3700 patients have not confirmed this.”

¢ Monitoring of pulmonary artery pressures using a wireless implantable haemodynamic monitoring system (CardioMems) may be considered in symptomatic
patients with HF with previous HF hospitalisation in order to reduce the risk of recurrent HF hospitalisation. (Class IIb, level B.)

e Multiparameter monitoring based on ICD (IN-TIME approach) may be considered in symptomatic patients with HFrEF (LVEF<35%) in order to improve clinical

outcomes. (Class IIb, level B.)

American College of Cardiology Foundation/American Heart Association Guideline (2013):*

Systems of Care to Promote Care Coordination for Patients With Chronic HF

“The quality of evidence is mixed for specific components of HF clinical management interventions, such as home-based care, disease management, and remote
telemonitoring programs... Overall, very few specific interventions have been consistently identified and successfully applied in clinical practice.”

Evidence Gaps and Future Research Directions

“What is critically needed is an evidence base that clearly identifies best processes of care, especially in the transition from hospital to home.”

Heart Failure Society of America White Paper (2018):°

“Based on available evidence, routine use of external remote patient management 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.”

HF = heart failure; HFrEF = heart failure with reduced ejection fraction, LVEF = left ventricular ejection fraction, IN-TIME = INfluence of Home Monitoring on The clinical Management of heart

failurE patients with impaired left ventricular function.

Figure 1: Schema for Remote Monitoring
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Boxes show key considerations for a remote monitoring clinical service. Arrows indicate the actions taken.

What is Telemonitoring?

Telemonitoring or RM encompasses the use of audio, video and
other telecommunication technologies to monitor patient status at a
distance.” Examples include:

e Structured telephone support for patients from the HF team,
typically provided by HF specialist nurses as part of a disease
management programme or a post-discharge service.

e Standalone devices for use at home which can measure, e.g.
blood pressure, heart rate, weight and oxygen saturation (often
supplemented by automated questions on a variety of symptoms).
Trends in these data or movement of any one variable outside
preset limits may be used by the HF team to trigger a variety
of actions, including a telephone call or clinic review for further
assessment, or recommendations on lifestyle and medication
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changes, or even urgent admission to hospital (Figure 1).

e Cardiac implantable electronic devices, which can provide useful
physiological data to aid HF management, either as a dedicated
implant to monitor haemodynamics, or a part of the wealth of
physiological data recorded by devices such as pacemakers and
ICDs, implanted primarily for therapeutic purposes.

e Most recently, a range of wearable technologies, including
patches, watches or textiles that can monitor, e.g. ECG, body
temperature, blood glucose concentration and body posture.

Evidence for the Benefit of Telemonitoring
Technologies

Telephone Support

This was one of the earliest methods of RM to be adopted. Patients
were called by a member of the HF team to discuss their symptoms
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Figure 2: Impact of Structured Telephone Support on All-cause Mortality on Meta-analysis

STS Usual care Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, fixed, 95% CI M-H, fixed, 95% CI
Angermann 2012 (INH) 32 352 52 363 9.7% 0.63[0.42, 0.96] =]
Baker 2011 0 303 2 302 0.5% 0.20[0.01, 4.13]
Barth 2001 0 17 0 17 Not estimable
Bento 2009 0 20 1 20 0.3% 0.33[0.01, 7.72]
Capomolla 2004 5 67 7 66 1.3% 0.70[0.24, 2.11] I
Chaudhry 2010 (Tele-HF) 92 826 94 827 17.8% 0.98[0.75, 1.28] -
Cleland 2005 (Struct Tele) (TENS-HMS) 27 173 20 85 5.1% 0.66[0.40, 1.11] i
DeBusk 2004 21 228 29 234 5.4% 0.741[0.44, 1.26] e
DeWalt 2006 3 62 4 65 0.7% 0.79[0.18, 3.37]
Domingues 2011 8 57 13 63 2.3% 0.681[0.30, 1.52] i
Golbreath 2004 54 710 39 359 9.8% 0.70[0.47, 1.04] -
Gattis 1999 (PHARM) 3 90 5 91 0.9% 0.61[0.15, 2.46] I
GESICA 2005 (DIAL) 116 760 122 758 23.2% 0.95[0.75, 1.20] -
Krum 2013 (CHAT) 17 188 16 217 2.85% 1.23[0.64, 2.36] T
Laramee 2003 13 141 15 146 2.8% 0.90[0.44, 1.82] -
Mortara 2009 (Struct Tele) (HHH) 7 94 9 160 1.3% 1.32[0.51, 3.44] -1
Rainville 1999 1 19 4 19 0.8% 0.25[0.03, 2.04] —_— 1
Riegel 2002 16 130 32 228 4.4% 0.88[0.50, 1.54] -
Riegel 2006 6 70 8 65 1.6% 0.70[0.26, 1.90] I
Sisk 2006 22 203 22 203 4.2% 1.00[0.57, 1.75] -1
Tsuyuki 2004 16 140 12 136 2.3% 1.30[0.64, 2.64] -1
Wakefield 2008 25 99 1M 49 2.8% 1.12[0 .60, 2.09] b
Total (95% Cl) 4,749 4,473 100.0% 0.87 [0.77, 0.98] ¢
Total events 484 517

e ehi - - - L1209, t t t t

Heterogeneity: chi-squared=13.56, d.f.=20 (p=0.85); I*=0% 0.01 o1 1 0 100

Test for overall effect: Z=2.38 (p=0.02)

Favours STS  Favours usual care

M-H = Mantel Haenszel; STS = structured telephone support. Source: Inglis et al. 2017. Reproduced with permission from BMJ Publishing Group.

and review their compliance with lifestyle measures and drug
treatment. Patients could be asked to weigh themselves, which they
then verbally reported, or identify when their weight had increased
over a set level and contact the HF team for advice. These approaches
have become a standard part of disease management programmes,
based on the evidence from many relatively small studies showing
such programmes reduce all-cause mortality and HF (but not all-cause)
hospitalisation rates compared with usual care (Figure 2)."3

However, one of the largest randomised trials of telephone-based HF
monitoring (Tele-HF) in the US does not support such an approach.™
In this study, 1,653 patients were randomised to usual care or a
telephone-based interactive voice-response system (Tel-Assurance™,
Pharos Innovations), which patients dialled into and were then
asked to respond to questions about their symptoms and weight,
with the results reviewed by their clinician. There was no significant
difference in the primary endpoint of death or hospitalisation within
180 days of enrolment, which occurred in 51.5% and 52.3% of
patients respectively (p=0.75). It was also noted that 14% of patients
randomised to the intervention never used it and, by the final week
of the study, only half of them were still using the system three times
per week as instructed. As is often the case with telemonitoring
technologies, the initial results from a single highly engaged centre —
the initial pilot study showed a 44% decrease in hospitalisation — could
not be reproduced when the system was expanded into a much larger,
multicentre programme.

Nevertheless, telephone support for patients in a HF programme
remains central to many services, but is generally targeted at more
unstable patients, those who have recently returned home after an
admission for HF or who live at some considerable distance from the
HF service.
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Standalone Telemonitoring Systems

Standalone systems allow patients, usually in their own homes,
to send noninvasively measured data to their healthcare team, by
either telephony-based systems or the internet. In many countries,
internet access is wireless, and may be via mobile telecommunication
networks. The HF team review the data on a regular basis (usually
looking for trends over several days) or can be sent an alert if any
variable falls outside a preset limit. Action based on the data can be
taken at the healthcare professional’s discretion, or there may be a
local guideline or protocol that has to be followed.™

One of the earliest randomised studies was the Trans-European
Network — Home-Care Management System study (TEN-HMS)."” This
study recruited 426 patients with HF with reduced ejection fraction
(HFrEF) from across Europe, and randomised them in a 2:2:1 ratio
to home telemonitoring with a standalone system, nurse telephone
support or usual care. The primary outcome of days lost to death or
hospitalisation was not different between the groups, but there was
a reduction in the length of hospital stay for the home telemonitoring
group and lower mortality in the telephone support and telemonitoring
patients compared to usual care. Meta-analysis with other (small)
studies suggested mortality benefit and a reduction in HF (but not all-
cause) hospitalisation (Figure 3).*

The first Telemedical Interventional Monitoring in HF (TIM-HF) study
with centralised RM run from a telemonitoring centre in Berlin
failed to demonstrate any improvement in outcomes in 710 patients
randomised and followed up for a minimum of 12 months.® However,
the larger, follow-on randomised study in 1,571 patients (which
required patients to have had a HF hospitalisation in the 12 months
preceding enrolment and no evidence of major depression), using a
wireless system with a digital tablet to send daily transmissions of
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Figure 3: Impact of Noninvasive Telemonitoring on All-cause Mortality on Meta-analysis

Telemonitoring Usual care Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, fixed, 95% Cl M-H, fixed, 95% Cl
Antonicelli 2008 3 28 5 29 1.8%  0.62[0.16, 2.36] —
Balk 2008 9 101 8 113 2.8% 1.26(0.50, 3.14] e e
Biannic 2012 (SEDIC) 8 45 14 45 5.1%  0.57[0.27, 1.23] -/
Blum 2014 (MCCD) 49 104 45 102 16.6%  1.07[0.79, 1.44] T
Cleland 2005 (Telemon) (TENS-HMS) 28 168 20 85 9.7% 0.71[0.42,1.18] T
De Lusignan 2001 2 10 3 10 1.1% 0.67[0.14, 3.17] -1
Dendale 2012 (TEMA-HF1) 4 80 14 80 5.1%  0.29[0.10, 0.83] e —
Giordano 2009 21 230 32 230 11.7%  0.66[0.39, 1.10] I
Goldberg 2003 (WHARF) 11 138 26 142 9.4%  0.4410.22,0.85] I
Koehler 2011 (TIM-HF) 54 354 55 356 20.0%  0.99[0.70, 1.39] -
Lyngé 2012 (WISH) 5 166 8 153 3.0%  0.58[0.19,1.72] e
Mortara 2009 (Telemon) (HHH) 8 101 9 160 2.5% 1.41[0.56, 3.53] -1
Seto 2012 3 50 0 50 0.2% 7.00[0.37, 132.10]
Soran 2008 11 160 17 155 6.3%  0.63[0.30, 1.29] -1
Villani 2014 (ICAROS) 5 40 9 40 3.35%  0.56[0.20, 1.51] B
Vuorinen 2014 0 47 0 47 Not estimable
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Test for overall effect: Z=2.77 (p=0.006)
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M-H = Mantel Haenszel. Source: Inglis et al. 2017." Reproduced with permission from BMJ Publishing Group.

weight, blood pressure, heart rate, ECG, oxygen saturation and health
status questionnaire, reported a borderline statistically significant
reduction of just under 7 days in the number of days lost due to
unplanned cardiovascular hospital admissions or death compared to
the control group (17.8 versus 24.2 days per year, p=0-046).” There
was also a significant decrease in the secondary endpoint of all-cause
mortality, but not cardiovascular mortality.

Outside this centralised 24/7 telemonitoring service in Germany,
other large randomised trials have failed to show benefit. In a study
in academic centres in California, an RM approach combined with
intensive coaching of patients did not show any improvement in
mortality or hospitalisation over a 6-month period.

In the UK, the Whole System Demonstrator project involved the
remote exchange of data between 3,230 patients with diabetes,
chronic obstructive pulmonary disease or HF in 179 general practices
over 1 year in three areas in England. After adjustment for baseline
differences, there was a statistically significant reduction in mortality
and length of stay for those hospitalised, but no difference in
emergency admission rates for those remotely monitored.?" Overall
savings to the healthcare system were small (geometric mean £242 per
patient) and cost-effectiveness was poor.2

Remote Monitoring Through Therapeutic Cardiac
Implantable Electronic Devices

The past decade has seen a revolution in the use of remote monitoring
of therapeutic devices, such as pacemakers and defibrillators. RM
is now standard in many centres for device function and safety
reasons.®? For patients with HF, remote monitoring offers the
additional possibility of detecting decompensation earlier.

One of the first intrathoracic technologies developed was Optivol™
(Medtronic), a measure of intrathoracic impedance that is undertaken
by direct measurement between the RV lead and pulse generator of
the device. The Medtronic Impedance Diagnostics in Heart Failure
Trial (Mid-HEFT) was a prospective, observational study investigating
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the use of intrathoracic impedance as a marker of HF deterioration.
Of the 33 patients who had the device implanted, 10 patients
had 25 hospitalisations over the course of 21 months’ follow-up.?
Retrospective review of the impedance data showed a decrease
in the 2 weeks preceding HF hospitalisation, well in advance of the
symptoms. There was also an increase in intrathoracic impedance as
patients underwent diuresis.

This early promise was not confirmed with subsequent larger trials
of the technology. Using an alert system to identify when the Optivol
score had increased above a predefined threshold that suggested HF
deterioration, the Diagnostic Outcome Trial in Heart Failure (DOT-HF)
study randomised 335 patients to management with physician and
patient access to alerts, or not. The alert arm saw a 79% increase
(p=0.02) in the HF hospitalisation rate.* Overall, the specificity of
the alert system was not acceptable, particularly in the early period
after implantation, leading to a high false positive rate and increased
hospital admission by the physicians caring for the patients.”

Further improvements in the positive predictive value of monitoring
have been achieved by adding further parameters into algorithms
that incorporate intrathoracic impedance. The Program to Access and
Review Trending Information and Evaluate Correlation to Symptoms in
Patients With Heart Failure (PARTNERS HF) and Integrated Diagnostic
for Heart Failure (TRIAGE-HF) trials have shown promise in identifying
which patients are at risk of hospitalisation.?#

To date, the Remote Management of Heart Failure Using Implantable
Electronic Devices study (REM-HF) is the largest prospective randomised
clinical trial conducted on RM through implanted devices.® In this trial,
1,650 patients with HF who had an implanted cardiac device were
randomised to active weekly review of remote monitoring data or usual
care across nine UK hospitals, with an average follow-up of 2.8 years.
The primary outcome of death or hospitalisation from cardiovascular
causes was the same in the RM group (42.4%) and the control group
(40.8%) of patients (p=0.87), despite considerable extra activity being
triggered by the remotely collected data.
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Figure 4: Meta-analysis of Effect of Implantable
Haemodynamic Monitoring on Heart Failure
Hospitalisation

COMPASS_FEAS (n=32) —_—
HOMEOSTASIS (n=40) —_—
CHAMPION (n=550) —a—
COMPASS (n=274) -
REDUCE-HF (n=400)
Average - random effects — 11—
Average - fixed effects -
0.0 0.5 1.0 1.5 2.0
HR

Using a random effect model, the reduction is 38% (HR 0.62, 95% Cl [0.50-0.78], p<0.001)
and 37% (HR 0.63, 95% ClI [0.54-0.73] p<0.001) using a fixed-effects model. Source: Adamson
et al. 2016.%3 Reproduced with permission from John Wiley and Sons.

Thus far, only the INfluence of Home Monitoring on The clinical
Management of heart failurkE patients with impaired left ventricular
function (IN-TIME) study has provided prospective randomised data
of benefit in clinical outcomes for remote monitoring of implanted
devices.®" For this study, 664 patients were randomly assigned to
multiparameter RM in addition to standard care or standard care
alone. The composite clinical score, which incorporated all-cause
death, HF hospitalisation, change in New York Heart Association
(NYHA) class, and change in patient global self-assessment, was better
in the RM population, largely driven by a lower death rate in the RM
group (estimated 1 year mortality 2.7% versus 6.8% (HR 0.37;, 95% ClI
[0.16-0.83], p=0.012).

The difference in results between REM-HF (UK) and IN-TIME (Europe,
Israel and Australia) are as yet unexplained, but may be down to
different healthcare settings, lower symptom severity, devolved rather
than centralised monitoring of the data and weekly remote monitoring,
rather than daily review and intervention in REM-HF compared with
IN-TIME. It is likely that the impact of RM is highly context dependent,
with the processes that support decision-making on remote data being
as important as the data and the monitoring tools themselves.

One solution that combines multiparametric RM with complex data
processing is the HeartLogic™ algorithm (Boston Scientific). Developed
in 900 patients as part of the Multisensor Chronic Evaluations in
Ambulatory Heart Failure Patients (MUItiSENSE) study, this algorithm
incorporates heart sounds, respiratory rate, heart rate, activity levels
and intrathoracic impedance to generate a 'HeartLogic’ score.® The
algorithm uses the patient as their own control, calculating changes
from baseline, which removes the need for the clinician to assess the
different data streams for all patients. Using a preset threshold provides
a 70% sensitivity for identifying a HF event (e.g. one that requires HF
hospitalisation or IV therapy) with an unexplained alert rate of 1.5 per
patient-year. The alert gives a median lead time before a HF event of
34 days, with 90% of patients being alerted 2 weeks before an event.

The Multiple Cardiac Sensors for the Management of Heart Failure
(MANAGE-HF) trial, a large, multicentre outcome study recruiting
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2,700 patients, is under way to test whether HeartLogic alert-based
management can improve mortality and morbidity from HF when used
in more routine care (NCT03237858).

Remote Monitoring Through Implantable
Haemodynamic Monitors

Implantable devices offer an opportunity to assess disturbances
in haemodynamic parameters promptly, rather than relying on the
measurement of less direct measures of HF decompensation which
may take longer to become abnormal. Left ventricular filling pressure
may be the best measure of the control of the HF syndrome, and
several technologies have been developed to measure this directly
or indirectly. The aim is to then optimise therapy to maintain filling
pressure within an optimal range. Meta-analysis of published studies
suggests benefit in preventing hospitalisation (Figure 4).%

The Chronicle™ implantable haemodynamic monitor (Medtronic) was
designed as a subcutaneous device with a transvenous sensor, much
like a pacing lead, that could be deployed in the right ventricular (RV)
outflow track, measuring RV pressures to estimate pulmonary artery
diastolic pressures, alongside recording heart rate, temperature and
physical activity. The subcutaneous device transmitted information
intermittently to a home monitor, which would upload the information
to a remote server for clinicians to review. The Chronicle Offers
Management to Patients with Advanced Signs and Symptoms of
Heart Failure (COMPASS-HF) study randomised 274 patients who had
the device implanted to receive optimal medical care guided by the
device (n=134) or a control group with optimal care alone (n=140).%
While the device met the safety endpoints at 6 months, the reduction
in the primary composite outcome of HF-related hospitalisations,
emergency-department visits or urgent clinic visits was non-significant
at 21% (p=0.33). On the basis on these results, the Food and Drug
Administration’s Circulatory System Devices Panel voted against
approving the Chronicle device.

The CardioMEMS™ HF System (Abbott Vascular) has Food and Drug
Administration approval and a CE mark, and has been implanted in
more than 10,000 patients with HF worldwide. The CardioMEMS device
is a pulmonary artery wireless microelectromechanical sensor that is
implanted using transcatheter techniques and fluoroscopic guidance.
The device is permanent and becomes covered with endothelium in
the weeks after implantation. A patient electronics system (a pillow-
like device) is used to collect daily pulmonary artery haemodynamic
measurements, and the patient’s physician or nurse can access the
data via a secure internet connection.

The pivotal CardioMEMS Heart Sensor Allows Monitoring of Pressure to
Improve Outcomes in NYHA Class Ill Heart Failure Patients (CHAMPION)
trial demonstrated the effectiveness of patient management guided
by such daily pulmonary artery pressure readings.®® In this trial, 550
patients with NYHA class Ill symptoms who had the sensor implanted
were randomised to management guided by readings from the device
(n=270) or a control group of standard care (n=280). There was a 33%
(95% CI [20-45%]) decrease in HF hospitalisations over an average of 18
months of follow-up in the randomised phase of the study (p<0.0001).%

A number of studies assessing the utility of pulmonary artery
haemodynamic measurements in a broader cohort of patients and in
different healthcare settings are under way. The Hemodynamic-GUIDEd
Management of Heart Failure (GUIDE-HF study) (NCT03387813) will
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enrol 3,600 patients with NYHA class II-IV symptoms in the US, and the
CardioMEMS HF System OUS Post Market Study (NCT02954341) and
the CardioMEMS European Monitoring Study for Heart Failure (MEMS-
HF) trial (NCT02693691) will recruit patients in Europe and Australia to
investigate effectiveness in these populations outside the US.

A further development in RM through implantable devices was a
strategy that focused on empowering the patient in self-management,
rather than relying on direct input from their HF clinical team after
reviewing remotely collected data. The HeartPOD™ implantable sensor
lead (St Jude Medical) allowed measurement of left atrial pressure
(LAP) which was then visible to the patient, who could then alter their
own treatments based on education delivered to them by the HF team.

The Left Atrial Pressure Monitoring to Optimize Heart Failure Therapy
(LAPTOP-HF) study planned to enrol 730 patients (with NYHA class Il
symptoms and HF hospitalisation in the past 12 months or elevated
B-type natriuretic peptide levels) and randomise them to physician-
directed patient self-management based on LAP readings taken twice
daily or to usual care.¥ The trial was stopped prematurely after 486
patients had been recruited because of an excess of procedure-related
complications related to the atrial transseptal puncture. At that point
in time, there was a 41% decrease in annualised HF hospitalisations
among the patients enrolled (p=0.005).%

Wearable Technologies

The concept of multiple sensors contributing to an HF alert system is
also the focus of the Wearable Congestive HF Management System
(WCHFS, also known as SimpleSENSE), which incorporates various
sensors in a wearable undergarment. The observational Nanowear
Heart Failure Management Multi-sensor Algorithm (Nanosense) cohort
study (NCT03719079) is recruiting patients with the aim of demonstrating
which sensors are of diagnostic use in predicting HF deterioration.

This may be the first of many wearables that are developed for remote
monitoring of HF, alleviating the need for implants in patients who do
not have defibrillators or pacemakers.® There are many other mobile
health (also called m-health) technologies in development for HF, but
evidence on their benefits awaits robust assessment.®

Current Challenges and Future Technologies

There is no difficulty in identifying technologies that can accurately
measure a physiological variable, or record a patient report of
symptoms or quality of life, and accurately transmit this back to the
healthcare team. The problem has been in identifying which data point
or points provide signal rather than just noise, and identifying when a
healthcare team members (or patient themselves) should act. Artificial

intelligence may assist human intelligence in this process in the near
future.*142

The key question is how these technologies can be used to ensure
better, timely decision-making, rather than just to generate a higher
workload with more decisions and action to be taken. The huge range
of technologies available and the lack of a consistent evidence base
is a challenge to the healthcare system, including to those responsible
for approving funding. The design of clinical studies to robustly
assess impact on clinically important outcomes, patient experience,
workflow and cost is evolving, as is the framework of regulators and
reimbursement authorities. Challenges remain around what evidence
is considered useful by the many stakeholders involved in the process
of implementation of RM and other digital technologies into traditional
healthcare settings.

Supporting healthcare team members to deal with remotely collected
data is essential: who is responsible for looking at the data? How often?
What happens out of hours or at the weekend? How is data security
maintained? Which patients should be offered which technology (if
any), and at what stage in their disease pathway? Clinical guidelines are
silent on these issues, and most studies provide scant detail on how
the flow of data was integrated in the usual care pathway. In any case,
without reimbursement, there is little incentive for a healthcare service
to introduce RM, as it may just increase the non-contact workload while
reducing income from face-to-face clinical reviews. Figure 1 shows a
schema that illustrates some of the key issues that require discussion
before a remote monitoring service is established. Very recently, key
national and international organisations, as well as health policy-makers,
have recognised the challenges around bringing digital technologies into
the healthcare system.* It is likely that only co-ordinated efforts from all
the key stakeholders, including patients themselves, will allow the value
of particular technologies to be established.

However, the potential is enormous. If we look at how diabetes is
managed, we can see a model where people living with the condition
rarely have to seek professional assistance, and how their blood
glucose concentrations can easily be incorporated into data platforms
that can be accessed by patients, their carers and their healthcare
professionals at any point in time and from anywhere there is internet
access to the cloud-based server. For those requiring insulin, there
are now patches that monitor blood glucose every few minutes, and
wirelessly communicate with an insulin pump to help ensure stable
blood glucose control.** We are far from this situation for HF, which may
intrinsically be a more complex syndrome but, undoubtedly, RM will
find an important place for those living with HF and the professionals
advising them. m
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