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Weight telemonitoring of heart failure versus standard of care in a real-world setting: summary of methods, results on mortality and hospitalizations
in a 6-month nationwide matched cohort study. CCC, chronic care connect™; CHF, chronic heart failure; HF, heart failure; SD, standard deviation;
SNDS, Systéme National des Données de Santé; SOC, standard of care; TLM, telemedecine.

Introduction

Worsening chronic heart failure (HF) is a main cause of hospi-
talization in Western countries, associated with high morbidity,
mortality, and healthcare costs,” Repeated and preolonged hos-
pitalizations for HF, often preceded by emergency visits, impair
quality of life and result in a significant healthcare system burden.
Telemonitoring has emerged as a potential and promising tool
to address this challenge. For HFE, symptoms and weight can be
collected frequently with a non-invasive device to guide patients
in maintaining quality of care, optimize rapid access to care, and
improve clinical and economic outcomes.’

Inconsistent results from randomized controlled trials and
observational studies of the medical and economic benefits of
non-invasive’? or invasive® telemonitoring in HF have led to a weak
(class |Ib, level of evidence B) recommendation for telemonitoring
in the 2021 Eurcpean Society of Cardiclogy guidelines.’® The

cost of invasive devices and differences in monitoring quality and



methods may explain some of the inconsistencies.® In addition,

the pathogenesis of HF deterioration can influence the impact of
telemonitoring, as has been reported for patients with unstable
HF and a recent HF hospitalization, who were at greater risk for
a recurrent event.®

In 2018, in France, the ETAPES nationwide programme (Exper
iments in Telemedicine for Improved Patient Pathways) was
launched to evaluate the efficiency of telemonitering in HF
patienu.? Chronic Care Connect™ (CCC), launched in 20717 by
CDM e-Health (Air Liquide Healthcare), is among the non-invasive
telemonitoring solutions implemented as part of the ETAPES
programme (programme details are available in online supplemen-
tary Method 517).

To gain further evidence on the role of non-invasive telemoni-
toring in HF management, the objective of this nationwide cohort

study was to evaluate the CCC telemonitoring solution compared

with standard of care (50C) in patents with HF in terms of mor
tality, HF hospitalizations, and associated costs during a &-month
followw-up.

Methods

Study design and data sources

This study was a real-world, comparative, nationwide retrospective
cohort study of padents with HFE using the Systéme MNational des
Données de Santé (SMDS). The SMDS, which has been described
alsawhearse, is the largest claims database in France, covering =>99% of
the French population.®% It contains individual data for all healthcare
expenditures reimbursed by the French Mational Health Insurance
{(MHD fund (French acronym Caisse Mationale d'Assurance Maladie,
AR, with a unigue and anonymous identifier for each patient. The
SMDS contains socio-demographic data (age, sex, and region), and all
healthcare expenses, including ourpatient visits, medications, medical
procedures, laboratory tescs, hospital admissions and procedures,
but clinical and biclogical information are not recorded in SMDS.
SMNDS alse provides regisoration status from leng-term diseases (LT,
defined as potentially life-threatening or disabling diseases reguiring
regular, costly, long-term care. LTD coverage status guarantees 1002
reimbursement for healthcare expenditures related to the LTD for ac
least 5 years."? Online supplementary Fipure 51 describes the various
databases included in the SMNDS.

To correctly identify HF patients exposed to telemonitoring, a deter-
ministic linkage of the medical registry data from the CCC telemoni-
toring solution, NOMHAD database, and 5MNDS was performed. The
MNOMHAD database contains persenal and medical data on HF patients
specifically telemonitored by the CCOCC solution (such as daily body
waight, type of HF, symptoms), described in detail in online supple-
meantary Method 52,



Description of the Chronic Care
Connect™ intervention

Chronic Care Connect™ is a telemonitoring solution for HF man-
agement, consisting of a connected scale for daily weight collection
and a mobile application for recording of HF symptoms.’’ Input from
patients is remotely processed during working hours 5 days a week,
Wieight gain of =3 kg in 2days or =2 kg in 5days generate an alert,
as does worsening of at least three symptoms (nocturnal dyspnoea,
orthopnoea, cough, oedema, or fatigue) on the same day or at least
two symptoms on three consecutive days. 'Y One of the CCC's unique
features is integration of a new, non-hospital-based stakehcolder: a
manitoring centre with nurses who are specially trained in HF and
telemonitoring and who initially screen incoming alerts.'! If the alert
is regarded as clinically relevant, nurses contact the cardiology depart-
mant to get invalved immediately for the most appropriate medical
intervention: urgent teleconsultation, or face-to-face consultation
usually ending with diuretic dose adjustment, therapy escalation, or
programmed hospitalization. Finally, nurses carry our therapeurtic
support for patients aver the phone, fecusing on explaining symproms
and signs of decompensation, the importance of a low-salt dier,
phiysical activity and adherence to medical treatment.

The CCC telemonitoring solution is generally prescribed by a
cardiclogist or a general practitioner for a 6-month renewable pericd.
The cast of CCC telemonitoring was similar to the cost of other
telemonitoring solutions implemented as part of ETAPES for padients
with chronic HE Tariffs were fixed by French authorites for the entire

duration of the programme and corresponded to a care package
costing €470 for & months, This amount covered €300 for the sup-
plier, €110 for the cardiclogist, and €80 for therapeutic support.” A
description of the CCC telemonitaring strategy is provided in online
supplementary Method 53,

Population and study period

Inclusion criteria for the ETAPES programme were worsening chronic
HF hospitalization in <30 days prior to reimbursement for a telemon-
itoring solution or a hospitalization in the last year combined with
biologic markers indicating decompensated and poorly contrelled HF
{online supplementary Method S7).7

I this study, patients were included froam 1 February 2018 o 22
March 2020, if they met the following criteria: (i) age 18 years or
more, and (i) a diagnosis of HF, identified with a validated algorithm
developed by the NHI (online supplementary Method 54).7*1* The
resulting cohart of patients with HF was stratified into two groups:
a telemonitoring group, with patients exposed to the CCC rele-
monitoring solution within the inclusion period; and the S5OC group,
comprising a sample of HF patients directly identfied in SMD3 from
a 10% representative sample of HF patients who did not benefic from
any telemonitoring (with CCC or any other available solutions).

- [



For telemenitored patients, the index date was defined as the start
date of telemonitoring within the inclusion peried. For 50C patients,
the index date was randemly assigned within the inclusion period, using
the index date of a patient from the telemonitoring group who had a
similar history of HF (HF hospitalization date and type, or LTD date).
50C patents who did not have any HF hospitalization or LTD date
close to at least one telemonitored patient were not included in the
50C group. Patients on chronic dialysis and patients living in a medico-
social centre on the index date were excluded from both groups.

A S-year historical period was used to identify each patient’s medical
history and comaorbidities (including chronic HF). All patients were
followed from the index date until the theoretical end of the CCC
telemonitoring renewable care package (6months) or until death,
whichever accurred first.

High-dimensional propensity score
matching

To ensure comparability between the telemonitoring and 30C groups,
and limit a potential indication bias, groups were matched through a
high-dimensional propensity score (hdP3) calculated for each patient
This score reflects the probability that a patient benefits from CCC
telemonitoring versus no telemonitoring at all, adjusted for poten-
tial confounders,” The hdPS was estimated with a logistic regression
adjusted for both predefined covariates (listed below) and empirical
covariates selected using a data-driven analytic approach (hdPS algo-
rithm). Previous worl has shown that covariates empirically selected by
the hdPS algorithm improve model performance in comparative studies
using SMDS data.'®"” The selection process of the covariates included
in the hdPS and their characteristics are detailed in enline supplemen-
tary Method 55. Predefined covariates were age, gender, the French
social deprivation index, %1%
for HF seasonality, density of general practitioners and cardiologists in
the department of residence, cardiac implant (defibrillator/pacernaker)
status, tme between the last HF hospitalization and the index date
(30 days or less and 30 days—1 year), medical history and comorbidi-
ties, HF-related drugs (online supplementary Method 56), and risk of
HF rehospitalization. Risk of HF rehospitalization was used as a proxy

year and quarter of inclusion to account



of HF severity and defined from a previous work on HF conducted
using the SNDS database.”” Four categories of HF rehospitalization risk
were determined: low (no hospitalization within 36 months prior to the
index date), medium (no hospitalization within 12 months and =1 hos-
pitalization between 12 and 36 months prior to the index date), high
{one hospitalization within 12 months prior to the index date), and very
high (=2 hospitalizations within 12 months prior to the index date),

Patients from the telemonitoring group were then matched with up
o two patients from the SOC group based on their hdPS, without
replacement, using the Greedy nearsst neighbour method with a
calliper of 0.20.21-%% This variable matching ratio (1:2) has been used
to increase precision at a small cost bias.

Study outcomes

The outcomes of interest were all-cause death as a clinical outcome
and overnight HF hospitalizations (defined as any HF-related stay of
one night or more at the hospital) and all-cause emergency depart-
ment (ED) wvisits (whether resulting in HF-related hospitalization or
not) as healthcare resource use outcomes. As planned and unplanned
hospitalizations cannot be distinguished in the SNDS5 database, one-day
hospitalizations (usually planned hospitalizations) and ED visits before
hospitalization (suggesting unplanned hospitalizations) were also
described. HF hospitalizations were identified by International Clas-
sification of Diseases, tenth revision (ICD-10) codes, as detailed in
online supplementary Method 54. The cost associated with HF health-
care also was derived, comprising amounts reimbursed for hospital
and ambulatory care potentially related to HF management during
the follow-up pericd. Hospital care included hospitalizations with
an 1CD-10 code for HF (online supplementary Method 54) or with
HF-related medical device implantation, rehabilitation care following
HF haspitalization, and outpatient cardiologist visits. Ambulatory care
included consultations with general practitioners and cardiologists,
physiotherapy sessions or nursing procedures, HF-related laboratory
tests (i.e. creatininaemia, haemogram, ionogram, natriuretic peptides),
HF-related medical procedures (i.e. electrocardiogram, echocardio-
gram, exercise test, cardioversion), and HF-related drugs dispensed in
retail pharmacies (online supplementary Method 56).



Statistical analyses

Baseline characteristics

Patient characteristics (i.e. sociodemographic data, comorbidities, HF
features and treatments) at the index date were described before
and after hdPS matching. Quantitative variables were reported as
mean + standard deviation or median + interquartile range (IQR), and
categorical variables as number and percentage. Depending on the
variables being considered, Chi-squared or Wilcoxon tests were used
to compare the telemonitoring and 5OC groups.

Modelling

For the risk of all-cause death, first evernight HF hospitalization, and
first all-cause ED visit occurrence, hazard ratios (HRs) and 95% confi-
dence intervals (Cls) were estimated using a Cox proportional hazards
regression. Kaplan—Meier survival curves with log-rank vests were also
assessed. Regarding the number and cumulative duration of overnight
HF hospitalizations, incidence rate ratios and their 95% Cls were esti-
mated using a generalized linear model with negative binomial regres-
sion, including the duration of follow-up as an offset variable. Finally,
costs associated with HF management were described per patient per

menth to account for differences in fellow-up time (due to death cen-
soring). A generalized linear model with gamma distribution and log link
function was used to estimate relative costs and their 95% Cls. All mod-
els were adjusted for covariates that remained unbalanced after hdPS
matching, defined as a standardized mean difference (SMD) =10%.%

Stratification

All cutcomes of interest were analysed in the following prespecified
subgroups: age (18-54, 55-64, 65-74, 75-84, and =85 years), pres-
ence of diabetes and/or chronic respiratory diseases, time between
the last HF hospitlization and the index date, and the risk of HF
rehospitalization.



Telemonitoring adherence analysis

For the telemanitoring group, we conducted an exploratory analysis
an the risk of first evernight HF hospitalization and of all-cause death
according to each patient's adherence to body weight measurement,
using Kaplan—Meier survival curves and log-rank tests. Telemonitering
adherence was calculated as the number of daily body weights
registered into the system divided by expected entries. The expected
entries corresponded to the frequency of weighing prescribed by
the physician minus the number of days allowed without weighing
(including hospitalizations, holidays, death before the end of follow-up).
Telemonitored patients with missing weights or weighting prescription
data were excluded from this analysis, as were their hdP5 matches
from the 50C group. Three categories were defined according to
terciles of adherence: low (<66.9%), medium (66.9% to 91.3%), and
high (>91.3%)%524

Sensitivity analysis
A sensitivity analysis using the hdP5 inverse probability of treatment
weights (IPTW) was performed on all patients meeting selection
criteria, including those excluded after hdPS-matching ®™ %%

All statistical analyses and graphical representations were conducted
using SAS® Enterprise Guide version 7.15 (SAS Institute, Cary, NC,
ISA). For all analyses, a 0.05 threshold was used for significance.

Ethics

In accordance with the French medical data privacy laws, both the
Comicé Ethique et Scientifigue pour les Recherches, les Etudes et
les Evaluations dans le domaine de la Santé (CESREES; file number
2821727bis) and the Commission Mationale de l'lnformatique et des
Libervés (CTMIL; file number DR-2021-105) approved chis study. All
CCC patients were informed of the present study and were given the
opportunity to opt out of the use of their data. Concerning patients
and data issued from the SND5S database, the French NHI fund, as
data controller, is responsible for patient information, and ne informed
consent was required because these data are anonymous.



Results

Patients
From 1 February 2018 to 22 March 2020, a total of 1462 HF

patients using CCC telemonitoring were selected, along with
63871 HF patients with no reimbursement for any telemonitor-
ing for the SOC group. Ultimately, 1358 telemonitored patients
were hdP5-matched to 2456 50C patients (81% with a 1:2 ratio,
n="1098; 19% with a 1:1 ratio, n=260) (Figure 7).

Prior to matching, patient baseline characreristics differed
between the telemonitoring and 50C groups. Telemonitored
patients were younger (mean age 70.4 vs. J8.5 years for the 50OC
group), less likely to be female (27.4% vs. 51.8%), and at a higher
riskk of HF rehospimlization (lable T). HdP> matching balanced
baseline characteristics between the two groups (SMD <0.10),
with a satisfying overlap (online supplementary Figures 52—5%4), yet
the proportion with a cardiac device remained unbalanced (40.9%
for telemonitoring vs. 33.3% for 30C; SMD —0.18). Afcer match-
ing. in both groups, the mean age of patients was about 71 years,
and less than one-third of patients were women. More than 80%
of patients were at high or very high risk of HF rehospitalization,
and about half of the patients had a hospitalization for HF within
30 days before the index date. The median time between the last
HF hospitalization and index date was 17.0 (IQR: 7.0—-66.0) days
for the telemonitoring group and 27.0 (IQR: 15.0-70.0) days for
the SOC group.

Clinical outcomes
Aldl-cause death

At the end of the &6-month follow-up, the all-cause death rate
in the telemonitoring (7.4%) and 50C (9.9%) groups differed
significantly (p = 0.011). Compared with 50C, telemonitoring was
associated with a 29% lower risk of death (HR 0.71, 95% CI
0.56-089, p=0.003) (Table Z2). Survival curves are presented in
Figure 2A.
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Figure 1 Flow-chart of the study. CCC, Chronic Care Connect™; hdPS, high-dimensional propensity score; NIR, national identifier; SOC,
standard of care; SNDS, Systéme Mational des Données de Santé; TLM, telemonitoring.

Heart failure hospitalizations and emergency
department visits

Heart failure hospitalization outcomes are shown in Table 2. Within
the 6-month follow-up, 582 HF hospitalizations occurred in the
telemonitoring group and 460 in the 50C group. The proportion
of patients hospitalized at least once for HF, regardless of the dura-
tion of stay, was significantly greater in the telemonitoring group
(27.2%, n=369) than in the SOC group (12.9%.n=316; p <0.001).
The proportion of patients with at least one overnight HF hospi-
talization was also significantly greater in the telemonitoring group
(22.8%, n = 30%) than in the SOC group (12.5%, n = 306; p < 0.001).
Furthermore. telemeonitoring was associated with a higher risk of
first overnight HF hospitalization in comparison with 50C (HR
1.81, 95% CI 1.55-2.13, p < 0.001). Survival curves are presented
in Figure 2B.

The average (standard deviation) length of overnight HF hospi-
talization, however, was significantly lower in the telemonitoring
group than in the SOC group, at 107 (9.0) versus 14.0 ({15.4)
days (p<0.001), respectively. The propertion of overnight HF
hospitalizations following an ED visit was also significantly lower
in the telemonitoring group (49.9%, 236 hospitalizations out of
473 stays) compared with the SOC group (68.8%, 304 ocut of 442;
p=0.0071).

Telemonitoring was associated with a higher proportion
of one-day HF hospitalizations ameng all HF hospitalizations
(18.7%, 109 hospitalizations) than SOC (3.9%, 18 hospitalizations;
p=0001).



Table 1 Baseline characteristics of included patients, before and after matching on high-dimensional propensity score

Before hdPS matching After hdPS matching
TLM sOC SMD  pvalue TLM s0C SMD  p-value
(n=1462) (n=463871) (n=1358) {n=2458)
Age (years), mean (3D 704 (13.0) 785 (131) =062 <0001°  TLO{129) T1.7(14.) =006 0015
Female sex, n (%) 400 (27.4) 33085 (518) —051  <00017 389 (284) 740 (30.1) -003 0338
Risk of HF rehospitalization®, n (%) =0.0014 0,981
Low 206 (14.1) 28236 (442) (iR 202 (145) 359 (14.6) -0.01
Medium 53 (3.6) 7850 (12.3) 0.32 5339 102 (42) 0.0
High 743 (508) 12230 (348) -0.33 705 (519) 1278 (52.0) 0.00
Veary high 460 (31.5) 5555 (BT) -0.5% 198 (29.3) M7 192 0.00
Time interval becween index date and last HE 16,0 (7.0-63.5)  76.0 (15.0-609.0) <0001°  17.0{70-660) 27.0 (15.0-70.0) <0001
hospitalizatien®, median {IQR)
Time interval between index date and last HF <0.001¢ 0.0951
hospitalization, n (%)
<30 days 797 (54.5) 12505 {19.8) -0.78 T30 {53.0) 1224 (49.8) =007
=30 days=1 year 406 (27.8) 15280 (239) =0.09 383 (28.2) T (314) 0.07
Other =1 year or no hospitalization) 259 (17.7) 36086 (56.5) 0.88 255 (18.8) 461 (18.8) 0.00
Cardicvascular comarbidities, n (%)
Agrial fibrillation 930 (63.8) 32649 (51.1) —025  <00017 859 (513) 1582 (64.4) 02 047e
Coronary artery disease B45 (578) 25509 (39.9) 036 <0001% 770 (587} 1453 (58.2) 0.05 01407
Hypolipemic wreatment 777 (53.1) 26950 (42.2) -021  <00017 717 (528) 1297 (52.8) 000 099st
Other comorbidities, n (%)
Sleep apnoea 296 (20.2) &781 (10.4) 027 00019 262(19.3) 463 (18.9) -001 0740
Cancer 295 (20.2) 12992 (20.3) 000 0ERE 282 (208) 519 (21,7} 001 075!
Diabetes 509 (34.8) 19008 {29.8) 011 00019 475 (35.0) 857 (34.9) 000 0959
Moderate to terminal chronic renal failure 499 (34.1) 16131 (15.3) -0.20 <0001 487 (34.4) 743 (303) -0.0% 0009
(excluding diakysis)
Hepatic diseases Minn 4761 (1.5) 014 <00017 147 (108) 289 (11.8) 003 0379
Chronic respiratary diseases (except cystic 398 (27.2) 18523 (29.0) 004 0738 37 (274) 667 (27.2) -0.01  0.8761
fibrasis)
Thyroid disorders 183 (19.4) 12585 (19.7) 00 0741 26119 484 (19.7) 00 omet
Meuratic and meod disorders 48(33) 2973 (47) 007 Do0E 433 7430 -001 0793
Cardievascular treatments, n (%)
Cardiac defibrillacor/stimulatar 638 [43.8) 9706 (1 52) -066 <0007 556 (40.9) a19 (33.3) -0.18  <poot!
Angiotensin || receptor blockers 341(23.3) 11803 (185) =017 <0001 311 (229) 636 (259) 007 00407
Plateler aggregation Inhibitors 476 (126) W47 (323) 000 08st 439 (33 832 (119) 003 0331
Anti-arrhythmic 307 (21.0) 8616 (11.5) —020 <0001 275 (203) 486 (19.8) ~001 0733
Oral anticoagulants 760 (52.0) 25585 (40.1) —024  <0001" €94 (51.1) 1268 (51.6) 001 0756
Beta blockers 866 (59.2) 32229 (50.5) -018 <0001 793 (384) 1489 (60.6) 005 0178
Diganin 16(18) 2477 (19) 013 <0001?  26(19) 48 (2.0 oo 093
Angiotensin-converting enzyme inhibitars 389 (26.6) 16788 (26.3) 001 0782 367 (27.0) 685 (279) 0oz 0566
Iabradine 49 (3.4) 863 {14) -013 <0001 3929 % (19) 007 008
Diuretics 1101 (75.3) 36781 (57.6) -0.38 <0001 1008 (7432) 1864 (75.9) 004 0253

hdPs, high-dirnnruiurnl propensity scong; HF, heart failure; IR, irnurql.n.ru'la range; A0, sandard deviation; SMD, sendardized mean difference; 30C, sandard of care; TLH, talm'u:rm:-r'ngf

*Risk ef HF rehospiakization: low (e hesplilization within 36 months priar to the index date), medim (no haspitalizaten within 12 months and 2 1 becween 12 and 36menths peior o the index date),
high {one hospitalization within 12 months prior to the index date) and very high (2 hospitalizations within 12 manths prior to the index date).

b Quanticative metrics relaced to time interval berwean index date and last HF hospitalizatien were calculated only for patients with at least one previous HF hospimlization, corresponding to; before
maching, 1276 and 40 718 patients for TLM and SCC group, respectively: afver marching, 1176 and 1123 parients for TLM and S0C group, respactivedy,

“Wilcoman test.

L%



Costs associated with heart failure
management

Telemonitoring was associated with higher per patient per month
HF healthcare costs than SOC (relative costs 1.38, 95% ClI
1.26—-1.51, p <= 0.007). Including the cost of telemanitoring (€470
per patient per semester), the total per patient per month costs
were €955 in the telemonitoring group versus €566 in the 50OC

group. The difference was driven by higher hospital costs in the
telemonitoring group (72% of total costs vs. 59% of total costs for
the SOC group) (Table 3).

Stratification analyses

Owerall, results of the subgroup analyses were consistent with
the general analyses (online supplementary Figure 55). Among

patients at high or wvery high risk of rehospitalization for HFE
telemonitoring was associated with a significant lower risk of death
(high risk: HR 0.69, 95% Cl 0.49-0.99; very high risk: HR 0.68,
95% Cl 0.48—-0.96). Likewise, the risk of death was significantly
lower among patients who had HF hospitalization within 30 days
before the index date (HR 0.60, 25% CI 0.45-0.82) or who had
comorbidities (diabetes/chronic respiratory diseases, HR 0.65, 95%
Cl 0.48-0.88).

In addition, compared with 50C, telemonitoring was associ-
ated with a significant lower risk of all-cause ED visits among
patients at high risk of rehospitalization or with HF hospitaliza-
tion within 30 days before the index date or with comorbidities.
Healthcare costs according to subgroups are presented in online
supplementary Figure 5&.

Adherence to telemonitoring

Adherence to telemonitoring was estimated among the 1154
patients with awvailable information, corresponding to 2076
matched patients of the SOC group, which represented 85% of
the study cchort. Patient characteristics are detailed by adherence
level category in online supplementary Table §17.

Death rates were significantly lower for highly adherent patients

(4.9% vs. 9.71% for medium and low adherence, p < 0.001). Likewise,



Table 2 Outcomes at é-month follow-up in high-dimensional propensity score-matched groups

TLM (n=1358) SOC (n=2456) p-value HR/IRR (95% CI) p-value

All-cause death

Patients with event, n (%) 101 (7.4) 141 (9.9) 0.011° HR 0.71 (0.56-0.8%)  0.003¢
Time to event (days), mean + 50 93.7 +50.5 B49+53.6 0.145°
HF hospitalizations (all duration)
Tetal number of stays, n 5a2 480
Mumber of events per patient, mean + 5D 04409 02106 <0.001%
Fatients with =1 event, n (%) 369 (27.2) e (12.9) =0.,0017
Overnight HF hespitalizations
Total number of stays, n (%) 473 (81.3) 442 (96.1) =0,001*
Length of stay (days), mean £ 5D 107+9.0 1404154 <0,001%
Stays following an ED visit, n (%) 234 (49.9) 304 (68.8) =0.007°
Mumber of events per patient, mean + 5D 04+08 0.2+046 =0.001% IRR 1.82 {1_59 -2.07) =0,0014
Patients with =1 event, n (%) 309 (21.8) 306 (12.5) <0001* HR1.81(1.55-213) <0.001°
Time vo first event (days), mean + SD 66.9+51.2 60.8 4+ 50.7 0.103"
Cumulative duration per patient (days), mean £ 50 1644152 2034205 0.018° IRR 0.75 (0.73-0.78) <0.001¢
One-day HF hospitalizations
Total number of stays, n (%) 109 {13_7] 18 (3.9) <0.001*
Number of events per patient, mean + 5D 0.1+04 0.01 +0.09 =0.001%
Patients with =1 event, n (%) 93 (6.8) 18 (0.7) <0.001*
All-cause ED visits
Number of events per patient, mean + 5D 0611 06+£1.0 0.577% IRR 0.96 (0.88-1.05) 03697
Patients with =1 event, n (%) 453 (33.4) B45 (34.4) 0.513° HR 0.93 (0.83-1.05)  0.234°
Time to first event (days), mean + 5D 70.7 +52.1 66.7+52.4 0.127%

Cl, confidence interval; ED, emergency department; HF, heart failure; HR, hazard ratio; IRR, incidence rate ratio; SO, standard deviation; SOC, standard of care; TLM,
telemonitoring.

1 rest

"W ilcaxan test.

“Multivariate Cox regression model.

IMultivariate negative binomial regression model.

overnight HF hospitalization rates were significantly lower for
highly adherent patients (17.5% wvs. 24.5% for medium and low
adherence, p <0.001) (online supplementary Table 57). Survival
curves are presented in Figure 3.

Sensitivity analyses

Patient characreristics at baseline for the telemanitoring and 50OC
groups before and afrer using IPTWY method are detailed in online
supplementary Table 52. Regarding statistical models, the sensi-
tivity analyses provided consistent results {online supplementary
Figure 57). Telemonitoring was associated with a significant lower
risk of deach (HR 0.68, 95% Cl 0.53-0.86) and a significant higher
risk of first HF hospitalization (HBR. 1.817, 95% CI 1.56—-2.10) than
SOC. The risk of a first all-cause ED visit did not differ significantly
between the two groups.

Discussion

In this French naticnwide real-world cohort study, compared with
S0OC, a non-invasive telemonitoring solution (CCC) was associated
with significantly lower all-cause mortality but with a higher risk
of first HF hospitalization and higher healthcare costs after an
observation period of & months (Graphical Abstroct).
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Figure 2 Kaplan—Meier curves for all-cause death (A) and first heart failure (HF) hospitalization (B) at é-month follow-up by group
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a truncated Y-axis.

Weight and symptom-based
telemonitoring in high-risk patients:
reduced mortality but with more
hospitalizations for heart failure

Largely because of the ETAPES programme inclusion criteria,
half of patients in this study were included in the first 30 days



following a HF-related hospitalization, in the most vulnerable early

7

pﬂst-digcharge phaf.e. The results observed in this :u:ud}r thus

should be considered in the context of high-risk patients, with high
event rates and mortality risk.™ The current findings might have
been different in truly stable chronic HF patients, as the greatest

telemonitoring-related results have been observed in patients with

severe HF according to MNew York Heart Association (NYHA)
class.®*

Given the nature of cur patient management intervention,
high-risk patients telemonitored with CCC would be expected to
have more frequent contaces with healthcare professionals, leading
to clozer and more intenze management. Indeed, the telemoni-
toring group had higher rates of 1-day hospitalizations and direct
HF hospitalizations without a preceding EC visit, suggesting more
planned hospitalizations for these patients. This facter could have
limived worsening of their condition before hospitalization and
improved prognosis in comparison with 50C patients. Hospital-

ization, especizlly of short duration, may reflect early detection

of problems and good care rather than an adverse outcome.?!

This possibility is in line with the shorter average length of
hospitalizations in the telemonitoring group, as others also have

mentioned.’ Without this intensive management, cardiac decom-
pensation in SOC patients in the current study might have gone
undetected or been detected at such an advanced stage that death
was not preventable.?’ In this way, CCC-induced management may
have gone hand in hand with better survival among the telemon-
itored patients. Other studies have reported lower mortality risk
with a non-invasive telemonitoring solution based on weight mea-
surement or on multiparameter telemonitoring, compared with
SOC.7%2533 A smaller trial comparing three groups, including a mul-
tiparameter telemonitoring solution and usual care in HF patients,
showed concordant results. In that work, 426 patients with a
recent admission for HF and left ventricular ejection fraction <40%
were assigned randomly to a HF telemonitoring system (twice-daily
patient self-measurement of weight, blood pressure, heart rate,
and rhythm with automated devices linked to a cardiology centre),



Table 3 Healthcare costs associated with heart failure management at 6-month follow-up in high-dimensional

propensity score-matched groups

Category PPPM costs (€)
TLM (n="1358) 50C (n=12456) TLM - SOC Relative costs (95% CI)*
Total costs including telemonitaring solution cost 955 566 +389 1.38 (1.26-1.51) p < 0.001
Total costs excl. telemonitoring selution cost 873 (100%) 566 (100%) +307
Hospital costs 626 (72%) 333 (59%) +294
HF-related hospitalization
One-day hospitalizations excluding high-cost 10 1 +9
drugs and medical devices
Owernight hospitalizations excluding high-cost 358 204 +154
drugs and medical devices
Other diagnosis-related hospitalization with 142 68 +74
HF-related medical device implantation
High-cost HF-related medical devices? 24 20 +4
Hespital costs not directly related to HF®
Other high-cost medical devices 52 20 +32
High-cost drugs n 5 +6
Hespitalization in rehabilitation care following 23 13 +10
hespitalization fer HF
OCutpatient cardiologist visits (+ medieal [ 2 +4
procedures)
Ambulatory costs 241 (28%) 228 (40%) +13
Total physician visits 19 19 0
General practiticner visits 17 17 Q0
Cardiclogist visits 2 2 ]
Total other health professional visits m 128 -17
Nurse acts and visits 94 110 =16
Physiotherapist acts and visits 17 18 -1
Other ambulatory costs 1 a1 +30
HF-related drugs (retail pharmacies) 87 63 +24
HF-related laboratory tests 17 10 +7
HF-related medical acts 7 8 -1
Other costs & (0%) 5 (1%)
Medical transport® & 5 +1

HF, heare failure: PPPM, per patient per month: TLM, telemenitaring SOC, standard of care,
Mulcivariate gamma medel eamparing PPPM costs, excluding hespital eests net direcely relaced ve HE
"WWithin HF-related hospializatons, i.e. with HF diagnosis or for HF-related madical device implantation.
*Orccurring the same day as a cardiologist visit or as HF-related hospical admission.
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Figure 3 Kaplan—Meier curves for all-cause death (A) and first heart failure (HF) hospitalization (B) by adherence level category for
telemonitored patients matched to standard of care (SOC) patients (telemonitoring [TLM] group, n=1154; SOC group, n=2076).
Telemonitored patients with missing adherence data and their matched SOC patients were not retained for this analysis. Adherence levels
were defined according to deciles: low <66.9%; medium 66.9-91.3%; and high >91.3%. The box in the left back side represents the figure with
a truncated Y-axis.

to a nurse-centred management system, or to a usual-care system
centred on the general practitioner. Patients randomly assigned
to receive usual care had higher 1-year mortality compared to
other groups (45%, p =0.032). Of note, that study was conducted
about 20 years ago, in a different context from the current study
regarding HE and in a multinational system, so that many factors

. and heterogeneities in health systems likely are in play®' The
: comman key explanation for the benefits of telemonitoring on
clinical sutcemes, including CCC, is the quickness, quality, and
efficiency of response to high-level alerts.”"? Indeed, the results of
the TIM-HF trial, based on a non-invasive multiparameter tele-

monitoring associated with an appropriate immediate intervention

by the cardiologist, led the 2019 Heart Failure Association expert
Cconsensus report to consider non-invasive telemonitoring similar
to the one used in TIM-HF2 for management of HRE*4*
Mevertheless, in this particular population of high-risk wors-
ening HF patients, physiclogical features such as daily weight
changes or increased symptoms could provide inadequate warning
of impending decompensation.™™ Ewven if symptoms often are

perceived as sudden, Zile et al.*” showed a conszistent pattern of



slowly rising cardiac filling pressures for about 3 to 4weeks before
HF hospitalizations. Assessment of symptoms in the aftermath of
an episode of severe decompensation thus could be unreliable if
patients with worsening HF and severe cardiac dysfunction report
few or no sympt::rm:a.“ The CCC telemonitoring solution seems
to apply late in the evolution of worsening chronic HE when
hospitalizations for emergency treatment usually can no longer be
avoided. Consequently, we found a higher number of HF hospital-
izations in the telemonitoring group than in the SOC group. The
results observed in telemonitored patients could be explained
by the lack of multdparameter collection and the short follow-up
pericd. On one hand, inclusion of multiple parameters could allow
for sarlier detection of HF decompensation than telemonitoring
based on weight and symptoms, and thus reduce HF hospitaliza-
tions.*? The recent MONITOR-HF study demonstrated thac
haemodynamic-guided monitoring techniques wracking congestion
with cardiac filling pressures or pulmonary impedance changes in
asymptomatic patients can identify early worsening of HF, enabling
rapid specific treatment and helping to avoid HF hospitalizations.*®
On the other hand, in their meta-analysis, Umeh et al*® showed
that preolonged telemonitoring (=12 months) was associated
with decreased HF hospitalization, unlike the shorter duration
(=6 months) telemonitoring. In our study, the 12.9% rehospital-
ization rate found at & months in the 50OC group is comparable to
the annual rate of HF rehospitalizations ranging frem 15% we 20%
reportaed in a large French retrospective study conducted berween
2002 and 2012 (i.e. before the deployment of telemonitoring in
France).*’ The slightly lower difference may be due to the improved
management of HF patients, such as the guideline-directaed medical
therapy for patients with reduced ejection fraction HE

The increased number of HF hospitalizations observed in the
telemonitoring group resulted in higher costs. Given differences in
reimbursameant systams ameng ceuntrias, comparakilicy in terms
of healthcare costs is limited.*?



Optimizing Chronic Care Connect™
perfornmance

The results of telemonitoring based on weight measurements could
be improved by optmizing care sorucoures using CCC o limit the
aobserved high number of HF hospitalizations. Considering thac
the study pericd included the wvery beginning of wusing telemoni-
toring dedicated to HF in France as well as overlapping with the
COVID-19 pandemic, modification in the behaviour and organiza-
tiomnal structure of most cardiology departments using relaermoanitor-
ing is expected. Alami et al.’' showed that cardioclogy departments
in France progressively changed their organization upon or shorcly
afcer the implementation of CCC, for instance by admicting patients

directly (i.e. avoiding the need to attend the ED). MNevertheless,
some practical limitations may be an obstacle to the optimization
of CCC, such as the need for cardiology staff investment and com-
patibility with the current healthcare system.®

Place of weight telemonitoring in heart
failure management

Although telemonitoring of weights and symptoms did not
decrease waorsening HF hospitalizations, the detection still helpad
o identify the steps needed to achieve effective monitoring pro-
gr:;ln'lrnas_:ﬁ' This study provided support for the incorporation
of CCC relemonitoring in the late acute phase of worsening HF
in high-risk patients. As telemonitoring is not a treatment per se,
the CCC solution could offer physician an opportunity o adapt
interventions early, including diuretics and guideline-recommended
treatments.| However, the added value of CCC can be improved.
By combining weight measurement, symptoms, and haemodynamic
parameters, alercs firom CCC could happen even earlier, saving
hospitalizations and healthcare costs. As non-invasive telemonitor-
ing appears simpler and less cosdy than invasive telemonitoring,
the non-invasive interventions could be prescribed to a greacer
proportion of patients, and inwvasive telemonitoring could be
reserved for wery high-risk patients requiring more intensive
monitoring.®

A, tailored cherapy with built-in adapration over time could max-
imize the benefits of telemonitoring, for example, by intensifying
during unstable phases of HF and attenuating when the patient is
stable, leading to higher adherence during prolonged follow-up.®¥
Adherence to weight measurement has been associaved with clini-
cally important benefits and identified as a key factor for telemoni-
toring programme with symptom assessment success. >*#% Our
results support this finding as the best results of CCC were found
in adherent patients. Education of patients through partnership,
self-care, and motivation support is surely an elementary condition
to the success of telemonitoring solutions.



Finally, artificial intelligence-based analysis has the potential to
play an important role in early prediction of clinical deterioration
in HF patients by creating trustworthy hospitalization prediction
algorithms and possibly preventing costly hospitalization. ™ |f
included in telemonitoring algoridhims, artificial inuelligence could
help to adapt the telemonitoring system to wvariations in the
population benefiting from it (e.g. new guidelines, new drugs) and
at the individual level.

Strengths and limitations

To conduct this large real-world study, we used the SNDS, which
provides representative data on overall routine clinical care for HF
in France in private and public hospital settings, and the NOMHAD
database, which ensures correct identification of a patient's expo-
sure o CCC telemonitering and provides data on patient adher-
ence, Nevertheless, administrative databases present several limi-
tations. First, the level of detail needed for correct HF phenotyping
and the level of patient risk (e.g. NYHA class and ejection frac-
tion) were not available in the SND5 database. Thus, we used

the NHI algorithm to identify HF patients, which is based only on
ICD-10 codes. Second, we approached the HF condition with the
risk of HF rehospitalization and with the time interval berween
index date and last HF hospitalization to better identify patients
at highest risk.” These variables could be insufficient to address
the very significant changes in risk across the first 12 months afrer
HF-related hospitalizations. Third, the results on mortality should
be interpreted with caution as no information regarding in-hospital
guideline-directed medical therapy was available, and identification
of in-hospital co-infections worsening prognosis is unreliable in the
SMDS. Finally, data available from the NOMHAD database did not
include telemedical intervention information such as the number
of alerts, the proporton of alerts leading to an ED visit, HF hos-
pitalization, or a change in medication without an ED visit. This
lacle of information precluded further interpretation of the results

observed.



Qur real-world study reflects the actual use of telemonitoring in
a clinical setting and helps to address some of the external validity
limitations in randomized controlled trials.* However, the lack of
randomization in real-world studies needs to be accounted for with
an appropriate methedology. In the present study, hdPS matching
was used to reduce the strong indication bias highlighted by the
large baseline differences between the telemonitoring and 5OC
groups. Although hdP5 algorithm is expected to identify proxies for

uncbserved confounders, %

unmeasured clinical variables may
remain unbalanced after hdPS matching, which can lead to residual
confounding bias.** Remaining differences show that the choice
of index date for the SOC group did not completely succeed to
generate fully comparable periods at risk. To limit the impact, the
‘risk of rehospitalization’ and ‘time between index date and last
HF hospitalization® variables were included in the hdPS matching.
Finally, given the absence of data such as medical vital statistics,
clinical markers, or socioeconomic status, which is an inherent bias
of medico-administrative databases, the results of our study should
be interpreted with caution. Moreover, matching methods led to
the exclusion of patients, especially 50C patients, from the anal-
yses, which reduces the external validity of the study. Indeed, the
matched sample reflects patients for whom the telemonitoring was
prescribed, that is, the younger, more privileged, and male patients.
The health benefits found in this matched population may not be
reproduced in the broader population of all-comer HF patients.

Conclusion

The investigation of different telemonitoring systems in a
real-world setting is essential in the field of digital cardiology,
in particular with the worldwide expansion of telemonitoring
reimbursement. The results of this nationwide cohort study
highlight a role for telemonitoring sclutions such as CCC in the
management of high-risk HF patients. However, far telemonitoring
solutions based on weight and symptoms, consideration should be
given to implement additional methods of assessment to recognize
imminent worsening of HF, such as impedance changes, as a way
to reduce mortality risk and the need for HF hospitalizations.

Further research is warranted to confirm these results, to identify



which patients might benefit from telemenitoring and to explore
long-term effects,
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Abstract

Aims:

Evaluating the benefit of telemonitoring in heart failure (HF) management in real-world
settings is crucial for optimizing the healthcare pathway. The aim of this study was to assess
the association between a 6-month application of the telemonitoring solution Chronic Care
Connect™ (CCC) and mortality, HF hospitalizations, and associated costs compared with
standard of care (SOC) in patients with a diagnosis of HF.

Methods and results:

From February 2018 to March 2020, a retrospective cohort study was conducted using the
largest healthcare insurance system claims database in France (Systeme National des Données
de Santé) linked to the CCC telemonitoring database of adult patients with an ICD-10-coded
diagnosis of HF. Patients from the telemonitoring group were matched with up to two patients
from the SOC group based on their high-dimensional propensity score, without replacement,
using the nearest-neighbour method. A total of 1358 telemonitored patients were matched to
2456 SOC patients. The cohorts consisted of high-risk patients with median times from last
HF hospitalization to index date of 17.0 (interquartile range: 7.0-66.0) days for the
telemonitoring group and 27.0 (15.0-70.0) days for the SOC group. After 6 months,
telemonitoring was associated with mortality risk reduction (hazard ratio [HR] 0.71, 95%
confidence interval [CI] 0.56-0.89), a higher risk of first HF hospitalization (HR 1.81, 95% CI
1.55-2.13), and higher HF healthcare costs (relative cost 1.38, 95% CI 1.26-1.51). Compared
with the SOC group, the telemonitoring group experienced a shorter average length of
overnight HF hospitalization and fewer emergency visits preceding HF hospitalizations.

Conclusion:

The results of this nationwide cohort study highlight a valuable role for telemonitoring
solutions such as CCC in the management of high-risk HF patients. However, for
telemonitoring solutions based on weight and symptoms, consideration should be given to
implement additional methods of assessment to recognize imminent worsening of HF, such as
impedance changes, as a way to reduce mortality risk and the need for HF hospitalizations.
Further studies are warranted to refine selection of patients who could benefit from a
telemonitoring system and to confirm long-term benefits in high-risk and stable HF patients.



