
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Early detection of atrial fibrillation in patients
with heart failure reduces the risk of
subsequent hospitalization: a subanalysis of
the randomized TIM-HF2 trial
Tina Stegmann 1,*†, Kerstin Koehler2,†, Marie Schulze1, Ulrich Laufs1,
Friedrich Koehler2,†, and Rolf Wachter 1,†

1Klinik und Poliklinik für Kardiologie, Universitätsklinikum Leipzig, Liebigstraße 20, 04103 Leipzig, Germany; and 2Charité—Universitätsmedizin-Berlin, Zentrum für kardiovaskuläre
Telemedizin der Charité, Campus Mitte, Charitéplatz 1, 10117 Berlin, Germany

Received 1 February 2022; revised 13 March 2022; accepted 6 April 2022; online publish-ahead-of-print 5 May 2022

Aims To evaluate the rate of new-onset atrial fibrillation (AF) and the potential improved outcome in heart failure (HF) pa-
tients using non-invasive remote patient management (RPM) compared with usual care (UC).

Methods
and results

This analysis assessed a subgroup of 1538 patients of the TIM-HF2 trial with chronic HF, New York Heart Association
Class II or III, admission to hospital for HF within 12 months before randomization, and a left ventricular ejection fraction
(LVEF) of 45% or lower. Patients with AF in the baseline electrocardiogram (ECG), with an implanted cardiac device, a
history of ablation therapy, and recent anticoagulation were excluded, leaving 347 patients for final analysis (RPM= 175;
UC= 172). The percentage of days lost due to unplanned cardiovascular hospitalization or death of any cause (primary
endpoint of TIM-HF2), the rate of newly detected AF, and the hospitalization rate due to AF were analysed. For patients
with new AF, there was a significant reduction for the primary endpoint in the RPM group [5.5%, 95% confidence interval
(CI) 0–11.6 vs. UC: 14.6%, 95% CI 8.0–21.2; P, 0.001]. Within the first 3 months, the detection rate of new AF was
significantly higher in the RPM group (5.1%) compared with UC (1.2%), P= 0.035. After 1 year, 23 patients (13.1%) as-
signed to RPM and 12 patients (7.0%) assigned to UC had newly detected AF, P= 0.056. Unplanned hospitalizations re-
lated to AF were significantly lower in the RPM group (2 out of 23 patients vs. UC: 10 out of 12 patients; P, 0.001).

Conclusion In this subgroup of HF patients in the TIM-HF2 trial, non-invasive daily ECG transmission leads to a four times higher
detection rate of new AF compared with UC. This was associated with a significant reduction of days lost due to un-
planned cardiovascular hospitalizations, especially hospitalizations related to AF.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

* Corresponding author. Tel: +49 341 9720972, Fax: +49 3419712688, Email: tina.stegmann@medizin.uni-leipzig.de
†These authors contributed equally.
© The Author(s) 2022. Published by Oxford University Press on behalf of the European Society of Cardiology.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/), which
permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact
journals.permissions@oup.com

European Heart Journal - Digital Health (2022) 3, 218–227
https://doi.org/10.1093/ehjdh/ztac019

ORIGINAL ARTICLE

https://orcid.org/0000-0002-9678-6196
https://orcid.org/0000-0003-2231-2200
mailto:tina.stegmann@medizin.uni-leipzig.de
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1093/ehjdh/ztac019


. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Graphical Abstract

In a subgroup-analysis of the TIM-HF2 trial, patients with heart failure (HF) and new-onset of atrial fibrillation (AF) within 1 year of follow-up lose less
days for cardiovascular hospitalization or death by using non-invasive remote patient management (RPM) when compared with usual care (UC) without
RPM. Daily 2 min electrocardiogram monitoring increases AF detection and is associated with a reduction in cardiovascular hospitalizations, especially
unplanned hospitalizations for AF.

Keywords Remote patientmanagement • Telemonitoring • Non-invasive • Heart failure • Atrial fibrillation • Hospitalization
rate

Introduction
Recent studies suggest remote patient management (RPM) as a
promising holistic ambulant care concept for symptomatic patients
[New York Heart Association (NYHA) II–III] with chronic heart
failure (HF) and reduced left ventricular ejection fraction (LVEF)
≤ 45%.1 Patient selection for these resource-intensive concepts is
important but remains challenging. Positive effects on all-cause
mortality in patients with atrial fibrillation (AF) and recommended
patient profiling via biomarker guidance have been reported previ-
ously.2–4

Atrial fibrillation and HF frequently coexist, and the prevalence of
both conditions is expected to increase with the ageing of the popula-
tion.5 Multivariable analyses of two large and randomized trials,
PARADIGM and ATMOSPHERE, investigated outcomes related to
the type of AF in HF patients with reduced LVEF.6 Patients with HF
and paroxysmal AF were at higher risk for hospitalizations compared
with persistent or permanent AF. Interestingly, patientswith new-onset
AF during the study period were at higher risk for all outcomes (com-
posite of cardiovascular death or HF hospitalization, death due to wor-
sening HF, sudden death, all-cause mortality, and stroke). Thus, HF
patients with increased risk for the development of new AF seem to

be a very vulnerable patient population. These patients may benefit ex-
ceedingly from close/continuous outpatient monitoring.
The detection rate of new-onset AF in HF patients with reduced

LVEF using non-invasive RPM has not been reported yet. Other inva-
sive telemedical studies observed that patients with a history of AF
were more likely to benefit from telemonitoring than patients with-
out such a history.4

In this post hoc analysis of the TIM-HF2 trial, we hypothesized that
the detection rate of new-onset AF using a daily 2 min electrocardio-
gram (ECG), as part of non-invasive RPM, will be higher compared
with usual care (UC) and an earlier AF detection may prevent un-
planned hospitalizations for AF.

Methods

Study population
TIM-HF2 was a randomized controlled and parallel grouped study which
was conducted in Germany and recruited patients with a history of hos-
pitalization due to worsening HF within the last 12 months before ran-
domization, an NYHA functional Class II or III, and an LVEF of 45% or
lower (or if more than 45%, patients were being treated with oral diure-
tics).1 Details of the study design, randomization, procedures, data
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collection, and primary results of TIM-HF2 trial have been previously
published (trial number: NCT01878630).7 The study period was 12
months, and the patients were randomized either into the interventional
group (RPM+UC) or into UC alone. Remote patient management in-
cluded a daily transmission of body weight, systolic and diastolic blood
pressure, heart rate, analysis of the heart rhythm, peripheral capillary
oxygen saturation, and self-rated health status to the telemedical care
centre (TMC), which was located at Charité—Universitätsmedizin
Berlin. The TMC provided physician-led medical support for 24 h/7
days per week.

The study complied with the Declaration of Helsinki and the applicable
laws and regulations. All patients provided written informed consent.

In the case report forms of the main TIM-HF2 trial, no information
about known (paroxysmal, permanent, or persistent) AF, atrial flutter,
or rather information about the indication for oral anticoagulation was
requested at baseline. The information about AF at baseline could only
be taken from the baseline resting ECGs. To ensure that patients with
paroxysmal AF and indications for oral anticoagulants were not included
in this analysis, we excluded all patients with oral anticoagulation at base-
line to prevent selection bias. Further, all patients with an implanted car-
diac device, as a correlate of continuous monitoring, were excluded. As
well as all patients with a history of any type of pulmonary vein ablation
(heat or cold energy) were not included. Pulmonary vein ablation is an
interventional procedure to treat AF.

New detection of atrial fibrillation
One part of the RPM system was a three-channel ECG device to collect a
2 min ECG measurement (PhysioMem PM 1000 GETEMED Medizin-
und Informationstechnik AG, Teltow, Germany).7 In the main trial, the
TMC provided physician-led medical support and patient management
24 h a day, Monday to Sunday, for the entire study period using the
Fontane system, a CE-marked telemedical analysis software (T-Systems
International GmbH, Frankfurt, Germany).1 Algorithms in the Fontane
system were programmed with cut-off limits which allowed the physi-
cians and nurses to prioritize patients, as previously described in detail.7

From all selected patients assigned to RPM, all daily transmitted ECGs
were screened for AF by two independent persons. Atrial fibrillation was
defined according to the current guidelines: irregularly R–R intervals, ab-
sence of distinct repeating P waves, and irregular atrial activations.8 The
minimum duration of AF should last at least 30 s.8,9 Additionally, in both
groups, all medical reports from all hospital admissions were screened
for a documented ECG and patients were counted when there was a
documented AF which was unknown yet.

There were standard operation procedures (SOPs) implemented for
the staff of the TMC including SOPs regarding anticoagulation, rhythm,
and rate control management, which also included cooperation proce-
dures with the primary treating doctor (general practitioners or cardiol-
ogists). The patients were not instructed to avoid hospitalizations and
they were completely free to do a self-admission or to be admitted by
the primary treating physicians at any time, no matter, what the
TMC-staff recommended.

In addition, the compliance rate regarding the 2 min ECGmeasurement
and daily transmission to the TMC was evaluated for all selected patients
with sinus rhythm (SR) at baseline and assignment to RPM. Days spent in
the hospital were excluded from analysis. The day after training was the
possible measurement of days until the end of study minus days spent in
the hospital. The results are presented in percentages.

Outcome
The primary outcome of the TIM-HF2 trial was the percentage of days
lost due to unplanned cardiovascular hospitalizations or all-cause death.1

In the TIM-HF2 trial, the reason for using the percentage of days lost was
caused to the definition of the follow-up period. The follow-up period
was defined as 365 days plus a ‘corridor’ of maximal 28 days for the final
study visit.

As a result, the individual follow-up ranged between minimal 366
days and maximal 393 days. To compare the results, ‘the percentage
of days lost due to unplanned cardiovascular hospitalizations or all-
cause death’ was used as the primary endpoint of the TIM-HF2 trial.
Key secondary outcomes were all-cause mortality and cardiovascular
mortality.1 In accordance with the main study, we also examined the
primary and secondary endpoints for patients with newly detected
AF in this subgroup analysis (RPM vs. UC). The rate of new AF
was evaluated after 3 and 12 months of follow-up. Three months
were chosen based on recent findings of other randomized
trials which investigated the detection rate of AF in patients
with stroke or patients aged 75 years or older and diagnosed with
hypertension.10,11

In addition, all unplanned hospitalizations and all unplanned cardiovas-
cular hospitalizations were evaluated.

Hospitalization due to atrial
tachyarrhythmia
All medical reports from all hospitalized patients in both groups
were screened for unplanned hospitalization due to atrial tachyar-
rhythmia (ATA), unplanned hospitalization with acute decompensa-
tion related to ATA, and elective hospitalization, e.g. pulmonary
vein isolation ablation. A clinical endpoint committee (CEC), masked
to study group assignment, adjudicated all hospital admissions during
the study period using prospectively defined criteria in the CEC
charter.

Statistical analyses
Statistical analysis was performed using the full analysis set of TIM-HF2
including all patients with written and signed consent. SPSS version 25
for Windows (IBM, Chicago, IL, USA) and Microsoft® Excel for Mac ver-
sion 16.49 (Microsoft Corporation, Redmond, WA, USA) were used for
all analyses. Baseline characteristics are presented as numbers of patients
(%) for categorical variables and as mean+ standard deviation (SD) or
median (25th; 75th interquartile ranges) for continuous variables, de-
pending on the distribution. After analysis of variance, Student’s t-test
or non-parametric tests (Mann–Whitney U-test) were used, as appropri-
ate. The χ2 test or Fisher’s exact test (where possible) was used for all
categorical variables. Two-sided P-values of,0.05 were considered stat-
istically significant.

The primary outcome was measured as described previously.2

All-cause mortality and cardiovascular mortality curves were con-
structed using the Kaplan–Meier method. Differences between the
curves were examined by the log-rank statistic.

Multivariable analyses were constructed using the linear regression
model. Analyses considering the detection of AF were done on a time
to first event basis with newAF as reference. Differences between curves
were examined by the log-rank statistic. For selected comparisons be-
tween groups, the odds ratio (OR) with the 95% confidence interval
(CI) are presented.

Results
Out of 1538 patients in the TIM-HF2 trial, 347 fulfilled the criteria for
this subgroup analysis (see Figure 1 for details). One hundred and
seventy-five were randomized to RPM and 172 to UC. In both trial
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arms, the baseline characteristics were similar between both groups
and showed a typical profile of HF patients with a high burden of co-
morbidities, Table 1.

New detection of atrial fibrillation
The detection rate of new AF within the first 3 months of the trial
was significantly higher in the RPM group (RPM: 9 patients vs. UC:
2 patients; P= 0.035), Figure 2A. During 12 months of follow-up,
AF was newly detected in 23 patients in the RPM group compared
with 12 patients in the UC group (P= 0.056), Figure 2B. No atrial flut-
ter was detected, neither in the daily transmitted ECGs nor in the
medical reports. On average, there was a compliance rate of 95%
of all patients with SR at baseline and assignment of RPM regarding
the 2 min ECGs and their daily transmission to the TMC.

Independently from the randomization arm, patients with newly
developed AF within 1 year of follow-up were older, had higher
NT-proBNP levels, and poorer renal function at baseline (see
Supplementary material online, Table S1). Table 2 shows differences
in baseline characteristics for patients who developed new AF com-
pared with patients with remaining SR in the RPM andUC groups, re-
spectively. Patients with new-onset AF in the RPM group were older
and had higher NT-proBNP levels and poorer renal function at base-
line, while patients with new AF in the UC group had higher
NT-proBNP levels and higher blood pressure measurements. All pa-
tients with newAF had a therapeutic anticoagulation at the final study
visit. Except for older age in the RPM group, there were no significant
differences in the baseline characteristics of patients with new AF
comparing RPM vs. UC (see Supplementarymaterial online, Table S2).

Primary and secondary study outcomes
There was a significant reduction for the primary endpoint (percent-
age of days lost due to unplanned cardiovascular hospitalization or
death of any cause) in patients with newly detected AF and assign-
ment to the RPM group; RPM: 5.5%, 95% CI 0–11.6 vs. UC: 14.6%,
95% CI 8.0–21.2; P, 0.001, Table 3.
Patients detected with new AF and RPM lost 7.6 days (95% CI 0.8–

14.3) due to unplanned cardiovascular hospitalizations vs. 41.0 days
(95% CI 18.4–64.6) in the UC group (P, 0.001), Table 3. There
was also a significant reduction of days lost due to all hospitalizations
for patients with newly detected AF in the RPM group compared
with UC (P, 0.001, Table 3).
Figure 3 graphically shows the temporal relationship between AF

detection and hospitalizations (planned and unplanned; cardiovascu-
lar and non-cardiovascular) for all patients who were newly diag-
nosed with AF during the study. This is only a descriptive analysis
of all hospitalizations.
No significant differences were seen for the key secondary end-

points all-cause mortality and cardiovascular mortality (see
Supplementary material online, Table S3).

Hospitalization due to tachyarrhythmia
In the UC group, 10 out of 12 patients (83%) with new detected AF
had at least one hospitalization due to AF when compared with 5 out
of 23 patients (22%) in the RPM group (P, 0.001, see
Supplementary material online, Table S4). The other two patients
in the UC group experienced ATA during the inpatient stay. For
one of those, it was the first diagnosis of ATA.

Figure 1 Patients with an implanted cardiac device, with atrial fibrillation in the baseline electrocardiogram, and with the history of ablation ther-
apy or a recent anticoagulation were excluded. RPM, remote patient management; UC, usual care.
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In 9 out of 10 patients, the reason for hospitalization was an acute
cardiac decompensation due to ATA. There was one documented
elective admission for catheter ablation therapy.

In comparison, in the RPM trial arm, three of the five admissions
were elective for catheter ablation therapy. Only one was acute de-
compensated due to ATA. One additional patient experienced ATA
during the hospital stay.

Predictors for atrial fibrillation
In multivariable analysis age (OR 1.076, P= 0.006), NT-proBNP (OR
1.841, P, 0.001), and glomerular filtration rate (OR 1.017; P=
0.011) were independently associated with the detection of new-
onset of AF throughout the 12-month study period, see
Supplementary material online, Figure S1.

Discussion
In this post hoc analysis of the randomized TIM-HF2 trial, a subgroup
of HF patients, without a history of AF and without implanted de-
vices, profits by non-invasive RPM compared with UC. Patients
with newly detected AF and assignment to RPM lost less percentage
of days lost due to unplanned cardiovascular hospitalization or death
of any cause as opposed to patients assigned to UC. Remote patient
management led to a higher and earlier atrial fibrillation detection,
and this was associated with a significant reduction in AF-related hos-
pitalizations, especially for acute cardiac decompensation due to
ATA.
The reduction in days lost due to unplanned cardiovascular hospi-

talizations or death in the current analysis is consistent with the over-
all TIM-HF2 results.1 We previously showed that patients with
known AF gain augmented benefit from the telemedical intervention
in the TIM-HF2 trial2 and this was also observed in other telemedical
interventions.4 We assume that the early detection of ATA and/or
bradyarrhythmia and the immediate adaption of antiarrhythmic ther-
apy, as a part of RPM in the TIM-HF2 trial, contributed to less per-
centage of days lost due to unplanned cardiovascular
hospitalization or death of any cause.
Regarding different non-invasive telemonitoring technologies and

studies, daily ECGmonitoring remained a relatively under-investigated
topic.12,13 This is the first study reporting about the detection rate of
new-onset AF in HF patients using a daily 2 min ECG. Our study de-
monstrated only in the first 3 months of use that RPM with daily
ECG transmission can figure out nearly four times more newly de-
tected AF compared with UC without the use of RPM. A high detec-
tion rate of new AF within the first 3 months is consistent with the
results of other randomized trials evaluating screening methods for
AF.10,11 In patients with previous stroke and randomization to a pro-
longed 10-day Holter-ECG monitoring, 67% of AF cases in the inter-
vention group were detected with the first 10-day Holter ECG and
the participation rate during the second (after 3 months) and third
(after 6 months) Holter-ECG was lower.10 Additionally, in patients
aged≥ 75 years and diagnosed with hypertension, a 2-week continu-
ous ECG (cECG) patch monitor at baseline showed a higher detection
rate of new AF compared with 3 months.11 Due to the small number
of cases and the non-prespecified subgroup, it was not possible to
evaluate if AF independently prevents HF hospitalizations or even
HF worsening. But based on the recently published results and our
findings, we think that there is an unmet need to investigate the pos-
sible associated clinical benefits (e.g. significant reduction in the total

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Baseline demographics and clinical
characteristics of patients with sinus rhythm at
baseline and without any history of atrial fibrillation

RPM
(n=175)

UC
(n=172)

P-value

Age (years) 67 (11) 69 (11) 0.164

Female sex, no. (%) 60 (34) 55 (32) 0.650

Laboratory measurements

NT-proBNP (pg/mL) 851 (300; 1912) 690 (331; 1600) 0.373

eGFR (mL/min/1.73 m2) 73 (51; 98) 64 (46; 90) 0.223

LVEF (%) mean 43 (12) 45 (11) 0.118

,40 68 (39) 43 (25) —

40–50 54 (31) 82 (48) —

.50 53 (30) 47 (27) —

Medical history

Hypertension (mmHg)

Systolic 131 (19) 130 (21) 0.392

Diastolic 75 (11) 75 (12) 0.558

Diabetes 69 (39) 93 (54) 0.006

Hyperlipidaemia 77 (44) 97 (56) 0.021

Coronary artery disease 89 (51) 100 (58) 0.173

Myocardial infarction 39 (22) 40 (23) 0.829

Peripheral artery disease 23 (13) 26 (15) 0.598

Valvular heart disease 83 (47) 70 (41) 0.207

COPD 32 (18) 35 (20) 0.626

Stroke 12 (7) 17 (10) 0.308

Renal insufficiency 62 (35) 82 (48) 0.021

NYHA 0.435

I 1 (1) 2 (1)

II 110 (63) 97 (56)

III 64 (37) 73 (42)

IV 0 (0) 0 (0)

Peripheral oedema 56 (32) 59 (34) 0.649

Dyspnoea on exertion 149 (85) 156 (91) 0.113

Concomitant treatment

ACE inhibitors 99 (62) 92 (59) 0.551

AT1 inhibitors 46 (30) 63 (42) 0.038

β-Blockers 157 (91) 149 (91) 0.891

Aldosterone antagonists 91 (57) 77 (52) 0.394

Thiazides 23 (16) 29 (20) 0.358

Loop diuretics 153 (90) 147 (91) 0.572

Other diuretics 27 (18) 25 (17) 0.842

Calcium antagonists 40 (27) 50 (33) 0.268

Digitalis glycosides 3 (2) 2 (1) 1.000

Antiarrhythmic drugs 5 (3) 13 (9) 0.053

Data are presented as absolute values (per cent), mean (standard variation), or
median (interquartile ranges), as appropriate. RPM, remote patient management;
UC, usual care; NT-proBNP, N-terminal pro-B-type natriuretic peptide; GFR,
glomerular filtration rate; COPD, chronic obstructive pulmonary disease; NYHA,
New York Heart Association; ACE, angiotensin-converting enzyme; AT1
inhibitors, angiotensin II Type 1 receptor blocker.
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number of hospitalizations, worsening of HF, cost-effectiveness, or
cardiovascular mortality) of early-detected AF in patients with chronic
HF in a randomized controlled model.

Nevertheless, the primary target of the TIM-HF2 trial was not the
detection of new-onset AF but the prevention of cardiac decompen-
sations with unplanned hospital admissions. One reason for acute
cardiac decompensations can be new-onset AF and as another
thought, the AF cases revealed by RPM could have been missed or
detected later using conventional diagnostics.

We presume that the most likely explanation why especially the
subgroup of patients with new-onset of AF benefits from RPM is
that the daily ECG transmission leads to an earlier diagnosis and
treatment of AF. In contrast, the AF detection rate in our study

was strikingly lower than the detection rate in the subgroup analysis
of the REM-HF trial.14 One likely explanation is that REM-HF used
implantable devices with continuous monitoring, while in TIM-HF2,
only 2 min ECGs per day were recorded. The earlier detection of
AF was associated with a significant reduction in unplanned hospita-
lizations for HF and rhythm-related hospitalizations while elective
hospitalizations for AF treatment (e.g. ablation therapy), mostly in-
itiated by the TMC, were numerically increased. This could imply
that daily monitoring detects atrial fibrillation early enough to pre-
vent sudden-onset episodes of tachy- or bradyarrhythmias which po-
tentially precipitate or accelerate hospitalizations for acute HF
decompensation. Several recent studies support the concept of early
AF treatment for an improvement in cardiovascular outcomes.

Figure 2 New detection of atrial fibrillation in the remote patient management group compared with the usual care group. (A) Shown for the first
3 months of the trial. (B) Shown for 365 days.
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As an example, the early treatment of atrial fibrillation was recent-
ly reported to reduce the adverse cardiovascular outcomes in the
subgroup of HF patients in the EAST-AFNET 4 trial.15 Our data ex-
tend these findings to an even earlier stage: early treatment is not
only beneficial in those with known AF, but also those with undiag-
nosed AF. As a clinical consequence, HF patients should undergo
regular ECG monitoring (similar to TIM-HF2) because they are
prone to have undiagnosed AF.

Interestingly, HF patients were identified as the only patient
population with prognostic benefits from catheter ablation.16 That is
why early diagnostic methods for the detection of atrial fibrillation
are essential for the improvement of the prognosis of this
patient group. Our results suggest that HF patientsmay be a promising
patient population for the detection of new-onset of atrial fibrillation
with new non-invasive diagnostic devices in future randomized trials.

Additionally, the IN-TIME trial is the only known randomized tele-
medical trial that reported positive effects on continuous invasive

telemonitoring in patients with AF compared with SR regarding
death and hospitalization rates,4 while other invasive telemedical
studies could not show any beneficial associations between the heart
rhythm and the intervention.17

One potential speculated mechanism for the positive effects in
IN-TIME was that AF was one parameter that most often led to pa-
tient contact.4,14 This is in line with our previous findings, where pa-
tients with AF at baseline spent more time on the telephone with the
TMC compared with patients in SR at baseline.2 In contrast to our
findings and the results of the IN-TIME trial, Zakeri et al.14 could
not show any beneficial effect on all-cause mortality for patients
with known AF. But details about all-cause and cardiovascular mor-
tality in patients with new AF are missing. For patients with new-
onset AF in our post hoc analysis, we could not observe any significant
difference in all-cause or cardiovascular mortality between the two
groups. It should be highlighted that TIM-HF2 was not powered to
demonstrate a survival advantage stratified by the heart rhythm.
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Table 2 Univariate analyses of the patients with newly detected atrial fibrillation compared with patients which
remained in sinus rhythm

RPM (n=175) UC (n=172)

New AF (n=23) Remained SR (n=152) P-value New AF (n=12) Remained SR (n=160) P-value

Age (years) 78 (68; 81) 66 (58; 75) ,0.001 69 (56; 75) 70 (62; 77) 0.431

Female sex, no. (%) 9 (39) 51 (34) 0.599 2 (17) 53 (33) 0.342

Laboratory measurements

NT-proBNP (pg/mL) 1607 (530; 4401) 687 (292; 1676) 0.030 1553 (1243; 4099) 627 (301; 1512) 0.003

GFR (mL/min/1.73 m2) 40 (32; 97) 74 (54; 99) 0.017 71 (47; 90) 63 (46; 90) 0.520

LVEF (%) 45 (33; 60) 40 (35; 53) 0.187 40 (34; 50) 45 (40; 55) 0.080

,40 6 (26) 62 (41) — 6 (50) 37 (23) —

40–50 7 (30) 47 (31) — 6 (50) 76 (48) —

.50 10 (44) 43 (28) — 0 (0) 47 (29) —

Concomitant treatment

Hypertension (mmHg)

Systolic 125 (120;140) 130 (119;144) 0.442 145 (125;160) 126 (110;140) 0.045

Diastolic 70 (67;80) 79 (68;80) 0.524 80 (71;90) 74(65;80) 0.048

Diabetes 9 (39) 60 (40) 0.975 8 (67) 85 (53) 0.364

Hyperlipidaemia 9 (39) 68 (45) 0.614 8 (67) 89 (56) 0.457

Coronary artery disease 12 (52) 77 (51) 0.892 8 (67) 92 (58) 0.535

Myocardial infarction 6 (26) 33 (22) 0.638 4 (33) 36 (23) 0.477

Peripheral artery disease 5 (22) 18 (12) 0.193 1 (8) 25 (16) 0.696

Valvular heart disease 12 (52) 71 (47) 0.625 4 (33) 66 (41) 0.764

COPD 3 (13) 29 (19) 0.772 2 (17) 33 (21) 1.000

Stroke 3 (13) 9 (6) 0.197 2 (17) 15 (9) 0.337

Renal insufficiency 15 (65) 47 (31) 0.001 6 (50) 76 (48) 0.867

NYHA

I 0 (0) 1 (1) 0.227 0 (0) 2 (1) 0.059

II 11 (48) 99 (65) 3 (25) 94 (59)

III 12 (52) 52 (34) 9 (75) 64 (40)

IV 0 (0) 0 (0) 0 (0) 0 (0)

Peripheral oedema 9 (39) 47 (31) 0.432 3 (25) 56 (35) 0.754

Dyspnoea on exertion 21 (91) 128 (84) 0.535 12 (100) 144 (90) 0.606

Data are presented for the RPM group and UC group, respectively. Data are presented as absolute values (per cent), mean (standard variation), or median (interquartile ranges), as
appropriate. RPM, remote patient management; UC, usual care; NT-proBNP, N-terminal pro-B-type natriuretic peptide; GFR, glomerular filtration rate; COPD, chronic obstructive
pulmonary disease; NYHA, New York Heart Association.
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Secondary, relating to the strong exclusion criteria we used, there re-
mained only a small group of eligible patients for analysis.

In addition, early detection of AF allows starting, apart from early
heart rate or heart rhythm control therapies, oral anticoagulation
where applicable. This could be another potential mechanism to

prevent AF-related hospitalizations or even stroke. In a retrospective
analysis of a pooled cohort of TIM-HF and TIM-HF2, 33 ischaemic
stroke-related hospitalizations were reported, with no difference be-
tween the two groups.18 Interestingly, the rate of newly detected AF
in the intervention group was also significantly higher than in the

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Table 3 Presented are the percentage of days lost due to unplanned cardiovascular hospitalization or death of any
cause for patients who developed atrial fibrillation and patients which remained in sinus rhythm, compared between
the randomization arms, respectively.

New AF Remained SR

RPM (n=23) UC (n=12) P-value RPM (n=152) UC (n=160) P-value

Percentage of days lost due to unplanned

cardiovascular hospitalization or death

of any cause; average (95% CI)

5.51 (0–11.58) 14.58 (7.96–21.20) ,0.001 2.70 (0.41–4.99) 4.41 (2.11–6.70) 0.073

Days lost per yeara 20.11 53.22 — 9.86 16.10

Days lost due to all hospitalizations

(95% CI)

17.39 (6.54–28.24) 81.50 (46.40–116.56) ,0.001 6.03 (4.22–6.19) 11.49 (8.06–14.92) 0.055

Days lost due to unplanned cardiovascular

hospitalizations (95% CI)

7.61 (0.83–14.34) 41.00 (18.41–63.59) ,0.001 1.79 (0.83–2.75) 3.25 (1.83–4.67) 0.105

aDerived from the percentage of days lost due to unplanned cardiovascular hospitalization or death of any cause: [(Percentage× 365)/100]. RPM, remote patient management; UC,
usual care.

Figure 3 Presented are all patients in the interventional and usual care trial arms with newly detected atrial fibrillation during 1 year of follow-up.
This central illustration gives an overview about all hospitalizations, point of death (dagger), and shows when AF was first documented either with
daily electrocardiogram or with a documented ECG in the medical report.
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control group (RPM: 14.1% vs. UC: 1.6%; P, 0.001). This is
congruent with our findings. In contrast, while the summarized
rate of established oral anticoagulation after new detection of AF
in our analysis did not differ between the two groups, Tütüncü
et al. report a significantly higher rate of established oral anticoagu-
lation 12 months after randomization in the intervention group
compared with the control group. Notably, there was no difference
in the detection rate of new AF between study patients with
stroke/TIA during the 12-month study period, compared with no
stroke/TIA.

In summary, the outpatient management of HF patients, especially
after discharge, is still challenging and resource-intensive.19

Moreover, re-hospitalization rates remain high despite new thera-
peutic strategies and the number of repeated hospitalizations is a
strong predictor of mortality.19,20 There is still an unmet need to pre-
dict decompensation or rather detect early signs of decompensation
or cardiac arrhythmia to initiate therapy immediately (e.g. up-
titration of diuretics, optimize heart rate or heart rhythm control/
elective ablation therapy, start anticoagulation where appropriate).12

The feasibility of RPM in HF patients is well described but considering
the latest telemedical studies and the discrepancies in their findings,
characterization, and selection of the patient population that benefit
the most is of great importance.8,21–23

There are some limitations to consider. This is a post hoc analysis,
patients with atrial fibrillation were not a prespecified subgroup, and
the study was not sufficiently powered for this sub-study. Therefore,
all results are only hypothesis-generating and the findings might be
similar to the main study because all patients with new AF during
the follow-up period were also included in the total cohort of pa-
tients randomized to RPM. But it is of great interest to specify pa-
tients which benefit most from such cost and personnel-intensive
non-invasive ambulant care programmes. The results provide im-
portant insights and should be further explored in future randomized
trials. However, the sequence of earlier AF detection leading to less
unplanned hospitalization for AF is biologically plausible. We did not
rigorously collect information on left atrial size, function, or morph-
ology. The clinical characteristics of patients most likely developing
AF are therefore incomplete.

Due to the design of the study, we are not able to give detailed in-
formation onAF duration orAF burden. It is therefore not possible to
analyse a minimal duration of AF mandating treatment from our data.

Further, patients with the assignment to UC tended to present
more co-morbidities such as diabetes, hyperlipidaemia, and renal in-
sufficiency. These differences could be explainable due to the inher-
ent nature of the retrospective design and could potentially affect the
results.

Conclusion
In our TIM-HF2-subgroup analysis, patients detected with new
AF and assignment to RPM lost significantly less days due to un-
planned cardiovascular hospitalization or death of any cause as
opposed to patients detected with new AF and without RPM.
Daily 2 min ECG monitoring may increase atrial fibrillation detec-
tion, and this could be associated with a reduction in cardiovas-
cular hospitalizations, especially unplanned hospitalizations for
atrial fibrillation.

Supplementary material
Supplementary material is available at European Heart Journal – Digital
Health.
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