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Abstract
Aims It remains unclear whether transitional care management outside of a clinical trial setting provides benefits for patients 
with acute heart failure (AHF) after hospitalization. We evaluated the feasibility and effectiveness of a multidimensional 
post-discharge disease management programme using a telemedical monitoring system incorporated in a comprehensive 
network of heart failure nurses, resident physicians, and secondary and tertiary referral centres (HerzMobil Tirol, HMT),
Methods and results The non-randomized study included 508 AHF patients that were managed in HMT (n = 251) or con-
temporaneously in usual care (UC, n = 257) after discharge from hospital from 2016 to 2019. Groups were retrospectively 
matched for age and sex. The primary endpoint was time to HF readmission and all-cause mortality within 6 months. Multi-
variable Cox proportional hazard models were used to assess the effectiveness. The primary endpoint occurred in 48 patients 
(19.1%) in HMT and 89 (34.6%) in UC. Compared with UC, management by HMT was associated with a 46%-reduction in 
the primary endpoint (adjusted HR 0.54; 95% CI 0.37–0.77; P < 0.001). Subgroup analyses revealed consistent effectiveness. 
The composite of recurrent HF hospitalization and death within 6 months per 100 patient-years was 64.2 in HMT and 108.2 
in UC (adjusted HR 0.41; 95% CI 0.29–0.55; P < 0.001 with death considered as a competing risk). After 1 year, 25 (10%) 
patients died in HMT compared with 66 (25.7%) in UC (HR 0.38; 95% CI 0.23–0.61, P < 0.001).
Conclusions A multidimensional post-discharge disease management programme, comprising a telemedical monitoring 
system incorporated in a comprehensive network of specialized heart failure nurses and resident physicians, is feasible and 
effective in clinical practice.
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Introduction

Heart failure (HF) is a global health problem with increas-
ing incidence and prevalence [1]. Hospitalization for acute 
HF, which either marks the onset of the disease or—more 
often—abruptly interrupts the course of the disease, is asso-
ciated with higher mortality and recurrent hospitalization 
[2, 3]. In an European survey, 1-year mortality was 23.6% 
for individuals hospitalized with acute HF, compared with 
6.4% for outpatients with chronic HF [2]. The majority of 
readmissions occurs early after hospital discharge: about a 
quarter of patients are readmitted within the first month [4] 
with a 50% proportion of HF-related causes of readmission 
[5]. The time window associated with a particularly high 
risk, however, extends beyond the first 30 days with the same 
percentage of patients being readmitted in the time from 
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day 31–180 as from day 0–30 [6]. The risk of death appears 
to increase with each subsequent readmission for HF [7]. 
Frequent readmissions during this vulnerable period are 
mostly due to the progressive nature of HF, poor self-man-
agement, and recurrent signs and symptoms resulting from 
volume overload [8]. This vicious cycle negatively affects 
the patients’ quality of life (QoL) [9], and mortality [3] and 
increase the overall healthcare costs [10].

Systematic reviews suggest that interventions to improve 
the care transition process can improve clinical outcome 
compared with routine care [11–13]. Consequently, care 
programmes designed to facilitate transitions from hospital 
to home are strongly recommended [14–16].

Nevertheless, there are still a number of open questions. 
Recent literature indicates conflicting results with regard to 
the appropriateness of reducing the 30-day readmission rate: 
while there is evidence that despite a US-wide reduction in 
30-day readmissions, 30-day and 1-year mortality simultane-
ously increased [17], this was clearly contested by another 
study [18]. Also, many transitional programmes were tested 
in single centres with limited numbers of patients, using 
various modes of intervention such as nurse home visits, 
disease management clinics, follow-up calls or telemonitor-
ing. Moreover, the transfer of research-derived approaches 
of transitional care into daily clinical practice may be dif-
ficult because many of them require intensive in-person 
interactions that are not always acceptable to patients [19] 
and because reimbursement by the respective health sys-
tem cannot always be guaranteed [20]. As a result, there are 
only a few implementations of large-scale transitional care 

programmes outside of clinical trials, and sustainable reim-
bursement strategies have not been achieved [21].

HerzMobil Tirol (HMT) is a multidimensional post-
discharge disease management programme for heart failure 
patients using a telemedical monitoring system incorpo-
rated in a comprehensive network of specialized heart fail-
ure nurses, resident physicians, and secondary and tertiary 
referral centres [22]. Starting in 2012, the programme went 
through several project phases until it was finally adopted 
into regular service in 2017 [23]. This also ensured reim-
bursement of the programme by the social security system. 
From 2016, the programme was gradually extended to cover 
the entire region of Tyrol in the west of Austria. In 2018, it 
was adopted into the region of Styria in the south of Austria 
[24].

Our aim was to assess the feasibility and effectiveness of 
a non-trial, post-discharge disease management programme 
such as HMT to reduce HF readmission and all-cause mor-
tality. Moreover, the effects of the programme on disease 
severity and patients’ self-care behavior were studied.

Methods

Setting

A multidisciplinary team developed the intervention 
based on established elements and shaped to patient needs 
(Table 1). The programme builds on several pillars: (i) 
patient education to improve patient empowerment; (ii) 

Table 1  Characteristics of HerzMobil Tirol (HMT)

Components of HMT Delivery personnel Intervention content

Hospital In-hospital specialist HF 
cardiologist/internist

Inclusion of patients in the programme
Design individualized treatment plans that are immedi-

ately transferred to all stakeholders
Nurse case management Specialty-trained HF nurse Standard-of-care HF education programme

Home visits
Telephone support

Telemonitoring (supervision is facilitated by an auto-
matic event detection program that signals the need 
for therapeutic decisions)

Specialty-trained
HF nurse
Resident network physician

Daily disease monitoring via supervision of remotely 
transmitted patient-associated data

Forwarding of information about worsening of disease or 
warnings from TM that cannot be processed indepen-
dently to the network physician

Weekly disease monitoring via supervision of remotely 
transmitted patient-associated data

Network of primary care providers Resident network physician Assessment of patients within first week after discharge 
from hospital

Two more regular office visits at weeks 4 and 12
Monitoring of laboratory parameters
Optimization of evidence-based HF medication
Reacts in a timely manner in case of disease deterioration

Programme coordination Coordinator Orchestrates all stakeholders and manages efficient coop-
eration of partners involved
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nurse-led care for early detection of imminent decom-
pensation; (iii) patient-held mobile phone for daily data 
acquisition and transmission of blood pressure, heart rate, 
body weight, well-being, and drug intake, including nurse- 
and physician-controlled telemonitoring of these data; (iv) 
continuous optimization of guideline-based HF therapy for 
long-term stabilization; and finally, (v) network commu-
nication to assure comprehensive HF management across 
venues.

Telemedical technology at HerzMobil Tirol

HerzMobil Tirol uses an integrated technical concept 
called Keep-In-Touch (KIT) to facilitate efficient and reli-
able daily data documentation and transfer [25]. Every 
patient is provided a blood pressure and heart rate moni-
tor and a weighing scale as well as a specially configured 
smartphone for daily data acquisition and transmission. 
Patients can call a helpdesk in case of technical problems. 
As most of the patients are elderly patients, the dialogue-
oriented and process-supporting KIT technology and the 
mobile app are designed to support the patients at home 
in easy and secure handling of the daily data acquisition 
process [22]. To identify upcoming adverse events, signal 
processing algorithms are used to analyse the transmitted 
physiological data [22]. Automatic event detection indi-
cates the need for immediate actions and fosters atten-
tion to those patients who might need early therapeutic 
intervention. The limits used for automatic event detec-
tion are individually defined and regularly adapted for 
each patient by the network physician. The web-based 
telehealth software is made available to all stakeholders 
(network physicians, nurses, helpdesk, and network coor-
dinator) and supports their individual tasks through user-
specific dashboards.

Patients

Patients ≥ 18 year were eligible when hospitalized with 
signs and symptoms of decompensated heart failure requir-
ing IV diuretics, irrespective of the underlying left ventric-
ular ejection fraction (LVEF). Exclusion criteria included 
multimorbidity (Charlson Comorbidity Index > 6), demen-
tia, and lack of willingness to participate. Inclusion crite-
ria for the retrospectively defined control group were hos-
pitalization for decompensated heart failure requiring IV 
diuretics irrespective of the underlying LVEF, and no prior 
participation in the HMT programme. Only patients who 
were admitted to hospital contemporaneously as the study 
patients between 2016 and 2019 were taken into account.

Recruitment and assignment

Patients for the HMT cohort were reported to the programme 
coordinator from four secondary (internal medicine) and one 
tertiary (cardiology) referral centres in Tyrol at the discretion 
of the respective internist or cardiologist. Patient selection 
was influenced by the coincidence of admission to wards 
participating in the programme and by the capacity of the 
care programme at any given time. This triggered visits from 
a specialized HF nurse from the HMT network, who invited 
the patient to participate and—upon consent—started with 
patient education. Patients for the control group (UC—usual 
care) were recruited retrospectively from the database of 
Tirol Kliniken GmbH, the largest healthcare provider in 
Tyrol. Tirol Kliniken GmbH operates four secondary and 
one tertiary care centre with a total of eight departments of 
internal medicine (Fig. 1).

Post‑discharge care

HMT (Table 1)

Detailed information on the integrated care process and the 
role of the members of the multidisciplinary HMT team have 
been published previously [23]. In short: patients enter the 
HMT programme during hospitalization for acute heart 
failure (AHF). Patient education is delivered by specialized 
heart failure nurses. On discharge, each patient is assigned to 
a resident network physician near his or her home. Network 
physicians supervise the management of the patient and 
gradually optimize evidence-based therapy. Discharge infor-
mation including a detailed treatment plan from the hospi-
tal is communicated to the HMT network. Within HMT, 
patients are supervised for 3 months. Telemedicine patient 
data on current health, weight, heart rate, blood pressure and 
medication use are reviewed daily by HF nurses and weekly 
by network physicians. Out-of-limit data are automatically 
signaled and reviewed daily so that interventions, for exam-
ple, adjustment of diuretics, can be implemented immedi-
ately. Face-to-face visits of the patient with the network 
physician are scheduled 1, 4, and 12 weeks after discharge.

HF nurses monitor patients’ compliance with medica-
tion, maintain telephone contact with patients if necessary 
and adjust HF medication according to the network phy-
sicians’ instructions. Additionally, a home visit by the HF 
nurse is scheduled immediately after discharge to complete 
disease- and equipment-related education and to ensure that 
prescribed medication is available.

At the end of the managed care programme, structured 
transfer of patients to regular care is organized. Regular 
heart failure network meetings of physicians and nurses are 
scheduled every 3 months.
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Usual care

Patients in UC underwent standard post-discharge planning, 
which typically included treatment plans and comprehensive 
discharge letters. In most cases, the actual follow-up of the 
patients was unstructured and left to the respective family 
doctor or internist.

Data collection and follow‑up

Patients underwent standardized evaluation including medi-
cal history, 12-lead ECG, and echocardiography. Physical 
status, blood chemistry and medication, and—in a subgroup 
of patients—questionnaires on patients’ self-empowerment 
were obtained before discharge. Number, duration, and 
causes of readmissions were taken from discharge letters. 
Information on death was retrieved from patients’ charts, 
family doctors and relatives, and official documents of death.

Informed consent was obtained from patients in the 
HMT programme. The study complied with the Declara-
tion of Helsinki and Good Clinical Practice (GCP) principles 
and was approved by the Ethics Committee of the Medical 
University of Innsbruck (AN2015-0131, session number 
350/4.2).

Outcome measures

Effectiveness assessment was based on the primary end-
point, which was defined as the composite of death from 
any cause and readmission for AHF at 6 months. Secondary 
endpoints included the components of the primary endpoint 

as well as 1- and 3-month readmission for AHF and 1-year 
all-cause mortality. Patient empowerment was assessed by 
the using of the European Heart Failure Self-care Behaviour 
Questionnaire (EHFScB-9) [26] at baseline and after 3, 6, 
and 12 months.

Statistical analysis

Given the observational nature of the data, management 
allocation was not randomly assigned in the study popu-
lation. Therefore, we performed age- and sex-matching to 
define a control group for usual care. For this purpose, we 
used 1179 patients from the Tirol Kliniken GmbH database 
who were categorized with an ICD-10 code for AHF. After 
adjustment for patients for whom AHF could not be con-
firmed as the primary diagnosis at admission or who did not 
live in the catchment area of the Tirol Kliniken GmbH and 
therefore could not be tracked exactly, 257 patients remained 
for analysis. Patients in both groups discharged alive from 
hospital were included in the analysis (Fig. 1).

The combined endpoint, HF readmission and mortality 
were plotted with a Kaplan–Meier curve. Cox proportional 
regression models (univariate and covariate-adjusted) were 
used to estimate the association between HMT and usual 
care management and outcome measures. Hazard ratios, 
95% CIs and P values were calculated. Time alive and out 
of hospital was estimated from extended Kaplan–Meier 
analyses.

We assessed the robustness of our main results using a 
multivariate Cox regression model that included age, sex, 
predominant cause of HF, LV-EF, and NT-proBNP that 

Fig. 1  Flow chart of the study 
population Patients admitted with signs/symptoms of AHF form 2016 - 2019

N = 278 
(recruited at 1 tertiary and 4 
secondary referral centers in 
Tyrol at the discretion of  the 
local internist/cardiologist)

N = 1179 
(recruited from the data base of 
TirolKliniken - 1 tertiary and 3 
secondary referral centers)

HerzMobil Tirol Usual Care

677 excluded after age- and sex-
matching with HMT-cohort

245 excluded because AHF was
not confirmed as principal
diagnosis

22 refused participation
5   withdrew consent

N = 251
discharged alive 
included in analysis

N = 257
discharged alive 
included in analysis
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were based on clinical relevance and data from the existing 
literature. In addition, diabetes mellitus as the only base-
line variable, which was different between HMT and UC 
and significantly associated with the primary endpoint was 
included in the model. Dichotomization of variables was 
either performed at clinically relevant cu-toff values (LV-
EF < 40% or > 40%, eGFR < 60 ml/min/1.73m2 or > 60 ml/
min/1.73m2) or the cut-off value was defined at the median 
of the variable (age, MAGGIC score, CCI) or was naturally 
predefined (sex, ICU stay, atrial fibrillation, GDMT).

To compare repeated hospitalizations during 6-month fol-
low-up between groups, we used the Andersen-Gill model, 
which examines times between events and is a generalization 
of the Cox proportional hazards model [27]. In addition, 
the cumulative incidence of hospitalization was calculated 
for each treatment group. To mitigate the effect of survivor 
bias, we used the Ghosh and Lin method to estimate the 
cumulative incidence of hospitalization by treating death as 
a competing risk [28].

Continuous data were tested for normal distribution using 
the Kolmogorov–Smirnov test. Categorical variables are 
presented as percentage (%), continuous variables as mean 
(standard deviation (SD)) or median (25th and 75th percen-
tile). Between-group comparisons were performed with the 
t-test, Mann–Whitney U test or Pearson’s chi-squared test, 
as appropriate.

A two-sided P value of 0.05 was considered to be statisti-
cally significant. All calculations were performed using the 
SPSS statistical package, version 26.0 (SPSS Inc., Chicago, 
IL, USA).

Results

Between 1 April 2016, and 31 October 2019, 278 patients 
were screened for inclusion into HerzMobil Tirol. Of these, 
22 patients refused to participate in the programme (never 
beginner) and 5 patients dropped out early during the pro-
gramme. Accordingly, 251 patients were included in analy-
sis. Patients for the usual care group (UC), which eventually 
included 257 patients, were retrospectively screened during 
the same period. A flow chart of the study population is 
shown in Fig. 1.

Patient baseline characteristics

Baseline characteristics of the entire study population are 
summarized in Table 2. Despite the non-randomised design, 
patients in the HMT and UC groups were well matched 
for the majority of clinical and demographic variables. 
Some differences, however, have to be noted: A significant 
higher percentage in HMT had atrial fibrillation (52.2% vs 
40.5%) and lower LV-EF (36.8 ± 13.8 vs 42.1 ± 14.5) and 

lower systolic blood pressure (120.6 ± 19.0 vs 126.8 ± 21.7) 
compared to UC. Conversely, the percentage of patients in 
UC was higher for current smoking (26.8% vs 13.9%) and 
diabetes mellitus (41.6% vs 28.4%). The median length of 
hospital stay and the percentage of patients with intensive 
care unit admissions during the index hospitalization were 
comparable in both groups (9.0 (6–14) days and 15.1% in 
HMT vs. 9 (5–17) days and 16.3% in UC, respectively). 
The percentage of patients with guideline-directed medi-
cal therapy (GDMT = combination of ACEi, ARB or ARNI 
plus beta blocker plus aldosterone antagonist) at discharge 
in patients with HFrEF was significantly higher in HMT 
(55.0% vs 39.4%) whereas diuretics were equally distributed.

Primary endpoint

Follow-up data on HF readmission after 6 months and 1-year 
mortality was available in all patients.

The composite of hospitalization for worsening heart 
failure or all-cause mortality within 6 months occurred in 
48 patients (19.1%) in HMT and 89 (34.6%) in UC. The 
cumulative incidence curves for the primary effectiveness 
endpoint are shown in Fig. 2a. The composite endpoint was 
significantly lower with HMT than with UC in the multivari-
ate Cox regression analysis (HR 0.54; 95% CI 0.37–0.77, 
P = 0.001) (Table 3).

The results of the subgroup analyses of the primary out-
come in post hoc selected clinically relevant subgroups 
showed consistent effectiveness across the subgroups strati-
fied by sex, age (< 73 years or ≥ 73 years), left ventricular 
ejection fraction (< 40% or ≥ 40%), renal function (estimated 
GFR, < 60 ml/min/1.73  m2 or ≥ 60 ml/min/1.73  m2), Charl-
son Comorbidity Index (< 3 or ≥ 3), MAGGIC score (< 27 
or ≥ 27), ICU admission, atrial fibrillation, and GDMT (yes 
or no) in a subgroup of patients with HFrEF (Fig. 3). No 
interactions were found for these variables with the effec-
tiveness of HMT (Table S1). The robustness of the effect of 
HMT on the primary end point was further confirmed when 
baseline characteristics that differed significantly between 
groups (BMI, systolic blood pressure, LV-EF, current smok-
ing, and GDMT at discharge) were found not to be associ-
ated with the primary endpoint (Table S2). Diabetes mellitus 
as the only exception was included in the multivariate Cox 
regression model (Table 3).

The composite of recurrent HF hospitalization and death 
within 6 months was found in 124 patients in UC and 78 in 
HMT; the respective rates per 100 patient-years were 108.2 
in UC and 64.2 in HMT.

To assess the impact of death on hospitalization rates, 
estimates of the cumulative number of heart failure hos-
pitalizations were calculated using a method that allows 
for mortality as a competing risk [28]. The estimated rate 
ratio for recurrent HF hospitalizations in the HMT group, as 
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Table 2  Patient baseline and 
treatment characteristics

Variable HerzMobil (n = 251) Usual care (n = 257) P value

Age, years 69.5 ± 11.9 71.1 ± 10.8 0.151
Female, n (%) 75 (29.9%) 83 (32.3%) 0.557
Body mass index, kg/m2 28.3 ± 5.8 27.3 ± 5.6 0.029
HF first diagnosed > 18 months ago, n (%) 102 (40.6%) 113 (44.0%) 0.447
Index hospitalization for HF
 De-novo HF 100 (39.8%) 90 (35.0%) 0.262
 Length of stay, days 9 (6–14) 9 (5–17) 0.370
 ICU admission, n (%) 38 (15.1%) 42 (16.3%) 0.710

Predominant cause of HF, n (%)
 Ischemic heart disease 71 (28.3%) 84 (32.7%) 0.282
 Hypertensive heart disease 21 (8.4%) 25 (9.7%) 0.593
 Dilated cardiomyopathy 89 (35.5%) 77 (30.0%) 0.187
 Valvular heart disease 25 (10.0%) 19 (7.4%) 0.304
 Others 45 (17.9%) 52 (20.2%) 0.509

NYHA functional class, n (%) 0.180
 II 66 (26.3%) 83 (32.3%)
 III 182 (72.5%) 168 (65.4%)
 IV 3 (1.2%) 6 (2.3%)

Measurements
 Systolic blood pressure, mmHg 120.6 ± 19 126.8 ± 21.7 0.001
 Heart rate, /min 74.9 ± 13.3 77.9 ± 17.5 0.197
 LVEF (%) 36.8 ± 13.8 42.1 ± 14.5  < 0.001
 HFrEF (< 40%) 149 (59.6%) 109 (42.4%)
 HFmrEF (40–50%) 47 (18.8%) 56 (21.8%)
 HFpEF (> 50%) 54 (21.6%) 92 (35.8%)

Medical history, n (%)
 Current smoker 35 (13.9%) 69 (26.8%)  < 0.001
 Myocardial infarction 62 (24.8%) 75 (29.2%) 0.267
 CRT and/or ICD 51 (20.3%) 43 (16.7%) 0.298

Comorbidities, n (%)
 Atrial fibrillation 131 (52.2%) 104 (40.5%) 0.027
 Left bundle brunch block 63 (25.2%) 60 (23.3%) 0.626
 Hypertension 179 (71.6%) 195 (75.9%) 0.274
 Diabetes mellitus 71 (28.4%) 107 (41.6%) 0.002
 COPD 62 (24.8%) 62 (24.5%) 0.940
 Neoplasia 39 (15.6%) 41 (16.0%) 0.913
 pAVK 36 (14.4%) 50 (19.5%) 0.129
 Stroke 25 (10.0%) 23 (8.9%) 0.686
 Charlson Comorbidity Index 2.8 ± 1.5 2.8 ± 1.6 0.996
 MAGGIC risk score 26.8 ± 5.5 27.8 ± 5.8 0.061

Laboratory parameters
 Creatinine (mg/dl) 1.25 (1.0–1.6) 1.25 (1.0–1.7) 0.995
 eGFR (ml/min/1.73m2) 42.55 (32.9–55.4) 42.6 (30.0–60.5) 0.822
 Sodium (mmol/l) 140 (138–142) 140 (138–142) 0.584
 NT-proBNP (ng/l) 2991 (1750–5459) 3486 (1459–7204) 0.367

Heart failure medication
 All patients
  ACEi, ARB or ARNI, n (%) 249 (99.2) 168 (65.4)  < 0.001
  Beta-Blocker, n (%) 202 (80.5) 193 (75.1) 0.145
  Aldosterone antagonist, n (%) 147 (58.6) 98 (37.8)  < 0.001
  Diuretic, n (%) 224 (89.2) 213 (82.9) 0.041
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compared with the UC group, was 0.41 (95% CI 0.29–0.55, 
P < 0.001) (Table 3).

Time alive and out of hospital within 6 months was 
158.3 ± 47.5 days in UC and 172.8 ± 23.7 in HMT. A cal-
culated overall decrease of days lost to heart failure hos-
pitalizations and death (− 14.59 ± 3.35 days per patient; 
P < 0.001) was observed in the HMT arm.

Secondary endpoints

Heart failure hospitalization

Of the 508 patients analysed, 112 (22.0%) had at least 1 
admission for worsening HF within 6 months. In total, 155 
hospital admissions due to HF were registered in this period.

There were 44 (17.5%) patients with at least one HF-
hospitalization in HMT after 6 months, compared with 68 
(26.5%) in UC. This represents a 32% relative, although non-
significant risk reduction (HR 0.68; 95% CI 0.45–1.02%, 
P = 0.061) in the multivariate Cox regression model 
(Table 3). Figure 2b shows the unadjusted cumulative inci-
dence curves.

One- and 3-month HF-hospitalization were 18 (7.2%) and 
35 (13.9%) in HMT and 27 (10.5%) and 61 (23.7%) in UC. 
In-between group comparison using the log-rank test was 
not significant for 1 month (P = 0.185) but was significant 
for 3-month readmission (P = 0.006).

The number of recurrent heart failure hospitalizations 
in individual patients ranged from 1 to 5. Overall, 5.9% of 
patients experienced two or more hospitalizations within 
6 months. By 6 months, the cumulative number of heart 
failure hospitalizations per 100 patients was 27.5 in HMT 
compared with 33.5 in UC, a treatment difference of 6.0 per 
100 patients.

The crude rate of heart failure hospitalizations per 100 
patient-years of follow-up was calculated by dividing the 
total numbers of heart failure hospitalizations by the total 
follow-up duration of all patients in each group. In the HMT 
and UC groups, there were a total of 69 and 86 HF hospi-
talizations over 121.5 years and 114.6 years of follow-up, 
respectively. Thus, heart failure hospitalization rates per 100 
person-years were 56.78 in HMT and 75.04 in UC, a rate 
ratio of 0.41 (95% CI 0.29–0.55, P < 0.001) (Table 3).

The bar plot distribution of recurrent heart failure hos-
pitalization per month and per patients at risk is shown in 
Figure S1a.

All‑cause mortality

Of 508 patients analysed, 91 (17.9%) died after 1 year. 
Overall, 25 patients (10.0%) died in HMT, compared with 
66 (25.7%) in UC (Figure S1b). Multivariate Cox regres-
sion analysis showed a 62% risk reduction (HR 0.38; 95% 
CI 0.23–0.61, P < 0.001) for individuals with HMT com-
pared with UC (Table 3). Figure 2c shows the unadjusted 
cumulative incidence curves. Death events within 1, 3, 
and 6 months occurred in 1 (0.4%), 4 (1.6%), and 9 (3.6%) 
patients in HMT and 10 (3.9%), 28 (10.9%), and 38 (14.8%) 
in UC, respectively (Figure S1b). Adjusted log-rank com-
parison between groups was significant at each period 
(P < 0.05) (Tables 3 and S3).

Heart failure severity

In the HMT group, clinical evaluation at 3 months, which 
was available in 233 patients, demonstrated a significant 
reduction in NYHA functional class (1.9 ± 0.71) compared 
to baseline (2.8 ± 0.46) (P < 0.001). Improvement of at least 
1 NYHA functional class was noted in 158 patients (67.8%) 

Table 2  (continued) Variable HerzMobil (n = 251) Usual care (n = 257) P value

 HFrEF
  ACEi, ARB or ARNI, n (%) 132 (88.6) 80 (73.4) 0.003
  Beta blocker, n (%) 125 (83.9) 92 (84.4) 1.00
  Aldosterone antagonist, n (%) 102 (68.5) 58 (53.2) 0.014
  Diuretic, n (%) 132 (88.6) 94 (86.2) 0.573
  GDMT, n (%) 82 (55) 43 (39.4) 0.017

Data from 508 patients are reported as mean (± standard deviation), median (25th–75th percentile), or 
number (percentage)
HF heart failure, ICU intensive care unit, NYHA New York Heart Association, LVEF left ventricular ejec-
tion fraction, HFrEF heart failure with reduced ejection fraction, HFmrEF heart failure with mid-range 
ejection fraction, HFpEF heart failure with preserved ejection fraction; coronary artery disease, NT-
proBNP N-terminal pro-B-type natriuretic peptide, CRT  cardiac resynchronization therapy, ICD implant-
able cardioverter-defibrillator, COPD chronic obstructive pulmonary disease, eGFR estimated glomerular 
filtration rate, ACEi angiotensin-converting-enzyme inhibitor, ARB angiotensin-receptor blocker, ARNI 
angiotensin-receptor-neprilysin inhibitor, GDMT guideline-directed medical therapy (= treatment with all 
three substance classes)
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Fig. 2  The primary outcome 
was a composite of heart 
failure readmission or all-cause 
mortality, whichever occurred 
first. The cumulative incidence 
of the primary composite 
outcome (Panel A), heart failure 
readmissions (Panel B) and all-
cause mortality (Panel C) was 
estimated using the Kaplan–
Meier method. Hazard ratios 
and 95% confidence intervals 
were estimated using univariate 
(shown here) and multivariate 
Cox regression models with the 
HMT group as an explanatory 
variable. Each inset shows the 
same data on an expanded y 
axis. HMT HerzMobil Tirol, 
UC usual care, CI confidence 
interval

No. at Risk

HMT 251 234 225 216 211 207 203

UC 257 230 212 196 182 178 166

A

Hazard ratio 0.51 
( 95% CI 0.36-0.72; p<0.001)

Hazard ratio 0.61 
( 95% CI 0.42-0.89; p<0.01)

B

No. at Risk

HMT 251 234 225 216 211 207 203

UC 257 230 212 196 182 178 166

Hazard ratio 0.34 
( 95% CI 0.22-0.55; p<0.001)

C

No. at Risk

HMT 251 247 245 242 237 234 226

UC 257 237 225 219 206 198 187



Clinical Research in Cardiology 

1 3

Table 3  Outcome analysis

Unadjusted and adjusted hazard ratios and P values are from logistic regressions models for the primary outcome, 6-month HF hospitalization, 
and 6-month and 1-year all-cause mortality. Additional models were calculated for 6-month recurrent HF hospitalization, and 6-month recurrent 
HF hospitalization controlled for death events. The multivariate model was controlled for age, sex, predominant cause of HF, LVEF, NT-proBNP 
and Diabetes mellitus
a The Andersen-Gill model was used to account for correlated events within a patient
b The Gosh and Lin method was used to estimate the cumulative incidence of HF hospitalizations by treating death as competing risk
HF heart failure, LVEF left ventricular ejection fraction

Variable HMT n = 251 Usual care n = 257 Unadjusted 
hazard ratio 
(95% CI)

P value Adjusted hazard 
ratio (95% CI)

Adjusted P value

Composite of 6-month HF hospitalization 
and all-cause mortality, n (%)

48 (19.1) 89 (34.6) 0.51 (0.36–0.72)  < 0.001 0.55 (0.38–0.80) 0.002

Six-month all-cause mortality, n (%) 9 (3.6) 38 (14.8) 0.23 (0.11–0.37)  < 0.001 0.23 (0.11–0.49)  < 0.001
Six-month
HF hospitalization, n (%)

44 (17.5) 68 (26.5) 0.61 (0.42–0.89) 0.01 0.68 (0.45–1.02) 0.061

Six-month recurrent HF hospitalization, n 
(% per 100 patient-years)a

69 (56.8) 86 (75.04) 0.57 (0.39–0.83)  < 0.001

Six-month recurrent HF hospitalization 
adjusted for mortality (death events)b

9 38 0.41 (0.29–0.55)  < 0.001

One-year all-cause mortality, n (%) 25 (10.0) 66 (25.7) 0.35 (0.22–0.55)  < 0.001 0.37 (0.23–0.60)  < 0.001

Subgroup No. of 
patients

HMT UC
Hazard ratio (95% CI)

No. of events

Overall 508 48 89 0.51 (0.36–0.72)

Sex
female 158 15 23 0.69 (0.36–1.32)

male 350 33 66 0.44 (0.29–0.67)

Age
<73 years 250 15 28 0.45 (0.24–0.84)

≥73 years 258 33 61 0.57 (0.37–0.87)

LVEF
<40 % 259 25 39 0.42 (0.26–0.70)

≥40 % 249 23 50 0.63 (0.38–1.03)

MAGGIC Score
<27 233 15 19 0.68 (0.34–1.33)

≥27 275 33 70 0.49 (0.32–0.73)

eGFR
<60 ml/min/1.73 m2 390 42 71 0.41 (0.16–1.03)

≥60  ml/min/1.73 m2 115 6 18 0.52 (0.36–0.77)

CCI
<3 243 15 28 0.48 (0.25–0.89)

≥3 265 33 61 0.54 (0.35–0.82)

ICU stay
yes 80 7 15 0.45 (0.19–1.11)

not 428 41 74 0.52 (0.35–0.76)

Atrial fibrillation
Atrial fibrillation 235 26 39 0.47 (0.29–0.78)

Sinus rhythm 224 16 40 0.49 (0.27–0.87)

GDMT
yes 125 11 14 0.38 (0.17–0.83)

not 133 14 25 0.51 (0.26–0.97)

0.25 0.50 0.75 1.00 1.25 1.50

Fig. 3  Hazard ratios for the primary effectiveness endpoint events 
in clinical relevant subgroups. Subgroup analyses show the associa-
tion between HMT and the composite outcome stratified by relevant 
baseline and treatment variables. Diamonds represent point estimates 
for the hazard ratio as compared with UC, and horizontal lines indi-

cate the associated 95% confidence intervals. The confidence inter-
vals have not been adjusted for multiple testing. LV-EF left ventricu-
lar ejection fraction, eGFR estimated glomerular filtration rate, CCI 
Charlson Comorbidity Index, ICU intensive care unit, GDMT guide-
line-directed medical therapy
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whereas only 5 (2.1%) worsened and 70 (30%) remained 
unchanged.

Self‑empowerment

Self-empowerment of patients was assessed using the EHF-
ScB-9 in a subgroup of HMT patients. Completed surveys 
were available for 72 patients at baseline and after 3 months. 
58 patients completed the survey after 6 and 12 months. 
EHFSB summary score improved from 22.4 (± 6.0) at 
baseline to 11.3 (± 2.5) (P < 0.001) at 3 months. Improve-
ments remained stable in 58 patients, with scores of 12.4 
(± 3.1) after 6 months and 12.3 (± 3.1), after 12 months 
(P < 0.001when compared with baseline).

Patient compliance

22 (7.9%) of 278 patients refused to participate in the HMT 
programme (never beginner); 5 patients (2.0%) dropped out 
early during the programme.

Compliance among participants remaining in the pro-
gramme was high; only 6 (2.4%) of 251 patients were found 
to be negligent in data transfer but remained in the pro-
gramme until completion after 3 months.

Discussion

The HerzMobil l Tirol (HMT) programme is a 3-month 
transitional care disease management programme for heart 
failure patients that is established in clinical routine. HMT 
uses a telemedical monitoring system that is integrated into 
a comprehensive network of healthcare providers.

In this retrospective cohort study, we found a significant 
reduction in the primary outcome, which was the composite 
of heart failure readmission and all-cause mortality after 
6 months in the HMT group compared with a contempo-
raneously recruited control group of patients in usual care. 
Also, 1-year all-cause mortality was significantly reduced. 
The benefit on mortality was evident early after discharge 
and remained robust after 1 year. The reduction in HF read-
missions was significant when repeated admissions per 
100 patient-years of follow-up were considered and further 
increased when this analysis was corrected for the compet-
ing risk of death.

The results are well in line with the findings of systematic 
reviews showing that interventions to improve the care tran-
sition process can improve clinical outcome compared with 
routine care [11–13]. However, risk reduction comparable to 
that observed in our non-randomized retrospective analysis 
has not been observed in any single randomized trial to date. 
For instance, in a large prospective, randomized care transi-
tion intervention study (BEAT-HF) in a largely comparable 

patient cohort, health-coaching telephone calls combined 
with telemonitoring did not reduce 6-month readmission 
[29]. Based on the findings that heart failure readmissions in 
such a cohort account for about half of all hospital readmis-
sions [5], both one- and 6-month readmission rates in this 
study (22.1% and 50%, respectively) were comparable to our 
UC cohort. The same applies to the 1- and 6-month mortal-
ity, which were 4.4% and 14.9%, respectively, in this study.

The results provided here also contradict previous find-
ings indicating that despite a US-wide reduction in 30-day 
readmissions following the healthcare metric set forward by 
the Centres for Medicaid & Medicare Services (CMS), there 
was a simultaneous increase in 30-day and 1-year mortality 
[17, 30, 31]. The benefits in HF readmission and mortality 
at 30 days in the HMT group were maintained over 6 months 
and 1 year, respectively.

It is worth noting that mortality in the UC group was par-
ticularly high in the first months after discharge. This may 
indicate an inappropriate match with more advanced dis-
ease and/or more severe comorbidities or inadequate medi-
cal therapy in the UC group. However, this is not exactly 
reflected in the baseline characteristics. Besides age and 
sex, length of stay during index hospitalization, comorbidi-
ties except for diabetes, which was higher in the UC group, 
NT-proBNP levels, and MAGGIC score were comparable 
between groups. Systolic blood pressure was lower and the 
percentage of patients with atrial fibrillation and HFrEF was 
higher in the HMT group. However, although GDMT for 
the latter at discharge was suboptimal in both groups, which 
was mostly due to low blood pressure, impaired renal func-
tion, and high potassium levels, it should be noted that sig-
nificantly more patients received GDMT in HMT compared 
with UC.

The 30-day mortality and 1-year mortality in the UC 
group were 3.9% and 25.7%, respectively. This was lower 
than the respective mortality rates in a large American cohort 
(6.0% and 35.8%, respectively) [32]. One-year mortality was 
largely as expected by the MAGGIC score (22.5 ± 10.6%) 
and in the recent European Heart Failure Long-Term Reg-
istry (23.6%) [2]. In addition, patients who were excluded 
or who refused to participate in HMT were not included 
in the UC group. Therefore, the UC group retrospectively 
identified by age- and sex- matching, although imprecise 
by definition, was largely comparable to the HMT group. 
Nevertheless, it cannot be ruled out that the effectiveness of 
care in HMT is overestimated. Despite this limitation, the 
independent association of HMT with HF readmission and 
mortality was supported in multivariate analyses and was 
consistent across multiple subgroups, including patients with 
HFrEF stratified by GDMT.

For affected patients, improving disease severity and days 
alive and out of hospital are essential to the quality of a 
care programme. NYHA functional class improved in the 
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majority (67.8%) of patients during the 3-month interven-
tion. Importantly, the number of days survived and spent 
outside the hospital was significantly higher in HMT than 
in the UC group. In a previously published paper on a sub-
group of the HMT cohort presented here, we showed that 
HMT intervention had a significant effect on QoL in 90-day 
survey respondents [23].

Feasibility

The programme was well received by eligible patients. The 
percentage of patients who were invited to participate yet 
declined was 7.9%, which was lower than expected. The 
reasons for this were mainly the right to domestic privacy 
and a lack of understanding of the seriousness of the dis-
ease. Compliance among participants was high, indicated 
by a low drop-out rate of 2.0%. There were no reportable 
problems with the implementation of the programme, either 
from an organizational, technical or personnel point of view. 
The average cost per patient in the HMT program, including 
personnel costs, is approximately € 2,500. In view of the 
sustainability of the care, a roll-out to the whole country 
would therefore appear to be financially viable and sensible.

Possible explanations for the beneficial results 
in this programme

 i. Previous reviews have addressed the comparative 
effectiveness of transitional care services [11, 12]. 
It has been shown that home-visiting programmes 
and multidisciplinary heart failure clinics can reduce 
all-cause readmissions and mortality after hospitali-
zation for HF [11, 12]. HMT is a multidimensional 
programme that incorporates various components of 
a disease management programme such as a well-
connected network of multidisciplinary healthcare 
providers and a telemonitoring system. This sys-
temic approach extends the possibilities of exclusive 
monitoring and individual response to the patients’ 
condition by constantly reviewing the optimal drug 
prescription and continuously reinforcing patient 
education, as previously proposed [33]. The latter 
becomes evident in HMT, as we found an improve-
ment in self-care behaviour as assessed by the EHF-
ScB-9 after 3 months. The education effect remained 
robust over 12 months, i.e., 9 months after patients 
completed their participation in HMT. The positive 
effect of the program in patients with preserved ejec-
tion fraction for whom no evidence-based therapy is 
yet available is probably due to both the intensified 
monitoring and the improved self-empowerment.

 ii. It is certainly important that the intervention in HMT 
was integrated with the physician practices caring for 

the patients. The effectiveness of transition of care, 
disease management, and telemonitoring interventions 
are highly dependent on how they are integrated and 
adhered to in practice [34]. Health telemonitoring in 
HMT is integrated in such a way that a collaborative 
HF management concept is enabled, closing the loop 
between patients and care providers in a timely and 
efficient manner and enabling continuity of care [35]. 
For example, the telemonitoring system used in HMT 
enables the processing of natural language to recog-
nize and process medication-related notes, which in 
turn can be utilized to monitor and optimize medica-
tion [36, 37]. Physicians are supported by an auto-
matic visualization of compliance with guidelines for 
drug prescription, which also serves the continuous 
optimization of drug therapy [38]. An algorithm based 
on artificial intelligence models is currently being 
developed that may even allow for more accurate pre-
diction of HF-related events than the mere monitoring 
of the patients’ condition, weight, heart rate, and blood 
pressure trends [39].

 iii. Importantly, HMT at its core is based on specially 
trained HF nurses whose commitment and expertise 
is of immense importance to the success of the pro-
gramme.

 iv. It cannot be excluded that inadequate follow-up of 
UC patients in standard care contributed to the large 
difference in outcome between the two groups. The 
magnitude of the difference could also be due to 
biased selection of patients in the study group. These 
patients explicitly committed to intensified care with 
active participation in close monitoring and had the 
technical knowledge or appropriate family support to 
operate the KIT monitoring system.

Strength and limitations

The beneficial results shown here were not obtained under 
laboratory conditions of a study setting but from a routine 
clinical care programme. Whether this has a beneficial or 
detrimental effect on the results remains an open question. 
Nonetheless, it shows that the findings gained in earlier 
studies can be transferred to clinical routine. In this sense, 
the results obtained with HMT could be seen as a proof-of-
concept. Also, the broad patient eligibility criteria increase 
generalizability.

Our study has several intrinsic limitations. First, this is 
a retrospective, non-randomized analysis. HMT was estab-
lished as a routine clinical programme and prospective ran-
domization was not envisaged by the responsible healthcare 
providers. A non-randomized but strictly controlled study 
design was therefore used, taking the advantage of a ‘usual 
care’ control group which was managed simultaneously in 
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the same healthcare environment as the study group. HMT 
and UC groups were relatively well balanced in our study, 
and comprehensive statistical methodologies including age- 
and sex-matching and multiple adjustments were applied 
to compensate for residual differences. Sensitivity analyses 
using subgroup analysis showed consistent results. The lack 
of significant interaction between baseline risk and clinical 
outcomes was robust, suggesting that the benefits of HMT 
over UC may relate to the procedure itself rather than patient 
and treatment characteristics. Nonetheless, this analysis can-
not provide definitive evidence for the superiority of a tran-
sitional care programme, but rather demonstrates feasibility 
and effectiveness of such a programme built on multiple 
components in clinical practice. Secondly, readmissions 
for heart failure were drawn from patient records and were 
not assessed by a blinded committee. Thirdly, information 
on patient self-empowerment was only available for a sub-
group of patients, which clearly limits the significance of 
the results on these aspects. Results are further limited by 
the fact that, due to the nature of this retrospective analysis, 
only within-group comparison of HMT was available for 
NYHA functional class and patient empowerment, rather 
than between-group comparison.

Conclusions

We evaluated a structured transitional care disease man-
agement programme for heart failure patients that is estab-
lished in clinical routine. Our results show the feasibility 
and effectiveness of a telemedicine monitoring system in 
clinical practice, integrated into a comprehensive network of 
specialized heart failure nurses and office-based physicians, 
and including intensive and continuous patient education 
and heart failure medication optimization. These findings 
encourage widespread implementation of specific disease 
management programmes in the vulnerable phase following 
an acute heart failure event.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00392- 021- 01912-0.
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