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Abstract

Objective This study aimed to assess the cost-effectiveness of the telemedically assisted post-discharge management program
(DMP) HerzMobil Tirol (HMT) for heart failure (HF) patients in clinical practice in Austria.

Methods We conducted a cost-effectiveness analysis along a retrospective cohort study (2016-2019) of HMT with a pro-
pensity score matched cohort of 251 individuals in the HMT and 257 in the usual care (UC) group and a 1-year follow-up.
We calculated the effectiveness (hospital-free survival, hospital-free life-years gained, and number of avoided rehospitaliza-
tions), costs (HMT, rehospitalizations), and the incremental cost-effectiveness ratio ICER). We performed a nonparametric
sensitivity analysis with bootstrap sampling and sensitivity analyses on costs of HF rehospitalizations and on costs per
disease-related diagnosis (DRG) score for rehospitalizations.

Results Base-case analysis showed that HMT resulted in an average of 42 additional hospital-free days, 40 additional days
alive, and 0.12 avoided hospitalizations per patient-year compared with UC during follow-up. The average HMT costs were
EUR 1916 per person. Mean rehospitalization costs were EUR 5551 in HMT and EUR 6943 in UC. The ICER of HMT
compared to UC was EUR 4773 per life-year gained outside the hospital. In a sensitivity analysis, HMT was cost-saving
when “non-HF related costs” related to the DMP were replaced with average costs.

Conclusions The economic evaluation along the cohort study showed that the HerzMobil Tirol is very cost-effective com-
pared to UC and cost-saving in a sensitivity analysis correcting for “non-HF related costs.” These findings promote a wide-
spread adoption of telemedicine-assisted DMP for HF.
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Introduction

Heart failure (HF) is recognized as an escalating public
health problem in industrialized countries [1, 2]. Hospitali-
zation for acute heart failure as the principal diagnosis is
the most common cause of hospitalization in patients over
65 years of age [3]. In addition to a high 1-year mortality,
such events are associated with frequent HF-related readmis-
sions early after discharge [4], affecting approximately 25%
of patients within the first 6 months [5].

Hospitalizations contribute significantly to increasing
heart failure expenditures, accounting for an estimated 70%
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of total healthcare costs [6]. Prevention of hospital admis-
sions is, therefore, of particular importance due to the health
economic aspects. The cost-effectiveness of transitional care
after heart failure hospitalization, including care in disease
management clinics, nurse home visits, and nurse case man-
agement, has been shown compared with standard care [7].
This contrasts with studies of non-invasive telemedicine
interventions, which so far have not shown clear cost-effec-
tiveness [8, 9].

A recent health-economic evaluation of the Telemedical
Interventional Management in Heart Failure II (TIM-HF2)
trial in patients with a history of HF hospitalization within
12 months prior to randomization showed the cost-effective-
ness of the intervention as compared to standard care alone
[10]. However, the cost-effectiveness of a telemedical DMP
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in the vulnerable transition phase following an acute heart
failure event has not yet been assessed. HerzMobil Tirol
(HMT) is a multidimensional post-discharge disease man-
agement program (DMP), comprising a telemedical moni-
toring system incorporated in a comprehensive network of
heart failure nurses and resident physicians and was effective
in terms of reducing six-month HF-related readmissions and
all-cause mortality [11].

The goal of this study was to evaluate the cost-effective-
ness of the telemedical disease management program HMT
for patients with advanced HF in the vulnerable phase fol-
lowing acute HF compared to standard of care along a 1-year
cohort study.

Methods

HMT is a 3-month transitional care disease management
program for patients with HF that is established in clinical
routine in the province of Tyrol, Austria. HMT uses a tel-
emedical monitoring system that is integrated into a com-
prehensive network of healthcare providers. In a retrospec-
tive cohort study, which included hospitalized patients with
decompensated heart failure regardless of the underlying left
ventricular ejection fraction (LVEF), who required intrave-
nous (iv) diuretics, the effects of the HMT were compared
with usual care. Exclusion criteria were (1) multimorbidity
(Charlson Comorbidity Index (CCI) > 6), (2) dementia, and
(3) lack of willingness to participate.

Study design and participants

The study type of our economic evaluation is an incremen-
tal cost-effectiveness study along a cohort study. Detailed
methods on the cohort study are described elsewhere [11].
Briefly, propensity matching was applied to balance the
compared arms for confounders. The age- and sex-matched
control group (usual care—UC) with 257 individuals was
based on the same inclusion criteria and recruited from
patients admitted to hospitals from the same health-care
provider and simultaneously as the study patients between
2016 and 2019.

In the HMT arm, 251 patients entered the program dur-
ing hospitalization for acute HF (AHF). Patient education
was delivered by specialized HF nurses. On discharge, each
patient was assigned to a resident network physician near
their home. Network physicians supervised the manage-
ment of patients and gradually optimized evidence-based
therapy. Each patient was provided an equipment set includ-
ing a blood pressure and heart rate monitor and a weighing
scale as well as a specially configured smartphone for daily
data acquisition and transmission. Signal processing algo-
rithms were used to analyze the transmitted physiological
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data and to identify upcoming adverse events. Automatic
event detection indicated the need for immediate actions and
fostered attention to those patients who needed early thera-
peutic interventions [12]. Face-to-face visits of patients with
the network physician were scheduled 1, 4, and 12 weeks
after discharge. HF nurses monitored patients’ compliance
with medication, maintained telephone contact with patients
if necessary, and adjusted HF medication according to the
network physicians’ instructions. A home visit by the HF
nurse was scheduled immediately after discharge to com-
plete disease- and equipment-related education and to ensure
that prescribed medication was available. At the end of the
managed care program, the structured transfer of patients to
usual care was organized.

Patients in UC underwent standard post-discharge plan-
ning, which typically included treatment plans and compre-
hensive discharge letters. In most cases, the actual follow-up
of patients was unstructured and left to the respective fam-
ily doctor or internist. Further details regarding the study
design, intervention, data collection, and primary clinical
results have been previously reported by Poelzl et al. [11].

Health outcomes and effectiveness measures

The defined primary health outcome of the economic
evaluation was hospital-free survival. Secondary outcomes
included mean survival time and number and duration of
rehospitalizations. All health outcomes were evaluated over
the 1-year follow-up of the cohort study after inclusion of
patients in HMT and UC. The effectiveness of HMT along
the cohort study was calculated as absolute differences in
health outcomes in the HMT versus the UC arm.

Resource utilization and cost assessment

This economic evaluation along the 1-year cohort study was
performed from the perspective of the Austrian health care
system. We incorporated all high-cost resources as well as
other relevant resources that are expected to differ between
treatment arms [13] and, therefore, included direct costs of
the DMP and costs of HF rehospitalizations. The costs of
HMT include base costs (IT infrastructure, coordination,
nursing staff), variable costs (license, helpdesk, support, fee
for network physicians, laboratory costs), and costs for the
equipment set including logistics. Salaries for doctors and
nurses are also included in the ongoing basic costs, as well
as costs for the necessary technical training for users. Base
cost per patient case was calculated assuming a projected
full expansion of HMT of 730 patients in Tyrol per year with
an additional 10% of individuals with a 3-month extension
summing up to 803 patient cases.

The costs for HF rehospitalizations were evaluated on
the basis of the Diagnostic-Related Group (DRG) using the



Clinical Research in Cardiology

self-payer tariffs in Tyrol from 2022, which are based on a
full cost calculation that includes variable costs and pro-
portionate investment costs and hospital deficits. The state
government applies these self-payer tariffs to calculate reim-
bursement for the hospitals, and therefore, these tariffs are
typically used in economic evaluations. DRG points for the
number of days in the hospital, use of individual medical
service, and use of intensive care unit were multiplied by a
factor of 1.363 EUR per DRG point, representing the aver-
age self-payer tariff weighted by the number of patients in
each included hospital in Tyrol (Suppl. Table 1).

Cost-effectiveness

We determined the cost-effectiveness of HMT vs. UC in
terms of additional cost per hospital-free life-years gained
(HFLYG) as our primary outcome. We first checked for
dominance to identify strategies that provide less ben-
efits at higher costs (dominated) and should therefore be
eliminated or strategies that provide more benefits at lower
costs (dominant) that should be given priority. If there was
a trade-off between costs and health outcomes (not domi-
nant or dominated), the incremental cost-effectiveness ratio
(ICER), defined as additional costs (EUR) per HFLYG of
HMT versus UC, was calculated. In addition, we calculated
the incremental cost-effectiveness ratios expressed as addi-
tional costs (EUR) per HFLYG, per total life-years gained,
and per number of rehospitalizations avoided of HMT vs.
UC, respectively [14, 15].

Base-case analysis

In the base-case analysis, all patients were included in the
analysis along the 1-year trial period and HF-rehospitaliza-
tion costs were winsorized.

Sensitivity analyses

First, to make our analyses less dependent on random hospi-
tal events not related to heart failure, we performed a sensi-
tivity analysis excluding the costs of HF rehospitalizations
after events that were irrelevant for the stated research ques-
tion. For this sensitivity analysis, we assumed that hospital
stays that are not directly related to chronic HF (i.e., costs
due to heart transplantation in two patients, implantation
of an assist device in one patient, and elective cardiac sur-
gery in one patient in the HMT group and prolonged ICU
stays for sepsis-related renal failure in two patients in the UC
group) did not depend on the strategy HMT or UC. In a first
analysis, such non-HF-related costs for a total of six patients
were replaced by the average costs in the respective group.
In a second analysis, we removed the entire data of these
six patients and assessed cost-effectiveness based on these

updated data sets. Second, we performed a nonparametric
sensitivity analysis with bootstrap sampling (n=5000 rep-
lications) from the patient-level data as an empirical prob-
ability distribution to assess the uncertainty around cost-
effectiveness. Results were plotted in a cost-effectiveness
plane, and mean outcomes and confidence intervals are
presented. Third, we performed a sensitivity analysis on the
costs per DRG point.

Statistical analysis

Data preparation included winsorizing, missing value impu-
tation, and adjustment for remaining confounding due to
imperfect matching. HF-rehospitalization data were evalu-
ated following the intention-to-treat (ITT) principle. In the
winsorization, costs above the 99th percentile were set to
the 99th percentile. Missing values were replaced using
imputation. First missing values of predictors for outcomes
(i.e., body mass index (BMI), atrial fibrillation, N-terminal
pro-B-type natriuretic peptide (NTproBNP), and CCI) were
imputed by the mean values of the study arm with missing
values assuming missingness completely at random (BMI
missing =4; atrial fibrillation missing=1; NTproBNP miss-
ing=20; CCI missing = 1). Second, missing values of the
DRG points for hospital days, intensive care use, and indi-
vidual medical services were imputed by the conditional
means from a generalized linear model to fit a multivariable
gamma regression with log-link function assuming a struc-
ture of missingness at random (MAR) (missing=15 cases
in the HMT arm). Variables in the regression to predict the
DRG points are (1) study arm (exposure) and two potential
predictors for the costs: sex, age, ejection fraction catego-
ries (reduced, mildly reduced, preserved), heart failure first
diagnosed more than 18 months ago, CCI, atrial fibrilla-
tion, New York Heart Association (NYHA) functional
class, NTproBNP, and cardiac resynchronization therapy
(CRT) and/or implantable cardioverter-defibrillator (ICD).
Adjustment for the remaining confounders was performed by
regression analysis of rehospitalization costs, using a gener-
alized linear model to fit a multivariable gamma regression
with log-link function, accounting for zero-cost observations
in the imputed Winsorized data. Variables in the regression
model [16] to predict total HF-rehospitalization costs are
(1) study arm (exposure) and (2) potential predictors for the
total costs: sex, age, ejection fraction categories (reduced,
mildly reduced, preserved), heart failure first diagnosed
more than 18 months ago, CCI, atrial fibrillation, NYHA
functional class, NTproBNP, and CRT cardiac resynchroni-
zation therapy and/or ICD.

For health outcomes, between-group comparisons were
performed with the Student’s #-test, Mann—Whitney U test,
and Chi-square test. A two-sided p-value of 0.05 was con-
sidered to be statistically significant. HF-rehospitalization
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and mortality data were evaluated following the intention-
to-treat (ITT) principle.

For the statistical analysis including the cost-effectiveness
analysis, we used SAS for Windows, Ver. 9.4 (SAS Institute
Inc., Cary, NC, USA) and MS Excel, Ver. 2208 (Microsoft
Corp, Redmond, USA).

We followed international guidelines for performing obser-
vational real-world studies [17, 18], reporting cost-effectiveness
analyses such as the ISPOR Good Research Practices Task
Force Report on Cost-effectiveness Analysis alongside Clinical
Trials II [13] and the Consolidated Health Economic Evalua-
tion Reporting Standards (CHEERS) Statement [19, 20].

Results

Demographic and clinical characteristics of the population
are shown in Table 1 and in Poelzl et al. [11]. Briefly, mean
age was 69.5 years (standard deviation (SD) + 11.9 years)

in HMT and 71.1 years (SD +10.8 years) in UC, with 75
(29.9%) female patients in HMT and 83 (32.3%) in UC and
a BMI of 28.3 kg/m* (SD +5.7 kg/m?) in HMT and 27.3 kg/
m? (SD + 5.6 kg/m?) in UC.

Health outcomes and effectiveness measures

Health outcomes and effectiveness measures of HMT vs. UC
expressed as absolute differences are displayed in Table 2.
One-year all-cause mortality was recorded in 25 (10.0%)
vs. 66 (25.7%) patients and 1-year HF hospitalizations in
62 (24.7%) vs. 89 (34.6%) patients in HMT and UC. Days
to death or first HF hospitalization were 216.0 vs. 150.7,
and 122.3 vs. 113.5 for HMT and UC, respectively. HMT
resulted in 41.88 additional hospital-free life days, 40.19
additional life days, and 0.12 avoided hospitalizations in
comparison to UC.

A more detailed representation of the differences in
hospital-free survival, life-years, and number of hospital

Table 1 Patient characteristics
at baseline

Variable

Usual care (n=257) HerzMobil Tirol (n=251) p-value

Age, years (mean + SD)
Female, n (%)

Body mass index, kg/m2, (mean + SD)

NYHA functional class, n (%)
11
111
v

NTproBNP (ng/l), (mean+SD)

HF first diagnosed > 18 months ago, n (%)

Ejection fraction classification, n (%)

HFrEF (<40%)
HFmrEF (40-50%)
HFpEF (>50%)
Atrial fibrillation, n (%)
CCI (mean+ SD)
CRT and/or ICD, n (%)

71.1+10.8 69.5+11.9 0.151%

83 (32.3%) 75 (29.9%) 0.557+

27.3+5.6 28.3+5.8 0.029*
0.180++

83 (32.3) 66 (26.3)

168 (65.4) 182 (72.5)

6(2.3) 3(1.2)

3486 (1459-7294) 2991 (1750-5459) 0.367+++

113 (44.0) 102 (40.6) 0.447++
0.0003*+

109 (42.4) 149 (59.6)

56 (21.8) 47 (18.8)

92 (35.8) 55 (21.6)

104 (40.5) 131 (52.2) 0.027++

2.8+1.6 28+1.5 0.996*

43 (16.7) 51(20.3) 0.298++

*1-test; ** Chi-square-test; *** Mann-Whitney U test

SD, standard deviation; n, number; NYHA, New York Heart Association; HF, heart failure; HFrEF, heart
failure with reduced ejection fraction; HFmrEF, heart failure with mid-range ejection fraction; HFpEF,
heart failure with preserved ejection fraction; CCI, Charlson Comorbidity Index; NTproBNP, N-terminal
pro-B-type natriuretic peptide; CRT, cardiac resynchronization therapy; /CD, implantable cardioverter-defi-

brillator

Table 2 Health outcomes
HerzMobil Tirol and usual care,
per patient

Health outcomes within 1 year (per patient) Usual care HerzMobil Tirol Difference
(n=257) (n=251) (HMT-UC)
Hospital-free survival [days] 301.72 343.60 41.88
Survival days [days] 309.97 350.16 40.19
Number of HF rehospitalizations 0.59 0.47 -0.12

HMT, HerzMobil Tirol; UC, usual care; HF, heart failure
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Table 3 Costs of HerzMobil
Tirol

DMP HerzMobil Tirol cost items

Costs [EUR]

Base costs*

IT infrastructure, coordination, nursing staff—Total per year (=Total)
Base costs per patient case (=Total cost/patient cases**)

Variable costs per patient case

805,729
1003.40
505.00

License, helpdesk, support, network physicians, laboratory costs

Equipment set including logistics per patient

DMP HerzMobil Tirol costs***

356.67
1915.57

DMP, disease management program; EUR, euro

* One-off costs for the software application are not considered

**Cases per year stabilization =730, extensions per year (10%)="73, total patient cases per year =803

***HMT DMP costs=1003.4 EUR (base costs)+505 EUR (1+0.10) (variable costs per patient
case)+356.67 (equipment) =1915.57 EUR

Table4 Cost of

Attt Mean costs [EUR] Usual care (n=257) HerzMo- Difference
rehospitalizations and total costs bil Tirol (HMT-UC)
base-case analysis (n=251)

Mean HF-rehospitalization (w/o DMP) costs per patient 6943 5551 —-1392
Base-case total costs (including DMP intervention cost) 6943 7466 523

Mean costs per rehospitalization

Mean cost of hospitalization day per patient

8670 (n=89)
561 (n=89)

8737 (n=62) 67
555 (n=62) -6

DMP, disease management program; EUR, euro; HMT, HerzMobil Tirol; HF, heart failure; UC, usual care;

w/o, without
DMP costs=1916 euro

admissions within 1 year between HMT and UC is given in
Supplementary Table 2.

Mean DMP costs for HMT were 1915.57 EUR per patient
case participating in the program (Table 3). Mean rehospi-
talization costs during follow-up per patient were 5551 EUR
in the HMT and 6943 EUR in the UC arm (Table 4).

A more detailed representation of cost differences due
to benefits in hospital-free survival, life-years gained, and
fewer hospitalizations within 1 year between HMT and UC
is provided in Supplementary Table 2.

Cost-effectiveness

The estimated hospital-free life years and costs of the base-
case analysis for patients who receive usual care or partici-
pate in HMT are shown in Table 5. Mean hospital-free life-
years were determined to be 0.94 for HMT and 0.83 years
for usual care resulting in a gain of 0.11 hospital-free life
years for HMT. This gain in life years out of hospital came
at the additional cost of 523 EUR yielding an ICER of 4773
EUR per HFLYG.

A more detailed representation of ICER due to benefits
in hospital-free survival, life-years gained, and fewer hospi-
talizations within a year between HMT and UC is provided
in Supplementary Table 2.

Table 5 Cost-effectiveness analysis HerzMobil Tirol vs. usual care—
base case analysis

Hospital- Incremen- Total Incre- ICER
free tal hos- costs mental [EUR/
survival ~ pital-free  [EUR] total costs HFLYG]
[years] survival [EUR]
years
Usual 0.83 0.11 6943 523 4773
care
HerzMo- 0.94 7466
bil Tirol

EUR, euro; ICER, incremental cost-effectiveness ratio; HFLYG, hos-
pital-free life years gained

Sensitivity analyses

In the sensitivity analysis excluding costs of HF rehospi-
talizations after events irrelevant for the stated research
question (i.e., costs due to heart transplantation in two
patients, implantation of an assist device in one patient,
and elective cardiac surgery in one patient in the HMT
group and prolonged ICU stays for sepsis-related renal
failure in two patients in the UC group), HF-rehospitali-
zation costs in HMT decreased to 3124 EUR and in usual
care to 5995 EUR. Total costs for patients in HMT (5040
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Table 6 Cost-effectiveness analysis HerzMobil Tirol vs. usual care in a sensitivity analysis excluding irrelevant hospitalization costs

Event-free sur-

A Event-free survival years

Total costs ATotal costs [EUR] ICER [EUR/HFLYG]

vival [years] [EUR]
Usual care 0.83 0.11 5995 —955 HMT Dominant*
HerzMobil Tirol 0.94 5040

*Cost-saving; ICER, incremental cost-effectiveness ratio; HFLYG, hospital-free life years gained
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Fig. 1 Cost-effectiveness plane HerzMobil Tirol vs. usual care for
base case. The difference in hospital-free survival years gained is
plotted on the x-axis, and the difference in total costs between HMT
and UC is plotted on the y-axis. The point cloud shown is the result
of bootstrap simulations. The majority of points in the base case
analysis lie in the upper right quadrant, which represents a reasonable
trade-off between higher cost and greater benefits. A total of 14.4% of
the points are in the lower right quadrant, showing HMT as the domi-
nant (i.e., less costly and more effective) therapy

EUR) and usual care and life expectancy out of hospital
are summarized in Table 6. In this sensitivity analysis,
HMT is less costly and more effective compared to UC,
that is, a dominant technology.

When the dataset of six patients with non-HF-related
costs was completely removed, HMT was also less costly
and more effective compared to UC (Table S3). The results
of the nonparametric sensitivity analysis with bootstrap
sampling (n=5000 replications) plotted into a cost-effec-
tiveness plane are displayed in Fig. 1 for the base-case
analysis and in Fig. 2 for the sensitivity analysis with non-
HF-related hospitalization costs replaced by mean costs.
Bootstrapping results for the analysis where the dataset
of six patients with non-HF-related costs was completely
removed are provided in the supplement (Figure S1).

The sensitivity analysis on the costs per DRG point is
displayed in Fig. 3. With increasing costs per DRG point,
the ICER decreases leading to further improved cost-effec-
tiveness ratio for HMT.
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Fig.2 Cost-effectiveness plane HerzMobil Tirol vs. usual care for
sensitivity analysis. The difference in hospital-free survival years
gained is plotted on the x-axis, and the difference in total costs
between HMT and UC is plotted on the y-axis. The point cloud
shown is the result of bootstrap simulations. In the sensitivity analy-
sis, all points are in the lower right quadrant, indicating that HMT is
the dominant (i.e., less costly and more effective) therapy resulting in
a cost saving of EUR 955 per patient

Discussion

To the best of our knowledge, this is the first cost-effectiveness
study performed for a telemedical DMP for heart failure in
the context of the Austrian health care system and the first at
all in a real-world setting outside of a randomized controlled
trial. The principal finding of this 1-year retrospective cohort
study is that HerzMobil Tirol, a 3-month telemedicine-assisted
transitional care service in patient with advanced heart failure,
is highly cost-effective and improves health outcomes when
compared with UC.

The present economic evaluation builds on data on the
superior effectiveness of HMT, that is, reduction in heart
failure hospitalization and mortality that were previously
published [11]. The cost-effectiveness that largely offset
the increased cost of the DMP occurred during follow-up
as a result of a decrease in worsening HF and fewer deaths.

HMT resulted in an average of 42 additional hospital-
free life days, 40 additional life days, and 0.12 avoided
hospitalizations per person compared with usual care.
The mean DPM costs for HMT were 1916 EUR per per-
son. Hospital costs per day and patient were comparable
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Fig.3 Cost-effectiveness in
relation to DRG points. DRG
points are the multiplier for

9000
8000

@
=}
the monetary costs per service g % 7000
in the respective hospitals in 05
. = o 6000
Austria. The ICERs are plotted ® 3
against the DRG points. The 3 2 5000
. strai ; v T
Crosses on the straight l}ne 2 % 4000
mark the valid DRG points of S5
the respective hospitals. The T £ 3000
< the i . x o
graph shows the increasing W = 2000
cost-effectiveness of HMT with ~ 8 1060
increasing DRG points :,“
5 0
- 1.00

between groups (€ 555 vs € 561). Mean HF-rehospitaliza-
tion costs per patient were 5551 EUR in HMT and 6943
EUR in the UC arm. Total costs per person including DMP
costs in HMT were on average 523 EUR higher than the
costs in UC leading to an ICER of 4773 EUR per life-year
gained outside the hospital.

Based on the results and bootstrap sampling, these results
appear to be robust, showing that the HMT-based strategy was
a more than acceptable cost-effectiveness trade-off in most
bootstrap simulations and even dominant (cost savings, i.e.,
lower costs and better health outcomes) in 14.4% of simulations.

Sensitivity analyses showed a cost-saving effect of HMT
when non-HF-related costs in six patients were replaced by
the average costs in the HMT and UC groups and when these
patients with non-HF-related hospital costs were completely
removed from analyses. No random sample has shown that
HMT is dominated by UC, i.e. more expensive and less effective.

The fact that HMT is cost-effective in the conservative base-
case analysis and even cost-saving in the sensitivity analysis
emphasizes the usefulness of DMPs, also from the perspective
of the payers and the impact on the healthcare budget.

In Austria, there is no explicit threshold for an intervention
to be considered cost-effective. In the international context,
for example, in the USA and the UK, thresholds ranging from
50,000 USD per QALY gained to 150,000 USD per QALY
gained and above have been reported [21, 22]. HMT can thus
be considered as very cost-effective compared to usual care.

In general, telemedicine interventions in HF are relatively
heterogenous, making a comparison difficult [9, 23]. Structured
telephone support and telemonitoring for HF patients
were found to reduce all-cause mortality and HF-related
hospitalization [24-27]. Although only a few studies reported
cost savings from economic evaluation as their primary aim [10,
28], most of the reports point in the same direction of potentially
cost savings. In these studies, savings resulted almost entirely
from reductions in hospital admissions, while other costs were
comparable in intervention and control groups.

BKH Schwaz, Kufstein, St. Johann i.T., Lienz (1.15 EUR/DRG Points)

l LKH Innsbruck (1.45 EUR/DRG Points) l
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140 150 160 170 180 190

120 130 2.00

EUR per DRG point

TIM-HF2, the largest trial to date with a comprehensive
cost-effectiveness analysis demonstrating superior clinical
effectiveness as well as relevant cost savings, is not
conceptually exactly comparable to HMT, but nevertheless
represents an important benchmark [10]. In the TIM-HF2
study, which did not include patients in the vulnerable
transition phase, noninvasive remote patient management
(RPM) was compared with usual care. The study included
an HF patient education program followed by monthly patient
telephone interviews with a study duration of 12 months and
a follow-up period of up to 393 days after study onset. The
RPM in TIM-HF2 [10] was cost-saving with average health-
care costs per patient year of 14,412 EUR in the RPM group
and 17,537 EUR in the UC group based on 339.08 days alive
and out of hospital in the RPM versus 332.25 in the usual care
group. The improved health outcome of 6 days alive and out
of hospital was lower compared to 42 days gained in HMT.
The total costs in TIM-HF2 included additional cost items
such as non-HF-hospital stays, medication, and rehabilitation,
and they are, therefore, considerably higher compared with
HMT. The difference of unplanned HF hospitalizations in
RPM versus usual care was —522.65 EUR and for unplanned
cardiovascular hospitalizations —4,520.21 EUR.

In contrast to TIM-HF2, where the team was available 24/7
for 12 months to review RPM data, in HMT, comprehensive
care by network physicians and HF nurses was provided only
during office hours and for 3 months. Despite the longer
supervision in TIM-HF2, the intervention costs in TIM-HF2
were 503 EUR less than in our study (RPM 1,414 EUR, HMT
1,916 EUR). This was mostly due to 25% higher personnel
costs for running HMT compared to TIM-HF2. In contrast to
TIM-HF2, HMT included home visits by heart failure nurses
and a flat rate for the resident physicians. The relative costs for
technical infrastructure (150 EUR [8%] vs. 85 EUR [6%]) and
for patients measuring devices (357 EUR [19%] vs 226 E'UR
[16%]) were higher in HMT where equipment logistics and
reprocessing were included in the HMT equipment costs.
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Taking all these differences into account, an ICER of €
4773 calculated in HMT is quite comparable to the cost sav-
ings of € 1758 per patient year in TIM-HF2.

Strengths and limitations

HerzMobil Tirol is established in routine healthcare for
advanced HF in the province of Tyrol, Austria. To the best of
our knowledge, the present study is the first economic evaluation
of a telemedicine-based transitional care program outside of a
clinical study, meaning that “all-comers” rather than carefully
selected study participants in a controlled setting were included.
The present results demonstrate that the cost-effectiveness data
collected in clinical trials are replicable in routine clinical
practice.

However, as all empirical real-world economic evalua-
tions, our study has several limitations.

First, the analysis only considered a 1-year time horizon
of the clinical follow-up and may, therefore, reflect only par-
tial (short-term) clinical and economic benefits of the DMP
program [29]. Results may further improve with long-term
effectiveness results of HMT. Such an analysis would require
decision-analytic modeling using further assumptions [30].

Second, we did only partly apply weighted end points to
synthesize information on quality and quantity of life by cal-
culating hospital-free survival. We did not use utilities to cal-
culate quality-adjusted life years (QALY) due to limited infor-
mation on disease-specific quality of life or utility measures.
However, in TIM-HF2, outcomes related to survival days and
hospitalizations were consistent with QALY outcomes [11].
We opted for the partially weighted long-term outcome of hos-
pital-free survival and did not focus on further time to event
analyses as the primary outcome, as there are also substantial
costs after the first event. However, from a clinical perspective,
such analyses could be performed in the future.

Third, nonmedical resources (e.g., transportation to
the hospital, patient time) were not considered. This likely
biased our results against HMT because the inclusion of
transportation costs or productivity loss for caring relatives
would likely even decrease the incremental total costs of HMT
in the base-case analysis. Also, productivity losses were not
considered since most of the patients were already retired.

Fourth, in this retrospective analysis, resource use was not
evaluated in the outpatient care setting. For simplification, it
was assumed that medical treatment, rehabilitation, etc. were
similar in both groups. In TIM-HF2, no substantial differ-
ence was found in medication and outpatient costs between
groups. Rehabilitation costs were significantly higher in the
DMP group for individuals who received rehabilitation, but
there was no significant difference in the rehabilitation costs
averaged for all individuals in both arms.

Fifth, the costs for the disease management program
were based on projections of costs when HMT will be
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implemented across Tyrol. Due to the scalability of the base
infrastructure (coordination and IT infrastructure), approxi-
mately 18% of the base costs per year will decrease with
more patient cases managed year.

Sixth, since less than 5% of patients refused to participate
in HMT, an overly optimistic assessment of the effectiveness
of the program due to the exclusion of unstable or disinterested
patients can largely be excluded. Inequalities in the baseline
characteristics due to the retrospective nature of the study were
balanced by multivariate testing and subgroup analyses [11].

Seventh, one-off costs for the software application were
not taken into account, as HMT was already introduced in
2012. As these costs are very low at around €20,000 and are
spread over all future patient years, they do not influence the
cost-effectiveness in any relevant way, but must be taken into
account when planning the budget for the installation of a DMP.

Potential implications

Our empirical real-world study results can be used for further
health and budget impact analyses as well as for decision
analytic models assessing longer time horizons. Further
research in health technology assessment should assess further
aspects beyond effectiveness and cost-effectiveness such as
the equity impact influenced by equal access for more patients
if telemedicine is used in DMPs. Although we believe that
this study shows robust results in favor of the DMP as a very
cost-effective or even cost-saving option, future research could
identify further predictors (i.e., effect modifiers) that allow a
more individualized assessment of which patients benefit most
and which subgroup offers the greatest cost savings.

Conclusion

The economic evaluation along the cohort study showed that
HerzMobil Tirol is very cost-effective compared to usual care
based on the 1-year time horizon of the clinical cohort study.
HerzMobil Tirol was cost-saving in a sensitivity analysis
correcting for randomly occurring ‘“non-HF related costs.”
Further research is needed on the long-term assessment of
benefits and costs beyond the study period using decision-
analytic modeling.
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