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Abstract
Purpose of Review  Heart failure (HF) is a major public health problem worldwide, affecting more than 64 million people [1]. 
The complex and severe nature of HF presents challenges in providing cost-effective care as patients often require multiple 
hospitalizations and treatments. This review of relevant studies with focus on the last 10 years summarizes the health and 
economic implications of various HF treatment options in Europe and beyond. Although the main cost drivers in HF treatment 
are clinical (re)admission and decompensation of HF, an assessment of the economic impacts of various other device therapy 
options for HF care are included in this review. This includes: cardiovascular implantable electronic devices (CIEDs) such 
as cardiac-resynchronisation-therapy devices that include pacemaking (CRT-P), cardiac-resynchronisation-therapy devices 
that include defibrillation (CRT-D), implantable cardioverter/defibrillators (ICDs) and various types of pacemakers. The 
impact of (semi)automated (tele)monitoring as a relevant factor for increasing both the quality and economic impact of care 
is also taken into consideration. Quality of life adjusted life years (QALYs) are used in the overall context as a composite 
metric reflecting quantity and quality of life as a standardized measurement of incremental cost-effectiveness ratios (ICER) 
of different device-based HF interventions.
Recent Findings  In terms of the total cost of different devices, CRT-Ds were found in several studies to be more expensive 
than all other devices in regards to runtime and maintenance costs including (re)implantation. In the case of CRT combined 
with an implantable cardioverter-defibrillator (CRT-D) versus ICD alone, CRT-D was found to be the most cost-effective 
treatment in research work over the past 10 years. Further comparison between CRT-D vs. CRT-P does not show an economic 
advantage of CRT-D as a minority of patients require shock therapy. Furthermore, a positive health economic effect and 
higher survival rate is seen in CRT-P full ventricular stimulation vs. right heart only stimulation. Telemedical care has been 
found to provide a positive health economic impact for selected patient groups—even reducing patient mortality. For heart 
failure both in ICD and CRT-D subgroups the given telemonitoring benefit seems to be greater in higher-risk populations 
with a worse HF prognosis.
Summary  In patients with HF, all CIED therapies are in the range of commonly accepted cost-effectiveness. QALY and ICER 
calculations provide a more nuanced understanding of the economic impact these therapies create in the healthcare landscape. 
For severe cases of HF, CRT-D with telemedical care seems to be the better option from a health economic standpoint, as 
therapy is more expensive, but costs per QALY range below the commonly accepted threshold.

Keywords  Heart failure · Device-based therapy · Health economic effects · Telemonitoring

Introduction: Global burden and cost 
of heart failure (HF)

Heart failure (HF) is a major public health problem world-
wide, affecting more than 64 million people [1]. The preva-
lence of HF is increasing due to aging populations, improved 
survival from cardiovascular diseases, and the growing bur-
den of risk factors such as hypertension, diabetes, and obe-
sity – each serving as a predictor for mortality [2].
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The burden of HF is particularly high in Europe—it is 
the leading cause of hospitalization and readmission, and a 
major contributor to healthcare costs [3]. Even with contin-
ued advances in HF treatment and management, HF remains 
a major cause of morbidity and mortality, with a high risk of 
hospitalization, disability, and death [4].

According to a recent systematic review and meta-analy-
sis of HF in Europe, the prevalence of HF ranges from 1.3% 
to 2.0% in the general population, and increases with age, 
reaching to 10% in people over the age of 70 [4]. The inci-
dence of HF is high, with an estimated 1–2% of the popu-
lation developing HF each year [5]. The burden of HF is 
especially high in Eastern Europe, where prevalence and 
incidence of HF are among the highest in the world [6].

HF is the main cause of hospitalization and readmission 
in Europe, accounting for up to 2.5 million admissions per 
year [7]. The economic burden of HF is also significant, with 
estimated costs ranging from €3,000 to €10,000 per patient 
per year. Here the length of stay and number of hospital 
admissions is a main driver of cost [8]. Therefore avoid-
ing hospitalization is one of the main goals of every good 
therapy—including device therapy.

Device‑based therapies must be considered 
especially in more severe cases of HF where 
the economic effect is higher compared 
to a healthier population (Fig. 1)

Despite advances in treatment and management, the progno-
sis of HF remains still very bad compared to other treatment 
areas, with a 5-year mortality rate of up to 50% [9].

Effective management of HF requires a multidiscipli-
nary approach, including self-driven lifestyle modifica-
tions, pharmacological therapy, device therapy, and cardiac 
rehabilitation [10]. Evidence-based therapies such as angi-
otensin-converting enzyme inhibitors, beta-blockers, and 
mineralocorticoid receptor antagonists have been shown 
to improve survival and reduce hospitalization in patients 
with HF [11]. However, these therapies are underutilized in 
clinical practice, particularly in older patients and those with 
comorbidities [12].

In summary, HF is a major public health burden in 
Europe, with a high prevalence, incidence, and negative 
economic effect. Effective management of HF requires a 
comprehensive approach, including prevention, early diag-
nosis, and evidence-based therapy. Device-based therapies 
have emerged as significant contributors to the management 
and treatment of HF, having evolved especially to address 
the challenges associated with decompensated and chronic 
HF. Both, device-based therapy and telemedical approaches 
are cornerstones in HF treatment. These therapies must 
be considered especially in more severe cases of HF [13] 
where the economic effect is higher compared to a healthier 
population.

Introduction to heart failure (HF) management

Heart failure (HF) is known as progressive and severe 
chronic condition as it affects the heart's ability to pump 
blood efficiently to meet metabolic demands. HF thereby 
remains a pivotal concern in healthcare, demanding an inte-
grative care approach. There are multiple components neces-
sary for HF management to have a seamless continuum of 

Fig. 1   Different distribution of 
HF and local burden in the USA 
and different EU countries, 
modified and taken from Cowie 
MR et al. Improving care 
for patients with acute heart 
failure: before, during and after 
hospitalization in ESC Heart 
Fail. 2014. Total means HF 
patients over all, HF (I) & (II) 
means HF patients Degree I and 
II, HF total % means percent-
age of the population with HF. 
Credit: Distributable by creative 
commons CC BY-NC-ND 
4.0 DEED (https://​creat​iveco​
mmons.​org/​licen​ses/​by-​nc-​nd/4.​
0/), Figure used from Cowie, 
Martin R., et al. "Improving 
care for patients with acute 
heart failure: before, during and 
after hospitalization." ESC heart 
failure 1.2 (2014): 110–145

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
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care, including both ambulatory and inpatient care settings 
that may or may not be supported by telemedical measures.

The complex nature, high incidence and severity of the 
illness present intricate economic challenges in the treatment 
of HF. Care is often fragmented as patients often must trav-
ers multiple care settings and interact with different physi-
cians and care staff [14].

Ambulatory care forms a cornerstone of HF management, 
providing a setting for early detection, monitoring, and man-
agement of the disease. Utilizing resources like echocardiog-
raphy, BNP/NT-proBNP testing and wearable telemonitor-
ing technology, healthcare providers can specially monitor 
HF progression in this setting. Additionally, providing edu-
cation on lifestyle modifications, medication management 
and symptom self-recognition empowers patients to manage 
their condition and can potentially reduce hospital admis-
sions [15].

Patients with acute decompensated HF often require hos-
pitalization for intensive care management. Worsening of 
the heart condition, hospital (re)admission as well as the 
length of stay in the hospital is responsible for most of the 
economic impact of HF [16]. A major cost reduction strategy 
is therefore to manage the reduction of HF events and the 
length of hospital stays.

State of the art HF management requires a concerted 
effort across different healthcare settings. By fostering a 
seamless transition between ambulatory and inpatient care 
and leveraging emerging technologies, the healthcare com-
munity can significantly improve the quality of life for HF 
patients while optimizing resource utilization.

An integrative treatment approach underlines the impor-
tance of a patient centered model in fighting the multiple 
challenges of HF. This includes incorporating device-based 
therapies in differentiated settings. Precisely pairing patients 
with the adequate therapy and including more CRT-D and 
CRT-P devices in their overall treatment plans is on the rise 
[17] in the field of HF therapy and must therefore also be 
seen in a standardized health economic perspective [18], 
as these therapies are very cost-intensive [19]. This review 
intends to give a review and overview on that matter.

Health economic metrics and a standardized 
evaluation framework

To measure how efficiently financial resources are used, 
the field of health economics has implemented the stand-
ard measurement of “Quality Adjusted Lifetime Years” 
(QALYs). This is a well-accepted approach used to assess 
the value derived from medical interventions.

To measure how efficiently financial resources are used, 
the field of health economics has implemented the stand-
ard measurement of “Quality Adjusted Lifetime Years” 
(QALYs)—this is a well-accepted approach used to assess 
the value derived from medical interventions (Fig. 2).

The application of QALYs in heart failure treatment can 
specifically support medical decision-making and enable the 
comparison of different treatment modalities with various 
device options for therapy. Thereby QALYs play a pivotal 
role in resource allocation and can help maximize overall 
HF health outcomes [20].

When using QALY calculations, health economic cal-
culations often also use an Incremental Cost-Effectiveness 
Ratio (ICER) approach. An ICER is another fundamen-
tal concept in health economics, providing a systematic 
approach to evaluate the cost-effectiveness of different inter-
ventions. An ICER is computed by dividing the difference in 
costs between two possible interventions by the difference 
in their effectiveness measured in QALYs.

The combined usage of an ICER and QALYs computa-
tions allows for a clearer calculation in budget impact analy-
sis as it shows the real effect of the used device, measure-
ment alone or in differentiation to the use of another device. 
In an HF therapy scenario the use of ICER/QALYS analysis 
can be an especially useful approach, as many effects of the 
burdens of HF are spread over populations with comorbiti-
ties [21]. Using ICER in these populations, healthcare sys-
tems can have a profound impact, predicting the financial 
implications of adopting new device-based therapies for HF 
over a long-term period of time.

However, there are conversations in the healthcare eco-
nomics community about employing a more differentiated 

Fig. 2   Weighted life years 
(QALYs) adjust the plain 
calculation and can even favor 
a therapy with less life years 
gained
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use of QALYs—specifically in older populations or in cases 
of severe illnesses such as extensive HF [22]. It is argued 
by critics that healthcare resources should not be allocated 
solely based on the concept of health maximization as this 
can lead to discrimination against certain groups e.g., older 
and/or chronically ill people. Additionally, some health 
economists note how QALYs evaluations can lead to poten-
tial treatment biases as it is easier to compare treatments for 
illnesses where alternative treatments are widely known and 
discussed versus those that are not [23].

Nevertheless, using QALYs and ICER is a widely 
accepted measurement in the scientific community to objec-
tivize treatment options and their respective outcomes in 
terms of financial implications and quality of life impact. 
Therefore, they will both be included in this review as a 
base concept.

The use of QALY/ICER metrics underpins the follow-
ing three criteria which when combined create a suggested 
framework to evaluate a standardized health economic 
impact of HF treatments.

Holistic assessment

Through the lens of QALYs and ICER, stakeholders can be 
involved in informed decision-making, steering towards a 
setting that is not only cost-effective but also patient-centric 
and outcome-driven. QALYs provide a holistic assessment 
by accounting for both the length and quality of life. This is 
crucial in HF where interventions may extend life but also 
significantly impact the quality of life due to side effects or 
required lifestyle changes.

Standardized comparisons – specifically of device‑based 
therapies

Employing QALYs facilitates standardized comparisons 
across different interventions and disease areas, aiding in the 
prioritization of healthcare resources based on cost-effec-
tiveness. Especially when evaluating device-based therapies 
for heart failure, ICER can help determine the additional cost 
associated with achieving a better health outcome (measured 
in QALYs) with one device over another.

Informing policy and practice

The ICER informs policy and practice by providing a clear 
and comparable metric to evaluate the value proposition of 
new or existing interventions for HF thus helping to direct 
limited healthcare resources to interventions that provide the 
best health economic outcomes. This is integral for providers 

and payers making evidence-based decisions regarding the 
adoption and reimbursement of new technologies.

Overall, using these criteria provides a robust toolkit 
to evaluate the impact of different treatment modalities in 
HF. Combined the three areas offer a harmonized approach 
to measure and compare the effectiveness of healthcare 
interventions in the treatment of HF.

HF therapy, device‑based options and their 
evolution

HF treatment, including device therapy, aims to enhance 
functional capacity, increase survival, and prevent pro-
gression to end-stage heart failure. Devices for monitor-
ing patient status can furthermore anticipate exacerbations 
and preemptively adjust therapy—thereby regulating the 
frequency and necessity of hospital admissions.

Clinical trials give hard evidence, that device therapy is 
beneficial for some heart failure patients, showing an effect 
even in those without a history of ventricular arrhythmia. 
Evolution of heart failure therapies, including devices, is 
expected to have a significant impact on patients with end-
stage heart failure [24].

Device therapy for treatment of HF has played an 
increasing role in the past decades. Device-based thera-
pies are employed across the complete spectrum of heart 
failure management, from prehospitalization decompensa-
tion detection and inpatient management of acute decom-
pensated heart failure (ADHF) to stabilization of cardio-
genic shock and durable mechanical circulatory support. 
The number, indication, and complexity of these therapies 
continue to grow, making the recognition and familiarity 
with available technologies increasingly crucial for both 
research and clinical practice [25].

As stated above—in the aspect of innovation and new 
approvals there has been a notable change in device-based 
therapies over the last decade. Several device-based thera-
pies were recently approved for HF management and play 
an integral role in managing different phenotypes of HF. 
Part of these new devices target structural or neurohormo-
nal abnormalities that are not directly amenable to phar-
macologic interventions​.

A recent classification scheme categorizes new device-
based therapies based on their mechanisms of action, 
including dilators, removers, inotropes, interstitials, push-
ers, pullers, and selective devices. These new devices aim 
to alleviate symptoms and recover heart and renal function 
in acute HF decompensation. The development of device-
based therapy targeting specific paths is further evolving. 
It addresses the complex physiopathology of acute decom-
pensated heart failure (ADHF)​ and is broadly described in 
literature [26].
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Telemedical care for heart failure therapy

Telemonitoring uses different means of communication 
technology to remotely monitor patients' health status. It 
is a crucial aspect of managing chronic diseases, especially 
heart failure.

Telemonitoring for heart failure has evolved over almost 
25 years, from 1999 to 2022. As stated before, implant-
based telemonitoring can provide early detection of 
worsening HF and enable pre-emptive interventions that 
improve patient outcomes.

One of the milestone trials to use telemonitoring, was 
the IN-TIME clinical trial [27]. This trial involved auto-
matic daily implant-based multiparameter telemonitoring​​. 
The authors proved, that daily multiparameter telemonitor-
ing is effective in reducing clinical endpoints in patients 
with chronic systolic heart failure both in ICD and CRT-D 
subgroups. But they also noted that selection of patient 
groups is highly success-relevant, and the absolute benefit 
seems to be higher in higher-risk populations with a worse 
prognosis.

Telemonitoring modalities in HF are often proposed as 
essential for the organization and transition of HF care. 
However, their efficacy and the best way to measure has 
always been a point of debate in different publications [28, 
29].

To further elaborate on the real effectiveness of the 
telemonitoring approach, a comprehensive meta-analysis 
was conducted in 2023 to study home telemonitoring sys-
tems (hTMS) in HF and its effect on clinical outcomes 
[30]. The meta-analysis showed that telemedical care 
resulted in a reduction of all-cause mortality and a down-
turn in HF-related hospitalizations.

Still, the methods of telemedical care and population 
selection remain diverse in the researched studies. For this 
reason, the authors suggest a more standardized approach 
to better compare health economic effects. Future research 
should strive to standardize these modes of effective tel-
emedical care for HF patients.

Economic effects of device‑based therapies for HF

The health economic impact of Cardiac Resynchronization 
Therapy (CRT) Devices, Implantable Cardioverter Defi-
brillators (ICD) Therapy, and Pacemakers in heart failure 
therapy has been a subject of several studies.

Besides the approach of telemedical care in HF there 
are different fields of discussion targeting the health eco-
nomic effects of device-based HF therapy. It can be sum-
marized in the following fields with actual results in dif-
ferent health economic studies.

Studies evaluating CRT‑Ds and ICDs demonstrate 
the cost‑effectiveness of CRT‑D devices

A systematic review investigated the cost-effectiveness of 
CRT combined with an implantable cardioverter-defibrilla-
tor (CRT-D) versus ICD alone in patients with heart failure 
(HF). The authors concluded that CRT-D compared to ICD 
alone was the most cost-effective treatment in patients with 
HF. The highest and the lowest Incremental cost-effective-
ness ratio (ICER) were reported in the US ($138,649 per 
quality-adjusted life years (QALY)) and the UK ($41,787 
per QALY) respectively [31].

This is an interesting result, as the device-related pri-
mary costs of implanting the CRT are higher, but generate 
an effect, that is feasible from a health economic perspec-
tive—a fact that should not mislead one to interpret lower 
overall cost. The treatment is more cost intensive but gener-
ates QALYs at an accepted rate of costs.

CRT-D is from that interpretation the better strategy in 
most liberal budgets. In fact, if the cost of the CRT-D devices 
is further lowered or their battery longevity increased, it 
would become an even more attractive option. Even with an 
ICER considered at the World Health Organization WTP 
threshold of 35.000 USD per QALY [32] it is already today 
(in selected studies) the preferable health economic strategy.

Looking at the drivers for this cost effectiveness, it is a 
mixture of mortality reduction and a reduction of (re)hos-
pitalisation rates. For example, Mealing et al. showed that 
CRT-D reduced monthly hospitalization rate by 30% while 
ICDs decreased monthly hospitalization rates by 20% [33]. 
Vice versa it is clear, based on the results of the current 
stated systematic review above, that more expensive CRT-D 
devices or a shorter battery life made the cost-effectiveness 
of CRT-D less advantageous.

One relevant specific health economic question is targeting 
on ICER of CRT‑D vs. CRT‑P with eye on the necessity 
of shocks in the relevant population

A review discussed economic evaluation models for cardiac 
resynchronization therapy with a biventricular pacemaker 
(CRT-P) and implantable cardioverter defibrillator (CRT-D). 
It highlighted that adding an ICD may further reduce the risk 
of sudden cardiac death but questioned the cost-effective-
ness ratio of CRT-D compared to CRT-P if most patients do 
not require shock therapy [34]. For many patients it is not 
health economically feasible to add the “D” option to the 
CRT device, as it lowers battery life (at higher costs for the 
device) and it has no primary necessity in these populations.

Further one study on different left and right ventricu-
lar stimulation showed in a cost-effectiveness analysis 
that patient survival was 6.78 years with right ventricular 
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only stimulation and 7.52 years with CRT-P, indicating an 
increase in survival of 10.9% [35].

This aspect once more shows, that there is no “one size 
fits all” approach in device-based therapy. Selecting the 
right device always must incorporate the state of the patient: 
severity of the illness, life expectancy, necessity of shocks 
etc. for the best selection of the device. A CRT-D device 
should consider critical versus a standard CRT-P in most of 
the patients believing this systematic review.

A very interesting aspect focuses on long‑term runtime 
costs of CRT devices in the sense of a “total cost 
of ownership” view on the devices

A study investigated the runtime and costs of biventricular 
defibrillators (CRT-D) and biventricular pacemakers (CRT-
P), providing insights into the costs associated with cardiac 
resynchronization therapy (CRT) device runtime across dif-
ferent manufacturers [36]. The study used health claims data 
from a large German health insurance provider to analyze 
the runtime of CRT devices, defined as the time between 
implantation and the date of generator change or removal. 
The median costs for implantation, change, and removal of 
a CRT device were also calculated in this work of Hadwiger 
et al.

The study included 17,826 patients with 4,296 complete 
runtimes for CRT-D devices and 429 for CRT-P devices 
observed. Median device runtime was 6.04 years for CRT-D 
devices and 8.16 years for CRT-P devices, with CRT-D 
devices having a significantly shorter runtime (p < 0.0001). 
The median cost of implantation for a CRT-D device was 
14,270 EUR, and for a CRT-P device, it was 9,349 EUR. 
With this data analyzed, the study concluded that CRT-D 
devices not only had a shorter runtime by about two years 
compared to CRT-P devices but were also associated with 
higher costs. This is significant for cost-effectiveness analy-
ses and reflects the point given above.

Conclusion and actual development

In terms of total costs of different devices, CRT-Ds were 
found in several studies to be more expensive than all other 
devices. The increased expense appeared to be mainly in 
regards to runtime and maintenance costs—including (re)
implantation. In studies over past years where CRT-D treat-
ment was compared to ICD alone, CRT-D appeared to be the 
most cost effective treatment. Further comparison between 
CRT-D versus CRT-P does not show a clear economic 
advantage of CRT-D. This appears to be mainly because 
not enough patients require shock therapy.

Furthermore, a positive health economic effect and 
higher survival rate is seen in CRT-P full ventricular stim-
ulation versus only right heart stimulation. Studies show, 

telemedical care has a health economic impact for selected 
patient groups which extends even to reducing mortality. For 
HF in both ICD and CRT-D subgroups the given telemoni-
toring benefit seems to be bigger in higher-risk populations 
with worse a HF prognosis. All device therapies (CRT-D, 
CRT-P, ICDs and Pacemakers) are in range of a accepted 
cost-effectiveness. QALY and ICER calculations provide a 
nuanced understanding of the economic impact these thera-
pies have in the healthcare landscape. For a more severe state 
of HF, CRT-D with telemedical care seems the better option 
from a health economic standpoint.
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