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Abstract

Objectives:

Heart failure is an increasing burden for all healthcare systems with prevalence reaching over 20 million

patients worldwide and direct costs of disease requiring �1% of healthcare budget expenditures. Beyond

traditional pharmaceutical treatment, medical devices and remote monitoring tools were introduced to

ensure a closely managed control of patients. In this context, a decision-maker needs to know whether

the new technology provides clinical benefit towards patients and what resource use is attached to them.

Methods:

Health services research is a complementary approach to clinical trials providing results to the impact of the

technology in real life settings. As an example this study reports of a secondary data analysis of one of the

largest health insurance companies in Germany, comparing resource use of heart failure patients receiving a

cardiac resynchronization therapy (CRT) device coupled with a fluid status monitoring and alert function with

patients receiving conventional CRT, ICD (implantable cardioverter defibrillator), or no intervention.

Results:

Disease-associated expenses can be attributed to far more than 50% to heart failure. Although

implementation of the CRT device with alert function was most expensive (31,794 Euros compared to

27,659 Euros in the conventional CRT group, 24,128 Euros in the ICD group, and 3735 Euros in the no

intervention group) in the first year after implementation, the least costs have been caused in this group

(7000 Euros compared to more than 11,000 Euros in all other groups).

Conclusion:

This article highlights potential health services research approaches focusing on the example of a CRT

device coupled with a pulmonary diagnostic and alert function. Although this retrospective analysis holds a

number of limitations (e.g., small number of patients in intervention group, cost calculations only from the

payer perspective), and despite the need for randomized controlled trials, it was shown that secondary data

research in this field is a valuable approach.

Introduction

Heart failure specified by the ICD 10 Code I50 is the second most common
reason for hospitalization in Germany1. Since 2000 the number of hospitaliza-
tions increased 1.5-fold from 239,694 to 363,662 cases1. Worldwide over 20
million, in Germany �1.6–2 million people suffer from heart failure, with prev-
alence being strongly associated with age2,3. While 2% of the overall population
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is estimated to be affected by heart failure, in patients aged
65 years and older already 5–10% suffer from this disease2.
Every year in Germany �200,000–300,000 new cases are
diagnosed3. Heart failure is defined as the inability of the
heart to supply the organism with sufficient blood and
oxygen2,4. Typical symptoms are dyspnoea, fatigue and
fluid retention leading to repeated hospitalization, reduced
quality-of-life, and life expectation2,4. In Western coun-
tries in 60–75% of cases the cause of heart failure can be
attributed to coronary heart disease and/or arterial hyper-
tension, in �20–30% of cases aetiology is not clear2.

Therapy aims primarily at treatment of the underlying
cause of the disease: Besides pharmacological therapy, also
surgical therapy, including pacemaker (CRT, cardiac
resynchronisation therapy) and cardioverter defibrillator
(ICD, implantable cardioverter defibrillator) are applied
depending on severity5. The severity of heart failure is
classified in the four stages of the New York Heart
Association (NYHA I–IV) where in NYHA I the patient
is not impaired in daily life, in NYHA II high physical
stress and in NHYA III already little physical stress
causes symptoms while in NYHA IV the patient perceives
symptoms even at rest5.

Despite therapeutic advances prognosis of heart failure
remains poor. About 60–70% of patients die in the first 5
years after diagnosis, mainly due to progressive disease or
arrhythmia with sudden cardiac death2. With a total of
48,954 cases of deaths heart failure was the fourth most
common cause of death in Germany in 2009 after chronic
ischemic heart disease, acute myocardial infarction and
lung cancer6. High number of hospitalizations, consider-
ably rising number of future patients and cost-intensive
therapy options result in heart failure being one of the
most cost intensive diseases. According to an analysis of
the official German statistics in 2006, �1.2% of the total
direct disease costs of all diagnoses were caused by heart
failure, amounting to 2.9 billion Euros7,8. Thereof �45%,
1.3 billion Euros, were estimated to be spent on hospital-
izations7. The outpatient sector caused costs of �784 mil-
lion Euros, including pharmaceuticals (287 million Euros),
ambulatory care (239 million Euros), and physician visits
(162 million Euros) as major cost factors7. A study per-
formed in co-operation with the competence network of
heart failure analysing 2710 patients related 74% of total
costs to hospitalizations9.

The medical aspects as well as the health economic
relevance elicit the need for better management of heart
failure patients. Disease management programmes (DMPs)
and remote monitoring is introduced to ensure a closely-
managed control of patients.

A recent systematic Cochrane review and meta-analy-
sis including studies between 2006 and 2008 suggests that
patients with heart failure benefit from telemonitoring, for
example in terms of a substantial reduction in all-cause
mortality and a substantial reduction in the risk of

hospitalization due to heart failure and leading to
improved quality-of-life and reduced costs10. A signifi-
cantly lower number of deaths and hospitalizations have
also been reported by the authors of another meta analysis
including studies between 2000 and 200811. However,
three large randomized multi-centre trials, the Tele-HF,
the TIM-HF and the HHH study, did not find significant
differences between the intervention and control group
regarding hospitalization or mortality12–14. The Home-
HF study performed in London, UK, did not find differ-
ences due to telemonitoring in days alive and out of hos-
pital as well as no significant differences in mean direct
health services costs, but significantly fewer unplanned
hospitalizations and a reduction in clinic and emergency
room visits15.

A specific example in heart failure treatment with
remote monitoring is a CRT device coupled with an
intra-thoracic impedance monitoring and alert function.
The OptiVol System (Medtronic GmbH, Germany) intro-
duced in 2004 is remotely monitoring the fluid status in the
lung and warning at an early stage against pulmonary con-
gestion that may lead to hospitalization and progress of
heart failure.

A decision-maker needs to know whether, first, new
technologies improve the clinical benefit towards patients
and, second, at what costs. The contribution of new tech-
nologies such as the fluid status monitoring device to the
medical benefit or economic implications in routine care
might also be scrutinized based on health services research.
This article analyses approaches to answer this question.

Health services research and secondary
data analysis

According to the German Medical Association
(Bundesärztekammer), health services research is defined
as scientific analysis of care of individuals or a population
with products or services under conditions of daily prac-
tice16. Analysis of the needs for health services (input),
structures and processes of health services (throughput),
provided services (output), gain in quality-of-life and
health (outcome), as well as the direct relevance for
health policy are characteristics of health services
research17. For answering this diversity of questions
health services research uses different quantitative and
qualitative, descriptive, analytical, and evaluative meth-
ods18. Thus, a specific scientific method is not required,
but rather defined by the research question. In general,
different study types are applicable, including cross-sec-
tional studies, case-control studies, cohort studies, ran-
domized as well as non-randomized interventional
studies; collection of primary data as well as secondary
data analyses are suitable19. Secondary data analysis is
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defined as scientific analysis of data not directly based on
the primary reason of data collection20. Secondary data-
bases include claim databases, patient registries, electronic
medical record databases and other routinely collected
health care data21, for example routine data of the statu-
tory health insurances (SHI) primarily collected for
accounting.

Due to the provided information routine SHI data are
suitable for analysis of utilization of medical services,
resource use, and costs as well as outcome research22.
Main advantages of routine data are availability of a
longer time frame allowing analyses of retrospective as
well as prospective research questions, low costs due to
the routine collection of data and high granularity of indi-
vidual patient level data23. Main disadvantages are collec-
tion of data only from the health insurance perspective,
i.e., no inclusion of self-pay patients, no specific data col-
lection for a scientific question, unknown validity as well
as a potential for selection bias due to a restriction to only a
few insurance companies23.

In order to elucidate the above-mentioned situation in
heart failure patients managed with a remote monitoring
device secondary data could be used to generate hypothe-
ses on the current medical and economic implication of a
new technology, which in turn can then be used as a basis
for further confirmatory research with more refined
research technologies. The following example highlights
a first exploratory study based on secondary data with
regard to usage and cost information for further hypothesis
generation and study planning.

Pilot study example—Methods

Our example of health services research in heart failure
patients based on secondary data is a retrospective pilot
study comparing the above-mentioned CRT system cou-
pled with a fluid status monitoring and alert function to
conventional systems. For generating hypothesis on the
technology’s potential to reduce disease costs a database
of one of the largest health insurance companies in
Germany has been analysed and searched for patients trea-
ted due to heart failure NYHA III–IV (ICD code I50.13
and/or I50.14) and/or due to dilated cardiomyopathy (ICD
code I42.0). The nationwide operating SHI company is
accessible for 90% of the German population and covers
more than 8 million lives.

Only patients aged between 5–89 years having received
treatment between 01.01.2004 and 31.12.2006 and being
diagnosed heart failure at least once in outpatient or inpa-
tient health care were included and classified in four study
groups:
� Patients having received a CRT (‘CRT only’);
� Patients having received a CRT system with the addi-

tional fluid status monitoring and alert function.

Patients were either identified via OPS codes or prob-
ability linkage (‘CRT plus alert’);

� Patients having received an ICD (‘ICD’); and
� Patients not having received an ICD or CRT (‘No

Implantation’).
Additionally, in a comparison group all insurees at the

same age but without any evidence of heart failure NYHA
III or IV or dilated cardiomyopathy or supply of ICD or
CRT systems were included, representing ordinary insur-
ees of a SHI.

Treatment costs in the four study groups have been
determined separately for different periods, specific to
the single patient and relative to the day of discharge of
index hospitalization. Index hospitalization in the device
study groups was the hospital stay where the device was
implanted, in the ‘No Implantation’ group index was the
hospital stay where heart failure and/or dilated cardiomy-
opathy was named as primary diagnosis.

All expenses of the insurance company regarding med-
ical treatment, medication from pharmacies, adjuvants,
remedies, sick pay, rehabilitation, transportation expenses,
treatment abroad, social services, home nursing, and addi-
tional services were considered. Data were obtained from
risk adjustment scheme data (Risikostrukturausgleich–
RSA), hospital data, prescription data, and billing data
from outpatient care available within the SHI.

As not all costs caused in patients with heart failure are
due to heart failure, gender- and age-specific expected
non-heart failure costs were calculated in order to identify
the exceeding costs attributable to heart failure. For this
purpose daily expenses of the comparison group for the
specific account groups, separated by gender, and 5-year
age groups were determined.

Pilot study example—Results

In the described time-frame in 129 patients with at least
one CRT implantation and in 285 patients with ICD
implantation heart failure according to ICD codes I42.0,
I50.13, or I50.14 was diagnosed, whereas in 22 patients a
CRT with additional fluid status monitoring and alert
function was implanted. Consequently, 107 patients
were included in the ‘CRT only’ group, 22 in the ‘CRT
plus alert’ group, and 285 in the ‘ICD’ group. Additionally,
2662 patients with at least one hospitalization due to
heart failure but without any device implantation have
been identified. These patients, included in the ‘No
Implantation’ group, on average were older than patients
of the other groups; therewith the 1-year mortality rate
with 26.3% was much higher than in the other groups.
Socio-demographic characteristics of the study groups are
summarized in Table 1; 1.243 million insurees have been
included in the comparison group, representing ordinary
insurees.
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Regarding the cost calculations before index treatment
average total costs per quarter in all groups are comparable
and range at �2000 Euros. In the ‘CRT plus alert’ group
the period of index hospitalization was most expensive
as for implantation of CRT with additional fluid status
monitoring and alert function the health insurance
company had to reimburse 31,794 Euros. Index hospital
stay in the ‘CRT only’ group accrued to 27,659 Euros,
in the ‘ICD’ group to 24,128 Euros and in the ‘No
Implantation’ group to 3735 Euros (Table 2).

In the first year after index hospitalization costs for
the ‘CRT plus alert’ group were lowest, resulting in

�7000 Euros compared to more than 11,000 Euros in all
other groups (Tables 2 and 3). In the second year costs
of 10,531 Euros emerged in the ‘CRT plus alert’ group
attributable to one single patient only compared to
7219 Euros in the ‘CRT only’ group, 12,660 Euros in the
‘ICD’ group, and 9602 Euros in the ‘No Implantation’
group (Tables 2 and 3). When excluding patients with
total costs exceeding 100,000 Euros within the 2
years after index treatment, total expenses per patient
in the second year after index treatment resulted in
5648 Euros in the ‘CRT plus alert’ group, 7219
Euros in the ‘CRT only’ group, 8152 Euros in the ‘ICD’

Table 2. Average treatment costs in Euros per patient and quarter.

Time frame Average total expenses per patient in Euros (disease-associated expenses per patient in Euros)

CRT only CRT plus alert ICD No implantation

1st year n¼ 107 n¼ 22 n¼ 285 n¼ 2662

Quarter �3 1836 (1196) 2354 (1659) 1860 (1269) 1674 (913)
Quarter �2 2576 (1929) 1798 (1122) 1711 (1115) 1890 (1122)
Quarter �1 2221 (1563) 1046 (378) 2426 (1828) 2371 (1598)
Quarter 0 30,918 (30,250) 35,667 (34,987) 28,538 (27,941) 6904 (6128)
Thereof Inpatient index treatment 27,659 31,794 24,128 3735
Quarter þ1 4305 (3625) 1819 (1124) 3471 (2865) 4855 (4088)
Quarter þ2 2519 (1825) 2304 (1595) 2965 (2350) 3272 (2501)
Quarter þ3 2247 (1542) 1207 (485) 2915 (2291) 2864 (2088)
Quarter þ4 2258 (1540) 1625 (895) 2518 (1888) 2612 (1830)
Total expenses per patient in 1st year

after index treatment
11,445 (8640) 6974 (4111) 11,940 (9460) 13,842 (10,738)

2nd year n¼ 96 n¼ 22 n¼ 259 n¼ 1959

Quarter þ5 1920 (1188) 2142 (1415) 3316 (2685) 2592 (1811)
Quarter þ6 1490 (746) 4685 (3949) 3909 (3278) 2378 (1594)
Quarter þ7 2129 (1385) 2178 (1471) 2834 (2206) 2300 (1512)
Quarter þ8 1643 (902) 1295 (591) 2285 (1649) 2221 (1426)
Total expenses per patient in

2nd year after index treatment
7219 (4252) 10,531 (7644) 12,660 (10,128) 9602 (6450)

CRT, Cardiac resynchronisation therapy; ICD, implantable cardioverter-defibrillator without resynchronization function.

Table 1. Socio-demographic characteristics.

CRT only CRT plus alert ICD No implantation

Number of patients 107 22 285 2662
Proportion female (%) 8.4 18.2 9.1 32.8
Mean age (years) 63.6 63.4 59.6 68.8
Age (Min–Max) 36–83 40–79 21–84 8–89

Up to day 365 after discharge
Proportion died (%) 10.3 0.0 9.1 26.3
Lost to follow-up (%)* 0.0 0.0 0.0 0.2

Up to day 730 after discharge
Proportion died (%) 13.1 0.0 14.7 33.8
Lost to follow-up (%)** 40.2 27.3 35.4 25

*Due to termination of insurance without death before day 365 after discharge or due to less than 365 follow-up days until 31
December 2007.
**Due to termination of insurance without death before day 730 after discharge or due to less than 730 follow-up days until 31
December 2007.
CRT, Cardiac resynchronisation therapy; ICD, implantable cardioverter-defibrillator without resynchronization function.
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group, and 8412 Euros in the ‘No Implantation’’’ group
(Table 3).

In reporting total patient costs it always has to be taken
into account that only a part can be attributed to a certain
disease. Therefore, in this study expected costs have been
calculated according to specific gender and age character-
istics without diagnosis of heart failure. These expected
expenses varied between 600–800 Euros per quarter.
Disease-associated expenses then resulted from the differ-
ence of the expected costs and the calculated total costs.
Comparing the disease-associated expenses with the total
expenses in nearly all quarters in all four groups more than
50% of total costs can be attributed to heart failure
(Table 2).

When ranking the cost categories hospitalization after
index treatment was the most relevant cost driver,

succeeded by medication, medical outpatient treatment,
and sick pay in a different order (Table 3, Figures 1
and 2) This pilot study was exploratory in nature and has
to be followed by more refined analytic approaches.

Discussion

When analysing daily clinical practice, it is of interest to
determine whether a specific therapy is efficacious for pre-
vention of disease or reduction in resource use. In obser-
vational retrospective data analyses in particular in those
outlined above, the treatment receipt mechanism is not
under control. Furthermore, it can depend on various fac-
tors, including the outcome of interest24. This results in

Table 3. Average expenses per patient per year in Euros differentiated by accounting groups.

Average total expenses per patient (only patients causing total costs5100,000 Euros)

CRT only CRT plus alert ICD No implantation

1st year n¼ 107 (n¼ 107) n¼ 22 (n¼ 21) n¼ 285 (n¼ 277) n¼ 2,662 (n¼ 2,622)

Medical attendance 1365 (1365) 850 (828) 1255 (1245) 1650 (1384)
Pharmaceuticals 2115 (2115) 1627 (1585) 1884 (1892) 2014 (1902)
Devices 338 (338) 86 (90) 217 (209) 456 (443)
Remedies 156 (156) 51 (54) 74 (76) 154 (153)
Hospital 5845 (5845) 2936 (2519) 5982 (4329) 7806 (6691)
Sick pay 1083 (1083) 1161 (1217) 2066 (2,051) 796 (776)
Transportation costs 355 (355) 201 (121) 378 (357) 517 (411)
Others 187 (187) 61 (64) 84 (86) 450 (454)
Total 11,445 (11,445) 6974 (6477) 11940 (10,244) 13842 (12,214)

2nd year n¼ 96 (n¼ 96) n¼ 22 (n¼ 21) n¼ 259 (n¼ 253) n¼ 1959 (n¼ 1925)

Medical attendance 1221 (1221) 879 (796) 1329 (1328) 1503 (1172)
Pharmaceuticals 2094 (2094) 2120 (1647) 2013 (1888) 1805 (1669)
Devices 182 (182) 8 (8) 250 (256) 349 (346)
Remedies 129 (129) 10 (11) 129 (87) 158 (153)
Hospital 3353 (3353) 6675 (2358) 7908 (3620) 4755 (4161)
Sick pay 0 (0) 468 (495) 516 (530) 236 (229)
Transportation costs 205 (205) 189 (166) 397 (354) 442 (325)
Others 35 (35) 183 (194) 118 (89) 355 (357)
Total 7219 (7219) 10,531 (5648) 12,660 (8152) 9602 (8412)

CRT, Cardiac resynchronization therapy; ICD, implantable cardioverter-defibrillator without resynchronization function.
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differential selection of treatment groups known as selec-
tion bias.

A matched pairs analysis of secondary data might serve
as an approximation for avoiding bias. In matched pairs
analyses, every individual of the study group is matched
with a corresponding individual in a control group.
Frequently-used matching criteria are age, sex, ethnicity,
co-morbidity, severity of disease, and risk factors25. With
longitudinal data available from German SHI healthcare
information on demographic characteristics, ambulatory
diagnoses, ambulatory drug treatment (only if reimbursed
by SHI), hospitalizations including duration of in-hospital
stay, main discharge diagnoses, accessory diagnoses, proce-
dures, reason of discharge, etc., data on resource-consump-
tion such as usage of remedies could be used to address
selection bias. Insurants with an incident diagnosis of
chronic heart failure, CRT implantation, and implemen-
tation of a fluid status monitoring in most recent calendar
years could then be identified as cases. Controls without
the treatment of interest could be matched by sex, year of
birth, and clinical severity. Martin et al.26 have shown that
the matching correlation must exceed 0.92 when there are
only two pairs, 0.51 when there are five pairs, and �0.34

when there are 10 pairs before the power of the matched
analysis will exceed that of the unmatched analysis. All
insurants (intervention group and controls) are required to
be continuously insured since index date. In sensitivity
analyses, the impact of the clinical definition could be
explored by introducing the requirement of more than
one diagnosis of heart failure during the respective calen-
dar year to define subjects with heart failure. Cases and
controls have to be categorized according to several
characteristics that will be assessed in the time period
prior to the index date.

Methods reducing the selection bias seek to properly
adjust known and observed confounders via e.g., stratifi-
cation, standardization, or adjustment. In a prospective
research setting where neither a randomized pragmatic
trial nor a cluster randomization is feasible, a sequential
control design could be applied. This was applied in the
GERSHWIN study in 952 consecutively recruited patients
with coronary artery disease to be treated with a stent for
the reduction of coronary restenosis27. The distribution of
potential bias factors like sociodemographic factors, car-
diac status, and risk factors between the two patients
groups were tested by �2-test (categorical variables) or
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Figure 2. Proportions of follow-up costs per accounting group per patient in 1st year (only patients causing total costs5100,000 Euros).
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t-test (metric). Based on these results the researcher
adjusted for age, gender, household status, three-vessel dis-
ease, and number of stents in a multiple logistic regression
analysis, indicating a clinical benefit with increased direct
costs27.

In patients with heart failure, relevant factors to be
controlled for comprise the following: pre-existing condi-
tions, hospitalization for cardiac decompensation in a
period prior to the analytic index date, already implanted
cardiac assist system, heart failure related diseases such as
unstable angina pectoris, congenital heart defect, as well as
comorbidities such as chronic renal insufficiency or liver
cirrhosis and medical treatment for chronic heart failure
(ß-blocker, ACE-inhibitor/ARB, diuretics) including
ICD/CRT.

The above-outlined prospective and secondary data
analytic approaches could support the hypothesis that
the new technology is expected to reduce costs.
However, SHI routine data as well as non-randomized pro-
spective research hold limitations with regard to causal
inference. Therefore, in order to causally confirm resource
use hypotheses based on exploratory research randomized
controlled study designs are of importance19.

One influential example for a randomized clinical trial
meeting randomization requirements in analysing medical
devices provides the prospective BASKET trial (Basel
Stent Kosten-Effektivitäts Trial)28. This trial was intro-
duced after the GERSHWIN trial in a setting already pre-
pared for randomization obtaining similar results. With
regard to fluid monitoring in heart failure an ongoing ran-
domized study might serve as a further example: With the
hypothesis that remote fluid status monitoring and alert
function contribute to improved clinical outcomes and
reduced resource use a randomized clinical trial called
the OptiLink HF Study (Optimization of Heart Failure
Management Using Medtronic OptiVol Fluid Status
Monitoring and Medtronic Care Link Network) is cur-
rently recruiting subjects at risk for pulmonary congestion
secondary to heart failure29. The specific research question
of this study is to demonstrate that the use of event-trig-
gered heart failure disease-management through a fluid
status monitoring device with automatically generated
wireless alerts of the clinician can prolong the time to
hospitalization, reduce the number of hospitalizations,
deaths and all other interventions for worsening of heart
failure in a subject population with heart failure and ICD
treatment as compared to standard clinical assessment
alone (control arm). As the study is planned to be com-
pleted in 2013 no results are available so far29. A major
challenge is the multi-centre recruitment of a sufficient
patient number in this controlled service setting.

Another challenge is the replication of positive effects
in different healthcare settings: Despite positive results
with regard to telemonitoring in the US the TIM-HF
trial (Telemedical Interventional Monitoring in Heart

Failure) could not reach significance in its primary end-
point of reducing resource consumption with telemonitor-
ing in Germany13,30.

Running pragmatic trials allowing for clear causal infer-
ence is very elaborate, cost-intensive (the TIM-HF trial
required an investment of �5 million Euro) and feasibility
in a routine real life setting may be questionable31. Hence,
only in rare cases, institutions or manufacturers are willing
to implement such sophisticated randomized study
approaches in settings of daily practice. Although analyses
based on secondary end-points are scientifically less rigid,
they are very often the only alternative to answer questions
on clinical and economic implications of new
technologies.

The pilot study reported here also holds a number of
limitations. First of all the reported pilot study indicates
that analysing maintenance and resource use of patients
receiving new products not frequently used in clinics is
difficult, as small groups do not have the confirming
value they should have. In our example the ‘CRT plus
alert’ group only included 22 patients, due to the restricted
nature of the underlying usage of the new technology.
Outliers in such small groups have a strong impact and
results are difficult to interpret. The new introduction of
a technology (here ‘CRT plus alert’) requires in addition
reliable approaches to identify patients of interest, as OPS
coding might not have been used by all providers right
away. Secondly, the reported pilot study aimed to analyse
treatment costs caused by heart failure patients within a
maximum of 2 years after implementation of a cardiover-
ter/defibrillator. As routine data of health insurances are
collected for determination of resource use it is a good
alternative if primary data is not available. However, it
has to be taken into account that only costs from the per-
spective of the payer are covered. All direct costs borne by
the patients and other insurances as well as indirect costs
are not included. Furthermore, accountability of resource
use to specific services or diseases is difficult, as recently
concluded by Bowles et al.32. Besides, a selection of
patients due to choice of the insurance company has to
be considered. Thirdly, the diagnoses in the ‘No
Implantation’ group have to be interpreted carefully.
Hoffmann et al.33 cited the positive predictive value of
diagnosis, i.e., proportion of patients really suffering from
the disease diagnosed, in the General Practice Research
Database (GPRD), a physician-based database, varying
between 99% and only 27%.

The utilization of secondary data in health sciences
increased considerably, and recommendations for analysis
were published20. One important point is related to inter-
nal validity: Busse18 emphasized that for matching rele-
vant parameters it is important to adjust for confounders,
mainly demography, co-morbidity, and severity of disease.
In this study this was partly taken into account by consid-
ering difference to expected costs caused by the control
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group adjusted to age group, sex, and time frame. However,
information about the NYHA functional states in different
study groups as well as comorbidity ideally should be taken
into account, although not being available in SHI data
routinely.

Analysing impact of technologies and related manage-
ment in a longitudinal time frame following the index
hospitalization, as performed in the reported pilot study,
is a reasonable method to compare costs before and after
implementation of a programme or a new product. Quality
of medical care may be judged regarding hospital costs over
time, i.e., reduced hospital costs may be an indication for
improved medical care. However, beyond using secondary
data or non-randomized prospective data, the ultimate
approach to confirm the contribution of new technologies
is, if being feasible to be implemented, a randomized study
approach.

Conclusion

In this paper we discuss the importance of and differences
in methods for health services research in patients with
heart failure subject to remote monitoring. After intro-
ducing a retrospective study in heart failure patients
based on secondary data, we discuss alternative designs
and provide an approximation for hypothesis testing
based on SHI data as well as for prospective health service
research.

In conclusion this report emphasizes the diversity of
approaches in health services research and the variety of
methods. Depending on the research question secondary
data analysis can provide valuable information for assess-
ing impact of new technologies in treating heart failure
patients bearing in mind its advantages and limitations.
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