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INFORMACE O CLANKU ABSTRACT

Historie clanku: Background: To assess the distribution of costs associated with Cardiology Unit hospitalization due to acute
Dosel do redakce: 24. 6. 2012 heart failure (AHF) and evaluate, from the perspective of the healthcare payer, the heterogeneity of re-
Pfepracovén: 21. 10. 2012 sources use according to AHF etiology in patients from 2005 to 2009.

Prijat: 22. 10. 2012 Methods: The type and etiology of AHF was determined upon hospital admission. The cost of in-patient care was
Dostupny online: 5. 11. 2012 based on the individual hospital account of each patient (1759 patients in total; 58.7% male; mean age 71 years).

Results: The median hospital stay was 7 days and the mean total cost of in-patient care was €3364. A Coro-
nary Care Unit (CCU) stay was recorded in 67.4% patients (median 3 days). Significantly higher costs were
found in de-novo AHF patients (mean €3678) with a greater need for CCU care, a longer stay in the CCU
and a greater need for intervention (particularly that of percutaneous coronary intervention [PCI]), than in
patients with acute decompensation of chronic heart failure (mean cost €2878; p < 0.001). Acute coronary
syndrome was a major precipitating factor, with the highest costs (€4429) resulting from having received PCl
(63.3% of patients) and CCU admission (91.7% of patients). Variations in length of stay according to AHF
etiology were minor (median, 6-8 days). In-hospital mortality was 15.0%.

Conclusions: Hospitalization costs as they relate to AHF are high, particularly in new-onset AHF patients. The
heterogeneity of resources use is largely a reflection of interventions undertaken, particularly if revasculari-
zation or anti-arrhythmic therapy is provided.
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Cil: Stanoveni nakladd na hospitalizaci pacientl s akutnim srdecnim selhdnim (ASS) hospitalizovanych
v letech 2005-2009 na kardiologické klinice z pohledu platce zdravotni péce a nasledné zhodnoceni hetero-
genity vydaju dle etiologie ASS.

Metodologie: Typ ASS a jeho etiologie byla uréena pfi pfijeti pacienta na kliniku. Naklady na péci vychézeji z in-
dividudlniho hospitaliza¢niho uctu kazdého pacienta (celkem 1759 pacientd; 58,7 % muz(; primérny vék 71 let).
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Vysledky: Median délky hospitalizace pacientl pro ASS byl 7 dni pfi primérnych nakladech 3 364 € (92 515 K¢).
U 67,4 % pacientl byl zaznamenan pobyt na koronarni jednotce (KJ) po dobu 3 dnti (medin). Signifikantné
vys$si naklady (prameérné 3 678 €; 101 139 K¢) byly spojeny s hospitalizaci pacientl s nové vzniklym ASS
(tzv. de novo ASS) nez u pacientl s akutni dekompenzaci chronického srdecniho selhdni (priimérné naklady
2 878 €; 79 154 K¢ p < 0,001). U pacientt s de novo ASS byla vyssi potieba pobytu na JIP a/nebo KJ, delsi
pobyt na JIP/KJ a castéji byly provedeny intervencni zakroky (zejména perkutanni koronarni intervence -
PCl). Dle etiologie ASS byly nejcastéji se vyskytujici pficinou hospitalizace akutni koronarni syndromy, jez
byly zaroven spojeny s nejvyssimi prdmérnymi naklady na hospitalizaci (4 429 €; 121 797 K¢), vyplyvajicimi
z provedenych PCl u 63,3 % pacientl a pobytu na KJ u 91,7 % pacient(. Variabilita délky hospitalizace dle
etiologie ASS byla minimalni (median 6-8 dni). K umrti za hospitalizace doslo u 15,0 % pacientd.
Zavéry: Naklady na hospitalizaci pacientd s ASS jsou vysoké, zejména u podskupiny s de novo ASS. He-
terogenita ve spotiebé zdroju je dana provedenymi nakladnymi intervencemi v jednotlivych podskupinach,
zejména perkutanni koronarni intervenci a implantaci antiarytmickych zafizeni.

© 2012, CKS. Published by Elsevier Urban and Partner Sp. z 0.0. All rights reserved.
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previously diagnosed chronic heart failure (ADCHF). The
AHF severity ranges from the sudden appearance of mild
dyspnea to cardiogenic shock. The major therapeutic aim

Background

According to the European Society of Cardiology, acute
heart failure (AHF) is defined as the “rapid onset of sym-
ptoms and signs secondary to abnormal cardiac function”
[1]. Cardiac dysfunction associated with AHF can be re-
lated to anything from systolic or diastolic dysfunction,
to abnormalities in cardiac rhythm, or preload/afterload
mismatch. AHF may present as acute de-novo (the new
onset of AHF in patients without previously documen-
ted cardiac dysfunction) or as acute decompensation of

is to control symptoms and stabilize hemodynamics. Pro-
gnosis is improved by immediate elimination of the cause
of the acute condition (ischemia is treated by surgical or
interventional revascularization; valvular disease by sur-
gery; arrhythmias by anti-arrhythmic drugs or defibrilla-
tion), or the application of pharmacotherapy to prevent
disease progression and future acute decompensation.
AHF is associated with a poor prognosis. Although
AHF is a life-threatening disease and a high burden on

Table 1 - Characteristics of the study population.

All Type of heart failure

De-novo AHF ADCHF P
ot N 1759 1062 690
ota % 100% 60.8% 39.2% -
N 727 458 269
Sex (female) % 413% 42.8% 39.0% 0.113
mean 70.9 69.8 72.5
< 60 vears N 324 236 88 <0.001
=00y % 18.4% 2.1% 12.8%
6170 N 401 246 155 0.816
B —/hyears % 22.8% 23.0% 22.5%
N 614 353 261 0.041
SSYPEEDS % 34.9% 33.0% 37.8%
80 vears N 420 234 186 0.016
y % 23.9% 21.9% 27.0%
. N 1217 694 523
Hypertension % 71.0% 67.5% 76.1% <0.001
. . N 711 385 326
" Diabetes mellitus % 41.3% 37.3% 47.4% <0.001
istory
Previous PCI/CABG :Z 1;9523% 417% 2:591% <0.001
Previous PM/ICD/ N 232 69 163 < 0,001
CRT % 11.3% 6.7% 23.7% :

ADCHF - acute decompensation of chronic heart failure; CABG - coronary artery bypass graft; CRT - cardiac resynchronization therapy with
biventricular device; ICD - implantable cardioverter-defibrillator; PCl - percutaneous coronary intervention; PM — pacemaker.
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healthcare systems, there is relatively limited data descri-
bing the epidemiology, treatment, prognosis and resource
utilization in AHF patients in European countries. The Eu-
roHeart Failure Survey (EHFS) evaluated 11,327 patients in
24 countries. The study population involved patients with
AHF and CHF who were primarily hospitalized for other
reasons (40% of admissions were due to heart failure), as
well as those with only possible heart failure (17%) [2,3].
HF patient characteristics, presentation, treatment and
outcome were assessed by the EuroHeart Failure Survey I
(EHFS 11). This involved 3580 patients from 30 countries and
was in accordance with the European Society of Cardiolo-
gy's published guidelines for the diagnosis and treatment
of AHF [1,4]. Similar objectives were also established in the
Finnish Acute Heart Failure Study (FINN-AKVA) [5], as well
as in the Czech Republic’s Acute Heart Failure Database
(AHEAD) registry [6]. The latter database was established
to monitor the diagnosis and treatment of AHF patients
hospitalized in the Czech Republic. The project was ini-
tiated in 2005 at the Department of Internal Cardiology
Medicine of University Hospital Brno (AHEAD Core; Brno,
Czech Republic) as a part of a research project. The pro-
ject continued in 2006 as a prospective database called
‘AHEAD Main’ and was operational in five large healthcare
facilities with onsite Angiography Units (General Teaching
Hospital in Prague, IKEM Prague, St. Anne’s Teaching Hos-
pital, University Hospital Brno and University Hospital Olo-
mouc) [6]. Currently, 15 centers with > 8200 records have
been compiled by the project (AHEAD Network).

The treatment of heart-failure patients consumes
1-2% of the healthcare budget in some countries (UK,
The Netherlands, Sweden), two thirds of which are spent
on hospitalizations [7]. However, little is known about the
structure of in-hospital costs and variability in the finan-
cial burden among hospitalized AHF patients according
to AHF etiology. Therefore, we examined the distribution
of costs associated with AHF hospitalizations in a Cardio-
logy Department.

Methods

AHEAD is a national, observational, prospective, multi-
center registry based on the etiology, treatment and pro-
gnosis of patients hospitalized for AHF. The AHEAD Core
includes only patients from University Hospital Brno. The
health/economic sub-project initiated at University Hospi-
tal Brno only evaluates the cost of the first recorded hos-
pitalization per AHF subject admitted during the study
period, regardless of whether or not hospitalization was
due to de-novo AHF or ADCHF.

Cost analysis was undertaken from the perspective of
the healthcare payer; neither indirect (e.g. loss of ear-
nings) nor intangible costs (e.g. pain and suffering) were
measured. The costs were subtracted from the hospital
account of each registered patient. The burden incurred
during hospitalization consisted of the burden of a Stan-
dard Cardiology Unit (SCU) and the burden of a Coro-
nary Care Unit (CCU). There are 2 CCUs with a total of
12 beds. Two doctors and four nurses take care of 6 pa-
tients at a time. Each CCU provides monitoring of ECG
and blood pressure, non-invasive and invasive pulmona-

ry ventilation, methods of continuous renal replacement
therapy and hemodynamic support including an intra-
-aortic balloon pump (IABP). The total in-hospital cost
included the flat rate of admission, hospital stay and the
cost of investigations and interventions. Expenses for
cardiac surgeries (coronary artery bypass grafting, valve
replacement, etc.) were not included because the proce-
dures were carried out in the Cardiac Surgery Unit which
is external to University Hospital. After cardiac surgery,
patients were discharged home without being sent back
to the previous cardiology department. The overall cost
for cardiac surgery was only determined for a portion
of the patients (2005-2007) and was described in a pre-
vious article; some of these results are presented in the
discussion. Medical therapy provided during a hospital
stay was included in the daily in-patient rate (room rate);
extra medications and extra sanitary materials used du-
ring medical procedures were calculated separately. The
costs of daily care in the CCU were counted according
to the Therapeutic Intervention Scoring System (TISS)
score. All charges came from fixed-fee schedules in the
index of medical procedures (physicians’ services) and
the code-lists of pharmaceuticals published by the Czech
Ministry of Health.

Statistical analysis was carried out in cooperation
with the Institute of Biostatistics and Analyses, Masaryk
University (Brno, Czech Republic). Costs were presented
as the mean, standard deviation, median, 5% and 95t
percentiles. Statistical significance was tested using the
Fisher exact test for two dichotomous categories and the
ML 2 test for variables with more than two categories.
The (non-parametric) Mann-Whitney U test was used for
continuous data between two groups of patients and the
Kruskal-Wallis test for comparison among several groups
of patients or years. P < 0.05 was considered significant.
All prices were calculated without value-added tax (VAT).
The average exchange rate for 2005-2009 was €1 = 27.5
CZK [8], exchange rate USD/EUR was used from 2005 -
USD 1.2441 = €1.

The study protocol complied with the Declaration of Hel-
sinki and was approved by the local Ethics Committee of
University Hospital Brno and by the Ethics Committee of Ma-
saryk University in Brno. An informed written consent was
obtained from all subjects before participation in the study.

Study population

A total of 1759 patients (58.7% male) hospitalized at Uni-
versity Hospital Brno with AHF between 2005 and 2009
were enrolled. Study Physicians grouped patients accor-
ding to AHF etiology upon hospital admission (acute co-
ronary syndrome [ACS], chronic ischemic heart disease
[CIHD], valvular dysfunction, arrhythmia, hypertensive
crisis and others).

Results

The baseline characteristics of patients upon hospital ad-
mission, and their distribution by AHF type, are shown in
Table 1. Acute decompensation of chronic heart failure
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was found in 39.2% of patients; others were diagnosed
as de-novo AHF. Males suffered from CIHD and ACS more
often than females (68% vs. 62%), whereas more females
(69%) were admitted with hypertensive crisis as the cause
of AHF.

The mean cost of hospitalization due to AHF was €3364
(CZK 92,515). The median length of stay (LOS) was 7 days.
Two thirds of the study group were treated in the CCU
and their median LOS in the CCU was 3 days. Significantly
higher costs were found in patients with new-onset AHF
(mean €3678; CZK 101,139) compared to ADCHF patients
(€2878; CZK 79,154; p < 0.001). The difference was mainly
caused by a greater need for CCU care, a longer stay in the
CCU and a greater number of interventions (particularly
PCl) in patients with new-onset AHF.

ACS was the major causal factor for hospitalization due
to AHF (present in 44.5% of patients) and the total cost
was three times higher than that of valvular dysfunction
and hypertensive crisis, and one third higher than in pa-
tients with CIHD or other precipitating factors. More ACS
patients needed treatment in the CCU compared to other
clinical classes (twice as many as patients with CIHD, valvu-
lar dysfunction, arrhythmias), but the length of stay in the
CCU was, on average, shorter (Table 2). Variations in total
LOS for patients with different causes of AHF were small
(median, 6-8 days) (Table 3).

Coronary angiography was carried out during the
course of hospitalization or recently performed in 64.0%
of patients. Results were mainly recorded in ACS patients
(87.9%) and CIHD patients (57.4%). PCl revascularization
was carried out in 30.4% of patients; 43.6% in de-novo
AHF and 9.9% in ADCHF. As expected, most were per-
formed in ACS patients (63.3% PCl rate). The burden of
anti-arrhythmic treatment with pacemakers, implanta-
ble cardioverter-defibrillators or cardiac resynchronizati-
on therapy was recorded only in 5.6% of patients (8.0%
in ADCHF and 4.1% in new-onset AHF). The pacemakers
were implanted in 3.2% of patients, cardioverter-defib-
rillators (with or without CRT) in 1.6% of patients and
cardiac resynchronization therapy in 0.8% of patients.
Hence, their costs were not compared between sub-
groups.

The mean cost per day was €370.2 (CZK 10,179) in the
CCU and €51.6 (CZK 1420) in the Standard Cardiology Unit.
The mean cost per intervention (including the device) was
€4086 (CZK 112,353) for PCl revascularization and €14,309
(CZK 393,486) when treatment involved arrhythmia
treatment via pacemaker implantation, implantable car-
dioverter-defibrillator or cardiac resynchronization thera-
py with a biventricular device.

The structure of total in-hospital costs varied according
to the type of AHF and etiology. Concerning results for all
patients, the most expensive factors were revascularizati-
on procedures and cardiac catheterizations. These contri-
buted to 40% of total in-patient costs. The stay in the CCU
represented 28% of total in-patient costs and anti-arrhythmic
interventions comprised 24%. In patients for whom val-
vular dysfunction or hypertensive crisis led to AHF hospi-
talization, the room rate equaled about two thirds of the
total cost (mainly due related to the CCU stay) (Fig. 1).

Overall in-hospital mortality was 15.0%. No relation-
ship between mortality rate of ADCHF and de-novo AHF

was observed. However, a significant difference in mor-
tality rate was observed among AHF etiologies (Table 3).

No statistically significant annual growth in a mean
cost per a patient was observed between the years 2005-
2008 (€3482; 3090; 3261 and 3674, respectively; p =0.119).
Because a limited number of hospitalization records were
evaluated in 2009, this year was not included in trend ana-
lysis.

Discussion

The present study confirmed that AHF patients should
not be regarded as a single, “uniform” population, but
grouped according to AHF type or precipitating factors
which led to hospitalization. There were significant dif-
ferences during the course of hospitalizations and their
outcomes. In our patients, de-novo AHF was more com-
mon than ADCHF, which is not in accordance with in-
ternational data [2,4,5,9]. However, concordant to other
studies [2,5,10], the most frequent precipitating factor
was the presence of ACS. The main cause of a larger
number of patients with de-novo AHF is probably the
centralization of care for patients with ACS and other
severe cardiac diseases in the Czech Republic. Patients
with de-novo AHF often undergo examinations inclu-
ding coronary angiography in a specialized center, while
patients with ADCHF are hospitalized in a regional hos-
pital. The Department of Internal Cardiology Medicine,
University Hospital Brno, is a specialized cardiology cen-
ter; its catchment area includes 500,000 potential cardiac
patients while the general internal medicine area covers
just 20,000 people to be treated in this center. Patients
with de-novo AHF were younger, and with fewer co-
-morbidities, than those with ADCHF. Despite the fact
that new-onset AHF patients incurred higher costs than
ADCHF patients; a better predictor of a longer in-hospi-
tal stay was ADCHF.

Among all patients, ACS patients incurred the
highest costs; 92% of ACS patients required a CCU stay,
but had a shorter LOS. We identified the primary drivers
of increased costs in all patients hospitalized with AHF:
undergoing PCl and a stay in the CCU. The proportion
of costs (CCU, SCU, CAG, PCl, and anti-arrhythmic in-
terventions) varied between subgroups and confirmed
that in-patient care for AHF patients was heteroge-
neous with respect to resources used. In patients with
hypertensive crisis and arrhythmias as the precipitating
causes of AHF, cost and outcome must be interpreted
with caution, given the small number of patients eva-
luated.

Admission for AHF is a high-risk event, particularly for
patients with ACS. Overall in-hospital mortality in the stu-
dy population was 15%, which was higher than in com-
parable AHF studies. In previous studies, an increased
risk of in-hospital mortality in AHF patients was related
to myocardial infarction, cardiogenic shock, worsening of
renal function, higher age, tachycardia, increased level of
natriuretic peptides, hyponatremia, hypotension and left-
-ventricular systolic dysfunction [11-15].

Healthcare expenditures in the Czech Republic are
still very low compared to Western countries. AHF hos-
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Fig. 1 - Proportion of costs according to type of AHF and etiology.

pitalization incurred a mean cost of €3364 with a mean
LOS of 8.1 days. A comparison with previously published
studies involving the utilization of resources in AHF hos-
pitalizations would be misleading because most of the
data are only based on the in-patient cost of treating
subjects with heart failure, without AHF etiology diffe-
rentiation. Furthermore, in many coding systems, AHF
caused by ACS could be coded as a myocardial infarction
and not AHF. Moreover, the strategies for evaluating
these expenditures in published sources might have been
different. The costs associated with acute hospitalization
and subsequent rehabilitation among different classes of
AHF were evaluated in the FINN-AKVA study population
in Finland [5]. The cost of the index hospitalization was
calculated based upon the number of days in the Inten-
sive Cardiology Unit (ICU; €1576/day), CCU (€970/day)
and the cost of a stay on a conventional ward (€340/day).
The mean length of index hospitalization was 9.2 days.
The mean cost per index hospitalization was €6743, ba-
sed solely on room rates per day [16], which was double
that of our analysis, which also included interventions
and devices. The mean cost per hospitalization for heart
failure in the USA in 2005 varied according to the inotro-
pic therapy used. The mean length of stay for patients
initiated on a single vasodilator or inotrope was 6.7 days
and 9.6 days, respectively and the cost was $12,038 and
$18,411, respectively (€9676 and €14,799). In patients re-
ceiving > 2 vasoactive drugs during hospitalization, the
total mean cost ranged from $14,790 to $46,479 (€11,888
and €37,360); patients receiving only intravenous inotro-
pes, or in combination with other therapies, had consis-
tently higher mortality and costs. We suppose that costs
in this study, in comparison with our data, were slightly

undervalued because the hospitalizations accompanied
by a device procedure (e.g. implantable cardioverter-de-
fibrillator on day 1 and percutaneous intervention within
the first 2 days) were excluded [17,18]. In a retrospective
cost analysis of patients hospitalized for acute decom-
pensation of chronic heart failure while enrolled in the
Randomized Evaluation of Intravenous Levosimendan
Efficacy (REVIVE II) study, the average stay in a hospital
network in the USA lasted 8.96 days with the average
cost of $19,021 (€15,289) when standard therapy was
provided [18,19].

Cardiac surgery was required in 5.7% of patients
who were hospitalized in the Department of Cardiolo-
gy due to AHF. Surgery carried out after an AHF episode
might be immediate or delayed. All cardiac surgeries were
undertaken at the specialized Department of Cardiac and
Transplant Surgery, Brno, and not at University Hospital,
Brno. In our previous article, we evaluated the cost of
cardiac surgical procedures (including CABGs, as well as
valve replacements) in a population of 63 patients with
AHF [20]. The mean cost per a stay in a Cardiac Surgery
Unit was CZK 310,781 (€11,301) and represented as much
as 86% of the total in-hospital costs of these patients. If
we added the mean cost per stay in the Cardiac Surgery
Unit, to all 100 patients in the present study who had also
undergone immediate CABG, the mean cost of hospitali-
zation due to AHF would increase to €4007 (CZK 110,183;
a 19% increase). Because the data about cardiac surgery
costs were already published, we discussed the major re-
sults in this section.

Our results may be helpful in estimating future resour-
ce requirements. At the same time, the work shows doc-
tors potential cost of AHF treatment.
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Study limitations

The presented data are from one hospital with CathLab
service. This could lead to a slightly higher contribution of
patients with de-novo AHF, ACS and a higher percentage
of patients with coronary angiography and PCl perfor-
med during hospitalization, possibly resulting in an over-
estimation of the average cost per hospitalization.

The number and cost of anti-arrhythmic interventions
may have been partly underestimated because some pa-
tients, particularly those with ACS, were electively read-
mitted for device implantation. According to the guide-
lines of the European Society of Cardiology, prophylactic
implantation of ICD to reduce the risk of sudden death
in patients with left ventricle dysfunction is indicated no
less than 40 days after myocardial infarction. In our work,
we only evaluated the first hospitalization of each pa-
tient and, moreover, such a therapeutic approach might
be considered as treating a stable patient with chronic
heart failure. Finally, the long-term monitoring of all such
costs was beyond our capabilities.

When comparing cost results to studies in other coun-
tries, without knowing the background of the centers in
which the studies were completed, the assessment is only
approximate. For example, different health services treat
patients with the same diagnosis in different ways. There
are several techniques to compare the costs among coun-
tries. We decided to use the annual mean exchange rates
to make the data easier to understand. Certain economic
methods which reflect differences in price levels among
countries are available for currency conversion, i.e. based
on purchasing-power parity. Moreover, when comparing
our data to studies from the United States or Finland, we
did not adjust costs for inflation from different years,
even for time preference. However, we do not expect our
original results to be utilized for foreign pharmaco-eco-
nomic studies, because economic data cannot be easily
transferred from one setting to another (e.g. availability
of treatments, patterns of clinical practice, relative prices)
[21-24].

Conclusions

Hospitalization costs related to AHF were high (particu-
larly in new-onset AHF patients). The median hospital stay
was 7 days and in-patient costs averaged €3364 (including
all interventions) in all AHF patients. The heterogeneity
of resource use was largely a reflection of interventions
undertaken (particularly if revascularization or anti-ar-
rhythmic therapy was provided). The room rate reflected
only 36% of total costs in AHF patients (28% of the total
cost was related to the CCU stay).

The most important finding was that hospitalization
costs of patients admitted with AHF vary tremendously
among different AHF etiologies. There were significant
differences in CCU need, LOS, SCU costs, total CCU + SCU
costs, total in-hospital costs (including interventions) and
mortality rates. Among all patients, ACS patients incurred
the greatest costs, because PCl was carried out in almost
two thirds of these patients and a CCU stay was required
for > 90% of them.

The major limitation of this work was that only direct
costs of cardiology department hospitalizations for the
acute phase of heart failure were evaluated, and no long-
-term monitoring of subsequent costs was carried out.
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