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Introduction

The European Society of Cardiology,
representing countries with a total popula-
tion of > 900 million, suggests that there
are at least 10 million patients with heart
failure (HF) in those countries1. In western
countries the incidence of HF ranges be-
tween 1 to 5 individuals per 1000 patient-
years in the general population each year,
increasing steeply with age to > 30 cases
per 1000 patient-years among those aged
≥ 75 years2. Findings from the Framingham
Heart Study report an increasing annual
rate of HF in men from 2 per 1000 at age
45-54 years to 32 per 1000 at age 85-94
years, and from 1 per 1000 at age 45-54
years to 26 per 1000 at age 85-94 years in
women3,4. No studies estimating preva-
lence and incidence in Italy have been pub-
lished so far. Anyway, according to data

published by Rengo and Acanfora5, the
prevalence of HF in consecutive patients
admitted to geriatric departments has been
estimated to be 43% in those aged 65-74
years and 58% in those > 85 years.

The incidence and prevalence of HF
have been increasing in the last years, be-
cause of several reasons: one of the major
driving factors is the increasing proportion
of the elderly in developed countries.
Moreover, improvement in the treatment of
coronary artery disease, by decreasing
mortality, is keeping more people alive and,
therefore, at higher risk of developing HF6. 

It has been shown that incidence and
prevalence trends of HF have a strong eco-
nomic impact on health care systems: cost-
of-illness studies conducted in the 1990s
suggested that approximately 1-2% of the
total health care budget in developed coun-
tries is spent for HF management7. Accord-
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Background. Beta-blockers have provided evidence of improving survival in chronic heart failure
patients. Specifically, the Cardiac Insufficiency Bisoprolol Study II has shown a significant reduction
in mortality and morbidity among patients with moderate to severe chronic heart failure treated with
bisoprolol. Our aim was to investigate the economic consequence of bisoprolol therapy in chronic
heart failure patients in Italy.

Methods. Data were derived from the Cardiac Insufficiency Bisoprolol Study II trial. We con-
ducted a cost-effectiveness analysis, comparing standard care with bisoprolol vs standard care with
placebo in the perspective of the Italian National Health Service. We identified and quantified med-
ical costs: drug costs according to the Italian National Therapeutic Formulary; specialist visits for ini-
tiation and up-titration of bisoprolol therapy and hospitalizations were quantified based on the Ital-
ian National Health Service tariffs (2005). Effects were measured in terms of mortality and morbidi-
ty reduction (number of deaths, life-years gained and frequency of hospitalizations). We considered
an observational period of 1.3 years, i.e. the average follow-up recorded in the trial. Discounting was
not performed because of the relatively short follow-up of patients. We conducted one- and multiway
sensitivity analyses on unit cost and effectiveness. We also conducted a threshold analysis. 

Results. The overall cost of care per 1000 patients treated for 1.3 years was estimated in €2,075,548
in the bisoprolol group and in €2,396,265 in the placebo group, resulting in a net saving of €320,718.
The number of additional patients alive with bisoprolol was 55 per 1000 patients, the number of life-
years gained was 36 at 1.3 year. 

Conclusions. Bisoprolol therapy is dominant since it is both less costly and more effective than
standard care. Results of sensitivity analysis showed that bisoprolol therapy remains dominant even
to changes in unit cost of drug and hospitalizations.
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ing to a prevalence-based study conducted in the UK8,
in 1995 the management of HF accounted for 1.83% of
the total healthcare cost provided by the National
Health Service (NHS) in the UK. The main contributor
to the overall cost was hospitalization, accounting for
69%, the second largest component of cost was drug
treatment, corresponding to 18% of total expenditure.
Another cost-of-illness study was conducted in 1996 in
Sweden9, and similarly it was found that 74% of costs
for managing HF were attributable to institutional care
(hospitals and nursing homes), whereas the cost for
pharmaceuticals accounted for 11%. Other evaluations
have been conducted in countries like France, the
Netherlands and the United States7 and they all agree
that hospital care is the most important component of
expenditure for managing chronic HF.

Regarding Italy, HF associated with shock is one of
the most common reasons of hospital admissions: in
2002 it was the second most common reason, account-
ing for 2.1% of all hospital discharges. With more than
186 000 discharges hospital costs for HF in 2002
amounted to €576 million for the NHS10. The number
of hospitalizations has been increasing in the last years:
in the United States hospital discharges for HF rose
from 377 000 in 1979 to 995 000 in 2001, correspond-
ing to an increase of 2.6 times6. In Italy, hospital ad-
missions for HF and shock increased by 32% in the last
6 years, with 127 000 hospital discharges in 1996 up to
186 000 in 200210.

Beta-blockers have become an established therapy
for HF in combination with diuretics, cardiac glyco-
sides and angiotensin-converting enzyme inhibitors.
The relatively recent introduction of beta-blockers in
the treatment of HF is due to their efficacy in terms of
mortality and morbidity, as demonstrated in a number
of large randomized clinical trials11-16. Results of these
trials reported a positive effect of beta-blockers in re-
ducing the number of hospitalizations in patients treat-
ed with these drugs compared to those treated with
placebo.

In particular, the Cardiac Insufficiency Bisoprolol
Study II (CIBIS-II) trial evaluated the effect of adding
bisoprolol to conventional therapy in patients with a di-
agnosis of HF. It was a double-blind placebo-controlled
randomized trial that enrolled 2647 patients (81% men,
mean age 61 years) in 18 countries of western and east-
ern Europe. Eligible patients were aged 18-80 years,
and had a left ventricular ejection fraction of ≤ 35%.
Their symptoms had to correspond to New York Heart
Association (NYHA) class III or IV. The cardiovascu-
lar therapy had to include a diuretic and an angiotensin-
converting enzyme inhibitor. Patients were randomly
assigned to bisoprolol (n = 1327) or placebo (n = 1320)
treatment. Daily dose was titrated up to 10 mg. The pri-
mary endpoint was all-cause mortality. Secondary end-
points were cardiovascular mortality, all-cause hospital
admissions and cardiovascular hospital admissions.
The average follow-up of the main trial was 1.3 years

as the trial was stopped early, because all-cause mortal-
ity was significantly less in the bisoprolol group than in
the placebo group. According to the CIBIS-II trial,
bisoprolol added to standard therapy is effective, sig-
nificantly reducing mortality and morbidity. A total of
156 (11.8%) patients died for all cause in the bisopro-
lol group compared with 228 (17.3%) in the placebo
group. Cardiovascular deaths were 9 and 12% in the
bisoprolol and placebo groups respectively. Even hos-
pital admissions were significantly lower in the biso-
prolol group: 33% compared with 39% of patients hos-
pitalized for all causes in the bisoprolol and in the
placebo group, respectively. With bisoprolol therapy
all-cause hospital admissions were reduced by 28%,
and cardiovascular hospitalizations were reduced by
30%.

Therefore it would seem that an effective treatment
of patients with HF, reducing morbidity and conse-
quently hospital admissions, may potentially provide
financial savings17.

Our objective was to evaluate the economic conse-
quences in Italy of treatment of chronic HF with the be-
ta-blocker bisoprolol.

Methods

Study design. In order to reach our objective we used
the CIBIS-II trial as data source. We conducted a cost-
effectiveness analysis18,19 comparing conventional ther-
apy of HF with conventional therapy plus bisoprolol in
Italy. The technique and the alternatives were deter-
mined by the choice to use the CIBIS-II trial as a data
source of our study.

The analysis was applied to a time horizon of 1.3
years, in order to be adherent to the mean follow-up pe-
riod of the CIBIS-II trial. 

In this study the Italian NHS perspective was adopt-
ed as in Italy the NHS provides health care services for
patients affected by HF20. All the analyses were re-
ferred to a hypothetical cohort of 1000 subjects with the
characteristics of those included in CIBIS-II trial. 

Costs. The analysis regarded direct medical costs:
specifically we estimated the cost of pharmacological
therapy, cost of hospitalizations and cost of additional
visits for beginning and up-titration of therapy with
bisoprolol. Costs were quantified according to tariffs21

and to the National Therapeutic Formulary22 of the year
2005; in that year €1 corresponded to US$1,29. Unit
costs are shown in tables I23 and II.

As conventional therapy was comparable between
the two groups, we estimated only costs of bisoprolol
adjunctive therapy. Drug costs were computed accord-
ing to the dosage established in the treatment proto-
col: patients started on 1.25 mg/day of bisoprolol or
placebo, the drug being increased successively to
2.50, 3.75, 5.00, 7.50 and 10.00 mg, according to tol-
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erance. Patients received the first three concentrations
of each dose for 1 week, and the higher concentrations
for 4 weeks. The unit tablet cost of bisoprolol (in Italy,
tablets of bisoprolol are marketed with every dosages
above reported) was multiplied with the total number
of tablets used by the patients during the follow-up.
Actually, not all patients reached the maximum pre-
scribed dosage: in particular, the most common dose
of bisoprolol during the maintenance phase was 10.0
mg/day in 564 patients (41%), 7.5 mg/day in 152 pa-
tients (11%), and 5.0 mg/day in 176 patients (13%).
According to data published by the CIBIS-II investi-
gators16, some patients withdrew prematurely from
the study and some other patients died in the course of
the trial. We had no information about time when pa-

tients stopped to take bisoprolol therapy. So, in order
to evaluate costs of therapy for these subjects, we as-
sumed they underwent bisoprolol treatment till half of
the time horizon considered (227 days). To avoid dou-
ble counting, drug cost during hospital stay was sub-
tracted from the overall therapy cost since in Italy
pharmacological therapy during hospitalization is in-
cluded in the diagnosis-related group (DRG)-based
reimbursement for cost provided to hospitals by the
NHS.

For the beginning and up-titration of bisoprolol
therapy we assumed that all patients required four ad-
ditional specialist visits, according to what reported by
the investigators of the CIBIS-II Health Economic
Evaluation16. In order to quantify visit costs we multi-
plied the total number of visits by their unit costs.

Hospital cost was quantified for cardiovascular and
non-cardiovascular admissions as well. As unit cost we
used the DRG reimbursement tariffs23.

Regarding hospitalizations occurring during the fol-
low-up for cardiovascular reasons, we used DRG tariffs
as follows: when both tariffs for discharges with and
without complications exist, costs were computed by
taking into account only those referred to discharges
with complications. In fact, inclusion criteria were to
be severely affected by HF (NYHA class III or IV, with
left ventricular ejection fraction ≤ 35%) and this condi-
tion leads to increasing hospital costs for other cardio-
vascular reasons. When more than one DRG tariff ex-
ists for a given diagnosis or event and no more detailed
information was available from our data source, we
used the arithmetic mean cost of all hospitalizations of
interest.

As no detailed information on non-cardiovascular
hospitalizations was available, costs for their occur-
rence were computed as the average of all possible hos-
pital admissions, excluding cardiovascular ones. We
computed a mean unit cost by weighting each tariff
with frequency of admission occurred in the most re-
cent Italian hospital discharge records available and
then we obtained a unit cost for “non-cardiovascular
hospitalizations”10.

Discounting was not carried out because of the rel-
atively short follow-up period in the CIBIS-II and be-
cause no long-term projection of results was per-
formed.

Effectiveness. In order to evaluate effects of using
bisoprolol against placebo we used results on all-cause
mortality, cardiovascular mortality and all-cause hospi-
talizations. Furthermore we calculated life-years
gained due to all-cause mortality reduction as the dif-
ference in the area between survival curves reported in
the trial. In adherence with the trial, the intention-to-
treat results were used in our estimate.

Furthermore, as admissions to hospital gave rise to
costs for the NHS, their occurrence was quantified in
monetary terms as described before.
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Table I. Unit cost.

Variable DRG Unit cost
(€)

Worsening chronic HF 127 3,091.51
Angina 140 2,179.45
Supraventricular tachycardia 138 3,231.99
Ventricular tachycardia/ 138 3,231.99
fibrillation
Stroke 14 3,926.62
PTCA/CABG 106, 107, 112* 8.060.61
Myocardial infarction 121, 123* 4,554.82
Hypotension 141 2,416.50
Cardiogenic shock 127 3,091.51
Cardiac transplantation 103 49,967.20
Bradycardia 138 3,231.99
Other cardiac surgery 104, 105, 108, 110, 10,404.16

115, 116, 118*
Other cardiovascular 113, 114, 117, 119, 3,099.31

120,124, 126, 128,
129, 130, 132, 134,
135, 143, 144, 478

Non-cardiovascular 3,122.56
admissions –
Up-titration visit – 20.66

CABG = coronary artery bypass grafting; DRG = diagnosis-re-
lated group; HF = heart failure; PTCA = percutaneous translu-
minal coronary angioplasty. * a weighted average unit cost was
computed according to the frequency of hospital discharges oc-
curred in Italy in 200223.

Table II. Drug unit cost.

Bisoprolol dose Cost/tablet
(mg) (€)

1.25 0.262
2.50 0.285
3.75 0.309
5.00 0.346
7.50 0.368
10.00 0.389



Sensitivity analysis. To examine the impact of change
in one or more of key variables on the results of the
analysis, we performed a one-way sensitivity analysis.
Unit cost of bisoprolol, unit cost of hospitalizations and
the number of hospitalizations were changed of ± 10%. 

In order to identify the best and the worst possible
scenarios, we also conducted a multiway sensitivity
analysis, by contemporarily changing all clinical and
economic parameters included in our evaluation. More-
over a threshold analysis was performed, in order to ob-
tain the bisoprolol price which would determine the
same cost for the two treatment alternatives under
study24.

Results

Based on Kaplan-Meier survival curves we estimat-
ed that bisoprolol therapy saved 36 life-years per 1000
patients per 1.3 years against placebo.

Results are shown in table III. The total cost of biso-
prolol drug was estimated in €146,979 per 1000 pa-
tients for 1.3 years. According to data published by the
CIBIS-II investigators and health economics group25,
globally 7629 days per 1000 patients were spent in hos-
pital: so we subtracted €2,362.5 for bisoprolol given
during hospital days from the cost of drug. We estimat-
ed a net cost of drug therapy of €144,622. Cost of spe-
cialist visits for the beginning and up-titration of biso-
prolol therapy was € 82,640 per 1000 patients. Hence,
the total cost of pharmacological therapy with bisopro-

lol corresponded to €227,261 per 1000 patients per 1.3
years.

Hospitalization costs for cardiovascular events were
€1,787,366 and €1,379,902 for placebo and bisoprolol
group respectively. Costs for non-cardiovascular events
were €608,899 for patients treated with placebo and
€468,384 for patients treated with bisoprolol. The over-
all hospital cost was estimated of €1.8 million in biso-
prolol group and of €2.4 million in the placebo group. 

Hence, the overall cost of care per 1000 patients treat-
ed for 1.3 years with bisoprolol was estimated in
€2,075,548 vs €2,396,265 in the placebo group, resulting
in a net saving of €320,718. Treating HF patients with
bisoprolol therapy reducing hospital admissions corre-
sponded to a reduction of 22.9% in total hospital costs.

Results are shown in tables III and IV. These results
show that bisoprolol therapy is both less costly and more
effective than standard care. On this basis, adjunctive
bisoprolol is to be considered a dominant treatment.

Estimates are stable under different sensitivity
analyses: bisoprolol therapy remains dominant, unless
its price is more than tripled, when hospitalizations for
all causes are considered, or more than doubled, when
only cardiovascular hospitalizations are taken into ac-
count. Results are shown in table V.

Discussion

HF is a clinical condition whose prevalence and in-
cidence is dramatically increasing. As the management
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Table III. Cost analysis.

Variable Bisoprolol Placebo Cost difference
(€)

Expected number/1000 Total cost Expected number/1000 Total cost
patients over 1.3 years (€) patients over 1.3 years (€)

Worsening chronic HF 159 491,550.09 298 921,269.98 -429,719.89
Angina 35 76,280.75 41 89,357.45 -13,076.73
Supraventricular 20 64,639.80 33 106,655.67 -42,015.87

tachycardia
Ventricular tachycardia/ 5 16,159.95 19 61,407.81 -45,247.86

fibrillation
Stroke 23 90,312.26 13 51,046.06 39,266.20
PTCA/CABG 9 72,545.40 10 80,606.09 -8,060.61
Myocardial infarction 12 54,657.86 8 36,438.57 18,219.29
Hypotension 3 7,249.50 8 19,332.00 -12,082.50
Cardiogenic shock 5 15,457.55 5 15,457.55 0
Cardiac transplantation 5 249,836.00 4 199,868.80 49,967.20
Bradycardia 11 35,551.89 2 6,463.98 29,087.91
Other cardiac surgery 1 10,404.16 1 10,404.16 0.00
Other cardiovascular 63 195,256.77 61 189,058.14 6,198.63
Non-cardiovascular 150 468,384.00 195 608,899.20 -140,515.20

admissions
Up-titration visit 1000 82,640.00 0 0 82,640.00
Bisoprolol 1000 144,621.63 1000 0 144,621.63
Total – 2,075,547.69 – 2,396,265.46 -320,717.78

CABG = coronary artery bypass grafting; HF = heart failure; PTCA = percutaneous transluminal coronary angioplasty.



of HF requires long-term therapies and frequent hospi-
talizations, with considerable economic input, it is nec-
essary to consider new therapeutic measures to prevent
worsening HF and consequent admissions to hospital. 

This is the first Italian pharmacoeconomic study
aimed at assessing the economic consequences related
to treatment with the beta-blocker bisoprolol in patients
with HF whose severity corresponds to NYHA class III
and IV and with a left ventricular ejection fraction
≤ 35%.

According to the CIBIS-II trial, treating these pa-
tients with bisoprolol for an average of 1.3 years sig-
nificantly reduces mortality and morbidity. The overall
number of hospitalizations was reduced by 28% and
cardiovascular hospitalizations were reduced by 30%.
In our pharmacoeconomic evaluation these benefits
turn out in cost savings estimated as €320,718 per 1000
patients treated for a mean of 1.3 years in the Italian
NHS perspective, corresponding to a reduction of 13%
in total cost. The additional costs of bisoprolol and
medical visits, estimated as €227,262 per 1000 pa-
tients, are more than offset by the cost saving attribut-
able to the reduction in hospital admissions, which is
the major component of health care cost for HF11.
Although the present economic evaluation is focused
on bisoprolol, it would also be interesting to consider
treatment of chronic HF patients with other beta-block-
ers, including carvedilol, metoprolol and nebivolol,
characterized by different acquisition costs. Unfortu-
nately this was not possible in the framework of our
analysis.

Sensitivity analyses show that therapy with bisopro-
lol is dominant even in the most unfavorable scenarios

we considered. The threshold analysis shows that biso-
prolol therapy remains dominant although the drug
price is doubled, when cardiovascular hospitalizations
only, or all causes for hospitalization, are considered; it
is still dominant when its price is more than tripled,
when all causes for hospitalization are considered.

Our study has some potential limitations. The
CIBIS-II trial involved eastern and western European
countries, including Italy. We could not extract specific
Italian data, so we applied our estimate to the overall
sample enrolled in the study, assuming that they can be
generalized to the Italian context. Our results are con-
sistent with those of studies conducted in France and
Germany, in that bisoprolol therapy resulted to be dom-
inant, and in the UK and Sweden, in that it was found a
favorable cost-effectiveness ratio per additional patient
alive and per life-year gained25,26-28.

We did not consider indirect costs, since data on
working time lost or inability to do usual activities were
not collected during the trial. Actually, 72% of the en-
rolled patients were retired25, hence loss of productivi-
ty is unlikely to deeply influence our estimate. Anyway,
patients in the bisoprolol group, reporting more clinical
benefits, probably would have reported lower produc-
tivity loss, because of the lower frequency of hospital-
izations and hospital stay. It is likely that the evaluation
of indirect costs would have increased the economic
benefit deriving from bisoprolol therapy in patients
with HF. Our estimate is likely to be conservative.

Moreover, it should be considered that, in order to
adhere with the original clinical study, this analysis is
limited to 1.3 years of follow-up, while it would be in-
teresting to take into account the economic conse-
quences of a longer follow-up, which may result in
lower or higher overall cost.

In conclusion, bisoprolol added to standard drug
therapy for HF is dominant, as the reduction in mortal-
ity and morbidity takes to a net cost saving for the NHS,
which provides almost completely for costs of manag-
ing HF in Italy. The results of the present study should
anyway be put into the perspective of the current epi-
demiology of chronic HF: whereas the CIBIS-II reports
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Table IV. Cost differences.

Variable Bisoprolol Placebo Cost difference (€)

Observed number/1000 Total cost Observed number/1000 Total cost Total Cardiovascular
patients over 1.3 years (€) patients over 1.3 years (€)

Total admission 1,848,286.06 2,396,365.46 -548,079.40
costs

Non-cardiovascular 150 2,468,384.00 195 1,608,899.20 -140,515.20
admissions

Cardiovascular 351 1,379,902.06 503 1,787,366.26 -407,464.20 -407,464.20
admissions

Up-titration visit 1000 2,182,640.00 0 0 -182,640.00 -182,640.00
Bisoprolol 1000 2,144,621.63 0 0 -144,621.63 -144,621.63
Total 2,075,547.69 2,396,265.46 -320,717.78 -180,202.57

Table V. Sensitivity analysis.

Description Variation
(%)

Saving from ranging bisoprolol price within ± 10% ± 4.5
Saving from ranging cost of events within ± 10% 0± 10.0
Worst-case scenarios evaluated 28.8



on a relatively young (61 years of age, on average) and
mainly male population (81%), in clinical practice the
disease occurs in older patients (75-80 years of age)
with a male to female ratio of 1:129. 

Results of this study can be a useful contribution for
an optimal allocation of healthcare and should be con-
sidered by policy and decision makers in their attempt
to appropriately allocate healthcare resources. 
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