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ABSTRACT: Guidelines have been developed to improve the treatment of community-acquired

pneumonia (CAP) but information regarding their influence on costs is lacking. The aim of the

present study was to conduct a cost-effectiveness analysis of CAP treatment from the hospital

perspective when adhering to Spanish guidelines.

A prospective cohort study was performed in 271 patients with CAP admitted to a tertiary-care

hospital, not needing intensive care. Collected data included patients’ characteristics, comorbid-

ity, initial risk class, resource use (medication, blood and microbiological analyses, and

radiology) and economic data. Antimicrobial treatment was recorded as adherent or nonadherent

to Spanish guidelines. Outcome measures were mortality and readmission at 30 days.

The median cost for adherent treatment was 1,665.5 versus 1,710.5 Euros for nonadherent

treatment. Mortality and readmission were 10% and 2.1% for adherent treatment versus 13.6% and

6.2% for nonadherent treatment. The cost-effectiveness ratio was 2,277 Euros per expected cure

for patients treated according to the guidelines and 2,567 Euros per expected cure for the

nonadherence group. The incremental cost-effectiveness ratio showed that adherence to

treatment guidelines saved 1,121 Euros per patient cured compared with nonadherence. The

sensitivity analysis demonstrated that the findings were robust.

An antimicrobial treatment according to guidelines is the dominant alternative due to its cost-

effectiveness.
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C
ommunity-acquired pneumonia (CAP) is
a frequent and serious disease with
important socioeconomic impact. The

incidence in adults is 1606105 cases?yr-1 and is
the main cause of death from infection in the
USA and Europe [1, 2]. Healthcare resource
consumption is high and involves direct and
indirect health costs, the latter due mainly to lost
work days.

The impact of the cost of the disease process on the
healthcare budget is mainly caused by the cost of
hospitalisation, which represents 70–90% of the
total cost of CAP [3, 4]. In Spain, the cost of
respiratory infection is ,115 million Euros?yr-1 [5].

Direct health costs caused by CAP were assessed
by FINE et al. [6] and were identified as belonging
to categories such as emergency treatment,
laboratory analyses, diagnostic procedures, hos-
pital stay and other incidental procedures.
Hospital stay is responsible for the highest
percentage and can reach 70% of the total cost.

The most recent guidelines for the management
of CAP present recommendations regarding
hospitalisation and discharge from hospital [7].

In order to decrease costs, there has been a
tendency in recent years to reduce hospital stay
using strategies that encourage early discharge
[8–10]. However, METERSKY et al. [11] found that
the progressive reduction in the duration of
hospital stay was accompanied by an increase
in CAP-associated mortality at 30 days and in re-
hospitalisation. These findings highlighted the
difficulty in implementing measures directed
towards restricting costs without considering its
possible negative effect on disease prognosis. The
evaluation of costs in clinical practice should
have a perspective that includes both concepts,
i.e. cost and effectiveness.

Scientific societies in Europe (e.g. European
Respiratory Society) and the USA (e.g. American
Thoracic Society) have published practice guide-
lines that include recommendations for empirical
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antibiotic treatment. When the antibiotic treatment adheres to
these guidelines better outcomes have been achieved with
lower mortality rates. However, less is known regarding the
impact on costs [12, 13]. There is a dearth of information in
existing CAP guidelines on the cost-effectiveness of the
recommended antibiotic treatments [14] and future guidelines
will need to contain this information or, at least, an evaluation
of the different care options.

The objective of the present study was to conduct a
pharmacoeconomic evaluation to determine if treatment
adherence to the Spanish Society of Pneumology and
Thoracic Surgery (SEQ-SEPAR) guidelines [15] is efficacious
and whether it is cost-effective in the management of patients
hospitalised with CAP, quantifying the costs from the
perspective of the hospital.

PATIENTS AND METHODS

Design and study population
A prospective observational study of 13 months of duration
was performed in a cohort of patients admitted to a public
tertiary-care hospital. The inclusion criteria were: 1) age
.16 yrs; 2) clinical picture compatible with CAP, with two or
more of the following signs or symptoms: fever, new or
increasing cough or sputum production, dyspnoea, pleuritic
chest pain, new focal signs on chest examination; and 3)
appearance of a new infiltrate in a simple chest radiography
[16]. The exclusion criteria were: hospitalisation in the
previous 10 days, admission to the intensive care unit (ICU),
immunosuppression due to medication (except corticotherapy
,15 mg?day-1), HIV positive infection, bronchoaspiration or
tuberculosis. The study was approved by the local ethics
committee. Informed consent was not considered necessary
since there was no intervention on the process of treatment of
CAP or on physicians’ decisions.

Data collection included demographic and clinical data: age,
sex, comorbidity (diabetes mellitus, chronic heart failure,
chronic obstructive pulmonary disease, cerebrovascular dis-
ease, renal disease, liver disease or neoplasia), findings in the
physical examination on admission (cardiac frequency,
respiratory rates, temperature, blood pressure, mental status),
laboratory tests (arterial blood gases, haematocrit, leukocyte
count, glycaemia, blood urea, electrolytes and others), micro-
biological tests, radiographic studies and other relevant
procedures. All the patients were classified according to initial
severity according to the risk scale of Fine [17]. Initial empirical
treatment was considered to comply with the Spanish guide-
lines [15] when it consisted of third-generation cephalosporin
(cefotaxime or ceftriaxone) or amoxycillin-clavulanic acid in
combination (optional) with a macrolide, or monotherapy with
fluoroquinolone (third or fourth generation). All other anti-
biotic regimens were considered as nonadherent to the
guidelines.

Statistical analysis
A descriptive analysis of the study group was carried out and
parametric statistical analyses were used if the variable had a
normal distribution and nonparametric analyses if not. The
Chi-squared test was used for qualitative variables. The Mann–
Whitney U-test was used for quantitative variables.

Methodology for the pharmacoeconomic assessments
Costs analysis
The analyses of costs were conducted from the perspective of
the hospital. Direct health costs were identified and grouped
into: 1) costs of pharmacotherapy (all doses of antibiotics and
any other medication for treatment of comorbidity or
complications); 2) diagnostic tests (including blood gas
analysis, laboratory tests, blood cultures, other microbiological
studies, ECG, chest radiographs and other incidental analyses);
and 3) hospital room cost (cost per day multiplied by the
number of days of stay).

All the costs were calculated in Euros for the year 2002. The
medications costs were calculated using the mean cost of the
drugs during the year 2002. The costs of the radiographic
studies and of microbiological and other relevant tests, as well
as the cost per day of hospital room, were obtained from the
official fees of the Valencia Health Service (Official Bulletin
DOGV No. 4409 [18]), the public healthcare provider of the
present authors’ region.

Effectiveness: outcome measures
The measure of overall effectiveness of treatment was the total
number of patients cured. A patient was considered cured
when they survived the episode of pneumonia and did not
require readmission for 30 days.

Cost-effectiveness and cost-minimisation analysis
Cost was calculated separately for patients with treatment
complying with the SEPAR guidelines (adherence group: A)
and patients treated under other regimens (nonadherence
group: NA). The total individual cost for groups A and NA can
be calculated as the sum of the direct costs for each patient in
groups A and NA. The overall cost for groups A and NA can
be calculated as the sum of the costs for all patients in groups A
and NA. The quotient of cost (C) divided by effectiveness (E),
i.e. cost-effectiveness ratios CA/EA and CNA/ENA, was
calculated for both groups of patients by dividing the mean
cost per patient by the probability of success for each group.
The result is the mean cost per expected cure.

A cost-minimisation analysis was performed as follows: CA–
CNA in order to calculate the difference in costs per patient
between the two options. The incremental cost-effectiveness
ratio (ICER) was also calculated (Equation 1). It is defined as
the ratio of the difference in costs to the difference in
effectiveness between two alternatives: adherence versus
nonadherence:

ICER5(CA–CNA)/(EA–ENA) (1)

The ICER is the measure primarily used to compare the cost-
effectiveness of a experimental treatment with a control treat-
ment. A bootstrap nonparametric method for calculating con-
fidence intervals (CI) for cost-effectiveness ratios was used [19].

Sensitivity analysis
Sensitivity analysis was performed to evaluate the robustness
of the results. The procedure involves modifying the data
input variables using a wide range of values, usually applied
to cost variables, and is a measure of the internal and external
validity of the assessment. The results are considered robust if
the modifications of the variables do not produce significant
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changes in the outcome. The present authors elected to modify
the variables that carried the greatest weight in the cost
estimations. The calculation of cost-effectiveness was then
repeated, substituting each one of the original values with the
value derived from the extremes of the 95% CI.

RESULTS
The study included 271 patients. Table 1 summarises the
demographic characteristics, initial severity of disease and
clinical progress in the 190 patients of group A and the 81
patients of group NA. Nonadherent treatments were: second-
generation cefalosporin¡macrolide in 30 patients, macro-
lides in monotherapy in 19, ciprofloxacin¡another antibiotic
in 19, ceftazidime¡another antibiotic in 10 and other regimens
in three. There were no significant differences in demo-
graphic variables, comorbidity or initial severity. Overall
mortality was 11% (30 out of 271), with 10% (19 out of 190)
in group A versus 13.6% (11 out of 81) in group NA (p50.3).
The overall mean¡SD duration of hospitalisation was
9.8¡5.5 days: 9.7¡5.2 in group A and 10.1¡6.2 in group
NA (p50.7). Four patients (2%) in group A and 11 (6%) in
group NA were readmitted within 30 days (p50.1 and p.0.05,
respectively).

Economic calculations: cost-minimisation and cost-
effectiveness analysis
The mean cost of in-patient treatment for the whole cohort was
2,025¡1.197 Euros. The mean cost for each component was:
drug treatment 267¡317 Euros, laboratory and diagnostic tests
353.9¡297 Euros and hospital room 1,403¡789 Euros. The
separate results for groups are shown in table 2. Adherence
resulted in better patient outcome (88% versus 81% cured
patients) and at lower cost, although without reaching
statistical significance (p.0.05). Two economic evaluation
methods were performed: 1) a cost-minimisation analysis,
since the difference in outcome between the two options was
not found statistically significant; and 2) a cost-effectiveness
analysis with a bootstrapping method, since the present study
was not designed to show equivalence of treatments.

Cost-minimisation analysis

The incremental cost between the two options was 78.5 Euros
(95% CI -261.7–418.7). Adherence to SEPAR guidelines saved
78.5 Euros per patient when compared with nonadherence.

Cost-effectiveness analysis

The cost-effectiveness ratio (C/E) or mean cost per patient
cured was 2,277 Euros in group A and 2,567 Euros in group
NA. The ICER was negative, which indicates that the treatment
according to the guidelines had a saving of 1,121 Euros per
cured patient compared with the alternative option of
nonadherence. A bootstrapping nonparametric method was
employed using 2,000 re-samples in order to perform a
stochastic analysis. The ICER for this bootstrap re-sample
was -942.7 Euros (95% CI -1,885.8–0.37). The ICER had values
,1,256 Euros in 80% and ,3,616 Euros in 90% of re-samples.

Sensitivity analysis
Three sensitivity analyses were performed with the different
compartments of the total costs, including: antibiotics, hospital
stay, laboratory tests and diagnostic evaluations. For each
sensitivity analysis, all the costs were re-calculated using the
extreme limits of the 95% CI of each compartment. For upper
and lower limit of the 95% CI of the mean (table 3), the mean
cost per patient in the two groups was re-calculated as well as
the cost-effectiveness ratio and the incremental cost-effective-
ness ratio.

The results (table 4) showed that the cost-effectiveness results
remained stable despite being subjected to wide variations in
the distinct cost components.

DISCUSSION
The most relevant results of the present study are: 1) adherence
to guidelines is quite high; 2) adherence to guidelines in the
empirical treatment of CAP is a dominant option since the
outcomes are more effective compared with nonadherence
(88% versus 81% cured patients) and less expensive (2,001
versus 2,079 Euros), as demonstrated by the cost-effectiveness
analysis; 3) a cost-minimisation analysis showed that adher-
ence to guidelines saved 78.5 Euros per patient; and 4) the
incremental cost-effectiveness ratio showed that adherence to
guidelines saved 1,121 Euros per patient cured compared with
the nonadherence option.

TABLE 1 Demographic characteristics, comorbidity and
initial risk class in the groups with and without
treatment guidelines adherence (univariate
analysis)

Adherence to guidelines p-value

Yes No

Subjects n 190 81

Sex male/female 82/108 28/53 0.1

Age yrs 69.4¡15.6 72.3¡14 0.1

Nursing home 5 (2.6) 3 (3.7) 0.6

Smoking habit 31 (16.3) 10 (12.1) 0.3

Hospitalisation during

previous year

58 (30.5) 24 (29.6) 0.8

Prior antibiotic 71/190 (37.3) 25/81 (30.8) 0.3

Diabetes 40 (21.1) 17 (21) 0.9

Neoplasia 10 (5.3) 3 (3.7) 0.5

Liver disease 6 (3.2) 3 (3.7) 0.5

Heart failure 65 (34.2) 24 (29.6) 0.4

Cerebrovascular

disease

21 (11.1) 10 (12.3) 0.7

Renal disease 12 (6.3) 4 (4.9) 0.6

COPD 42 (22.1) 27 (33.3) 0.06

Fine risk class

I 19 (10) 3 (3.7) 0.09

II 23 (12.1) 13 (16)

III 31 (16.3) 22 (27.2)

IV 84 (44.2) 29 (35.8)

V 33 (17.4) 14 (17.3)

Data are presented as mean¡SD or n (%), unless otherwise stated. COPD:

chronic obstructive pulmonary disease.
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Guidelines of scientific societies assist the attending physician
in the selection of treatment and their objective is to improve
the outcome. In the present study, adherence to Spanish
guidelines was rather high (70%) and was similar to that
described in the literature, although there is a wide variation
among hospitals and physicians [20–22]. Several factors might
explain noncompliance with guidelines: various specialists
prescribing treatment in emergency rooms, the inertia of
previous practice (.50% second-generation cefalosporin¡

macrolide or macrolide alone) or different perception of the
influence of the guidelines’ benefit [23], although in the present
study this interesting topic was not specifically investigated.
No significant differences were found for the treatment of
patients based on age, sex, comorbidity and initial severity.

The efficacy of adherence to initial empirical treatment guide-
lines has been evaluated for its impact on mortality, clinical
response, duration of hospital stay and, less systematically, on
cost [12, 14, 20]. There are several studies that found a lower
mortality when treatment was compliant with guidelines [13,
14, 21, 24] and, furthermore, a more rapid clinical stability was
achieved [25]. However, there remains a lack of studies
performing a pharmacoeconomic evaluation focusing on costs
[15, 26]. A cost-effectiveness analysis (CEA) is a useful tool
when evaluating costs and outcomes with different treatment

modalities. As such, it is ideal in the present context [27, 28]
even when no statistically significant differences have been
demonstrated in the current study. In fact, a CEA is considered
an appropriate analysis when a lack of significance is found

TABLE 2 Cost results in the adherent and nonadherent group

Adherence to guidelines p-value

Yes No

Overall treatment cost 257.9; 190.9 (113.6–303.3) 289.3; 181.1 (114.5–311.3) 0.8

Antibiotics 176.8; 139.3 (82.8–227.4) 170.8; 135.2 (73.6–236.8) 0.6

Other 80.3; 38.0 (14.9–68.3) 118.5; 37.7 (22.4–69.6) 0.3

Diagnostic/laboratory test 355.8; 291.5 (216.7–393.7) 349.2; 283.0 (213.5–391.0) 0.6

Hospital stay 1387.3; 1142.9 (857.2–1750.1) 1441.0; 1285.8 (857.2–1714.4) 0.7

Total costs 2001.1; 1665.5 (1294.8–2513.1) 2079.6; 1710.5 (1181.2–2366.7) 0.8

Data are presented as mean; median (25th–75th percentiles). Costs are provided in Euros.

TABLE 3 Mean values of the variables included in the
sensitivity analysis

Variable Mean 95% CI LL 95% CI UL

Antibiotic treatment

Adherence 176.8 154.8 198.8

Nonadherence 170.8 137.8 203.8

Diagnostic/laboratory tests

Adherence 355.8 310.5 401.3

Nonadherence 349.2 295.1 403.4

Hospital stay

Adherence 1387.3 1281.1 1493.6

Nonadherence 1441.1 1243.7 1638.4

CI: confidence interval; LL: lower limit; UL: upper limit. Costs are provided in

Euros.

TABLE 4 Results of cost-effectiveness and sensitivity
analysis comparing adherence and
nonadherence treatment groups

C E % C/E ICER Result

Cohort analysis

Adherence 2001 88 2276.7 -1121 Dominant

Nonadherence 2079 81 2566.6

Sensitivity analysis 1

Treatment

95% CI LL

Adherence 2251.7 88 2558.7 -3715 Dominant

Nonadherence 2511.8 81 3100.9

95% CI UL

Adherence 2301.8 88 2615.7 -4155.7 Dominant

Nonadherence 2592.7 81 3200.8

Sensitivity analysis 2

Diagnostics

95% CI LL

Adherence 2225.1 88 2528.5 -3724 Dominant

Nonadherence 2485.8 81 3068.8

95% CI UL

Adherence 2328.4 88 2645.9 -4147 Dominant

Nonadherence 2618.7 81 3232.9

Sensitivity analysis 3

Hospitalisation

95% CI LL

Adherence 2155.8 88 2449.7 -2.202 Dominant

Nonadherence 2310.1 81 2851.9

95% CI UL

Adherence 2397.6 88 2724.5 -5670 Dominant

Nonadherence 2794.5 81 3450.8

Costs are provided in Euros. C: cost; E: effectiveness; C/E: cost-effectiveness

ratio; ICER: incremental cost-effectiveness ratio (mean cost per additional

patient cured); Dominant: lower cost and better outcomes; CI: confidence

interval; LL: lower limit; UL: upper limit.
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and the study was not designed to demonstrate equivalence
[26]. Some previous studies about costs have been focused on
strategies to decrease admissions to hospital due to CAP [29].
However, it has been reported that while a reduction in
admissions was possible, there was an increase in subsequent
readmissions and a lower satisfaction of the patients [30]. In
that and other studies, the main goal had been to contain costs
without compromising patient outcomes [31, 32]. These studies
provide valuable information for clinical practice despite the
fact that their objectives had focused on avoiding adverse
effects, rather than on efficacy.

Although guidelines stress the importance of implementing
and maintaining adherence to the recommendations, there has
been a paucity of data published about their impact on the
cost-effectiveness of the treatment. In nonhospitalised patients
with CAP, GLEASON et al. [33] found that adherence to the
American Thoracic Society guidelines was associated with a
reduction of costs in patients ,60 yrs of age and, conversely,
with an increase in those of .60 yrs of age with comorbidities.

In the present study, it was decided to include all the
components of hospital costs since the selection of antibiotics
influences other prognostic variables, such as treatment failure
and clinical stability, which are related to length of hospital
stay. As a measure of effectiveness the recovery of pneumonia
(defined as the patient surviving the episode of pneumonia
and not needing readmission within 30 days of discharge) was
used. These outcome indicators are universally applicable and
are widely accepted [32, 34, 35].

ORRICK et al. [36] compared the cost of care for patients
hospitalised with CAP. They found that the median cost of
hospitalisation was higher when treatment was not compliant
with guideline recommendations (US$ 3,085 versus US$ 2,047).
However, the authors did not perform any cost-effectiveness
analyses. Recently, BAUER et al. [37] reported that patients
treated with moxifloxacin benefited from an earlier discharge,
although direct costs and clinical efficacy were similar to other
antibiotics.

In the present study it was found that adherence to the
guidelines was the cost-effective option since the ratio was
2,277 Euros per expected cure versus 2,567 Euros in those with
nonadherent treatments. This produced a negative incremental
cost-effectiveness ratio since adherence saved 1,121 Euros per
patient cured compared with nonadherence. A bootstrapping
analysis demonstrated that in 95% of cases adherence to
guidelines saves costs [19]. Furthermore, the additional cost of
readmission was reduced when the treatment was adherent.
The sensitivity analysis demonstrated that the results found in
the cost-effectiveness analysis remain stable despite using
wide variations in the different components introduced into
the cost equations.

As a limitation of the present study it should be highlighted
that there was no evaluation of the impact on indirect cost,
such as patient-reported lost days of normal activity. Also, the
present study was observational and nonrandomised.
Furthermore, patients with admission to ICU were not
included in the present study since it is one of the highest
determinants of cost in CAP [37].

In summary, for patients hospitalised with community-
acquired pneumonia, treatment according to the guidelines is
the dominant alternative due to its cost-effectiveness.
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