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There are various strategies to improve the effectiveness of antibiotics in hospitals. In general,
the implementation of guidelines for appropriate antibiotic therapy and the participation of
infectious disease (ID) physicians deserve considerable attention. This study was a prospective
ecological time-series study that evaluates the effectiveness of the ID physician’s opinion to
rationalize and control the use of antibiotics in medical-surgical intensive care units (ICU), and
the impact of their intervention on treatment expenditures. There was significant change in the
pattern of use of antimicrobials, this pattern approximating that of a medical-surgical ICU that
participates in the ICARE (Intensive Care Antimicrobial Resistance Epidemiology) Project. For
example, there was a significant increase in the consumption of antimicrobials of the ampicillin
group (Relative Risk [RR]=3.39; 95% CI: 2.34-4.91) and antipseudomonal penicillins (RR=2.89;
95% CI: 1.70-4.92). On the other hand, there was a significant reduction in the consumption of
3rd/4th generation cephalosporins (RR=0.66; 95% CI: 0.57-0.77) and carbapenems (RR=0.43;
95% CI: 0.33-0.56). On average, for every patient-day antibiotic expense was reduced 37.2%
during calendar year 2001, when compared with 2000. The ID specialists’ opinion and the
adoption of guidelines for empirical antibiotic therapy of hospital-acquired pneumonia contributed
to a reduction in the use of antimicrobials in medical-surgical ICU. However, further studies that
have more control over confounding variables are needed to help determine the relevance of these
discoveries.
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Antibiotic therapy is the most complex part of clinical
medicine. This is due to the great number of
antimicrobial agents available, the varied bacterial flora
capable of causing infection in human beings, particularly
in those admitted to hospitals, and the impossibility of
foreseeing the sensibility of these microorganisms to
antibiotics. Also, aspects of the doctor-patient-society
relationship, such as the doctor’s good intentions in
always looking for the best way to treat the patient, the
fear of litigation, time constraints, pressure from the
pharmaceutical industry and deficiencies in medical
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formation on infectious diseases, can interfere in the
quality of prescriptions by these doctors, resulting in
inadequate use of antimicrobials [1,2].
There are several strategies to improve the use of
antibiotics in hospitals. Some of them are purely
restrictive and others are educational. In general,
educational methods are less likely to generate conflict
among doctors [3], and they are used in antimicrobial
therapy rationalization programs.
Among educational actions, the implementation of
guidelines for appropriate antibiotic therapy and the
participation of infectious disease (ID) specialist
physicians deserve attention. Several studies have
shown the value of the ID physician’s participation,
interacting with the assisting doctor, and promoting
appropriate antibiotic therapeutic regimes, with benefits
for the patient and the institution [4-7]. These benefits
are most evident in patients admitted to intensive care
units (ICU).
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Our objective was to evaluate the effectiveness of
the ID physician’s opinion to rationalize and control
the use of antibiotics in a medical-surgical ICU,
particularly how it affected the consumption of 3rd/4th
generation cephalosporins and carbapenems, and the
impact on treatment expenditures.
Materials and Methods
A prospective ecological study was carried out,
analyzing time-series in the ICU of a private, general
hospital, with about 10,000 admissions per year, located
in the capital of Brazil (Brasília). It is a 14 bed medicalsurgical ICU that logs about 3,500 patient-days per year.
All the patients admitted in this medical-surgical ICU,
from January to December 2000 and from January to
December 2001, with suspicion or diagnosis of
infection, were considered.
In January, 2001, some general measures for the
control of hospital infections were introduced, such as
to elevating the head of the bed to an angle of 30° to
45° for patients at high risk for aspiration pneumonia;
touching the patient and their utensils only when
necessary; washing hands before and after procedures
and appropriate use of gloves, masks and overcoats.
These actions were complemented with measures for
greater rationalization of the use of antimicrobials:
revision of the hospital antibiotics form; elaboration of
guidelines for empirical antibiotic therapy of hospitalacquired pneumonia (the most frequent type of infection
in the ICU); and using the ID physician’s opinion for
defining the antibiotic therapy to be used on patients
with known or suspected infection.
In January, 2001, at least one doctor of the team of
ID specialists visited the medical-surgical ICU in the
morning, daily, from Monday to Friday, and he
evaluated, together with the doctors of the ICU, all the
patients with suspicion of infection. For patients who
began or changed antimicrobial therapy during
weekends, holidays or at other hours, the decision
regarding antibiotic therapy was made by the ICU
doctor, and later evaluated by the ID physician.
Customary data, such as the number of patient-days,
were collected daily, at night, by the ICU nurses. The
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data on the consumption of antibiotics (and other materials
and medicines), beginning with the medical prescription
were registered by a hospital employee, entered into the
computer system and directed to the hospital pharmacy.
The following indicators were used to calculate the
consumption of antibiotics: 1) defined daily doses
(DDD) – this is the average daily dosage in grams of a
specific antimicrobial agent given to an average adult
patient (Table 1 shows the use of selected oral and
parenteral antimicrobial agents in DDD); 2) number of
defined daily doses; this is calculated by dividing the
total grams of the antimicrobial agent used in a hospital
area by the number of grams in an average daily dose
given to an adult patient (the DDD); 3) consumption
density – division of the number of defined daily doses
of the antimicrobial agent by the total number of patientdays; 4) attributed fraction – this means the part of the
consumption density of the antimicrobial agent that
came to be used due to the new actions; 5) prevented
fraction – this means the part of the consumption density
of the antimicrobial agent that was no longer being used
due to the new actions [8].
The parameter to evaluate antimicrobial consumption
adaptation in this medical-surgical ICU came from
American hospitals that participate in the ICARE
(Intensive Care Antimicrobial Resistance Epidemiology)
project [9,10].
The statistical analysis of this continuous variable
was made with the t test. The categorical variables,
appraised through the consumption density, during the
periods considered in the time series, were compared
using Chi-square tests. The level of significance was
0.05 and the confidence interval (CI) was 95%. We
used the computer program Epi Info 6.04d [11].
Results
The numbers of patient-days followed in the
medical-surgical ICU, during 2000 and 2001 were
3,636 and 3,842, respectively.
The patient populations in the ICU from January to
December 2000 and from January to December 2001
had similar sex, age, hospital infection and mortality
distributions (Table 2).
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There was a significant change in the pattern of
antimicrobial use, approximating that of the medicalsurgical ICU that participates in the ICARE project
(Figure 1). For instance, there was a significant increase
in the consumption of antimicrobials of the ampicillin
group (Relative Risk [RR]=3.39; 95%CI: 2.34-4.91),
antistaphylococcal penicillins (RR=2.51; 95% IC: 1.303.55), antipseudomonal penicillins (RR=2.89; 95% CI:
1.70 – 4.92) and 2nd-generation cephalosporins
(RR=2.37; 95% CI: 1.21-4.62). This increase was
53.5% to 70.5%. On the other hand, there was
significant reduction in the consumption of 1st generation
cephalosporins (RR=0.70; 95%CI: 0.54-0.91), 3rd/4th
generation cephalosporins (RR=0.66; 95% CI: 0.570.77), carbapenems (RR=0.43; 95% CI: 0.33-0.56),
aztreonam (RR=0.12; 95% CI: 0.05-0.32) and
vancomycin (RR=0.76; 95% CI: 0.60-0.97). The
amount of reduction was 24.0% to 87.6%. There was
no significant change in the consumption of the
fluoroquinolones (RR=0.82; 95% CI: 0.60-1.13) and
trimethoprim/sulfamethoxazole (RR=0.55; 95% CI:
0.29-1.07) (Table 3).
Together with the change in the pattern of
antimicrobial consumption in the ICU, after the visits
of the ID physician began and the other new measures
were adopted; there was also a reduction in the funds
spent on these antibiotics. From January to December
2000, the amount spent on these antimicrobials in the
medical-surgical ICU was R$ 261,600 (about US$
87,200 – 1 dollar = R$ 3). During the 2001, calendar
year the value was R$ 173,720 (about US$ 57,918).
On average, the reduction in the amount spent on
antibiotics per patient-day was reduced 37.2% in the
calendar year 2001, compared to 2000.
Discussion
The antibiotic therapeutics oriented by ID physicians
and by guidelines for empirical antibiotic therapy of
hospital-acquired pneumonia approximated the rate of
antimicrobial consumption of a medical-surgical ICU
that participated in the ICARE project [9,10]. Also,
the amount spent on antibiotics was reduced, on
average, 37.2% during the study period.
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Educational programs traditionally compose the
arsenal of strategies implemented to rationalize the use
of antimicrobials in hospitals [3]. Among these
strategies, the promotion of interactions between the
ID specialist as an advisor for the ICU doctor to define
antibiotic therapy has the smallest potential for conflict
[2,12]. The authors of these studies found an
association between the ID physician’s opinion and the
most adequate antibiotic therapy [4-7,13]. We also
found an improved adaptation of antibiotic therapy,
observing that the consumption of these medicines in
our hospital approached the level found in a medicalsurgical ICU, used as a standard of excellence [9,10].
Byl et al. [6], for example, studying 428 episodes of
bacteremia, suggested that the ID specialist’s opinion
indeed prevents unnecessary use of broad-spectrum
antimicrobials. The change in the profile of antimicrobial
use in our hospital, starting from the intervention of the
ID physician and the implementation of new guidelines
for empirical antibiotic therapy of hospital-acquired
pneumonia, so that broad-spectrum 3rd/4th generation
cephalosporins, carbapenems were substituted by
narrow spectrum antibiotics, also indicates that the new
measures contributed to a decrease in the unnecessary
use of broad-spectrum antibiotics.
It was not our intention to determine if there was an
association between the participation of the ID
physician and the frequency of isolation of multi-resistant
bacteria. However, Quale et al. [14] and Rahal et al.
[15], for example, observed a significant reduction in
the prevalence of S. aureus and K. pneumoniae when
they restricted the use of vancomycin and 3rd generation
cephalosporins, substituting them with beta-lactams/
beta-lactamase group antimicrobials (ampicillin/
sulbactam and piperacillin/tazobactam). Frank et al.
[13] also found a significant reduction in the infection/
colonization rates by S. aureus and Stenotrophomonas
during the period when their program was totally
implemented. We did not find a significant reduction of
trimethoprim/sulfamethoxazole use in the ICU.
However, there was a reduction in the frequency of
isolation of bacteria, such as Burkholderia cepacia
and Stenotrophomonas maltophilia, which are
sensitive to this antimicrobial medicine and resistant to
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Table 1. Class, group and defined daily dose (DDD) of some antimicrobial agents (adapted of 20)
Class

Group

Antimicrobial agent

Beta-lactams

Ampicillin group

Ampicillin/sulbactam
Ampicillin (parenteral)
Amoxicillin/clavulanic acid (oral)
Oxacillin
Piperacillin/tazobactam
Cefazolin
Cephalothin
Cefoxitin
Cefuroxime
Ceftazidime
Ceftriaxone
Cefepime
Aztreonam
Meropenem
Imipenem/cilastatin
Vancomycin (parenteral)
Ciprofloxacin (parenteral)
Ciprofloxacin (oral)
Gatifloxacin (parenteral)
Gatifloxacin (oral)
Trimethoprim component
(parenteral)
Trimethoprim component (oral)

Anti-staphylococcus penicillin
Anti-pseudomonas penicillin
1st-generation cephalosporins
2nd-generation cephalosporins
3rd-generation cephalosporins

Othrer beta-lactams
Carbapenems
Glycopeptides
Fluoroquinolones

Trimethoprim/sulfamethoxazole

DDD (g)
6
4
1.5
4
13.5
3
4
4
3
3
1
4
4
3
2
2
0.8
1.5
0.4
0.4
0.84
0.32

Table 2. Characteristics of the population admitted into a medical-surgical ICU during calendar years 2000 and
2001

Variable
Male (%)
Mean age (years)
Hospital infections (%)
Mortality (%)

2000
(n = 785)

2001
(n = 688)

P value

51.8
59.8
8.8
14.6

50.4
60.1
8.4
11.3

0.699
0.773
0.879
0.072
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Table 3. Relative risk and the prevented and attributed fractions of the incidence density of antimicrobials, by
group, in the medical-surgical intensive care unit during calendar years 2000 and 2001
Antimicrobials

Incidence
density in 2000

Incidence
density in 2001

RR
(95% CI)

35.7
21.6

128.5
50.1

3.39 (2.34-4.91)
2.51 (1.30-3.55)

-

70.5
53.5

17.7

54.7

2.89 (1.70-4.92)

-

65.4

132.5

99.2

0.70 (0.54-0.91)

29.6

-

11.6

29.5

2.37 (1.21-4.62)

-

57.7

434.4

303.1

0.66 (0.57-0.77)

33.9

-

173.3
38.1
147.3
83.3
24.1

78.7
5.1
117.8
71.6
14.4

0.43 (0.33-0.56)
0.12 (0.05-0.32)
0.76 (0.60-0.97)
0.82 (0.60-1.13)
0.55 (0.29-1.07)

56.8
87.6
24.0
-

-

Ampicillin group
Anti-staphylococcal
penicillin
Anti-pseudomonal
penicillin
1st-generation
cephalosporins
2nd-generation
cephalosporins
3rd-generation
cephalosporins
Carbapenems
Aztreonam
Vancomycin
Fluoroquinolones
Trimethoprim /
sulfamethoxazole

Fractions (%)
Prevented Attributed

RR – relative risk; CI – confidence interval.

Figure 1. Means of the distributions of usage rates (incidence density), by antimicrobial class in the Medicalsurgical intensive care unit. Project ICARE, January 1998 – June 2001, and Hospital Santa Luzia, January –
December 2000 and January – December 2001.
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the aminoglycosides, and can become resistant to the
3rd/4th generation cephalosporins [2]. Actions to control
the consumption of antibiotics and basic measures to
control hospital infection, implemented by the hospital
infection control program probably contributed to the
reduction in the detection and spread of these bacteria
and consequently reduced the consumption of
antibiotics.
The frequently published results concerning antibiotic
use programs report a contention of expenses. Frank
et al. [13], for example, reduced the cost of
antimicrobials by 23%. Other studies have found similar
results [16,17]. We obtained a reduction of 37.2%.
There are basically two ways to evaluate the
adaptation of antibiotic therapies in hospitals: audits of
antibiotics and benchmarking.
In an audit the adaptation of medical prescription
of antibiotics can be checked in two ways: starting from
its comparison with the technical routines of
antimicrobial therapeutics developed by specialists;
and/or through a comparison of the isolated bacterial
sensibility to the prescribed antimicrobials [18]. The
disadvantage of this methodology is the cost of its
application. Each prescription of antibiotics should be
evaluated individually and compared with the technical
routines or with the bacterial sensibility profile to the
antibiotics.
Benchmarking is a process destined to identify the
best means to reach a certain result among institutions
that resemble each other [16]. With a competitive vision
(“competitive benchmarking”), we can defined it as the
comparison of our work processes in relation to the
best competitor, with the objective of revealing an
effectiveness level that eventually can be overcome
[19]. This process to identify a standard for
antimicrobial use in the ICU has been used in the
ICARE project. The objective of this project was to
influence the doctors’ behavior by providing this kind
of comparabale information [9,10]. The results
published by the ICARE project were used as a
standard in our study – (benchmarking), which made it
possible to work with aggregation data, the density of
consumption of antibiotics, avoiding the individual
evaluation of each medical prescription of an antibiotic.
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Considering the advantages of this type of study,
including simplicity, low cost, speed and usefulness to
evaluate interventions [8], it is not possible to separate,
in its interpretation, the effects of other interventions
that are eventually adopted, as for instance, the basic
measures to control hospital infection and modifications
in the basic organization of the hospital. As a
consequence of the difficulty of clarifying the relationship
degree among the variables in the ecological studies,
there can be an overestimation of the value of the actions
on the control of use of antimicrobials.
In conclusion, the ID specialists’ opinion and the
adoption of guidelines for empirical antibiotic therapy of
hospital-acquired pneumonia apparently contributed to
control the use of antimicrobials in a medical-surgical ICU.
However, new studies that allow control of confounding
variables are needed to confirm this hypothesis.
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