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This study analyzed the use pattern of imipenem following the restructuring of the antimicrobial audit system at
a University Hospital. It was an observational study before and after the restructuring of the antimicrobial audit
system in a University Hospital from May to August and then from September to December 2006. The criteria of the
rational use of imipenem were obtained from a non-systematic revision of the literature. The collection of data on
the general characteristics and clinical state of the patient, the infection and the established therapy was carried out
in a previously tested instrument. Data was recorded, revised and analyzed in a database built with the software
SPSS® for Windows® PC, version 10.0. The statistical analysis had a descriptive character: frequencies, mean,
median and standard deviation. No differences were encountered in relation to the appropriate indication, consumption
and clinical outcomes of patients. However, there was a reduction of 4 to 1 (75.0%) in the number of associations with
spectrum superposition and an increase of 4 to 8 (50.0%) in the change of therapy. The restructuring of the
antimicrobial audit system in the studied hospital did not reflect significantly the increase of the appropriate
indication of imipenem. It contributed, however, to the reduction of the inappropriate associations of this antibiotic
and to changes of therapy, without, however, compromising the quality of services rendered to patients.
Key-Words: Imipenem, drug use review, drug use evaluation, audit system, antimicrobial policy.

Imipenem, a broad spectrum antibiotic, is indicated for the
treatment of mixed infections, caused by multiresistant
microorganisms, where therapeutic alternatives do not exist
[1-3]. However, in the past years, its irrational use grew
indiscriminately, elevating the costs of assistance, exposing
the patient to a larger number of adverse effects and
increasing the incidence of bacterial resistance to this
antibiotic, mainly among Gram-negative bacilli that cause
nosocomial infections. A study carried out at an academic
hospital in Taiwan between 1991 and 2003 demonstrated an
increase of 4.2, 5.1 and 801.3 times in the consumption of
extended-spectrum cephalosporines, carbapenems and
fluoroquinolones, respectively. The elevation in the
consumption of cephalosporines and carbapenems
demonstrated a significant association with the increase in
the resistance of Acinetobacter spp. to meropenem [4].
Another study carried out between 1997 and 2000 reported
the association between periods of elevation of the
consumption of imipenem and the increase in the resistance
of Pseudomonas aeruginosa not only to this antibiotic but
also to other beta-lactams such as ceftazidime and piperacilin-
tazobactam [5]. A cohort study showed that, in patients with
hospital-acquired bacteremia, the recent use of carbapenems
was one of the risk factors for the involvement of extended
spectrum beta-lactamases producing (ESBL) enterobacteria
(Escherichia coli and Klebsiella spp.) as etiologic agent of
the infection. In the prior exposure criterion to antibiotics,

only the cephalosporines had a more significant association
than the carbapenems in the isolation of bacteria producing
ESBL [6].

Among the consequences of indiscriminate use of these
drugs, the antimicrobial resistance is a great concern among
health professionals, due to the risk of emergence of
multiresistant bacteria and superinfections, without a
corresponding grImipenem, owth, in the same proportion, in
the number of therapeutic alternatives [7-9].

According to the World Health Organization (WHO), the
rational use occurs when patients receive medications
appropriate to their clinical needs, in doses that meet their
own individual requirements, for an adequate period of time,
and at the lowest cost to them and their community. The
rational use is a global term and encompasses the choice of
the drug, its dispensing, its use, the monitoring of the
patient’s adherence to treatment and follow-up of the desired
effects and possible adverse events resulting from the
treatment [10]. Five criteria guide appropriate use: clinical
evidence-based therapy, therapeutic benefits, safety, cost-
effectiveness and optimal drug dose and duration in the
shorter-course [11]. As a result, when the use of a drug meets
the general criteria, the use is considered rational and when
the established therapy is the most suitable for a specific
patient, the use is considered appropriate [12,13].

One of the strategies for the reduction of the inappropriate
antimicrobial use is the evaluation of prescriptions of these
drugs by an infectologist member of the Hospital Infection-
Control Service, a procedure called antimicrobial audit [14]. A
study undertaken in 1991 demonstrated that the removal of
this evaluation system contributed to the increase of the
inappropriate use of antibiotics. With respect to imipenem, in
the therapeutic indication criterion, this increase went from 4/
42 (10.0%) to 12/42 (29.0%) [15].
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Various studies associate the implementation of audit to
the reduction in the inappropriate antimicrobial consumption
and to the improvement in the microorganisms’ sensibility
profile, mainly in the intensive care unit (ICU) [16,17].

Between January and July 2006, the expenses with
imipenem corresponded to 25.5% of the financial resources
destined to the acquisition of antimicrobial in the studied
hospital. Additionally, in September of that same year, the
Hospital Infection-Control Service went back to carry out again
the regular antimicrobial audit program. In this context, this
study was done with the objective of analyzing alterations in
the use pattern of  imipenem following the restructuring of the
antimicrobial audit system.

Material and Methods
A “before-after” observational study was carried out in a

public, general university hospital, with 269 active beds and
considered a reference for the state of Bahia, Brazil.

All the inpatients that used imipenem between May and
December 2006 were selected. Those that used between May
1st and September 4th were inserted in the P1 group (before
the audit), while the ones that used imipenem starting from
September 5th and concluded the therapy up to December
31th were inserted in the P2 group (after the audit). Patients
that used the imipenem in both periods were excluded.
Untracked or incomplete records were considered as loss.

Use of Antibiotics Policy
The policy for the use of antibiotics in this hospital

establishes that the prescription of these drugs should come
along with an antimicrobial control record duly completed,
signed and dated by the prescribing physician. This record
contains: the patient’s identification and clinical diagnostic;
topography and origin of the infection; isolated
microorganisms and their sensibility profile; indication,
administration route, dosage, interval and duration of
antibiotics treatment. The pharmacist is responsible for the
evaluation of the dose, the interval of usage, the indication of
therapy and association of antibiotics. When detecting an
inappropriate prescription, this professional should suggest
to the prescriber the necessary modification, based on the
scientific evidence and the hospital’s ecology. More complex
situations are discussed with the infectologist before the
dispensing of the first dose.

Antimicrobial Audit
The antimicrobial audit was restructured in September of

2006. The infectologist now evaluates the prescription on a
daily basis, suggesting to the prescribers, when necessary,
modifications in the therapy and more cost-effective
alternatives.

Establishment of Criteria
The criteria for the analysis of the use of this antibiotic

were established through a non-systematic revision of the

literature in the databases Medline, Lilacs, Web of Science,
Uptodate and Micromedex, using the keywords: imipenem,
carbapenems, antibiotic, infectious disease physician,
infectious disease consultant, resistance, use, usage, restricted
use, audit, evidence-based medicine, practice guideline,
clinical protocols, physician’s practice patterns, drug use
review, critical pathways, review, drug utilization evaluation.

The variables used for the analysis of the use of imipenem
were: origin, topography and etiologic agent of the infection;
the patient’s clinical state; indication, dosage and interval,
duration of the therapy and prior use of antibiotics. The clinical
aspects analyzed were: immunosuppressive state, beta-lactam
hypersensitivity and neurological disease.

The use was considered appropriate in the empirical
treatment of severe nosocomial infections, based on the
microbiological profile of the institution; after therapeutic
failure of the first-choice antibiotics; on the specific treatment
of infections where it was the only therapeutic alternative or
more cost-effective and on the treatment of infections caused
by multiresistant microorganisms [18-22]. For instance, for
the treatment of serious infections caused by ESBL-Klebsiella
pneumoniae, imipenem is considered the first-choice
antibiotic [23]. Two factors justify the use of imipenem, even
in the cases of apparent in vitro sensibility to piperacilin-
tazobactam: the risk of therapeutic failure caused by the
increase of the minimum inhibitory concentration (MIC) of
the antibiotic in the presence of high inoculum concentration
(inoculum effect) [24] and the development of bacterial
resistance during the therapy [25]. In the cases of infections
by enterobacteria sensitive to just amicacin and to imipenem
as a result of being a multiresistant bacteria, an antibiotic
with a broader spectrum is indicated to the detriment of the
monotherapy with amicacin [23].

The association of antibiotics was considered
inappropriate when there was an action spectrum
superposition.

The comparison of the consumption of imipenem in the
two periods was carried out using the international measure
DDD/100 beds-day established by the World Health
Organization Collaborating Centre for Drug Statistics
Methodology [26].

The causes of the alterations in the use were ascertained
when analyzing the de-escalation of the therapy (substitution
of imipenem following evidence of microbial sensibility to a
narrower spectrum antibiotic), adjustment of specific therapy
(adequation of therapy that was based from the onset on
microbiological results), lacks of drug or the restriction of its
use and occurrence of adverse effects or bacterial resistance.
The method used for the determination of the in vitro
sensibility of the bacteria to the antimicrobial agents is the
agar disk-diffusion. The quality control is carried out monthly
using the following strains: Pseudomonas aeruginosa ATCC
27853, Staphylococcus aureus ATCC 25923 and Escherichia
coli 25922. The results are interpreted based on the criteria of
the Clinical and Laboratory Standard Institute (CLSI) [27].
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For the analysis of the clinical outcomes the following
were considered: 1) clinical cure as a resolution of the clinical
signs of the infection, normalization of body temperature (T <
37.2oC), decrease of the leucocytes (< 11.3 x 103/mm3) and
improvement of the patient’s general state, 2) bacteriological
cure as bacterial eradication up to 24 hours after the
discontinuation of the therapy, 3) death and 4) transfer to
another institution.

Data Collection
Data was collected from the medical and antimicrobial

records in an instrument specifically designed and validated
through a pilot model and with the assistance of a guideline
manual for the completion of the form.

Statistical Analysis
Database was built in the software SPSS® for Windows®

PC version 10.0 for the recording and analysis of data.
The analysis carried out was of a descriptive nature where

the nominal and ordinal variables were treated as frequencies
and the continuous variables as mean, median and standard
deviation.

The study was approved by the Research Ethics
Committee of the Federal University of Bahia (UFBA).

Results
Of the 63 patients that used imipenem between May and

December of 2006, 10 were lost and 4 excluded, leaving 49
patients, totaling 51 therapy courses. Table 1 describes the
patients’ general characteristics in the periods prior to (P1)
and subsequent to (P2) the restructuring of the audit.

The average number of hospital admission was 561 and
420 patients/per month, the hospital occupancy rate was
80.0% and 65.0%, and the hospital infection rate was 4.4%
and 4.8%, in P1 and P2, respectively. The number of
immunosupressed patients was 6/25 (24.0%) in P1 and 13/26
(50.0%) in P2.

The total consumption of imipenem in the first period was
1,581 units and 1,041 units in the second period, with a
reduction of 34.1%, corresponding to 1.7 DDDs/100 beds-
day in P1 and 1.6 DDDs/100 beds-day in P2.

Tables 2 and 3 summarize data on infection and therapy in
both periods.

The appropriate use occurred in 14/25 (56%) and 15/26
(57.7%) of the therapy courses in P1 and P2, respectively.
Table 4 displays the criteria used to determine the appropriate
use of imipenem in the therapeutic indication requirement. In
the antibiotics associations, 4/18 (22.2%) and 1/16 (6.3%) were
considered inappropriate. In P1, there were two cases of
inappropriate association with metronidazole, one with
ampicillin and another with oxacilin. In P2, there was a case
with metronidazole.

In P1, four antimicrobial schemes were modified: three for
lack of clinical response and one for convulsion. In P2, eight
antimicrobial schemes were modified: four for lack of clinical
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Table 1. General characteristics of patients.

Characteristics P1 (N=25) P2 (N=26)
N (%) N (%)

Gender
Female 13 (52) 15 (57.7)

Ward
Surgical 5 (20) 5 (19.2)
Medical 7 (28) 10 (38.5)
Infectious diseases 1 (4) 2 (7.7)
Intensive therapy 12 (48) 9 (34.6)

Age (years)
Mean ± S.D 49.5 ± 22.6 51.8 ± 19.7
Median 52 52

Length of stay (in days)
Mean ± S.D 47.9 ± 31.9 62.2 ± 38.6
Median 44 46

Table 2. Infection data.

Infection data P1 (N=25) P2 (N=26)
N (%) N (%)

Origin
Hospital infection 24 (96%) 24 (92.3 %)

Etiologic agent
Enterobacteria 11 (44%) 13 (56.5%)
Gram-negative 2 (8%) 7 (30.4%)
non-enteric bacilli
Gram-positive aerobic 4 (16%) 2 (8.7%)
 cocci
Gram-negative 1 (4%) 1 (4.3%)
unidentified slender rods

Topography
Intra-abdominal cavity 2 (8%) 1 (3.8%)
Indefinite 1 (4%) 4 (15.4%)
Skin 4 (16%) 3 (11.5%)
Systemic 9 (36%) 9 (34.6%)
Respiratory tract 4 (16%) 6 (23.1%)
Urinary tract 3 (12%) 1 (3.8%)
Mixed 2 (8%) 2 (7.7%)

Table 3. Therapy data.

Therapy data P1 (N=25) P2 (N=26)
N (%) N (%)

Therapy type
Empirical therapy 16 (64.0%) 18 (69.2%)
Specific therapy 9 (36.0%) 8 (30.8%)

Prior use of antibiotics 21 (84%) 22 (84.6%)
Association of antibiotics 18 (72%) 16 (61.5%)
Duration of therapy (days)
Mean ± S.D. 12.40 ± 6.93 11.85 ± 6.96
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response, two for specific therapy adjustment and two for
therapy de-escalation.

In the first period, 14/25 (56%) of the patients achieved
clinical cure and 11/25 (44%) deceased. In the second period,
15/26 (57.7%) of the patients achieved clinical cure, 10/26
(38.5%) deceased and 1/26 (3.8%) discharged from
antimicrobial use.

Discussion
The reduction of 34.1% in the number of units released

does not represent a real decrease in the consumption of this
antibiotic. Considering the comparison unit of DDDs/100
beds-day, the results were similar, due to reduction of the
hospital occupancy rate in P2. A decrease of 30.6% in the
number of prescribed carbapenems and of 40% in the expenses
with imipenem was discovered in other studies [16,17].

No differences were found between the periods with
regards to the appropriate use of imipenem, and this
similarity of results can be attributed to the low prohibitive
nature of the audit. In Brazil, Resolution nº 1552 of the
Federal Council of Medicine grants the infectologist full
powers to authorize the liberation of antibiotics [28].
However, due to the conduct adopted by the institution,
the suggestions of the specialist in infectious diseases were
often not accepted by the prescribers. Other factors leading
to this outcome were: the absence of protocols ans of a
policy for the dispensing of antibiotics of restricted use,
the dispensing of the first doses of the antibiotic in the
impossibility of obtaining an evaluation from the
infectologist and the lack of data on hospital ecology,
fundamental for the orientation of the initial empirical therapy
which was at a compilation and publication stage during the
period of the study.

There were no expressive differences among the groups,
except for the immunosupression in 50.0% of the patients in
P2, which can justify in certain cases the utilization of a broad
spectrum therapy. There were also no differences in the
hospital infection rate and the origin of the infection. The
most targeted topography, in both periods, was the systemic
one evidencing the seriousness of infections. In P2, in addition
to the increase in the number of non-enteric Gram-negative
bacilli isolated from 8% to 30.4%, imipenem was the only
therapeutic alternative for five isolated bacteria (one

Acinetobacter baumannii, three Klebsiella pneumoniae
producing ESBL and one Klebsiella pneumoniae). In P1, only
one isolated bacteria (Enterobacter) was sensitive to just
imipenem. The therapy type, whether empirical or specific,
was similar among the groups. The number of patients with a
prior use of antibiotics also did not vary.

The appropriate use of imipenem occurred mainly in the
empirical treatment of severe nosocomial infections, 10/14
(71.4%) in P1 and 10/15 (66.7%) in P2. This use is justifiable
when based on the microbiological profile of the institution,
since the real purpose of the audit is to reduce the
indiscriminate use of the antibiotics, when choosing more
cost-effective treatments, without, however, denying patients
the right to the most suitable therapy, even if this conduct
results in the increase of assistance costs.

The main cause of the inappropriate use of imipenem was
the non-utilization of the more cost-effective alternative
therapeutic in all the 11 cases in P1 and in 10/11 (90.9%) of the
cases in P2. In the latter period, the other cause of inappropriate
use was the utilization of this antibiotic in an elderly patient,
with extended stay in the intensive care unit (UCI) and with a
diagnosis of lung sepsis caused by Acinetobacter baumannii
and Enterobacter spp., having previously used imipenem for
17 days and that in the second culture the Acinetobacter
baumannii was resistant to imipenem. The inappropriate
associations occurred mainly with metronidazole and were
used for a few days, the main reason being the non-suspension
of this antibiotic following a therapy change. In P2, there was
a reduction of 4 to 1 (75%) in the irrational associations.

Higher figures regarding the appropriate use of imipenem
of 65.2% and 70% were demonstrated in the utilization studies
of this antibiotic, although these studies did not use a similar
methodology [29,30].

An increase of 4 to 8 (50%) in the change of therapy
following the restructuring of the audit, above all, with regards
to the adjustment of a specific therapy, or de-escalation of the
initial therapy, is an indication that a specialist’s support
provides the medical team with a greater security in the
treatment of serious infections. In the two periods no
alterations were noted in the clinical outcomes of the patients.
The limitation of this study refers to the reduced number of
patients due to the short observation period, fact which did
not allow finding significant differences among the periods.
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Table 4. Analysis of the use of imipenem in the indication criterion.

Indication of imipenem N=25 N=26

Appropriate P1 (n=14) P2 (n=15)
Empirical treatment of severe nosocomial infections* 10 (71.4%) 10 (66.7%)
Only alternative for the specific treatment of infections 1 (7.1%) 5 (33.3%)
Most cost-effective specific treatment 3 (21.4%) -

Inappropriate P1 (n=11) P2 (n=11)
Existence of a more cost-effective therapeutic alternative 11 (100%) 10 90.9%)
Possibility of bacterial resistance - 1 (9.1%)

* Based on the microbiological profile of the institution.
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Conclusion
The restructuring of the antimicrobial audit system did

not reflect an increase of the appropriate use of imipenem in
the four months following this intervention. Data of this study
reinforce the institution’ needs to adopt an antimicrobial audit
of an educational nature with an intent to reduce the
indiscriminate use of these drugs.
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