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Abstract

Objective: To compare the efficacy of three separate antibiotics
(ceftazidime, imipenem/cilastatin and piperacillin/tazobactam) as
an early empiric (de-escalating) antibiotic therapy in patients with
ventilator-associated pneumonia (VAP).

Materials and Methods: Forty-nine patients with VAP caused by
Gram (-) organisms, were given ceftazidime (13 patients), imipe-
nem/cilastatin (19 patients) or piperacillin/tazobactam (17 pati-
ents) as an early empiric therapy. By the end of the treatment the
adequacy of the antibiotic treatment was evaluated clinically (cu-
red, partly cured, failure), bacteriologically (eradication, persisten-
ce of the pathogen, new infection) and also as number of days free
of mechanical ventilation and of application of antibiotic agents in
the three groups.

Results: There were no differences as to sex, age, diagnosis, seve-
rity, complications (sepsis, septic shock, multiorgan insufficiency)
or pathogens causing VAP among the three groups of patients.
Treatment with imipenem/cilastatin resulted in the highest percen-

tage of pathogen eradication, the highest number of days without
mechanical ventilation and of application of antibiotics and the
highest chance of favourable outcome (p<0.05), thus imipenem/ci-
lastatin was found to be superior as an initial therapeutic agent to the
other two antibiotics.

Conclusions: Early empiric antibiotic therapy is the prerequisite of a
successful treatment in VAP. In this study, imipenem/cilastatin was
found to be the antibiotic of choice as an initial antibiotic. Treatment
with imipenem/cilastatin was found to lead to better clinical and mic-
robiological results compared to ceftazidime and piperacillin/tazobac-
tam. Treatment with this antibiotic also proved to be more cost-effec-
tive because of the shorter duration of treatment and of mechanical
ventilation.
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Introduction

Pneumonia in patients on artificial pulmonary ventilation (Venti-
lator-Associated Pneumonia; VAP) is the most common nosoco-
mial infection in intensive care units. The incidence of VAP can
be as high as 57% depending on the population studied, the type of
intensive care unit and of diagnostic criteria applied (1,2). VAP is
associated with considerable mortality. Death from VAP can be 2
to 10 times higher than death from other causes in patients in in-
tensive care (3,4). Of crucial importance for the outcome of the di-
sease is the adequacy of the initial empiric antibacterial therapy
(5,6). Following the 1996 recommendations of the American Tho-
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racic Society (7), a new, so called de-escalation therapy has be-
en implemented lately (8,9). This therapy entails 1) prompt
onset of wide-spectrum antibiotic therapy (even when the re-
sults of the direct microscopic evaluation are negative), 2) cho-
ice of an antibiotic with good penetration to the pulmonary tis-
sue, 3) application of the antibiotic in high doses, and 4) alte-
ration of the antibacterial therapy, if necessary, in accordance
with the microbiology test results.

The de-escalation strategy defines the balance between the
need for implementing an adequate initial treatment in high
risk patients and the need for avoiding an unnecessary anti-
biotic application (10,11). The choice of the initial empiric
treatment should be in compliance with the local microbi-
ological “picture” which may be different in different count-
ries, in different hospitals and even in separate hospital units
within the same hospital. This imposes the development of
local antibiotic treatment algorithms, based on clinical data,
microbiological and epidemiological testing, local hospital
recommendations and cost efficiency (12).

The goal of our study was to compare the effect of ceftazi-
dime, imipenem/cilastatin and that of piperacillin/tazobac-
tam, as an early empiric (de-escalation) antibiotic therapy
regimen in patients with VAP.

Materials and Methods

The Intensive Care Unit (ICU) of the Department of Anest-
hesiology and Intensive Care of the Medical University of
Plovdiv, Bulgaria, has 16 beds. On average 260-280 patients,
including both surgical and non-surgical cases, are treated per
year. Approximately 25% of our patients (60 to 70 per year)
require mechanical ventilation. The most common agents of
nosocomial infections are Gram (-) organisms, mainly Pse-
udomonas aeruginosa and Acinetobacter baumanii. Since the
end of 1996 a protocol for antibiotic treatment of nosocomi-
al pneumonia following mechanical ventilation is in effect in
our ICU, based on the early empiric application of antibacte-
rial agents which are active against these organisms.

This study is based on a retrospective analysis of all VAP ca-
ses caused by Gram (-) organisms admitted to the ICU bet-
ween January 1997 and December 2002 (49 patients in to-
tal). All these patients had received either ceftazidime
(n=13), imipenem/cilastatin (n=19) or piperacillin/tazobac-
tam (n=17) as an early empiric therapy. The total survival
rate was 61.22% (30 patients). Patients referred from anot-
her ICU with already developed VAP, patients with acqu-
ired immune deficiency (AIDS, following treatment with
steroids and cytostatics) and those with neutropenia
(WBC<1000 mm’) were not included in the analysis.

A diagnosis of VAP was made in patients whose findings
(appearing at least 48 hours after the start of the mechanical
ventilation) were in compliance with the criteria of the
Centres for Disease Control and Prevention (CDC) (13) for
pneumonia and whose total points for the Clinical Pulmo-
nary Infection Score (CPIS) (14,15) was over 7.
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Microbiological tests on samples from tracheobronchial aspira-
tion material, from mini-bronchoalveolar lavage (mini-BAL)
fluid, from pleural effusion fluid and from blood were done im-
mediately before starting the antibiotic therapy and then repe-
ated three times a week. All organisms were identified and tes-
ted for resistance in accordance with the disc-diffusion method
of Curby-Bauer and following the assessment of minimal inhi-
bitory concentration of Septor system of Becton-Dickinson, in
compliance with the criteria of the American National Com-
mittee for Clinical Laboratory Standards (NCCLS).

Patients who were diagnosed as VAP following the obtaining
of samples for microbiological testing, regardless of the re-
sults of direct microscopic findings, were immediately started
on a treatment regimen with one of the following antibiotics
given intravenously in the indicated doses: Ceftazidime
3x2.0 g/day, imipenem/cilastatin 3x1.0 g/day or piperacil-
lin/tazobactam 3x4.5 g/day.

The clinical effect of the treatment was evaluated as “cured”
when all symptoms of the primary infection disappeared and
the antibiotic treatment could be discontinued; as “partly cu-
red” when the clinical symptoms of the infection showed a
tendency toward improvement, but did not not completely
resolve and the antibiotic therapy was continued as started;
and “failure” in case of no effect or worsened clinical signs
such as development of severe sepsis or multiorgan insuffici-
ency. This last group required a change in the antibiotic the-
rapy. Additional indicators for clinical efficacy were number
of days with no need for mechanical ventilation (number of
days out of the first 28 days following the initiation of the an-
tibiotic therapy, when there was no need for the patient to
be on mechanical ventilation) and number of days without
antibiotic therapy (number of days out of the first 28 days
following the initiation of the antibiotic therapy, when the-
re was no need for the patient to be treated with antibiotics).
The bacteriological outcome, or effect at the end of the tre-
atment was defined as “eradication” of the pathogen when
the original pathogen was not isolated or there was no pat-
hological material left to be sampled; “persistence of the pat-
hogen” when the original pathogen was isolated from the in-
fection site; and “new infection” when the original agent was
eradicated but one or several more were isolated from the
sample taken from the infection site.

The antibiotic therapy was defined as “adequate” according to
the susceptibility results of the isolated organisms to the antibi-
otic therapy applied (i.e. according to the in witro susceptibility
of the isolated organism), or in patients in whom no organism
was isolated, improvement of the clinical condition by the 7274
hour from the start of the treatment. In case of “inadequate ini-
tial antibiotic therapy”, based on the results of the microbi-
ology test, the antibiotic regimen was changed.

The statistical processing of the collected data was done with
alternative, variation and non-parametric analysis. For sta-
tistically significant differences, a level of significance of
p<0.05 was accepted. The statistics SAS-Version 8 was used
in the analyses.
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Results

A total of 103 patients were found to develop VAP during
the study period. Due to deviations from the accepted proto-
col 21 patients were excluded from the study. Another 18 pa-
tients were excluded, as they had received as an early empiric
antibiotic therapy, antibiotics other than those listed in the
“Materials and Methods” section. Of the remaining 64 pati-
ents, 15 were also excluded from the study due to isolation of
Gram (+) organisms or of fungi as agents of infection.

Thus, the effect of the applied initial empiric antibiotic the-
rapy using three different antibiotic regimens has been evalu-
ated in a total of 49 patients with VAP, caused by Gram (-)
organisms. No significant difference was found between the-
se three groups concerning age, sex and severity of condition
(defined with APACHE II score) (Table 1).

The complications of the infection such as sepsis, septic
shock and polyorgan insufficiency, are shown on Table 2.

There are no significant differences between the groups here
as well (p>0.05).

the therapy was found to be inadequate in 6 patients
(35.29%) in the group on piperacillin/tazobactam and in 9
patients (69.23%) receiving ceftazidime. The differences in-
dicating the superiority of imipenem/cilastatin to the other
two antibiotics were significant (p<0.05; x*=8.745).

There was no statistical difference between the distribution of
patients regarding outcome. Numbers of lethal cases in the
three groups were 6 (35.29%) for the piperacillin/tazobactam
group, 7 (53.85%) for the ceftazidime group and 6 (31.58%) for
the imipenem/cilastatin group (%’=1.281; p>0.05).

The comparison of the three groups for clinical outcome (cu-
red, partly cured, failure) also showed no significant differen-
ces (*=2.376; p>0.05) (Table 5).

Indicators related to the pharmaco-economic effect of the
treatment were also analyzed (Table 6). Duration of stay in
intensive care unit in all three groups was similar (p>0.05).

1.0
Table 3 indicates the Gram (-) organisms isolated in the initi-
al samples of the VAP patients. The most common agent iso- » :
lated was Pseudomonas aeruginosa in 37 cases, followed by Aci- 2
netobacter spp. in 26 patients. A polybacterial flora was isolated y -
s . . . 8
in 29 patients, the most common combination being that of : =
Pseudomonas aeruginosa and Acinetobacter spp. in 21 cases. © f Imipenerricilastatin
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was due to the higher rate of eradication, which was 12 s : 0 2 w 18 18 m 2
(63.16%) in the group on imipenem/cilastatin and only 3 ICU days
(23.08%) for ceftazidime (p<0.01; t=2.59) (Table 4).
Only in 4 patients (21.05%) from the group on imipenem/ci-
. o P . Figure 1.
lastatin, the initial antibiotic therapy was found to be inade-
quate and there was a need to change the antibiotic, while
Table 1. Patient characteristics in the groups receiving different antibiotics
Piperacillin/tazobactam Ceftazidime Imipenem/cilastatin p
(n=17) (n=13) (n=19)
Age (years), (mean=SD) 51.59+14.80 50.54+18.34 54.00+16.57 >0.05
Sex, M/F 1017 8/5 11.8 >0.05
APACHE Il scale, (mean=SD) 19.00+2.65 119:77%3.749 18.32+2.50 >0.05
Table 2. Frequency of complications in the three groups
Piperacillin/tazobactam Ceftazidime Imipenem/cilastatin p
(n=17) (n=13) (n=19)
Sepsis 14 (82.35%) 12 (92.31%) 14 (73.68%) >0.05
Septic shock 3 (17.65%) 3 (23.08%) 2 (10.53%) >0.05
Polyorgan insufficiency 10 (58.82%) 8 (61.54%) 11 (57.89%) >0.05
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Table 3. Isolated Gram (-) pathogens in the three groups

Piperacillin/tazobactam Ceftazidime Imipenem/cilastatin
(n=17) (n=13) (n=19)
Acinetobacter spp. 1 0 3
Escherichia coli 1 1 1
Klebsiella pneumoniae + Acinetobacter spp. 1 0 0
Klebsiella pneumoniae + Serratia marcescens 0 0 1
Proteus mirabilis + Escherichia coli 1 1 1
Pseudomonas aeruginosa 5 4 4
Pseudomonas aeruginosa + Acinetobacter spp. 7 6 8
Pseudomonas aeruginosa + Serratia marcescens 1 1 1
Table 4. Bacteriological effects of the applied treatment in the three groups
Piperacillin/tazobactam (n=17) Ceftazidime (n=13) Imipenem/cilastatin (n=19) p
Eradication 6 (35.29%) 3 (23.08%) 12 (63.16%) <0.05
Persistence 6 (35.29%) 6 (46.15%) 3 (15.79%) >0.05
New infection 5 (29.41%) 4 (30.77%) 4 (21.05%) >0.05
Table 5. Clinical effects of the treatment
Piperacillin/tazobactam (n=17) Ceftazidime (n=13) Imipenem/cilastatin (n=19) p

Cured 5(29.41%) 2 (15.38%) 7 (36.84%) >0.05
Partly cured 6 (35.29%) 4 (30.77%) 6 (31.58%) >0.05
Failure 6 (35.29%) 7 (53.85%) 6 (31.58%) >0.05
Table 6. Days of stay in ICU, days free of antibiotics and of mechanical ventilation in the three groups

Piperacillin/ Ceftazidime Imipenem/cilastatin p

tazobactam (n=17) (n=13) (n=19)

Duration of stay in ICU [days], (mean+SD) 11.53 (2.45) 12.15 (4.88) 13271 (3.10) >0.05
Days free of AB, (mean+SD) 14.64 (2.69) 11.50 (4.93) 15.77 (2.49) <0.05
Days free of mechanical ventilation, (mean+SD) 18.36 (2.29) 16.17 (4.83) 20.46 (2.63) <0.05

The analysis of the other two indicators showed that patients
on imipenem/cilastatin had the highest number of days free
from antibiotic application (average 15.77+2.49, F=3.78,
p<0.05) and the highest number of days free from mechani-
cal ventilation (average 20.46+2.63, F=4.25, p<0.05).

The effect of the antibiotic therapy on the survival of the pa-
tients was assessed using the Kaplan-Meier analysis. The sur-
vival analysis presented in Figure 1 and the additional analy-
sis done (Breslow statistics) showed that treatment with imi-
penem/cilastatin compared to piperacillin/tazobactam led to
a higher survival rate (p<0.05).

Discussion

Inadequate therapy is an independent variable for increased
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mortality in patients with VAP (16,17). The early applicati-
on of an adequate antibiotic is of crucial importance for the
outcome. The antibacterial therapy has to be effective on
the most probable agents causing VAP, based on the results
of microbiological monitoring in intensive care units. In pa-
tients with VAP who received early adequate therapy started
before the microbiological test results are available, the pro-
bability to survive is twice higher compared to inadequate
therapy or its delay till the results of the microbiological tests
are available (3,18-21).

The objective of the protocol that has been implemented in
our ICU several years ago, based on de-escalation strategy, is
to initiate adequate antibiotic therapy, mainly against Gram
(-) organisms, at an early stage. If we compare the total mor-
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rality in our series (approximately 38%) with the results of ot-
her authors (17,19,22-26), who reported mortality rates ran-
ging from 25% to 47% in patients who received adequate ini-
tial antibacterial therapy, we can come to the conclusion that
we have chosen an optimal approach to treat our patients.
The patients in our series who received different antibiotic re-
gimens were essentially similar in severity of their clinical
condition. The primary reason for admission to ICU was de-
velopment of complications and isolation of VAP causing
agents. This relative homogeneity shows that possible diffe-
rences between the groups have to be related only to the an-
tibiotic treatment applied. Indeed, significant differences we-
re found among the groups of patients treated with imipe-
nem/cilastatin, piperacillin/tazobactam and ceftazidime.
Although no statistically significant differences were found in
final outcome among the three groups, mortality in the group
treated with imipenem/cilastatin was 31.58%, while this figure
was 53.85% in the group on ceftazidime. As to the clinical ef-
fects of the treatment, 36.84% of the patients treated with imi-
penem/cilastatin were evaluated as “cured”, while this figure
was only 15.38% in those treated with ceftazidime, although
the differences were not of statistical significance. On the other
hand, the survival analyses showed a reliable higher probability
of survival in patients treated with imipenem/cilastatin, com-
pared to piperacillin/tazobactam. We consider these results to
show the superiority of imipenem/cilastatin compared to the
other two antibiotics as far as clinical effect is concerned.
Evaluation of the effect of the antibiotic on the causative or-
ganism, again showed imipenem/cilastatin to have the hig-
hest efficiency.

In the group on imipenem/cilastatin the frequency of pati-
ents receiving adequate initial therapy was the highest
(79%), while the need to change the initial therapy was the
lowest. This is probably the reason for better clinical and
bacteriological results.

Although no pharmaco-economic analysis was performed in
this study, the significantly shorter duration of application of
antibiotic therapy and of mechanical ventilation in the imipe-
nem/cilastatin group, indicate the superiority of this antibiotic
also with regard to financial and human resources issues.

Our survey has several serious limitations. The patients with
Gram (+) agents have been excluded. The ground for this
decision was the relatively low rate of these infections in our
ICU, which for the time being does not make necessary the
application of glycopeptide antibiotics, as early empiric the-
rapy. Based on the literature (27-29), the prevalence of
Gram (+) agents in VAP, and especially MRSA, is on the
increase in the last two decades. In accordance with the app-
lied protocol, in case the results of the microbiological moni-
toring show an increase in the incidence of Gram (+) patho-
gens over 20%, the initial antibiotic therapy will be supple-
mented with vancomycin at a dose of 2x1.0 g. If the inciden-
ce rate remains below 20%, we consider the early inclusion
of glycopeptides to be unjustified.
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In conclusion, the results of this study show that early empi-
ric antibiotic therapy based on the principles of the de-esca-
lating strategy is successful. In our patients, imipenem/ cilas-
tatin was found to be the most successful initial antibiotic re-
gimen. Compared to ceftazidime and piperacillin/tazobac-
tam, imipenem/cilastatin was found as the most adequate an-
tibiotic therapy, yielding the best clinical and bacteriological
results. With this antibiotic, duration of antibiotic applicati-
on and of mechanical ventilation were shorter, indicating a
higher degree of cost-effectiveness.
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