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Treatment of Ventilator-Associated Pneumonia with Piperacillin-Tazobactam/
Amikacin Versus Ceftazidime/Amikacin: A Multicenter, Randomized Controlled
Trial

C. Brun-Buisson, J. P. Sollet, H. Schweich, S. Brière, and From the Service de Réanimation Médicale, Hôpital Henri Mondor,
Créteil; the Service de Réanimation Polyvalente, Hôpital Victor Dupouy,C. Petit, for the VAP Study Group*

Argenteuil; Wyeth-Lederlé, Paris La Défense; and ESCLI, Issy-les-
Moulineaux, France

In a randomized trial conducted in 27 intensive care units, we compared the clinical efficacy and
safety of piperacillin-tazobactam (TAZ; 4 g/0.5 g q.i.d.) and of ceftazidime (CAZ; 1 g q.i.d.), both
combined with amikacin (7.5 mg/kg b.i.d.), as therapy for ventilator-associated pneumonia (VAP;
acquired after §48 hours of mechanical ventilation). VAP was diagnosed with use of protected
samples and quantitative cultures, and outcome was assessed blindly from treatment. Of 204 patients
suspected of having VAP and randomized to a treatment arm of the study, 127 (64%) had bacterio-
logically confirmed infections, of which 37% were polymicrobial and 32% involved Pseudomonas
aeruginosa; 115 patients (51 TAZ and 64 CAZ recipients) remained evaluable as per protocol.
Clinical/bacteriologic cure rates (TAZ vs. CAZ, 51% vs. 36%; 95% confidence interval of difference,
00.2% to 30.2%), and 28-day mortality rates (16% vs. 20%) were similar; however, fewer bacterio-
logic failures occurred with TAZ (33% vs. 51%; P Å .05). We conclude that the two regimens were
of equivalent clinical efficacy in therapy for confirmed VAP.

Nosocomial pneumonia is associated with substantial mor- Piperacillin-tazobactam (TAZ) is a new broad-spectrum b-
lactam combination that could cover most organisms responsi-bidity and mortality, especially for patients in intensive care

units [1–3]. While the severity of the underlying disease and ble for pneumonia acquired during mechanical ventilation [13],
and its use may be a promising approach to therapy for patientsacute illness of the affected patients largely account for this

poor outcome, improvements might be expected from progress having severe lower respiratory tract infection.
The diagnosis of VAP, however, is fraught with difficultiesin antimicrobial therapy. The epidemiology of pneumonia ac-

quired during mechanical ventilation (the so-called ventilator- [14–16]. Results of various antibiotic strategies investigated
are difficult to assess because the population studied is oftenassociated pneumonia, or VAP) has been described in several

recent studies [2, 4–7]. Most such infections are caused by ill-defined, combining patients with various presentations of
lower respiratory tract infection, ranging from tracheobronchi-gram-negative bacilli, especially Pseudomonas species, and up

to 40% of cases are caused by polymicrobial infection [5, 7]. tis to severe pneumonia. The use of specific diagnostic tech-
niques may allow more precise characterization of patients withPrior antimicrobial therapy is a risk factor both for pneumonia

and for infections with more difficult-to-treat organisms, lead- VAP and more accurate selection of patients with VAP for
inclusion in clinical trials [17–19].ing to poor response to therapy and a poor outcome [6, 8–10].

The current approach to empirical antimicrobial therapy for In this clinical trial we compared the outcome of therapy
with TAZ or ceftazidime (CAZ), both in combination withVAP is use of a combination including a b-lactam drug and

an aminoglycoside or one of the newer quinolones [11, 12]. amikacin, in a well-defined group of intensive-care-unit pa-
tients having VAP, as confirmed by specific techniques using
protected sampling procedures and quantitative cultures of re-
spiratory tract secretions.
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sultatif de Protection des Personnes dans la Recherche Biomédicale of Hospital both combined with amikacin, were of equivalent efficacy inHenri Mondor, Créteil.
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suspected of having VAP. The criteria for clinical suspicion aeruginosa and £8 mg/L and ú64 mg/L for all other species;
ceftazidime, £4 mg/L and ú32 mg/L; and amikacin, £8of VAP included all of the following: clinical signs of sepsis

(new fever, increase in temperature over 38.27C, or decrease mg/L and ú16 mg/L. These values are slightly (one dilution)
more stringent than those recommended by the National Com-below 36.57C; and increase in WBC count to ú10,000/mm3);

purulent tracheal aspirates; and a new infiltrate or otherwise mittee for Clinical Laboratory Standards.
Drug regimens tested. Patients were randomized by centerunexplained persistence or worsening of preexisting infiltrates

on chest radiographs. in blocks of four, according to a computer-generated random-
ization list, to receive a fixed combination of piperacillin andPatients were not eligible if they were diagnosed as having

AIDS, a hematologic malignancy, or severe neutropenia (õ500 tazobactam (4 g of piperacillin and 500 mg of tazobactam
q.i.d.) or ceftazidime (1 g q.i.d.), both in combination withpolymorphonuclear cells/mm3) or had a history of documented

allergy to b-lactam antibiotics. Likewise, patients were not amikacin (15 mg/[kgrd] in two divided doses for patients with
normal renal function). The b-lactam drug was expected to beeligible (1) if death was expected within 7 days of inclusion

or a do-not-rescuscitate order had been written or (2) if they administered for 15 days, or up to 21 days for patients with
difficult-to-treat organisms. Amikacin dosage was adapted tohad a severity score (simplified acute physiology [SAPS II]

score) [20] on inclusion higher than 50 and three or more renal function according to nomograms and trough serum lev-
els. Amikacin was expected to be given for at least 10 days toorgan failures [21] or a rapidly fatal underlying disease [22]. In

addition, patients with suspected or documented tuberculosis, patients with infection involving P. aeruginosa and for at least
5 days to other patients.suspected or documented infection due to MRSA only, or a

concomitant infection requiring other antimicrobial therapy (or
that had necessitated the recent [õ48 hours previously] intro-

Analysis
duction of antibiotics) were not eligible.

Microbiological diagnosis of VAP and secondary exclusions. Populations analyzed. For purposes of analysis, three popu-
lations were defined: (1) the overall evaluable population, includ-The protocol required that one or several specific sampling

techniques, followed by quantitative cultures, be used before ing all patients randomized and receiving at least one dose of
the treatment regimen according to the protocol (this populationinclusion of a patient in the study. Any one of the following

three techniques was considered acceptable for obtaining respi- was analyzed for assessment of the safety of the two regimens);
(2) patients with VAP, including all patients with microbiologi-ratory tract secretions: bronchoalveolar lavage [23], protected

specimen brush sampling via bronchoscopy [24], or protected cally confirmed VAP; and (3) patients evaluable as ‘‘per proto-
col,’’ including all patients with microbiologically confirmedtelescoping catheter sampling performed blindly or via fi-

beroptic bronchoscopy [25]. VAP not due exclusively to MRSA and who had no major proto-
col violation. As only patients with confirmed pneumonia causedAlthough therapy was often initiated because of a clinical

suspicion of VAP, only patients with microbiologically con- by organisms potentially susceptible to the regimens used were
targeted in this study, the latter population was used for thefirmed VAP were subsequently retained in the primary efficacy

analysis. The diagnosis of VAP was considered to be confirmed primary efficacy analysis. We also analyzed outcome in the sub-
population not having coinfection with MRSA.when the culture of at least one of the above three samples

yielded bacteria at or above the required threshold for positivity Endpoints of study and definitions. All case report forms
from all patients randomized were reviewed by a Clinical Eval-for the technique (i.e., 103 cfu/mL for protected specimen brush

or telescoping catheter sampling and 104 cfu/mL for bronchoal- uation Committee (CEC), which examined the adequacy of
criteria for inclusion and diagnosis of VAP and the clinicalveolar lavage). Patients whose samples were sterile or yielded

bacteria in a concentration below the required threshold were and microbiological data relevant to outcome; the CEC mem-
bers were blind to the treatment group assignment. The primarywithdrawn from the study and secondarily excluded from the

primary efficacy analysis. Patients whose samples yielded endpoint was clinical cure at 6–8 days after the end of therapy,
defined by the CEC as follows.MRSA only were also secondarily excluded. However, patients

having infection caused by both MRSA and other organisms Cure was defined as complete or partial resolution of clinical
signs and symptoms of pneumonia at the end of therapy, withsusceptible to the assigned study drug regimen were given van-

comycin in addition and were retained in the efficacy analysis. no need for further antibiotic therapy during the 6–8 days of
follow-up. Failure was defined as the need for a change inOrganisms recovered in cultures of respiratory tract secre-

tions were identified in each hospital’s clinical microbiology therapy during treatment or follow-up (including because of
an adverse event); persistence, worsening, or relapse of clinicallaboratory, and their susceptibility to the drugs used was tested

with the disk-diffusion technique and breakpoints defined by symptoms of VAP, whether or not associated with microbiolog-
ical failure (i.e., documented persistence, relapse, reinfection,the Antibiogram Committee of the French Society for Microbi-

ology [26]. The MIC breakpoints used to define in vitro suscep- or superinfection); and/or death possibly or probably related
to infection. Death was considered possibly or probably relatedtibility and resistance, respectively, were as follows: piperacil-

lin-tazobactam, £16 mg/L and ú64 mg/L for Pseudomonas to infection when it occurred during therapy or during the
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follow-up period and was not due to an intercurrent event McCabe and Jackson classification [22], was present in 32%
of patients. The primary causes for respiratory failure leadingunrelated to the infection.
to mechanical ventilation [17] are listed in table 1. In additionOther endpoints included evaluation of microbiological out-
to respiratory failure, 17% of patients had one or more associ-come, an analysis of mortality at end of therapy and at 28 days
ated organ failure, according to criteria published by Knaus etpostrandomization, and an evaluation of the safety of the two
al. [21]; 32 (25%) had severe sepsis; and 8 (6%) had septicregimens.
shock. There was no major difference in the clinical characteris-Statistical analysis. Quantitative variables are given as
tics of the 115 patients receiving TAZ or CAZ as per protocol,mean { SEM, unless specified otherwise. Differences between
except for a predominance of males in the TAZ group (92%groups were compared with Student’s t-test or Wilcoxon’s
vs. 77%; P Å .02) and a trend toward a higher frequency ofrank-sum test where appropriate for quantitative variables and
severe sepsis in CAZ patients (32% vs. 20%; P Å .10); how-with a x2 test (with Fisher’s correction where appropriate) for
ever, the mean severity (SAPS II) score, which reflects thequalitative variables. Survival analysis used the log-rank test.
global severity of acute illness [20], was similar on inclusionComparison of the efficacy of the two regimens was made
(37 vs. 37.5; P Å .8).under the hypothesis of equivalence of the two regimens, with

Microbiology of VAP. Each one of the three sampling tech-the assumption that TAZ would not be less effective than CAZ
niques required by the protocol was used for microbiologicalby ú15%; this analysis used the 95% confidence interval of
confirmation of VAP episodes in approximately one-third ofthe difference of efficacy between the two drug regimens and
cases; 147 of 163 samples obtained upon inclusion of the 127a (unilateral) Dunnet-Gent test [27].
patients with confirmed VAP yielded organisms in significantAssuming a secondary exclusion rate of 20% of randomized
growth on quantitative cultures. Infection was monomicrobial inpatients for lack of microbiological confirmation of VAP and
63% of patients; from 25% of patients two organisms and froma cure rate in the reference group of 60%, we planned to study
12% three or more organisms were recovered in significanta total of 160 patients with a clinical suspicion of VAP (we
growth. In the per-protocol population (n Å 115), 170 organismsassumed a type one error of 5% and a type 2 error of 20%).
were recovered, with a similar distribution between the two treat-Because the exclusion rate proved to be higher during the study,
ment groups (table 2): gram-negative organisms accounted forthis number was subsequently increased to a projected 232
68% of the cases of pneumonia, gram-positive for 12%, and apatients. Except for the analysis of equivalence between the
combination of gram-positive and gram-negative for 20%. Fourtwo regimens, all other tests were bilateral. Risk factors for
VAP episodes (3.5%) were associated with bacteremia. P. aerugi-failure of therapy in the per-protocol population and in the
nosa accounted for 25% of all organisms and contributed to infec-subgroup with infection caused by susceptible organisms and
tion in 32% of episodes; Staphylococcus aureus accounted forno coinfection with MRSA were subjected to a stepwise logistic
12% of organisms, including two MRSA isolates (2%). Aboutregression analysis, including variables significant by univari-
one-fourth of episodes were caused by common respiratory patho-ate analysis at a P level of£.15. Variables retained in the final
gens such as Haemophilus influenzae or Streptococcus pneumo-model were selected at a P level of £.10.
niae, but only two patients had infection caused exclusively by
members of the normal oropharyngeal flora. By disk-diffusion

Results testing, 134 of 152 organisms tested (88%) and 122 of 151 (81%)
were susceptible to TAZ and to CAZ, respectively, while 75.5%

Populations analyzed. Of 204 patients randomized in the
were susceptible to amikacin and only 66% to piperacillin.

study, 197 received at least one dose of either drug regimen
Drug dosage received (per-protocol analysis). Patients

tested according to the protocol and were evaluable with regard
randomized to the TAZ group received a mean { SEM (range)

to tolerance (98 TAZ and 99 CAZ recipients); 127 patients
daily dosage of 14.7 { 0.3 (8–16) g of piperacillin, for a

(64.5%) had microbiologically confirmed VAP (58 TAZ and
median duration of 15 (3–24) days; patients randomized to the

69 CAZ recipients). From this group, 12 patients were excluded CAZ group received a mean daily dosage of 3.8 { 0.07
because of infection caused by MRSA only (n Å 5) or because (1–6) g, for a median duration of 14 (2–25) days. For patients
of a major protocol violation (n Å 7), i.e., use of concomitant who remained in the study without early withdrawal (£4 days
antimicrobial therapy not allowed by the protocol. Thus, 115 before the end of treatment), the median duration of treatment
patients (51 TAZ and 64 CAZ recipients) with confirmed VAP was 15.5 and 16 days in the TAZ and CAZ groups, respectively.
were evaluable as per-protocol, according to the CEC. The mean amikacin daily dosages were 14.8 { 0.8 and 13.5

Clinical characteristics of patients with VAP upon inclusion { 0.6 mg/kg, respectively (P Å .4), for a median duration of
(table 1). In all patients with confirmed VAP (n Å 127), 9 (TAZ) and 8 (CAZ) days.
infection was diagnosed after a mean duration of mechanical

Outcome of Therapyventilation of 11 days (median, 8 days), with two-thirds of
cases (67%) occurring after 5 days (i.e., late-onset pneumonia); Clinical outcome: all patients with VAP. At 6–8 days post-
76% of patients had received antibiotics prior to inclusion. A therapy, the overall success rate was 48% in the TAZ group

and 33% in the CAZ group (OR, 2.14; 95% CI, 0.5%–29.5%).rapidly or ultimately fatal underlying disease, according to the
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Table 1. Characteristics of all patients with ventilator-associated pneumonia (VAP) and of patients
in the per-protocol analysis, at the time of their inclusion in the study.

Per-protocol analysis:
treatment group

All patients
with VAP TAZ CAZ P

Variable (n Å 127) (n Å 51) (n Å 64) value*

Mean age (y) 55.5 { 1.5 52.3 { 2.3 57.8 { 2.1 0.1
Sex: no. of males/females 104/23 47/4 49/15 0.02
Severity of underlying disease [22]:

no. (%) of patients
Rapidly fatal 2 (1.5) 1 (2) 1 (1.6) 0.8
Ultimately fatal 39 (31) 14 (27) 21 (33)
Nonfatal 86 (68) 36 (71) 42 (66)

Primary cause of respiratory
failure: no. of patients 0.2

Acute pulmonary edema
Cardiogenic 15 6 7
Noncardiogenic 5 1 4

Post-trauma, burns 27 14 13
Acute hypoventilation

Central 32 16 11
Peripheral 11 4 6

Acute on chronic failure 10 1 8
Pneumonia 4 1 3
Shock 10 4 5
Cardiorespiratory arrest 3 1 2

Median LOS (d) in ICU† 8 7 8 0.3
Duration of mechanical

ventilation†: no. (%) of
patients 0.8

£5 d 42 (33) 17 (33) 20 (31)
ú5 d 85 (67) 34 (67) 44 (69)

Prior antibiotic use: no. (%) of
patients 96 (75) 39 (77) 48 (75)

Organ system failure
Mean no. 1.1 1.1 1.2 0.4
§2 Failures: no. (%) of patients 22 (17) 6 (12) 12 (19) 0.3

Severe sepsis: no. (%) of patients 32 (25) 10 (19.6) 20 (32.3) 0.1
Septic shock: no. (%) of patients 8 (6) 2 (4) 5 (8) 0.4
Serum creatinine (mmol/L) 102 { 5 103 { 9 102 { 7 0.9
SAPS II 37.4 { 1.5 37 { 1.4 37.5 { 1.6 0.8
Temperature (7C) 38.8 { 0.09 38.9 { 0.1 38.8 { 0.1 0.3
PaO2 /FiO2 ratio 209 { 8 210 { 12 204 { 12 0.4
Blood leukocytes (1109/L) 13.1 { 0.5 13 { 0.7 12.9 { 0.7 0.8

NOTE. Values are mean { SEM, except as otherwise noted. CAZ Å ceftazidime and amikacin; ICU Å intensive
care unit; LOS Å length of stay; SAPS II Å Simplified Acute Physiology Score II [20]; TAZ Å piperacillin-
tazobactam/amikacin.

* For comparison between CAZ and TAZ in per-protocol population.
† Before randomization.

Clinical outcome: per-protocol analysis. At the end-of- 00.2%–30.2%), favoring TAZ recipients. Since the difference
in efficacy rate did not exceed 15%, the two regimens weretherapy assessment, 44% and 32% of TAZ and CAZ recipients,

respectively, had no residual infiltrate on a chest radiograph found to be of equivalent clinical efficacy, according to the
hypothesis tested.(P Å .2), and 50% and 38% were breathing spontaneously

(P Å .2). At follow-up 6–8 days post-therapy, 26 TAZ recipi- Analysis of treatment failures. According to the CEC, ther-
apy failed for 25 (49%) and 40 (62.5%) of the TAZ and CAZents (51%) and 23 CAZ recipients (36%) had a successful

clinical and bacteriologic outcome, as assessed by the CEC; recipients, respectively (table 3). The outcome of therapy for
one CAZ patient was judged as indeterminate because of anthe difference in efficacy rate was 15% (OR, 1.85; 95% CI,
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Table 2. Microorganisms recovered from patients with VAP. Factors associated by univariate analysis with failure of ther-
apy in the per-protocol population were a rapidly or ultimately

No. (%) of patients from whom organism fatal underlying disease (PÅ .02) and the in vitro susceptibility
was recovered

of etiologic organisms to the therapy administered (P Å .02);
the treatment group was not significant (P Å .12). VariablesAll Per-protocol analysis

patients not associated with outcome of therapy were the inclusion
with VAP TAZ group CAZ group SAPS II score, creatinine level, age, delay of onset of pneumo-

Microorganisms (n Å 190) (n Å 79) (n Å 91) nia, prior antibiotic use, PaO2/FiO2 ratio, or a microbial etiology
(and presence) of P. aeruginosa. There was no associationGram-negative
between duration of therapy and superinfection rates.P. aeruginosa 42 (22) 20 (25) 22 (24)

Pseudomonas species 2 (1) 0 1 (1) After correction for interactions between variables and for
Acinetobacter species 17 (9) 9 (11) 8 (9) confounding factors, variables predicting a clinical failure that
Proteus, Providencia, were retained in the multivariate model (at a P level of £.10)

Citrobacter species 18 (9.5) 7 (9) 9 (10)
were the severity of the underlying disease (OR, 2.83; 95%Haemophilus, Branhamella 19 (10) 9 (11) 8 (9)
CI, 1.1–7.25; P Å .03), in vitro resistance to the drug regimenEnterobacter, Serratia

species 14 (7.5) 5 (6) 8 (9)
Klebsiella species 8 (4)* 3 (4) 5 (5.5)
Escherichia coli 11 (6) 2 (2.5) 9 (10) Table 3. Outcome at 6–8 days post-therapy (per-protocol analysis)

and causes of clinical and microbiological failures, according to theNeisseria species 3 (1.5) 1 (1) 2 (2)
Gram-positive Clinical Evaluation Committee.

S. aureus 29 (15) 13 (16.5) 7 (8)
MRSA 7 (3.7) 2 (2.5) 0 TAZ recipients CAZ recipients

Variable (n Å 51) (n Å 64)Staphylococcus species 7 (4) 3 (4) 3 (3)
Pneumococci 6 (3) 1 (1) 4 (4)
Streptococcus species 14 (7.5) 6 (7.5) 5 (5.5) Clinical outcome, no. (%) of

patients
NOTE. All microorganisms recovered from protected samples in VAP Cure 26 (51) 23 (36)

episodes are listed; 36% of episodes were polymicrobial. CAZ Å ceftazidime Failure 25 (49) 40 (62.5)
and amikacin; MRSA Å methicillin-resistant Staphylococcus aureus; TAZ Å Indeterminate 0 1
piperacillin-tazobactam and amikacin. Death (total, all outcome

* One isolate was ceftazidime-resistant.
categories) 7 10

Clinical failure only, no. (%) of
patients 8 (16) 7 (11)

Deaths 5 3intercurrent event; this patient had pneumococcal pneumonia
Primary clinical event associatedand received vancomycin for concomitant methicillin-resistant

with failureStaphylococcus epidermidis bacteremia, occurring 1 day after
Persistence/worsening 6 4

randomization. There were 8 and 7 nonmicrobiologically docu- Introduction of antibiotics 2 1
mented clinical failures in the two groups (TAZ vs. CAZ), Adverse event and withdrawal 0 2

Clinical / bacteriological failure,ascribed to persistent or worsening clinical features of VAP
no. (%) of patients 17 (33) 33 (51)leading to a change in antimicrobial therapy, and 17 and 33

Deaths 2 7failures, respectively, were associated with a poor microbiolog-
Primary microbiological event

ical outcome. Although the overall distribution of causes of associated with failure
failures was not different (P Å .12), microbiological failures Primary resistance† 5 6

Persistence‡ 4 8tended to occur less often with TAZ (33% vs. 51%; OR, 0.47;
Relapse§ 0 4P Å .05, x2 test).
LRT superinfection\ 4 12Table 3 details the causes for therapeutic failure in both
Superinfection, other site 4 3

groups. Infection caused by organisms primarily resistant to
NOTE. CAZ Å ceftazidime and amikacin; LRT Å lower respiratory tract;the study drugs occurred at similar frequency with both regi-

MRSA Å methicillin-resistant Staphylococcus aureus; TAZ Å piperacillin-mens; all such patients were rapidly shifted to another therapy
tazobactam and amikacin.

when the susceptibility data were obtained. Among patients † Eight of 11 cases involved Acinetobacter species, and 3, Pseudomonas
species; 1 was associated with LRT superinfection.remaining in the study, the rates of clinical and microbiological

‡ Nine of 12 cases involved Pseudomonas species (5 CAZ and 4 TAZfailures were 12/46 vs. 27/58, respectively, for TAZ and CAZ
recipients), and 2 were due to gram-positive cocci; 5 (4 CAZ and 1 TAZ

recipients (P Å .023). This higher rate of failure recorded for recipient) were associated with LRT superinfection.
§ Two pseudomonas infections (1 associated with enterobacter superinfec-CAZ recipients was essentially due to a twofold higher rate of

tion), 1 infection due to gram-positive cocci only, and 1 enterobacter infection.lower respiratory tract superinfection (21% vs. 9%) and of
\ Caused by MRSA (7 cases, all in CAZ group), Enterobacter (3), Acineto-

persistence or relapse of infection with the initially infecting bacter (2), Xanthomonas maltophilia (1), Pseudomonas cepacia (1), S. aureus
(1), and Aspergillus species (1).organisms (21% vs. 9%).
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in 24 TAZ and 17 CAZ recipients. The frequency and distribu-
tion by site of all adverse events recorded were similar in
both groups. Nine TAZ recipients and 10 CAZ recipients had
adverse events judged as definitely, possibly, or probably re-
lated to the test drug (18% and 22%; P Å .68), including (in
TAZ and CAZ recipients, respectively) hypereosinophilia (1
and 0), leukopenia (1 and 0), skin reactions (0 and 3), alteration
in renal function (3 and 2), gastrointestinal tract disorder (1
and 0), and liver test abnormalities (4 and 4); treatment was
interrupted because of a nonfatal adverse event in 3 and 4
patients, respectively. The overall 30-days-post-therapy mortal-
ity rate among all evaluable patients was 18.4% (18 of 98) in
the TAZ group and 22.2% (22 of 99) in the CAZ group
(P Å .55).

Figure 1. Probability of survival during the 28-day postrandomiza-
tion period for patients with confirmed ventilator-associated pneumo-

Discussionnia who received either piperacillin-tazobactam and amikacin
(n Å 51, solid line) or ceftazidime and amikacin (n Å 64, dotted

VAP remains a diagnostic and therapeutic challenge, andline), per protocol. There was no difference in the expected survival
the prognosis for affected patients remains poor despite generalrates (P Å .55, log-rank test).
awareness of the problem and the availability of several new
antimicrobial agents [28]. In this study we chose to circumvent
the problems associated with diagnostic criteria by using quan-received (OR, 2.16; 95% CI, 1.18–3.97; P Å .01), a shorter
titative cultures of protected specimens to diagnose VAP. Wedelay of onset of pneumonia (OR, 0.96 per day; 95% CI, 0.92–
thus selected a population most probably having definite pul-1.0; P Å .10), and treatment with ceftazidime (OR, 1.99; 95%
monary infection acquired during mechanical ventilation [10,CI, 0.88–4.54; P Å .10). To further examine causes of failure
19]. In this well-defined population, we found that therapy withduring therapy, we restricted this analysis to evaluable patients
TAZ and amikacin was at least equivalent to the combinationwho had confirmed VAP caused by organisms found suscepti-
of CAZ and amikacin. However, both regimens were successfulble in vitro to the administered b-lactam drug and who were
for £50% of patients with confirmed VAP, as assessed by thenot shifted to another therapy because of primary resistance;
independent CEC members, who were blind to the treatmentpatients coinfected with methicillin-resistant staphylococci
regimen.(n Å 4) were excluded. In this subgroup of 99 patients, factors

Several factors related to the design and analysis of thisassociated with a poor outcome of therapy were again the
study may account for this apparently unsatisfactory outcome,severity of underlying disease (OR, 2.68; 95% CI, 1.04–6.88;
in comparison with results of other studies in this field. First,P Å .041) and a shorter duration of mechanical ventilation
clinical trials of antimicrobial therapy for lower respiratorybefore VAP (OR, 0.95; 95% CI, 0.89–1.0; P Å .051); the
tract infection have often combined patients having commu-trend toward a higher risk of treatment failure with ceftazidime
nity-acquired infection with patients having nosocomial infec-therapy was confirmed (OR, 2.33; 95% CI, 0.99–5.48;
tion. Even in trials restricted to patients with nosocomial infec-P Å .052).
tion, patients with pneumonia acquired during mechanicalMortality. In the per-protocol population (n Å 115), mor-
ventilation, such as ours, are usually combined with patientstality at 6–8 days post-therapy was 14% in both groups, with 4
whose pneumonia was not acquired during such ventilationand 7 deaths attributed to infection in TAZ and CAZ recipients,
and with patients not undergoing mechanical ventilation at allrespectively; at 28 days postrandomization, mortality was 16%
[28, 29]. Finally, in such trials, it is common to include patients(TAZ group) and 20% (CAZ group), and the probability of
with ill-defined lower respiratory tract infections and to com-survival at 28 days was similar (P Å .55) in the two groups
bine patients having tracheobronchitis (likely associated with(figure 1).
a better outcome) with patients having pneumonia.

Most prior studies of nosocomial pneumonia have relied
on tracheal aspiration to diagnose pneumonia in mechanicallySafety
ventilated patients. Although probably very sensitive, such
sampling lacks specificity [19, 30], and many patients includedAll 197 patients evaluable for safety received at least 2 days

of therapy; 35% were treated for 2–7 days only, whereas 28% in such studies may have had tracheobronchitis rather than
pulmonary infection per se [18]; often, no pathogen is isolatedreceived therapy for ú15 days. Adverse events were recorded

in 37 of 98 TAZ recipients (49 events) and 38 of 99 CAZ [31], which makes outcome assessment difficult. We used pro-
tected samples cultured quantitatively to diagnose VAP, thusrecipients (46 events); the adverse events were judged severe
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likely excluding patients with tracheobronchitis only. Accord- for confounding factors such as the severity of underlying dis-
ease and acute illness. It is noteworthy that a similar outcomeingly, more than one-third of patients eligible and randomized

because of a strong clinical suspicion of pneumonia, based on of infection with P. aeruginosa was recorded in both treatment
groups, with a 40% and 39% success rate, respectively, amongthe usual clinical criteria, were secondarily excluded because

of the lack of microbiological confirmation of VAP. TAZ and CAZ recipients; this suggests that both combination
regimens were of similarly acceptable efficacy against P. aeru-Although we excluded a priori patients with very severe

acute illness or underlying disease, our inclusion criteria se- ginosa infection.
One possible explanation for the higher rate of microbiologi-lected the population at highest risk of treatment failure and

poor outcome [12], and we believe our results closely reflect cal failures could be the relatively low ceftazidime dosage.
Some authorities recommend that adult patients with infectionsthe outcome of therapy for critically ill patients with VAP. A

drawback of this approach is that an intention-to-treat analysis that are severe or due to difficult-to-treat organisms be given
a higher ceftazidime dosage (i.e., 6g/d) than that used in thiscould not be used in the outcome evaluation, since most patients

without microbiologically confirmed VAP had antibiotic ther- study (4 g/d), so that drug levels are maintained well above
the MIC for organisms targeted; likewise, continuous adminis-apy substituted or discontinued and were withdrawn from the

study. tration of ceftazidime has been suggested to improve efficacy
and prevent emergence of resistance during therapy [34]. De-The criteria for assessment of outcome of therapy were also

stringent. The interpretation of these was based on recommen- spite these theoretical grounds, it remains unproven that high
ceftazidime dosages result in improved cure rates among non-dations recently proposed by the Infectious Diseases Society

of America [32]. For example, all cases in which new antibiot- neutropenic patients. We used an intermediate dosing regimen
of 1 g q.i.d. in patients with normal renal function, which shouldics were introduced were classified as treatment failures, irre-

spective of the reason for their introduction. Likewise, we did provide sufficient 24-hour coverage for susceptible pathogens;
besides, the potential value of higher dosages probably appliesnot exclude from the primary efficacy analysis those patients

who were infected with organisms initially resistant to the allo- more to monotherapy than to combined b-lactam/aminoglyco-
side therapy [31].cated regimen and were switched to another regimen for this

reason; although an intention-to-treat analysis was not used in At least one study found a similar outcome (with an 86%
overall clinical response rate) in a randomized trial of therapythis study, such patients were categorized as treatment failures,

because this study sought to examine the overall outcome of for severe lower respiratory tract infection in patients in an
intensive care unit (82% of whom were undergoing mechanicaltherapy for patients with confirmed pneumonia due to organ-

isms expected to be susceptible to the drug regimen tested. ventilation) that compared a 3-g/d dosage of ceftazidime to a
6-g/d dosage [35]. Finally, in a recent trial comparing TAZ toIn this randomized trial, the combination of TAZ and ami-

kacin appeared at least as effective as the combination of CAZ CAZ (2 g t.i.d.), both administered with tobramycin or ami-
kacin, for the treatment of hospital-acquired lower respiratoryand amikacin; the former regimen actually tended to be supe-

rior, with an overall cure rate of 48% (vs. 33%) and a twice- tract infection, Joshi et al. [29] found results similar to ours:
the clinical outcome was better for patients receiving the formerlower risk of treatment failure after multivariate analysis. As

expected, treatment failures were associated, among other fac- combination (74% vs. 50%; P õ .01), despite the fact that
high doses of ceftazidime were administered.tors, with decreased susceptibility of the pathogens to the drug

regimen received. The trend toward superior clinical efficacy Our results indicate that both regimens may be adequate
empirical therapy for patients with suspected VAP whenof TAZ and amikacin was reinforced after multivariate analy-

sis, when the analysis was restricted to patients having infection MRSA is not a likely causative organism. We do not suggest
that such therapy be used and maintained for all patients withcaused only by organisms initially susceptible to the adminis-

tered b-lactam drug and no coinfection with methicillin-resis- VAP, since unduly prolonged therapy with such broad-spec-
trum regimens may foster emergence of resistance and increasetant staphylococci. However, the relatively small number of

patients retained in this analysis does not allow firm conclu- the rate of superinfection. The antibiotic regimen should even-
tually be adapted to organisms subsequently identified and tosions in this regard, and this result would need confirmation

in a larger study of appropriate design. their antibiotic susceptibility; in patients having pneumonia
proven to be caused by organisms susceptible to narrower-Treatment failures among CAZ recipients appeared essen-

tially associated with a higher incidence of persistence of initial spectrum drugs (especially those patients with early-onset
pneumonia), as observed in about one-fourth of patients in-organisms or of reinfection and superinfection (table 3). Most

failures recorded in ceftazidime recipients were associated with cluded in this study, the initial empirical therapy should be
replaced with such narrower-spectrum drugs.polymicrobial infection, and 45% of infections that responded

poorly to CAZ were associated with P. aeruginosa. However, Our study also underscores the fact that, when defined with
strict criteria, VAP entails a high risk of treatment failure,polymicrobial infection or infection with P. aeruginosa [28,

33] was not associated with treatment failure in the multivariate mostly due to superinfection or reinfection, even when combi-
nation therapy is used. It should be emphasized that the diag-analysis of risk factors for therapeutic failure, after correction
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Manéglia, F. Gaudy, and A. Buré-Rossier (Hôpital Rothschild, 1993;270:2957–63.
Paris). 21. Knaus WA, Draper EA, Wagner DP, Zimmerman JE. Prognosis in acute

organ system failure. Ann Surg 1985;202:685–93.
22. McCabe WR, Jackson GG. Gram-negative bacteremia. I. Etiology and

References
ecology. Arch Intern Med 1962;110:847–55.

1. Fagon JY, Chastre J, Hance AJ, Montravers P, Novara A, Gibert C. Noso- 23. Chastre J, Fagon JY, Bornet-Lecso M, et al. Evaluation of bronchoscopic
comial pneumonia in ventilated patients: a cohort study evaluating at- techniques for the diagnosis of nosocomial pneumonia. Am J Respir
tributable mortality and hospital stay. Am J Med 1993;94:281–8. Crit Care Med 1995;152:231–40.

2. George DL. Epidemiology of nosocomial ventilator-associated pneumonia. 24. Chastre J, Viau F, Brun P, et al. Prospective evaluation of the protected
Infect Control Hosp Epidemiol 1993;14:163–9. specimen brush for the diagnosis of pulmonary infections in ventilated

3. Fagon JY, Chastre J, Vuagnat A, Trouillet JL, Novara A, Gibert C. Nosoco- patients. Am Rev Respir Dis 1984;130:924–9.
mial pneumonia and mortality among patients in intensive care units. 25. Pham LH, Brun-Buisson C, Legrand P, et al. Diagnosis of nosocomial

pneumonia in mechanically ventilated patients: comparison of a pluggedJAMA 1996;275:866–9.

/ 9c46$$fe05 01-14-98 11:04:04 cida UC: CID



354 Brun-Buisson et al. CID 1998;26 (February)

telescoping catheter with the protected specimen brush. Am Rev Respir 30. Johanson WG, Pierce AK, Sanford JP, Thomas GD. Nosocomial respira-
tory tract infection with gram-negative bacilli. The significance of colo-Dis 1991;143:1055–61.

26. Comité de l’Antibiogramme de la Société Française de Microbiologie. nization of the respiratory tract. Ann Intern Med 1972;77:701–6.
31. Mangi RJ, Ryan J, Berenson C, et al. Cefoperazone versus ceftazidimeCommuniqué 1996. Path Biol 1996;44:I–VIII.
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