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HOSPITALS AND PARTICULARLY

intensive care units (ICUs)
are faced with the emer-
gence and rapid dissemina-

tion of multiresistant bacteria.1-4 In some
cases, the choice of potential therapies
is limited or even nonexistent.5-8 The re-
sponse to this challenge lies in a policy
of prevention and better utilization of an-
timicrobial therapy, notably shortening
the duration and decreasing the num-
ber of antibiotics given to ICU patients
to contain the emergence and dissemi-
nation of such pathogens.3,9-12 Because of
its frequency and severity,13,14 nosoco-
mial pneumonia in patients requiring
prolonged mechanical ventilation rep-
resents 1 of the principal reasons for the
prescription of antibiotics in the ICU.15

At present, most experts recommend that

Author Affiliations and Other Members of the PneumA
Trial Group are listed at the end of this article.
Corresponding Author and Reprints: Jean Chastre,
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levard de l’Hôpital, 75651 Paris Cedex 13, France

(e-mail: jean.chastre@psl.ap-hop-paris.fr).
Caring for the Critically Ill Patient Section Editor:
Deborah J. Cook, MD, Consulting Editor, JAMA.
Advisory Board: David Bihari, MD; Christian Brun-
Buisson, MD; Timothy Evans, MD; John Heffner, MD;
Norman Paradis, MD; Adrienne Randolph, MD.

Context The optimal duration of antimicrobial treatment for ventilator-associated
pneumonia (VAP) is unknown. Shortening the length of treatment may help to con-
tain the emergence of multiresistant bacteria in the intensive care unit (ICU).

Objective To determine whether 8 days is as effective as 15 days of antibiotic treat-
ment of patients with microbiologically proven VAP.

Design, Setting, and Participants Prospective, randomized, double-blind (until
day 8) clinical trial conducted in 51 French ICUs. A total of 401 patients diagnosed as
having developed VAP by quantitative culture results of bronchoscopic specimens and
who had received initial appropriate empirical antimicrobial therapy were enrolled be-
tween May 1999 and June 2002.

Intervention A total of 197 patients were randomly assigned to receive 8 days and
204 to receive 15 days of therapy with an antibiotic regimen selected by the treating
physician.

Main Outcome Measures Primary outcome measures—death from any cause, mi-
crobiologically documented pulmonary infection recurrence, and antibiotic-free days—
were assessed 28 days after VAP onset and analyzed on an intent-to-treat basis.

Results Compared with patients treated for 15 days, those treated for 8 days had
neither excess mortality (18.8% vs 17.2%; difference, 1.6%; 90% confidence inter-
val [CI], −3.7% to 6.9%) nor more recurrent infections (28.9% vs 26.0%; difference,
2.9%; 90% CI, −3.2% to 9.1%), but they had more mean (SD) antibiotic-free days
(13.1 [7.4] vs 8.7 [5.2] days, P�.001). The number of mechanical ventilation–free days,
the number of organ failure–free days, the length of ICU stay, and mortality rates on
day 60 for the 2 groups did not differ. Although patients with VAP caused by non-
fermenting gram-negative bacilli, including Pseudomonas aeruginosa, did not have
more unfavorable outcomes when antimicrobial therapy lasted only 8 days, they did
have a higher pulmonary infection-recurrence rate compared with those receiving 15
days of treatment (40.6% vs 25.4%; difference, 15.2%, 90% CI, 3.9%-26.6%). Among
patients who developed recurrent infections, multiresistant pathogens emerged less
frequently in those who had received 8 days of antibiotics (42.1% vs 62.0% of pul-
monary recurrences, P=.04).

Conclusions Among patients who had received appropriate initial empirical therapy,
with the possible exception of those developing nonfermenting gram-negative bacillus
infections, comparable clinical effectiveness against VAP was obtained with the 8- and
15-day treatment regimens. The 8-day group had less antibiotic use.
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treatment of ventilator-associated pneu-
monia (VAP) last 14 to 21 days in most
cases, even though these recommenda-
tions remain largely empirical, primar-
ily because of an absence of prospective
randomized controlled studies specifi-
cally devoted to this issue.16,17 This rec-
ommendation is justified, in theory, by
the high risk of infection relapse after a
shorter duration of antibiotic adminis-
tration. The risk is probably low for bac-
teria considered highly susceptible to an-
timicrobial agents, such as methicillin-
susceptible Staphylococcus aureus or
Haemophilus influenzae, but might be
high for certain species, especially Pseu-
domonas aeruginosa, which is particu-
larly difficult to eradicate from the
respiratory tract.18,19 Thus, at present,
a short-term regimen is rarely pre-
scribed, despite the potential major ad-
vantages it could have in terms of bac-
terial ecology and prevention of the
emergence of multiresistant strains in
the ICU.

Results obtained with various antibi-
otic strategies investigated in patients
with VAP are difficult to assess because
the diagnosis of pulmonary infection in
this setting is difficult; thus, the popu-
lations studied are often ill defined, in-
cluding patients with various lower res-
piratory tract infections, ranging from
tracheobronchitis to severe pneumo-
nia.16,17 The use of invasive diagnostic
techniques, such as fiberoptic bronchos-
copy, coupled with quantitative cul-
tures of distal pulmonary secretions ob-
tained with a protected specimen brush,
bronchoalveolar lavage, or both, might
moreprecisely identifypatientswithVAP
and more accurately select patients for
inclusion in clinical trials.20-22 We there-
fore undertook a randomized trial to
compare the outcomes of therapy with
an 8-day or 15-day antibiotic regimen for
a well-defined group of ICU patients who
had developed VAP, as confirmed by
quantitative culture results of bron-
choscopic specimens.

METHODS
Study Design and Organization

This randomized, double-blind (until
day 8) trial was performed on 2 paral-

lel groups in 51 ICUs in France
(FIGURE 1). The protocol was ap-
proved by the Comité Consultatif de
Protection des Personnes dans la Re-
cherche Biomédicale of Hôpital Saint-
Louis, Paris, France, in May 1999. All
patients or their relatives gave written
informed consent before enrollment.

Patients
The ICU patients who were intubated
and had received mechanical ventila-
tion for at least 48 hours were eligible
for the study if they met all the follow-
ing criteria: (1) older than 18 years; (2)
clinical suspicion of VAP, defined by a
new and persistent infiltrate on chest ra-
diography associated with at least 1 of
the following: purulent tracheal secre-
tions, temperature of 38.3°C or higher,
and a leukocyte count higher than
10000/µL (for patients experiencing
acute respiratory distress syndrome and
for whom it was difficult to demon-
strate deterioration of radiologic im-
ages, at least 1 of the 3 preceding crite-
ria sufficed for inclusion); (3) positive
quantitative cultures of distal pulmo-
nary secretion samples, obtained by fi-
beroptic bronchoscopy, of bronchoal-
veolar lavage fluid (significant threshold
�104 colony-forming units/mL), or with
a protected specimen brush or catheter
(significant threshold �103 colony-
forming units/mL)23; and (4) instiga-
tion within the 24 hours following bron-
choscopy of appropriate empirical
antibiotic therapy directed against the
microorganism(s) responsible for the
pulmonary infection, as determined by
their susceptibility patterns.24

Patients were excluded if they (1)
were pregnant; (2) were enrolled in an-
other trial; (3) had little chance of sur-
vival, as defined by a Simplified Acute
Physiology Score (SAPS II) of more than
65 points; (4) had neutropenia (leuko-
cyte counts �1000/µL or neutrophils
�500/µL); (5) had concomitant ac-
quired immunodeficiency syndrome
(stage 3 according to the Centers for
Disease Control and Prevention 1993
classification); (6) had received immu-
nosuppressants or long-term cortico-
steroid therapy (�0.5 mg/kg per day for

�1 month); (7) had a concomitant ex-
trapulmonary infection diagnosed be-
tween days 1 and 3 that required pro-
longed (�8 days) antimicrobial
treatment; or (8) their attending phy-
sician declined to use full life support.
Patients who had early onset pneumo-
nia (within the first 5 days of mechani-
cal ventilation) and no antimicrobial
therapy during the 15 days preceding
infection were also excluded because
the causative pathogens in such a set-
ting are usually highly sensitive to an-
tibiotics.16,25

Randomization
Patients were randomly assigned to re-
ceive antibiotics for 8 or 15 days 3 days
after the bronchoscopy, as soon as it was
possible to verify that the inclusion or
exclusion criteria had been met and that
the pathogens isolated at significant
concentrations by quantitative cul-
tures of bronchoscopic specimens were
appropriately covered by the initial
empirical antibiotic regimen selected

Figure 1. Patient Flow Diagram

383 Ineligible on Day 3
79 Had Inappropriate Empirical Treatment
77 Had Been Enrolled in Other Studies
75 Had Concomitant Extrapulmonary Infections
70 Died Before Day 3
61 Were Excluded for Other Reasons
21 Refused Consent

386 Ineligible on Day 1
180 Had Early-Onset Pneumonia
79 Had SAPS II >65
54 Were Immunocompromised
31 Were Younger Than 18 y
23 Were Neutropenic
19 Had DNR Orders

1171 Patients Assessed for Eligibility

197 Assigned to 8-Day
Antibiotic Regimen

205 Assigned to 15-Day
Antibiotic Regimen

0 Lost to Follow-up 0 Lost to Follow-up

197 Included in Analysis 204 Included in Analysis
1 Excluded From

Analysis (Consent
Withdrawn)

402 Randomized

DNR indicates do not resuscitate; SAPS II, Simplified
Acute Physiologic Score II.
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on day 1 (defined as the day of
bronchoscopy), based on the results of
antibiograms. Randomization was per-
formed centrally, using an interactive
voice system, and stratified by center
in blocks of 4 according to a computer-
generated random-number table. In or-
der not to influence antibiotic prescrip-
tions, the randomization assignment
was not communicated to the investi-
gators until day 8; thus, all patients,
medical and nursing staffs, and phar-
macists remained blinded until then.
On that day, investigators had to tele-
phone the randomization center to re-
ceive the treatment assignment by fax.
If this call was not made before 3 PM, a
fax was automatically sent by the ran-
domization center to remind the inves-
tigator to call.

Antibiotic Treatments
Drug selection was left to the discre-
tion of the treating physicians, includ-
ing any adaptation considered neces-
sary as a function of the definitive
microbiologic results identifying the
pathogen(s) and its susceptibility pat-
terns. Nevertheless, it was specified in
the protocol that the initial empirical an-
tibiotic regimen (ie, before the suscep-
tibility patterns of the responsible mi-
croorganisms were known) should
preferably combine at least an aminogly-
coside or a fluoroquinolone and a broad-
spectrum betalactam antimicrobial
agent, unless the microorganism(s) was
not considered to be sensitive to these
classes or a contraindication to their use
was present, as recommended by the
American Thoracic Society.16 Investiga-
tors were strongly encouraged to con-
vert this initial regimen into a narrow-
spectrum therapy, based on culture
results, which in all cases were ob-
tained within 48 to 72 hours after bron-
choscopy. All antibiotics were with-
drawn, either at the end of day 8 or day
15, according to the randomization as-
signment, except those prescribed for a
documented pulmonary infection re-
currence before that day or for an infec-
tion predating VAP, when its total du-
ration of treatment was considered
insufficient, for example, endocarditis.

In that situation, only the antibiotics pre-
scribed before inclusion were contin-
ued and those prescribed for the VAP
episode were stopped.

Baseline Assessment
and Data Collection
At admission to the ICU, we recorded
each patient’s age, sex, preexisting co-
morbidities, severity of underlying medi-
cal condition(s) stratified according to
the criteria of McCabe and Jackson,26 ad-
mission categories, SAPS II,27 Sepsis-
related Organ Failure Assessment
(SOFA) score,28 the organ dysfunction
and/or infection (ODIN) score (range,
0-7, according to the presence or ab-
sence of cardiovascular, respiratory,
renal, hepatic, hematologic and/or
neurologic dysfunctions and/or infec-
tion)29; and the primary reason for ini-
tiating mechanical ventilation (TABLE 1).

The following baseline variables
were recorded before randomization
(TABLE 2): numbers and types of mi-
croorganisms responsible for pneumo-
nia (only those recovered at significant
concentrations from bronchoscopic
specimens were considered to be re-
sponsible for pulmonary infection); du-
ration of prior mechanical ventilation;
use of any antibiotics before VAP on-
set; SAPS II; ODIN score; SOFA score;
temperature; leukocyte count; ratio of
the partial pressure of arterial oxygen to
the fraction of inspired oxygen (PaO2/
FIO2); radiologic score (range, 0-12 ac-
cording to the density of pulmonary in-
filtrate[s])13; bacteremia; presence of
shock, defined as systolic arterial pres-
sure lower than 90 mm Hg with signs
of peripheral hypoperfusion or need for
continuous infusion of vasopressor or
inotropic agents30; and presence of the
acute respiratory distress syndrome, de-
fined as a generalized pulmonary infil-
trate, PaO2/FIO2 less than 200, and the
absence of clinical evidence of left atrial
hypertension.31

Follow-up and Definitions
The following data were recorded daily
during the 28-day period after the ini-
tial bronchoscopy: temperature; leu-
kocyte counts; PaO2/FIO2; presence or

absence of purulent tracheal secre-
tions; patient’s mechanical ventilation
status; vital signs; and ODIN score. The
SOFA and radiologic scores were de-
termined again on days 3, 7, 14, 21, and
28. Extreme vigilance for pneumonia
recurrence was maintained through-
out the study to detect any possible re-
lapse or new episode of pulmonary in-
fection, and fiberoptic bronchoscopy
was performed before the introduc-
tion of any new antibiotics as soon as
a patient became febrile, had purulent
tracheal secretions, a new pulmonary
infiltrate developed, or an existing in-
filtrate progressed. Distal pulmonary
secretions were also collected broncho-
scopically when unexplained hemody-
namic instability required higher
vasopressor doses (�30%) or their in-
troduction; in the case of unexplained
deterioration of blood gases, with a
PaO2/FIO2 decrease of more than 30%;
or when an intercurrent event im-
posed an urgent change of antibiotic
therapy, regardless of the reason. Any
antibiotic use was recorded daily until
day 28. In addition, the patient’s
status at discharge from the hospital
and 60 days after bronchoscopy was
recorded.

Patients were considered to have mi-
crobiologically documented recurrent
pulmonary infection when at least 1
bacterial species grew at a significant
concentration from samples collected
during a second bronchoscopy. Recur-
rence was considered a relapse if at least
1 of the initial causative bacterial strains
(ie, same genus, species, and serotype
when available) grew at a significant
concentration from a second distal
sample; otherwise, it was considered to
be a superinfection. Multiresistant bac-
teria were defined as 1 of the follow-
ing: ticarcillin-resistant P aeruginosa,
Acinetobacter baumannii, or Stenotro-
phomonas maltophilia; extended-
spectrum betalactamase-producing En-
terobacteriaceae; and methicillin-
resistant S aureus. We calculated the
number of antibiotic-free days as the
number of days during the 28 days af-
ter living patients had been random-
ized and had not received any antibi-

ANTIBIOTIC THERAPY FOR VENTILATOR-ASSOCIATED PNEUMONIA

2590 JAMA, November 19, 2003—Vol 290, No. 19 (Reprinted) ©2003 American Medical Association. All rights reserved.

Downloaded From: http://jama.jamanetwork.com/ on 10/04/2013



otic.32 Using the same method, we
determined the number of mechani-
cal ventilation–free days and the num-
ber of organ failure–free days, as de-
fined by the ODIN score.

Outcome Measures
The primary outcome measures were
death from any cause; microbiologi-
cally documented pulmonary infec-
tion recurrence, defined using the same
microbiologic criteria as those that led
to patient inclusion in the trial; and an-
tibiotic-free days, all of which were as-
sessed 28 days after the first bronchos-
copy for suspected VAP onset.

Secondary outcome measures were
the number of mechanical ventilation–
free days; the number of organ failure–
free days; the evolution of the 6 param-
eters comprising the SOFA and the
ODIN scores from day 1 to day 28; the
evolution of signs and symptoms po-
tentially linked to pulmonary infec-
tion, including fever, leukocyte counts,
PaO2/FIO2, and radiologic score; the
length of stay in the ICU; the rate of un-
favorable outcomes, defined as death,
infection recurrence, or prescription of
a new antibiotic for any reason pro-
vided that this new treatment lasted
longer than 48 hours; mortality at day
60; in-hospital mortality; and the per-
centage of emerging multiresistant bac-
teria during the ICU stay, as assessed
by microbiologic examination of all
bronchoscopic samples collected for
pulmonary infection recurrence.

Statistical Analyses
The trial was designed to demonstrate
the noninferiority of the 8-day vs the
15-day regimen in terms of death and
pulmonary infection recurrence rates,
and its superiority in terms of antibi-
otic use, as assessed by the number of
days alive and antibiotic-free. Owing to
the objective of noninferiority for the
first 2 end points and to potentially in-
clude fewer patients and shorten the du-
ration of the trial, a repeated 1-sided,
100�(1 –�)–percent confidence in-
terval (CI) approach was used for plan-
ning and monitoring the study, with the
� risk being set at 10%.33 To test for

Table 1. Admission Characteristics of the Study Patients as a Function of the Duration of
Antibiotic Administration*

Characteristic
8-Day Regimen

(n = 197)
15-Day Regimen

(n = 204)

Age, mean (SD), y 60 (17) 61 (17)
Men, No. (%)† 151 (76.6) 138 (67.6)
McCabe and Jackson26 classification, No. (%)

Nonfatal underlying disease 117 (59.4) 132 (64.7)
Ultimately fatal underlying disease 63 (32) 61 (29.9)
Rapidly fatal underlying disease 17 (8.6) 11 (5.4)

Admission category, No. (%)
Medical 137 (69.5) 128 (62.7)
Emergency surgery 41 (20.8) 53 (26.0)
Elective surgery 19 (9.6) 23 (11.3)

Origin, No. (%)
Home 75 (38.1) 76 (37.3)
Medical or surgical department 49 (24.9) 56 (27.5)
Other ICU 73 (37.1) 72 (35.3)

Diagnostic score, mean (SD)‡
SAPS II 45 (15) 45 (15)
SOFA 7.3 (4.0) 7.4 (4.0)
ODIN 2.3 (1.2) 2.3 (1.1)

Reason for mechanical ventilation, No. (%)
Cardiovascular failure 24 (12.2) 20 (9.8)
Acute respiratory failure 94 (47.7) 101 (49.5)
Trauma 11 (5.6) 15 (7.4)
Neurologic failure 39 (19.8) 39 (19.1)
Sepsis 15 (7.6) 16 (7.8)
Miscellaneous 14 (7.1) 13 (6.4)

Abbreviations: ICU, intensive care unit; ODIN, organ dysfunction and/or infection, SAPS II, Simplified Acute Physiologic
Score II; SOFA, Sepsis-related Organ Failure Assessment.

*Percentages may not sum to 100 because of rounding.
†P = .046. There were no significant differences between the groups with respect to any other characteristic.
‡Higher values indicate greater severity for all scores.

Table 2. Baseline Characteristics of the Study Patients as a Function of the Duration of
Antibiotic Administration*

Characteristic
8-Day Regimen

(n = 197)
15-Day Regimen

(n = 204)

MV duration before VAP onset, mean (SD), d 13.4 (11.2) 13.8 (14.9)
Antimicrobial therapy 15 days before VAP 167 (84.8) 170 (83.3)
Diagnostic score, mean (SD)

SAPS II 40 (11) 39 (11)
ODIN 1.7 (0.9) 1.7 (0.8)
SOFA 6.4 (3.6) 6.2 (3.5)

Organ/system failure†
Respiratory 111 (56.3) 111 (54.4)
Cardiovascular 49 (24.9) 49 (24.0)
Renal 23 (11.7) 28 (13.7)
Central nervous 47 (23.9) 35 (17.2)
Hepatic 10 (5.1) 7 (3.4)
Coagulation 7 (3.6) 7 (3.4)

Temperature, °C, mean (SD) 38.6 (1.1) 38.6 (0.9)
Leukocyte count, mean (SD), µL 15 460 (7150) 15 509 (6760)
PaO2/FIO2, mean (SD), mm Hg 196 (82) 201 (85)
Radiologic score, mean (SD) 5.4 (2.5) 5.5 (2.4)
Bacteremia 14 (7.1) 14 (6.9)
Shock 66 (33.5) 73 (35.8)
Acute respiratory distress syndrome 51 (25.9) 42 (20.6)
Abbreviations: MV, mechanical ventilation; ODIN, organ dysfunction and/or infection; PaO2/FIO2, the ratio of arterial oxy-

gen partial pressure to the fraction of inspired oxygen; SAPS II, Simplified Acute Physiologic Score; SOFA, Sepsis-
related Organ Failure Assessment; VAP, ventilator-associated pneumonia.

*Data are presented as No. (%) unless otherwise indicated, and percentages may not sum to 100 because of rounding.
†Organ/system failure was deemed present when the corresponding SOFA score was �2.
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noninferiority with an � risk of 10%,
200 patients were required for each
group to achieve a power of 90% to ex-
clude a 10% difference between the 2
groups, assuming respective death and
recurrent pulmonary infection rates of
40% and 25% for the 15-day regimen.
This sample was also sufficiently large
to ensure the detection of a 20% lower
mean number of antibiotic-free days for
patients assigned to the 8-day regi-
men, assuming a mean (SD) of 10 (5)
antibiotic-free days for the group treated
for 15 days (�=.05, �=.02). Thus, in
this noninferiority trial, using 90% CIs
around the estimate of effect, criteria
are met for noninferiority if the upper
limit of the CI is less than 10% (the pre-
specified clinically acceptable differ-
ence, �) for mortality and pulmonary
infection recurrence.

Statistical analysis was based on the
intention-to-treat principle. SAS 8.2
software (SAS Inc, Cary, NC) was used
for statistical analyses. Each of the 4
planned interim analyses was con-
ducted after the inclusion of 100 con-
secutive patients. At each analysis, re-
peated 1-sided 90% CIs were calculated
for the percentage point differences be-
tween death and pulmonary infection-
recurrence rates for patients treated
with 8 or 15 days of antibiotics, accord-
ing to the method described by Jenni-
son and Turnbull34 and Fleming et al.35

Conversely, the difference in the num-
bers of antibiotic-free days between the
2 randomized groups was analyzed us-
ing the nonparametric Wilcoxon test
and calculation of 95% CIs for the mean
difference between the groups. The in-
dependent Main End Point and Safety

Monitoring Committee met after each
of the planned 4 interim analyses to de-
cide whether the study should be con-
tinued or stopped. A decision to stop
the trial could be made if and only if
(1) the upper limit of the CI was less
than 10% for the 2 primary end points
used to evaluate noninferiority—ie,
mortality and pulmonary infection re-
currence and (2) the superiority of the
8-day vs 15-day regimen on the num-
ber of antibiotic-free days was demon-
strated, on the basis of a significance
level defined as � risk/4 or less, using
a conventional � risk for comparative
studies of 5%.

To define further the prognostic
importance of duration of antimicro-
bial therapy and other baseline vari-
ables, logistic regression analysis was
applied to the outcomes of death and
pulmonary infection recurrence. The
consistency of treatment effects within
each center or key baseline character-
istics, such as the type of responsible
microorganism (segregating between
nonfermenting gram-negative bacilli
[ie, P aeruginosa, A baumannii, and S
maltophilia]), methicillin-resistant S
aureus, and other pathogens), was
evaluated using the Gail and Simon
test.36 Cumulative-event curves were
estimated with the Kaplan-Meier
method. Statistical analyses of second-
ary end points were based on the use
of conventional 1-sided 90% CIs.

Baseline characteristics of patients
were compared with the unpaired t test
or the Wilcoxon rank sum test for con-
tinuous variables, depending on their
distributions. Percentage differences
were compared with the Fisher exact
test (or the �2 test, when appropriate).

RESULTS
Characteristics of the Patients

A total of 402 patients were enrolled
in the study between May 1999 and
June 2002; one subsequently with-
drew his consent to receive a ran-
domly assigned treatment and for use
of his data, leaving 401 patients: 197
in the 8-day group and 204 in the
15-day group (Figure 1). The clinical
characteristics of these 401 patients at

Table 3. Etiology of Ventilator-Associated Pneumonia Documented Microbiologically on
Bronchoscopic Specimens From Patients as a Function of Duration of Antibiotic
Administration*

Organisms

No. (%) of Pathogens

8-Day Regimen
(n = 316)

15-Day Regimen
(n = 317)

Bacilli 169 (53.5) 189 (59.6)

Pseudomonas aeruginosa 58 (18.4) 62 (19.6)

Acinetobacter baumannii 8 (2.5) 3 (0.9)

Stenotrophomonas maltophilia 2 (0.6) 3 (0.9)

Escherichia coli 24 (7.6) 34 (10.7)

Enterobacter 13 (4.1) 11 (3.5)

Proteus 10 (3.2) 14 (4.4)

Serratia 11 (3.5) 5 (1.6)

Klebsiella 7 (2.2) 13 (4.1)

Citrobacter 2 (0.6) 10 (3.2)

Morganella morganii 1 (0.3) 4 (1.3)

Moraxella 1 (0.3) 1 (0.3)

Haemophilus 24 (7.6) 21 (6.6)

Hafnia 2 (0.6) 2 (0.6)

Others 6 (1.9) 6 (1.9)

Cocci 141 (44.6) 126 (39.7)

MSSA 43 (13.6) 37 (11.7)

MRSA 22 (7) 23 (7.3)

Coagulase-negative staphylococci 12 (3.8) 10 (3.2)

Streptococcus 44 (13.9) 40 (12.6)

Neisseria 13 (4.1) 14 (4.4)

Enterococcus 7 (2.2) 2 (0.6)

Fungi 6 (1.9) 2 (0.6)
Abbreviations: MRSA, methicillin-resistant S aureus; MSSA, methicillin-susceptible Staphylococcus aureus.
*Organisms shown are those isolated at significant concentrations from quantitative cultures of protected specimen

brush (�103 colony-forming units/mL), protected telescoping catheter (�103 colony-forming units/mL), and/or
bronchoalveolar lavage (�104 colony-forming units/mL) 23 samples. Not all percentages sum to 100 because of
rounding.
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admission (Table 1) and at baseline
(Table 2) were similar, except that the
percentage of female patients was
slightly but significantly higher
(P=.046) for the group receiving 15
days of antibiotics (Table 1).

Microorganisms considered respon-
sible for VAP are listed in TABLE 3. Non-
fermenting Gram-negative bacilli and
methicillin-resistant S aureus were iso-
lated, respectively, from 64 (32.5%) and
22 (11.2%) potentially polymicrobial
episodes that were treated with 8 days
of antibiotics compared with 63
(30.9%) and 23 (11.3%) infections that
were treated with a 15-day regimen
(P=.67 and P=.99, respectively).

No statistically significant between-
group differences were found among
the agents used during the first 8 days
of the study. A regimen combining an
aminoglycoside or a fluoroquinolone
plus a betalactam was prescribed on day
1 to 179 (90.9%) of 197 patients in the
8-day group compared with 187
(91.7%) of 204 patients in the 15-day
group (P=.86); on day 8, those values
were 63 (32.8%) of 192 in the 8-day
group and 63 (39.2%) of 199 in the 15-
day group (P=.21). Thirty-nine per-
cent of patients in the 8-day group and
37% in the 15-day group received van-
comycin on the first day of the study
(P=.61).

Primary Outcomes
Twenty-eight days after VAP onset, 37
(18.8%) of 197 patients in the 8-day
group and 35 (17.2%) of 204 patients
in the 15-day group had died (TABLE 4).
The absolute difference was 1.6%, with
the 90% CI for the between-group dif-
ference ranging from −3.7% to 6.9%.
Repeated bronchoscopic specimens for
clinically suspected recurrence or other
reasons were obtained from 120 pa-
tients (60.9%) in the 8-day group (for
a total of 188 bronchoscopies) and 93
patients (45.6%) in the 15-day group
(for a total of 158 bronchoscopies;
P=.003).

Based on quantitative culture re-
sults, the microbiologically docu-
mented pulmonary infection-recur-
rence rate was 28.9% of patients

receiving the 8-day regimen and 26%
of those taking antibiotics for 15 days,
with an absolute difference of 2.9%
(90% CI, −3.2% to 9.1%; Table 4). Thus,
the noninferiority of the 8-day regi-
men was retained. The percentages of
pulmonary infection recurrences con-
sidered to be relapses were similar for
the 2 groups (16.8% among the 8-day
vs 11.3% among the 15-day regimen
groups [absolute difference, 5.5%; 90%
CI, 0.7%-10.3%]), as were the percent-
ages of those considered to be super-
infections (19.8% among the 8-day vs
18.6% in the 15-day groups [absolute
difference, 1.2%; 90% CI, −4.3% to
6.6%]; Table 4).

As estimated with the Kaplan-Meier
method using a log-rank test, survival
rates were similar (FIGURE 2). Also simi-
lar were the mean (SD) times to pul-
monary infection recurrence: 21.6 (0.5)
days for the 8-day and 22.5 (0.5) days
for the 15-day treatment groups
(P=.38); times to relapse: 23.8 (0.5)
days and 24.1 (0.4) days (P=.12); and
times to the development of superin-
fections: 22.8 (0.5) and 23.8 (0.5) days
(P=.65).

In contrast, the patients who re-
ceived antibiotics for 8 days had sig-
nificantly more mean (SD) antibiotic-
free days (13.1 [7.4] vs 8.7 [5.2] days,
P�.001), and significantly more broad-

Table 4. Primary Study Outcomes 28 Days After Bronchoscopy as a Function of Duration of
Antibiotic Administration

Event

No./Total (%)
Between-Group
Risk Difference

(90% CI), %
8-Day Regimen

(n = 197)
15-Day Regimen

(n = 204)

Death from all causes*
All patients 37/197 (18.8) 35/204 (17.2) 1.6 (−3.7 to 6.9)

Nonfermenting GNB† 15/64 (23.4) 19/63 (30.2) −6.7 (−17.5 to 4.1)

MRSA 6/21 (28.6) 5/21 (23.8) 4.8 (−13.9 to 23.4)

Other bacteria 16/112 (14.3) 11/120 (9.2) 5.1 (−0.7 to 10.9)

Pulmonary infection recurrence*
All patients 57/197 (28.9) 53/204 (26.0) 2.9 (−3.2 to 9.1)

Superinfection‡ 39/197 (19.8) 38/204 (18.6) 1.2 (−4.3 to 6.6)

Relapse‡ 33/197 (16.8) 23/204 (11.3) 5.5 (0.7 to 10.3)

Nonfermenting GNB† 26/64 (40.6) 16/63 (25.4) 15.2 (3.9 to 26.6)

Superinfection‡ 13/64 (20.3) 8/63 (12.7) 7.6 (1.1 to 14.2)

Relapse‡ 21/64 (32.8) 12/63 (19.0) 13.8 (7.8 to 19.7)

MRSA 7/21 (33.3) 9/21 (42.9) −9.5 (−30.1 to 11.1)

Superinfection‡ 6/21 (28.6) 5/21 (23.8) 4.8 (−8.8 to 18.3)

Relapse‡ 3/21 (14.3) 4/21 (19.0) −4.8 (−9.9 to 0.4)

Other bacteria 24/112 (21.4) 28/120 (23.3) −1.9 (−9.5 to 5.6)

Superinfection‡ 20/112 (17.9) 25/120 (20.8) −3.0 (−8.2 to 2.2)

Relapse‡ 9/112 (8.0) 7/120 (5.8) 2.2 (−1.3 to 5.7)

Mean (SD)
Mean Difference

(95% CI), %

No. of antibiotic-free days*
All patients 13.1 (7.4) 8.7 (5.2) 4.4 (3.1 to 5.6)

Nonfermenting GNB† 12.0 (7.4) 7.5 (5.4) 4.5 (2.2 to 6.7)

MRSA 12.9 (7.0) 4.9 (5.7) 8.0 (4.6 to 12.1)

Other bacteria 13.7 (7.5) 10.0 (4.6) 3.7 (2.1 to 5.3)
Abbreviations: CI, confidence interval; GNB, gram-negative bacilli; MRSA, methicillin-resistant Staphylococcus

aureus.
*The interaction between the duration of antibiotic administration and stratification for the responsible microorganism

at baseline was not significant with respect to the risk of death (P = .41), pulmonary infection recurrence (P = .16), or
the number of antibiotic-free days (P = .25).

†One episode in the 8-day group and 2 in the 15-day group were polymicrobial infections with MRSA and nonfer-
menting GNB classified as nonfermenting GNB.

‡Patients with polymicrobial pulmonary infection recurrence were classified as having developed both superinfection
and relapse when 1 of the initial causative bacterial strains (ie, same genus, species, and serotype when available)
grew at a significant concentration from a second bronchoscopic sample in addition to a microorganism that was
never isolated previously.
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spectrum (imipenem, piperacillin-
tazobactam, ticarcillin-clavulanic acid,
cefepime, cefpirome, ceftazidime, or
ciprofloxacin) antibiotic-free days (18.4
[8.0] vs 15.3 [8.4] days; P=.01). As
shown in TABLE 5, there were no sig-
nificant differences between the 2
groups in the numbers of patients for
whom antibiotics were continued af-
ter the end of the randomly assigned

regimen or the numbers of patients who
received an additional course of anti-
biotics.

Logistic regression-based adjust-
ment of the baseline variables listed in
Tables 1 and 2 did not substantially
modify these findings. The adjusted risk
ratio for death of patients in the 8-day
regimen vs those in the 15-day regi-
men was 1.2 (95% CI, 0.6-2.1) after ad-

justment for age, sex, McCabe and Jack-
son classification, admission category,
duration of mechanical ventilation be-
fore VAP onset, site and severity of or-
gan/system failure based on the SOFA
score at baseline, bacteremia, and
type(s) of pathogens responsible for
VAP. The adjusted risk ratio for recur-
rent pulmonary infection was 1.2 (95%
CI, 0.8-2.1). No significant interac-
tions could be established between
treatment assignment and any covari-
ate, particularly between the types of
pathogens responsible for VAP and the
treatment group with respect to the 3
primary outcome measures (Table 4).
However, for primary infections caused
by nonfermenting Gram-negative ba-
cilli, a higher percentage of patients de-
veloped documented pulmonary infec-
tion recurrence in the 8-day group than
in the 15-day group (40.6% vs 25.4%;
risk difference, 15.2%; 90% CI, 3.9%-
26.6%, respectively); 21 of 26 and 12
of 16 in the respective groups experi-
enced relapse (Table 4).

Secondary Outcomes
None of the secondary outcome mea-
sures listed in TABLE 6 or the observed
changes of fever, leukocyte count, PaO2/
FIO2, or organ dysfunction and radio-
logic scores from day 1 through day 28
(FIGURE 3) differed significantly be-
tween patients in the 8-day or 15-day
groups. The 2 groups also had similar
mean (SD) number of days without car-
diovascular failure (21.4 [9.3] vs 21.0
[9.3] days), hematologic failure (25.4
[6.3] vs 25.5 [6.0] days), hepatic fail-
ure (25.0 [6.8] vs 24.9 [6.8] days), neu-
rologic failure (24.1 [7.5] vs 24.6 [6.9]
days), and renal failure (23.8 [8.0] vs
22.6 [9.2] days). Ninety-one patients
(46.2%) in the 8-day group and 89 pa-
tients (43.6%) in 15-day group had un-
favorable outcomes. As reported in
Table 6, none of the secondary out-
come events—mortality at days 28 and
60, number of organ failure–free days,
number of mechanical ventilation–
free days, length of ICU stay, and un-
favorable outcome rate—was higher for
patients with VAP caused by nonfer-
menting gram-negative bacilli and

Figure 2. Kaplan-Meier Estimates of the Probability of Survival
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Table 5. Antibiotic Use as a Function of the Duration of Antibiotic Administration

Event

No./Total (%)
Mean

Between-Group
Difference

(90% CI), %

8-Day
Regimen
(n = 197)

15-Day
Regimen
(n = 204)

Antibiotics continued after the end of treatment* 33/188 (17.6) 43/183 (23.5) −6.0 (−12.8 to 0.9)

Pulmonary infection recurrence
before the end of treatment

13 (6.9) 21 (11.5) −4.6 (−9.5 to 0.4)

Continuation of antibiotics predating inclusion 4 (2.1) 5 (2.7) −0.6 (−3.2 to 2.0)

Extrapulmonary infection 16 (8.5) 17 (9.3) −0.8 (−5.6 to 4.1)

Antibiotic courses introduced after the end
of the assigned regimen*

87/188 (46.3) 81/183 (44.3) 2.0 (−6.5 to 10.5)

Pulmonary infection recurrence
after the end of treatment

57 (30.3) 50 (27.3) 3.0 (−4.7 to 10.7)

Extrapulmonary infection proven,
pulmonary infection FOB excluded

17 (9.0) 17 (9.3) −0.3 (−5.2 to 4.7)

Extrapulmonary infection proven,
pulmonary infection not FOB excluded

13 (6.9) 14 (7.6) −0.7 (−5.2 to 3.7)

Mean (SD)
Mean Difference

(90% CI), %

Antibiotic-treatment days at 28 days 12.6 (6.2) 17.1 (4.9) −4.5 (−5.4 to −3.6)

1 to 8 7.9 (0.4) 7.9 (0.3) 0.0 (−0.1 to 0.1)

9 to 15 1.3 (2.3) 6.6 (1.4) −5.3 (−5.6 to −5.0)

16 to 21 1.6 (2.4) 1.2 (2.1) 0.4 (0.0 to 0.8)

22 to 28 1.8 (2.7) 1.3 (2.6) 0.5 (0.0 to 1.0)
Abbreviations: CI, confidence interval; FOB, fiberoptic bronchoscopy.
*Nine and 21 patients in the 8-day and 15-day regimens, respectively, died before the end of the assigned treatment.
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treated for 8 days although they did
have a slightly higher rate of recur-
rence (Table 4). Notably, among pa-
tients who developed recurrent pul-
monary infections, multiresistant
pathogens emerged significantly less
frequently in those who had received
8 days of antibiotics (42.1% vs 62.3%
of recurrent infections; P=.04).

COMMENT
In this large, multicenter, random-
ized, double-blind (until day 8) clini-
cal trial, we observed no benefit to pro-
longing antibiotics to 15 days from an
8-day regimen, for patients with VAP
for whom strict bronchoscopic crite-
ria had been applied to diagnose pul-
monary infection and who received ap-
propriate initial empiric antimicrobial
treatment. The CIs for the between-
group differences in mortality and pul-
monary infection-recurrence rates ex-
clude an absolute difference exceeding
10% in favor of the 15-day regimen. No
differences in other outcome param-
eters could be established, including the
duration of mechanical ventilation, the
number of organ failure–free days, the
evolution of signs and symptoms po-
tentially linked to pulmonary infec-
tion, the duration of ICU stay, and mor-
tality rates on day 60 or status at
hospital discharge. The rates of unfa-
vorable outcomes, defined as death, in-
fection recurrence or prescription of a
new antimicrobial treatment during the
study period, were also similar for the
2 groups.

We also found that the average num-
ber of antibiotic-free days from day 1 to
day 28 was 50% higher for patients who
had been randomized to the 8-day regi-
men than for patients assigned to the 15-
day regimen, thereby emphasizing that
such a strategy could effectively lower
the exposure of ICU patients with VAP
to any unnecessary antimicrobial therapy
after randomization. Pertinently, mul-
tiresistant pathogens emerged more fre-
quently for patients with pulmonary in-
fection recurrence who had received
15 days of antibiotics. These results
are consistent with those of other ob-
servational studies conducted on ICU

patients that clearly demonstrated a di-
rect relationship between the use of an-
timicrobial agents and increased resis-
tance of Enterobacteriaceae and other
pathogens.2-4,6,37,38 Although appropri-
ate antibiotics may improve the sur-
vival rate of patients with VAP, their in-
discriminate use in treating ICU patients
without infection should probably be
discouraged.5,10,32

It is widely accepted that nonfer-
menting gram-negative bacilli, espe-
cially P aeruginosa, are difficult to eradi-
cate from the respiratory tract and that
the risk of therapeutic failure or re-

lapse, defined as the reappearance of
signs of pneumonia and isolation of the
same pathogen(s) that have acquired re-
sistance or not, is high in such a set-
ting.18,19,39 In our study, slightly more
patients with nonfermenting gram-
negative bacilli assigned to the 8-day
regimen had pulmonary infection re-
currences and we were unable to dem-
onstrate the noninferiority of this regi-
men for this end point compared with
the 15-day course, either because of the
relatively small number of studied pa-
tients or because the shorter duration
of treatment leaves patients vulner-

Table 6. Secondary Study Outcomes as a Function of the Duration of Antibiotic
Administration

Event

Mean (SD)
Mean

Between-Group
Difference

(90% CI), %

8-Day
Regimen
(n = 197)

15-Day
Regimen
(n = 204)

No. of MV-free days, days 1 to 28
All patients 8.7 (9.1) 9.1 (9.4) −0.4 (−1.9 to 1.1)

Nonfermenting GNB* 8.1 (9.5) 6.6 (9.3) 1.4 (−1.3 to 4.2)

MRSA 6.1 (7.7) 7.4 (9.0) −1.3 (−5.6 to 3.0)

Other bacteria 9.5 (9.0) 10.7 (9.2) −1.2 (−3.2 to 0.8)

No. of organ failure-free days, days 1 to 28
All patients 7.5 (8.7) 8.0 (8.9) −0.5 (−1.9 to 1.0)

Nonfermenting GNB 7.0 (9.4) 5.8 (8.8) 1.2 (−1.5 to 3.9)

MRSA 6.0 (7.6) 4.7 (6.6) 1.3 (−2.3 to 4.9)

Other bacteria 8.1 (8.6) 9.7 (9.0) −1.5 (−3.5 to 0.4)

Length of ICU stay, d
All patients 30.0 (20.0) 27.5 (17.5) 2.5 (−0.7 to 5.2)

Nonfermenting GNB 28.4 (18.4) 27.5 (17.8) 0.9 (−4.4 to 6.2)

MRSA 35.8 (19.4) 32.9 (17.9) 2.9 (−6.6 to 12.4)

Other bacteria 29.2 (18.3) 26.5 (17.2) 2.7 (−1.1 to 6.6)

No. (%) of Patients
Risk Difference

(90% CI), %

Unfavorable outcome*
All patients 91 (46.2) 89 (43.6) 2.6 (−5.6 to 10.7)

Nonfermenting GNB 37/64 (57.8) 31/63 (49.2) 8.6 (−5.9 to 23.1)

MRSA 12/21 (57.1) 16/21 (76.2) −19.0 (−42.5 to 4.4)

Other bacteria 42/112 (37.5) 42/120 (35) 2.5 (−7.9 to 12.9)

Death, day 60
All patients 50 (25.4) 57 (27.9) −2.6 (−9.8 to 4.7)

Nonfermenting GNB 20/64 (31.3) 24/63 (38.1) −6.8 (−20.7 to 7.0)

MRSA 8/21 (38.1) 8/21 (38.1) 0 (−24.6 to 24.6)

Other bacteria 22/112 (19.6) 25/120 (20.8) −1.2 (−9.9 to 7.5)

In-hospital mortality
All patients 63 (32) 61 (29.9) 2.1 (−5.5 to 9.7)

Nonfermenting GNB 22/64 (34.4) 26/63 (41.3) −6.9 (−21.0 to 7.2)

MRSA 11/21 (52.4) 9/21 (42.8) 9.5 (−15.7 to 34.8)

Other bacteria 30/112 (26.8) 26/120 (21.7) 5.1 (−4.1 to 14.4)
Abbreviations: CI, confidence interval; GNB, gram-negative bacilli; ICU, intensive care unit; MV, mechanical ventilation;

MRSA, methicillin-resistant Staphylococcus aureus.
*An unfavorable outcome was defined as death, pulmonary infection recurrence, or prescription of a new antibiotic for

any reason provided that this new treatment exceeded 48 hours before day 28.
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able to more pulmonary infection re-
currences. However, despite this higher
recurrence rate, neither the mortality

nor unfavorable outcome rate was
higher for patients with VAP caused by
those pathogens when their antimicro-

bial therapy lasted only 8 days. There-
fore, pending the results of studies di-
rectly evaluating this point, we believe

Figure 3. Physiological and Functional Score Changes From Day 1 to Day 28
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that 8 days of antibiotics could be safely
implemented for all patients with VAP,
including those with infections caused
by nonfermenting gram-negative ba-
cilli, provided that extreme vigilance be
maintained after cessation of antimi-
crobial therapy and fiberoptic bron-
choscopy be performed as soon as pos-
sible when relapse is suspected, as was
the case in this study.

To the best of our knowledge, only
a few studies have assessed the opti-
mal duration of antimicrobial therapy
in patients with VAP.24,40,41 In a recent
cohort study of 102 consecutive pa-
tients with VAP prospectively evalu-
ated before and after the application of
a clinical guideline restricting the total
duration of antibiotics to 7 days for se-
lected patients (those who were nei-
ther bacteremic nor neutropenic and
who became afebrile under therapy), no
statistically significant differences in
hospital mortality rates and durations
of hospitalizations were found be-
tween the 2 study groups; however, in
contrast to our results, after-group pa-
tients whose mean duration of treat-
ment was 7 days, were less likely to
develop a second episode of VAP com-
pared with those in the before group.24

That study evaluated not only the
implementation of a new therapeutic
protocol but also new measures for VAP
prevention, which could explain why
a lower rate of VAP recurrences was
documented during its second part.

This trial is limited by uncertainty
about the potential effect of its un-
blinded design. A more rigorous design
would have been to use a double-blind
scheme throughout the entire study—
ie, from day 1 to day 28. However, in-
sofar as the choice of antibiotics was left
to the treating physician, the use of a pla-
cebo for each of the drugs that was pre-
scribed would have posed insurmount-
able technical and logistical problems.
Furthermore, because of the necessity to
be able to adapt the dosages of certain
antibiotics as a function of their plasma
concentrations, the “blind” aspect of the
study would obviously have no longer
existed for certain patients. However, in-
vestigators were not aware of the dura-

tion of antibiotics until day 8 and every
effort was made to standardize patient
follow-up, using rigorous criteria to
evaluate their outcome.

The second limitation is that a rela-
tively large subset of ICU patients, as in-
dicated on the flow-chart (Figure 1), was
excluded from our study, especially
those with early-onset pneumonia who
had not received previous antibiotics,
those who were severely immunocom-
promised, those who had little chance
of survival (as defined by a SAPS II �65)
and, most importantly, those for whom
the initial empirical antimicrobial
therapy was not appropriate, as deter-
mined by the susceptibility patterns of
the causative microorganisms. In addi-
tion, the diagnosis of pulmonary infec-
tion had to be confirmed by significant
(�103 or �104 colony-forming units/
mL) quantitative culture results of bron-
choscopic specimens to avoid the inclu-
sion of patients with less severe forms
of respiratory-tract infection, such as tra-
cheobronchitis. Thus, the results of this
study cannot necessarily be extended to
other ICU populations, which we did not
evaluate.

Finally, it is important to acknowl-
edge that our trial was not designed to
directly test the hypothesis that 8 days
of antibiotics for patients with VAP is
superior to a 15-day regimen, in terms
of minimizing adverse drug effects, or
in documenting its cost effectiveness.
We did not conduct a formal cost-
benefit study.

In summary, for ICU patients who
develop microbiologically proven VAP,
we found no clinical advantage of pro-
longing antimicrobial therapy to 15 days
compared with 8 days. The diverse clini-
cal characteristics and reasons for
mechanical ventilation among patients
enrolled in this trial and the consis-
tency of the results suggest that our con-
clusions may be applicable to many
critically ill patients who develop VAP,
with the possible exception of immu-
nocompromised patients, those whose
initial empiric antimicrobial treat-
ment was not appropriate for the caus-
ative microorganisms, and those whose
infections were caused by a nonfer-

menting gram-negative bacillus, includ-
ing P aeruginosa. Such an approach
could help control health care costs and
contain the emergence of bacterial resis-
tance in the ICU.
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