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Nosocomial Pneumonia*
The Importance of a De-escalating Strategy for
Antibiotic Treatment of Pneumonia in the ICU

Gert Höffken, MD; and Michael S. Niederman, MD, FCCP

Nosocomial pneumonia is the second most frequent nosocomial infection and represents the
leading cause of death from infections that are acquired in the hospital. In the last decade, a large
body of data has accumulated that points to the substantial impact of inadequate antibiotic
treatment as a major risk factor for infection-attributed mortality in ventilator-associated
pneumonia (VAP) patients. In most instances, high-risk pathogens (eg, highly resistant Gram-
negative bacilli, such as Pseudomonas aeruginosa and Acinetobacter spp, as well as methicillin-
resistant staphylococci) are the predominant microorganisms causing excess mortality. Among
various risk factors for mortality from VAP, which include the severity of the underlying disease
and the degree of functional physiologic impairment caused by the pulmonary infectious process,
only inappropriate antibiotic therapy is directly amenable to modification by clinicians. Second-
ary modifications of an initially failing antibiotic regimen do not substantially improve the
outcome for these critically ill patients. Therefore, the best approach for reducing infection-
related mortality seems to be the initial institution of an adequate and broad-spectrum antibiotic
regimen in severely ill patients, which should be modified in a de-escalating strategy when the
results from microbiologic testing become available. To circumvent the inherent danger of the
emergence of resistance in ICU patients, additional measures have to be implemented and tested
in clinical trials to reduce antibiotic consumption, shorten the duration of antibiotic treatment,
and reduce the selection pressure on the ICU flora. This latter goal could be met by new
antibiotic strategies including scheduled changes of recommended empiric antibiotic regimens at
fixed intervals on a rotating basis. (CHEST 2002; 122:2183–2196)

Key words: de-escalating antibiotic strategy; ICU; nosocomial pneumonia; ventilator-associated pneumonia

Abbreviations: APACHE � acute physiology and chronic health examination; ATS � American Thoracic Society;
CI � confidence interval; CPIS � clinical pulmonary infection score; NP � nosocomial pneumonia; OR � odds ratio;
VAP � ventilator-associated pneumonia

N osocomial pneumonia (NP) or hospital-acquired
pneumonia is defined as pneumonia occurring

� 48 h after hospital admission and excluding any
infection that is incubating at the time of hospital
admission.1 NP is currently the second most common
hospital-acquired infection.2–4 Depending on the un-

derlying illnesses, comorbid diseases, and therapeutic
interventions, the incidence ranges from 5 to 10 cases
per 1,000 hospital admissions in patients without major
risk factors, but may increase 6-fold to 20-fold in ICU
patients who are receiving mechanical ventilation.1,5

The duration of stay in the ICU and the duration of
mechanical ventilation are the major predisposing fac-
tors for acquiring NP. Depending on the type of ICU
that was studied, the patient population that was in-
cluded, and the diagnostic techniques that were ap-
plied, the incidence of acquiring NP varies from 7.8 to
68% (in mechanically ventilated patients), as reported
by several authors.5–7

The NP rate increases with the length of the ICU
stay (rate at 7 days, 15.8%; rate at 14 days, 23.4%),
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the use of mechanical ventilation (12.5 cases per
1,000 patient-days compared to 20.5 cases per 1,000
ventilator-days), as well as with the duration of
mechanical ventilation.6–11 In the study by Langer et
al,9 the risk of VAP increased from 5% in patients
who received ventilation for 5 days to � 68.8% for
patients who received ventilation for 30 days. The
actuarial risk of VAP equaled 6.5% at day 10 of
ventilation and increased to 28% at day 28.10 How-
ever, in the prospective cohort study of the Canadian
Critical Care Trials Group,12 a decreasing daily
hazard of VAP during mechanical ventilation (3%
per day during the first week vs 1% per day during
the third week and beyond) was reported, indicating
that long-term survivors in the ICU exhibited a lower
intrinsic risk per day for ventilator-associated pneu-
monia (VAP) than did short-term ventilated patients.
Some of the other risk factors for VAP showed a
similar time dependency, with the risk ratio of VAP
associated with antibiotics being 0.30 (95% confi-
dence interval [CI], 0.17 to 0.52) at day 5 and
increasing to 0.89 (95% CI, 0.25 to 3.31) at day 20,
indicating that the magnitude of the protective effect
of antibiotic exposure decreased over time.

These incidence rates might not represent the real
frequency of NP because in most studies cited, the
diagnosis pneumonia was established only by clinical
criteria. This imposes a substantial bias because of
the intermediate sensitivity and specificity of this
approach.13 In an older study, Fagon et al14 used a
protected specimen brush as the reference method
in 147 ventilated patients, and found that the appear-
ance of pulmonary infiltrates and purulent tracheal
secretions did not correlate with microbiological
criteria for pneumonia in the majority (70%) of the
their patients. Even with the knowledge of all clini-
cal, radiologic, and laboratory data, the same group
could demonstrate that the clinical diagnosis of
pneumonia, for patients in whom pneumonia was
subsequently diagnosed by bronchoscopic methods,
was accurate in only 62% of patients.13 Using histo-
logic criteria combined with positive lung culture
results as a reference standard for diagnosing pneu-
monia, Fabregas et al15 found a sensitivity of only
69% and a specificity of 75% for clinical criteria.
Even worse, combining noninvasive as well as inva-
sive sampling techniques to improve the diagnostic
yield in the patients who had infiltrates seen on a
chest radiograph and two of three clinical criteria,
there were still 15% of patients in whom the diag-
nosis of pneumonia could not be established. Thus,
in some settings, the potential of underdiagnosis
means that the precise incidence of NP might be
higher than that reported, and this failure or delay in
diagnosis might impair the outcomes for these pa-
tients who went without a diagnosis. On the other

hand, in other settings, the overdiagnosis of pneu-
monia might enhance antibiotic consumption, in-
crease the emergence of resistance, or increase the
likelihood of fungal colonization in the respiratory
tract.

Attributable Mortality

There are numerous studies16–20 that have de-
scribed increased mortality in ICU patients who have
developed nosocomial infections, but some of these
patients may have died regardless of the presence of
infection, and thus not all deaths are attributable to
infection. However, with an attributable mortality
rate from nosocomial bacteremia ranging from 14 to
38% (average, 27%), it was estimated that up to
62,000 deaths are the direct consequence of this
infection each year in the United States.19 Since the
cause of death in patients with nosocomial infections
is multifactorial, the crude and attributable mortality
rates may differ considerably. For example, Freeman
and McGowan21 reported a crude prevalence odds
ratio (OR) for mortality of 4.0 for nosocomial infec-
tion but, after controlling for the severity of the
underlying illnesses, could not demonstrate excess
mortality. Nevertheless, since the risk factors for
nosocomial infection and the risk factors for death
are directly related, the severity of the underlying
disease can influence both events, especially con-
founding the effect in patients with increasing sever-
ity of illness. When measuring the severity of the
underlying illness according to various prognostic
scoring systems (eg, APACHE [acute physiology and
chronic health examination] II score and therapeutic
intervention scoring system score), the greatest im-
pact of nosocomial infection on mortality has been
found in patients with moderately severe illness,
rather than in those patients with mild or extremely
severe illness.16,17,22 Thus, patients with a relatively
good a priori prognosis stand to benefit the most
from vigorous and accurate antiinfective strategies.
However, those patients with very mild illnesses may
recover independently of the presence of infection,
while those with very severe illnesses may die re-
gardless of the accuracy of the antibiotic therapy.

In the case of patients with NP, the crude mortal-
ity rate is as high as 70%,23,24 but the American
Thoracic Society (ATS) has defined the term attrib-
utable mortality as the percentage of deaths that
would not have occurred in the absence of this
infection.1 This definition implies the presence of
two components for mortality. First is the impact of
timely and appropriate antibiotic therapy, which can
help some patients survive their infection. In these
instances, the term attributable mortality refers to
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the possibility that, with adequate and fully effective
therapy, NP would not be associated with excess
mortality, particularly in those patients with moder-
ately severe illness. However, patients with certain
infecting microorganisms (eg, Pseudomonas aerugi-
nosa) may not be able to be treated adequately, and
in addition, these organisms also can promote in-
flammation and pathophysiologic alterations in the
lung parenchyma. Thus, in these instances, attribut-
able mortality refers to both the pneumonia process
and its consequences, as well to the efficacy of
therapy.25–27

While early studies8,14,28–35 reported excess mor-
tality and the prolongation of hospital stays in pa-
tients with NP, more recent have studies employed
methodologies that could appropriately define the
component of attributable mortality. More recent
studies14,30–35 have compared the mortality rates of
those patients with NP to patients with similar
degrees of illness but without pneumonia using
matched-cohort and case-control designs that were
adjusted for confounding factors. In all of these
studies,14,30–34 NP increased the length of stay in the
ICU, but the impact on mortality was less clear.
Some authors could not demonstrate an excess death
rate that was attributable to NP, whereas others
found that one third to one half of all deaths in
patients with NP were the direct result of pulmonary
infection.5,14,30–35 Thus, Fagon et al14 showed that in
ventilated patients with a total mortality rate of 54%,
half of the deaths could be attributed to the infection
itself (Fig 1). Differences in study design and case
mix can account for some of these varied results, but
it is also possible that different investigators achieved
different results as a consequence of using different
approaches to diagnosis and treatment. In general,
attributable mortality has been reduced in centers
that use prompt and adequate antibiotic therapy, and
very little attributable mortality has been observed in
surgical patients compared to that in medical pa-
tients.30,31 Attributable mortality may be especially

high in patients infected with certain high-risk or-
ganisms, such as P aeruginosa or Acinetobacter spp,
infections that can have an attributable mortality rate
as high as 42.8%.27,30,36–38

Risk factors in patients with NP can be separated
into those for developing infection, those for crude
mortality, and those for attributable mortality (Table
1). Risk factors influencing crude mortality are type
of ICU (ie, medical vs surgical), age, type and
severity of underlying disease, time of onset of
pneumonia, radiographic pattern, severity of pneu-
monia, presence of high-risk respiratory pathogens,
respiratory failure, shock, or inappropriate antibac-
terial treatment.3,8,23,28,36,37 The risk factors for at-
tributable mortality include severity of illness, viru-
lence of the etiologic pathogen, and the use of
inappropriate antibiotic therapy.3,13 Each of these
factors is examined in detail below.

Influence of Severity of Illness

While Bueno-Cavanillas et al22 found that patients
at the extremes of disease severity did not have
excess mortality from nosocomial infection, oth-
ers8,37,39,40 have found that, in general, severity of
illness is an independent risk factor for excess mor-
tality in patients with NP, with a worse prognosis for
those with more severe illness. However, severity
must be assessed serially throughout the hospital
stay, since the APACHE II score on admission to the
ICU is a poor predictor of outcome in patients who
subsequently develop VAP.41 On the other hand,
there is a closer correlation between APACHE II
score or simplified acute physiologic score II, mea-
sured after the development of VAP, and the out-
come in patients with VAP.42 In cardiac surgery

Figure 1. Mortality attributable to infection in mechanically
ventilated patients with NP. Adapted from Fagon et al.13

Table 1—Independent Risk Factors of VAP for
Incidence and Mortality in Patients With NP*

Variables Relative OR

Incidence
Gastric aspiration 5.1
Reintubation more than once 5.0
COPD 1.9
PEEP 1.7
MV duration � 3 days 1.2

Mortality
Worsening ARF 11.9
Underlying condition (UF/RF) 8.8
Inappropriate antibiotic treatment 5.8
ICU—noncardiac surgery 3.4
Shock 2.8

*Adapted from Torres et al.8 PEEP � positive end-expiratory pres-
sure; MV � mechanical ventilation; ARF � acute renal failure;
UF � ultimately fatal; RF � rapidly fatal.
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patients, acquiring an organ system failure index
score of � 3 during the ICU stay that correlated with
the APACHE II score was the most important
determinant of mortality.43 Similarly, in a study by
Rello et al,37 the severity of illness when NP was
diagnosed (and not at ICU admission or 24 h after
ICU admission) was the most important predictor of
survival. These findings indicate that the develop-
ment of pneumonia itself has an impact on outcome
that cannot be predicted at the time of ICU admis-
sion, before the onset of VAP, since the development
of pneumonia itself increases the severity of illness
and the APACHE II score.37 These observations also
suggest that the degree to which the observed
mortality exceeds the mortality predicted by ICU
admission APACHE II score is another measure of
the impact, or attributable mortality, of infection on
outcome in critically ill patients.

Influence of Specific Etiologic Agents

Some pathogens impair prognosis to a greater
degree than others. Infections caused by pathogens
of primary endogenous origin (ie, organisms coloniz-
ing patients on ICU admission), such as oral flora, do
not generally cause significant excess mortality if
appropriate therapy is started early.40,41,44 In con-
trast, episodes caused by Gram-negative bacilli of
secondary endogenous origin (ie, microorganisms
acquired during the ICU stay) colonizing the diges-
tive tract and upper respiratory tract cause signifi-
cant excess mortality, even if appropriate therapy is
initiated early.27,37,40,44 Pathogens acquired exog-
enously (eg, from ventilator circuits) seem to have a
similar impact on mortality. In a study of late-onset
VAP by Rello et al,38 nonfermenting Gram-negative
bacilli accounted for � 25% of the pathogens iso-
lated by protected specimen brush, yet they caused
up to 80% of pneumonia-related deaths. Similarly, in
patients with late-onset VAP, Kollef et al36 found
that NP due to certain high-risk microorganisms (ie,
nonfermenting Gram-negative bacilli) was an inde-
pendent risk factor for hospital mortality.

When pneumonia is caused by P aeruginosa or
Acinetobacter spp, the attributable mortality rate
exceeds 40% and the relative risk of death is 2.50.13

In a study of ICU patients with VAP due to
P aeruginosa, all of whom received early and appro-
priate antimicrobial chemotherapy, the mortality
rate attributed to the pulmonary infection was
13.5%.27 In this investigation, by excluding patients
who did not receive adequate antimicrobial treat-
ment, the true impact of P aeruginosa VAP, despite
the use of accurately targeted therapy, could be
assessed. In another investigation, Rello et al45 ob-

served that patients with infections caused by methi-
cillin-resistant Staphylococcus aureus had a mortality
rate that was up to 20 times greater than that of
patients with infections caused by methicillin-sensi-
tive strains.

There are multiple risk factors for VAP with
high-risk pathogens. Kollef et al36 found that the
recovery of high-risk microorganisms from patients
with late-onset VAP was related to the duration of
mechanical ventilation and the length of hospital stay
prior to ICU admission. Rello and colleagues38,46

found that previous antibiotic therapy, particularly
third-generation cephalosporin agents, increased the
likelihood of VAP due to oxacillin-resistant staphylo-
cocci and highly resistant Gram-negative bacilli.
Similar associations were recorded in other clinical
trials.47–51 In the study by Trouillet et al,52 the
following three variables remained significant, by
logistic regression, as risk factors for the presence of
potentially drug-resistant bacteria (such as methicil-
lin-resistant S aureus or P aeruginosa) in patients
with VAP: duration of mechanical ventilation
� 7 days (OR, 6.9); prior antibiotic use (OR, 13.5);
and prior use of broad-spectrum antimicrobial
agents (OR, 4.1). The rate for the presence of
multiresistant microorganisms in 135 episodes of VAP
increased from 0%, in the low-risk group of patients
who had received mechanical ventilation for
� 7 days and had no prior antibiotic use, to 58.6%, in
the group with both risk factors present. Additional
risk factors for high-risk pathogens (eg, P aeruginosa)
included structural lung disease and the prior admin-
istration of corticosteroids.1,49

Influence of Inappropriate Antibiotic
Therapy

In the last 10 years, evidence has accumulated
showing that initial inappropriate antibiotic treat-
ment is an important independent risk factor for
excess mortality in patients with NP. The term
inadequate antibiotic therapy is not standardized,
thus making conclusions from these studies difficult
and only partially comparable. In some investiga-
tions, the adequacy of antibiotic treatment refers to
the administration of antibiotics according to the
recommendations and guidelines of scientific societ-
ies in conjunction with pharmacologic and microbi-
ologic considerations.8 Other authors44,53 have re-
stricted the definition of adequate antibiotic therapy
to sensitivity patterns from in vitro tests that result in
the antibiogram of the etiologic pathogen instead of
relating it to the clinical response to therapy, thus
focusing only on microbiologically documented in-
fections. In 1988, Celis et al23 described inappropri-
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ate antibiotic treatment as an independent risk factor
for mortality in nonneutropenic patients with NP,
however, outcome was not adequately controlled for
confounding factors (eg, severity of underlying dis-
ease). In 1990, Torres et al8 found that inappropriate
antibiotic therapy was associated with a relative OR
for death of 6.81.

Four studies have confirmed these findings. In a
prospective observational study, Luna et al54 inves-
tigated the impact of inadequate antibiotic treatment
at three different time points during the course of
VAP on the mortality of patients with VAP. At the
time of the clinical diagnosis, or at the first suspicion
of the development of VAP, 25% of patients received
adequate antibiotic therapy and 52% received inad-
equate treatment, as judged retrospectively by the
therapy given, compared to the in vitro sensitivity of
organisms recovered in BAL fluid. The remainder of
the patients received no initial antibiotic therapy.
Most of the patients receiving antibiotic therapy at
the time of VAP onset were treated for other rea-
sons. In only a few patients was antibiotic treatment
initiated because of evolving VAP. At this early time
point, Luna et al54 observed a mortality rate of 38%
if antibiotic treatment was appropriate and a mortal-
ity rate of 91% if this treatment was inadequate. This
difference was statistically significant. However, at
later time points, there was no reduction in mortality
for adequate therapy, compared to inadequate ther-
apy, emphasizing the need to provide the right
therapy in a timely fashion. (Fig 2)

Rello et al47 made similar observations, showing a
doubling of attributable mortality for patients with
VAP who had inadequate initial treatment compared
to adequate antibiotic therapy (37.0% vs 15.4%,
respectively). In their prospective 1-year study of NP
that was acquired in medical and surgical ICUs,
Alvarez-Lerma55 also found a significant influence of
inappropriate antibiotic treatment on mortality
(24.7% of patients [36 of 146 patients] who received

inadequate therapy died vs 16.2% of patients [46 of
284] receiving appropriate therapy; p � 0.03). Inad-
equate antimicrobial treatment also was associated
with an increase in the number of complications per
patients (2.25 vs 1.73, respectively), a higher inci-
dence of shock (28.8% vs 17.1%, respectively), and a
higher incidence of GI bleeding (21.2% vs 10.7%,
respectively). More corroborating data were pro-
vided by Kollef and Ward56 using mini-BAL fluid
cultures in 130 patients with suspected VAP. They
found a higher OR for mortality in patients receiving
inadequate antibiotic therapy than in those receiving
adequate therapy (Table 2).

In a large prospective cohort study of 2,000 criti-
cally ill patients, Kollef and coworkers39 investigated
the influence of inadequate antimicrobial treatment
of community-acquired and nosocomial infections as
a risk factor for hospital mortality. Inappropriate
antibiotic treatment, which was defined as the initial
use of antibiotics to which the identified pathogens
were resistant, was identified as the most important
risk factor for hospital mortality for the entire cohort.
Of all infected patients who were admitted to ICU,
almost half (43.7%) developed a nosocomial infec-
tion, and 8.5% of all patients initially received inad-
equate antibiotic treatment of the infection. Inade-
quate treatment was most common among patients
with nosocomial infections that developed after
the treatment of a community-acquired infection
(45.2%) and among those with nosocomial infections
alone (34.3%). These populations had a high inci-
dence of inadequate therapy, because they were very
likely to acquire infection with antibiotic-resistant
Gram-negative organisms (41.1% and 43.2%, respec-
tively) and antibiotic-resistant Gram-positive organ-
isms (30.1% and 15.0%, respectively.). Those who
received adequate therapy had a statistically signifi-
cant greater crude mortality rate than those who

Figure 2. Mortality rates plotted in relation to the adequacy of
antibiotic therapy at three different time points (ie, pre-BAL,
post-BAL, and postresult) Adapted from Luna et al.54

Table 2—Risk Factors for Mortality in Patients
With VAP*

Clinical Feature Adjusted OR 95% CI

Inadequate antibiotic therapy† 3.28 2.12–5.06
Cancer 2.56 1.51–4.36
Immunocompromised status 2.45 1.56–3.85
Start or change of antibiotic therapy‡ 1.27 0.96–1.69
Premorbid lifestyle score§ 1.18 0.91–1.54
Age� 1.01 1.00–1.03

*Adapted from Kollef and Ward.56

†Defined as patients who had microorganisms isolated from mini-
BAL cultures that were resistant to the prescribed antibiotic
regimen.

‡After performing mini-BAL.
§One-point increments.
�One-year increments.
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received inadequate therapy (52.1% vs 23.5%, re-
spectively), and there were also differences in infec-
tion-related mortality rates (42.0% vs 17.7%, respec-
tively) [Fig 3]. In this study, as well as others, the
main reason for inadequate antibiotic treatment was
the presence of either antibiotic-resistant Gram-
positive bacteria or antibiotic-resistant Gram-nega-
tive bacteria (Table 3). This association also may
explain why inadequate therapy also was associated
with prior administration of antibiotics, the presence
of bloodstream infection, and increasing severity of
illness, which are common associations of antibiotic
resistance.

Impact on Outcome of Modifying Empiric
Therapy According to the Results of

Diagnostic Testing

With strong data showing that initial appropriate
antibiotic therapy is crucial for improving the prog-
nosis of patients with NP, some investigators have
evaluated whether microbiologic data, obtained by
noninvasive or invasive bronchoscopic procedures,
can be used to modify antibiotic therapy. When the
value of this strategy (ie, changing from inadequate
to adequate antibiotic therapy) on outcome has been
evaluated, most studies have found no improvement
in mortality.47,54,56,57 For example, in a study by Rello
et al,47 inadequate antibiotic therapy was identified
microbiologically by using the results of bronchos-
copy and modified in 23.9% of patients with VAP
with very little beneficial effect. Sanchez-Nieto et
al57 compared the impact of invasive diagnostic
techniques (via fiberoptic bronchoscopy) and nonin-
vasive diagnostic techniques (via quantitative endo-
tracheal aspirates) on the outcomes of patients with
VAP. They found that bronchoscopy led to more
frequent changes in antibiotic therapy than noninva-
sive techniques, but did not favorably influence
mortality.

Kollef and Ward56 obtained a positive culture by
mini-BAL in 60 of their 130 patients with VAP
(46.2%), but 73.3% of these patients had received
inadequate antibiotic therapy. Based on the mini-
BAL fluid culture results, antibiotic therapy was
started or changed in 51 patients, remained un-
changed in 51 patients, and was stopped in 28
patients. The hospital mortality rate of the subgroup
with started/changed antibiotic treatment was signif-
icantly greater than in the other two subgroups
(60.8% vs 33.3% and 14.3%, respectively). Thus,
changing or modifying initially inadequate antibiotic
treatment did not improve outcome, probably be-
cause the change occurred too late in the course of
illness to have a beneficial effect. In the investigation
by Luna et al,54 modification of the antibiotic treat-
ment according to the BAL data resulted in 88%
adequate treatment in the patients still alive when
results became available. However, this adjustment
did not improve the outcome significantly (ie, mor-
tality was no better in patients receiving adequate
treatment after the BAL results were known than in
patients who continued to receive inadequate ther-
apy) [Fig 2].

All these studies show that modifying an initial
inadequate therapy (including no initial antibiotic
therapy), according to microbiological results, in
severely ill patients with VAP does not translate into
a better outcome. This is probably because the time
window is too short to change an inappropriate
antibiotic therapy regimen soon enough to reduce
mortality in patients with VAP. This relates to the
controversies in diagnosing VAP, since invasive diag-
nostic methods are unlikely to impact mortality in
VAP patients unless they increase the likelihood of
adequate initial therapy, and no study has claimed
that these methods are capable of creating such a
result. For example, Fagon et al58 found that patients
who had received a diagnosis of VAP and were
treated for VAP based on bronchoscopic data, rather
than on clinical data, had a reduced mortality, but
that the different outcomes in the groups could be
ascribed to differences in the adequacy of the initial
empiric therapy, which seemed to vary randomly,
and not as the direct result of a specific diagnostic
strategy. In addition, the number of resistant organ-
isms was fewer in the bronchoscopically managed
group, which may explain some of the differences in
the adequacy of initial therapy. All of these data
argue for the wisdom of initial therapy being broad-
spectrum and accurate, but once the microbiological
data become available and the patient’s response to
therapy is evaluated, it is also necessary to de-
escalate therapy in order to avoid prolonged use of a
broader spectrum of antibiotic therapy than is justi-
fied by the available information. While a de-esca-

Figure 3. Hospital mortality and infection-related mortality
rates for infected patients from all causes in patients receiving
either initially inadequate antimicrobial treatment or initially
adequate antimicrobial treatment. Adapted from Kollef et al.39
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lating approach to antibiotic therapy (ie, culture-
guided treatment) may not help individual patients,
it could benefit the ICU as a whole by reducing the
selection pressure for resistance. The use of micro-
biological data also may reveal important information
for future patients. Cultures of respiratory specimens
from clinical infection sites can serve as a form of
database for defining local patterns of antibiotic
resistance, which then can guide therapy recommen-
dations.1 In addition, in patients with “nonresolving”
NP, either bronchoscopy or tracheal aspirates might
identify a bacteriologic reason for nonresponse even
in presence of antibiotics.59,60

The clinical impact of a de-escalating strategy was
evaluated by Singh et al61 in ICU patients with
pulmonary infiltrates. These authors used the clinical
pulmonary infection score (CPIS), which is based on
clinical, laboratory, microbiological, and radiologic
measurements as the operational measures used in
the decision making about antibiotic treatment. In
patients with clinically diagnosed pneumonia and a
CPIS score of � 6 at the time of the initiation of
antibiotic treatment (implying a low likelihood of
pneumonia or an early form of infection), patients
were randomized to a standard duration of therapy
or a strategy for shortening the duration of therapy
using a high-dose quinolone therapy regimen (inter-
vention group). If the CPIS was � 6 at day 3, the
intervention group was allowed to discontinue ther-
apy, but if the score was � 6, they continued to
receive therapy. When comparing patients in the
intervention group to patients who received the
standard therapy, there were no differences in mor-
tality, but there were reductions in cost, antibiotic
usage, and antibiotic resistance. In fact, antimicro-
bial resistance, superinfections, or both developed in

15% of patients (5 of 37 patients) in the intervention
group vs 35% of patients (14 of 37 patients) in the
standard therapy group.

The ability to use clinical methods to de-escalate
antibiotic therapy was well-demonstrated in the
study by Singh et al, but similar results can also be
accomplished using invasive microbiologic investiga-
tions.58,62 Not only did Fagon et al58 show that
invasive management (protected specimen brush or
BAL) of suspected VAP could reduce the 14-day
mortality rate compared to a noninvasive approach,
but they also demonstrated that the invasive ap-
proach allowed the withholding or stopping of ther-
apy in many patients, which in turn led to signifi-
cantly more antibiotic-free days and less of an
emergence of Candida spp. In contrast, Ruiz et al62

conducted a multicenter prospective study of sus-
pected VAP using the following two diagnostic ap-
proaches: a noninvasive strategy (ie, endotracheal
aspirates only); and an invasive strategy (ie, broncho-
scopy-retrieved respiratory specimens). The crude
30-day mortality rate, the adjusted mortality rate,
and the mortality rate in patients with microbiolog-
ically confirmed pneumonia were equal in both
groups. One possible explanation for their findings
was the high rate of using adequate therapy in both
groups, and thus no impact on mortality was likely.
However, the study was not set up to show the
feasibility of using either approach to de-escalate
therapy. In looking at both of these studies, the
importance of appropriate initial antibiotic therapy
as a major predictor of outcome is once again clear.
However, the need for initial therapy that is accurate
must be combined with a commitment to the de-
escalation of therapy, and even the shortening of the
duration of therapy, once microbiological and clini-

Table 3—Pathogens Present in Patients Receiving Inadequate Initial Empiric Therapy of VAP*

Variables Alvarez-Lerma55 Kollef and Ward56 Luna et al54 Rello et al47

Culture-positive patients 430 60 65 100
Patients receiving initial inadequate therapy 146 (34) 44 (73) 34 (52) 27 (27)
Organisms associated with inadequate therapy

P aeruginosa 64 19 7 20
S aureus† 30 12 25 3
Acinetobacter spp 28 3 27 0
K pneumoniae 2 1 13 0
S pneumoniae 3 0 0 0
H influenzae 1 0 0 1
E coli 4 0 0 2
Enterobacter spp 8 4 0 0
Proteus mirabilis 4 0 1 0
S marcescens 5 3 0 0
S maltophilia 0 5 0 0

*Values given as No. (%). Adapted from Kollef.69

†Commonly methicillin-resistant.
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cal data become available. Although this approach
has been suggested, there are few studies that have
applied the combination of aggressive empiric ther-
apy and de-escalation, so this approach requires
validation. However, one recent study63 utilized a
broad-spectrum empiric therapy regimen with a plan
to focus therapy on culture data after 24 to 48 h and
to shorten the duration of therapy to 7 days if
possible, with the end result being more accurate
therapy of a shorter duration, with no negative effect
on mortality.

Etiologic Spectrum and Therapeutic
Implications

In patients with early onset of severe NP (ie, a stay
of � 5 days in the hospital), a group of core organ-
isms are most likely responsible for infection, and
these include Streptococcus pneumoniae, methicil-
lin-sensitive S aureus, Haemophilus influenzae, as
well as nonresistant enteric Gram-negative bacilli
like Escherichia coli, Klebsiella spp, Proteus spp,
Enterobacter spp, and Serratia marcescens.1 In ad-
dition, up to half of the episodes of VAP are polymi-
crobial in origin.64–66

In patients who develop severe NP later (ie, a stay
of � 5 days in the hospital), the spectrum includes
the above-mentioned core organisms plus highly
resistant Gram-negative bacteria, such as P aerugi-
nosa and Acinetobacter spp as well as methicillin-
resistant S aureus.67–73 For example, Luna et al54

most frequently isolated S aureus, Acinetobacter
spp, Klebsiella pneumoniae, and P aeruginosa, with
each being involved in 20 to 50% of the cases.
Twenty of the 32 isolated organisms of S aureus were
methicillin-resistant. Acinetobacter spp and/or S au-
reus (at least one of them) were involved in 74% of
the episodes of pneumonia. Thus, many of the
late-onset pneumonias involve resistant organisms,
and this may add to the high frequencies of inade-
quate therapy that have been reported in some
series. In fact, P aeruginosa, multiresistant S aureus,
Acinetobacter spp, K pneumoniae, Enterobacter spp,
and Stenotrophomonas maltophilia have been the
most common pathogens associated with inadequate
antimicrobial therapy in patients with culture-proven
VAP (Table 3).47,54–56,69 The clinical impact of these
highly resistant pathogens is not well-understood,
but some investigations point to an increased fatality
rate attributed to these microorganisms, compared
to bacteria lacking major resistance patterns.36,72

In patients who have received previous antibiotic
treatment, the spectrum of etiologic microorganisms
is especially diverse, including high-risk pathogens
such as Acinetobacter spp, P aeruginosa, and Gram-

negative bacilli.10,36,38,46 In the study of Trouillet et
al,52 among 135 patients with VAP, a duration of
mechanical ventilation of � 7 days, prior antibiotic
use (OR, 13.5), and prior use of broad-spectrum
drugs were the most important risk factors associated
with antibiotic-resistant bacteria. Likewise, Rello et
al27 established the presence of chronic obstructive
lung disease, prolonged duration of mechanical ven-
tilation, and prior use of antibiotics as being major
determinants for infections by P aeruginosa in pa-
tients with VAP. Methicillin-resistant S aureus was
shown to be associated with prior steroid treatment,
prolonged mechanical ventilation, age of � 25 years,
preceding COPD, and prior antibiotic therapy.48

Thus, the chance of multidrug-resistant pathogens
being present in patients with VAP is greatest in
those with long hospital and ICU stays, prior antibi-
otic therapy, multiple comorbidities, and prolonged
mechanical ventilation.1,36 In these circumstances,
initial narrow-spectrum antibiotic regimens should
not be used since they will most likely not cover the
most common microorganisms and will necessitate
the modification of the initial regimen due to poor
clinical response or primary resistance.54,67 In addi-
tion, several studies have documented the need to
know local microbiologic patterns of resistance in
order to predict the likely etiologic pathogens and
their sensitivity to antibiotics, and thus assure that
the initial empiric therapy is adequate. In a retro-
spective multicenter trial, a statistically significant
difference in the incidence of specific multiresistant
pathogens was observed at four different centers that
collected quantitative cultures of bronchoscopic
samples in patients with late-onset VAP.68 In the
subgroup of patients with the highest probability of
having potentially drug-resistant bacteria (ie, those
with a duration of mechanical ventilation of � 7 days
with prior antibiotic use), a high rate of VAP by
multiresistant bacteria was noted (at least 58%), but
the centers differed in the frequency of specific
species (eg, P aeruginosa, Acinetobacter baumannii,
or S maltophilia).

Multiresistant bacteria add to the number of ad-
verse outcomes for VAP patients in a number of ways
but can commonly predispose the patient to initially
inadequate therapy. In the study of Alvarez-Lerma,55

antibiotics were administered empirically at the time
of 490 of 565 NP episodes in 530 ICU patients. The
initial empiric treatment had to be changed in 214
episodes (43.7%), and the failure to cover an infect-
ing pathogen (62% of episodes) was the most com-
mon reason for switching antibiotics. In this study,
P aeruginosa, S aureus, and Acinetobacter spp were
associated most often with ICU-acquired pneumo-
nia, and initial therapy failed to cover 50% of
Acinetobacter and Enterobacter spp, and 36.8% of
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P aeruginosa isolates. Other pathogens most likely to
be treated insufficiently were S marcescens and
S aureus (Table 4). Administration of combination
therapy with �-lactam antibiotics and aminoglyco-
sides (in � 75% of the cases these regimens were
given) was significantly associated with the need for
modification and, consequently, increased mortality,
indicating the limited efficacy of aminoglycosides in
the treatment of pneumonia in the ICU in this
study.55

In the study by Kollef and Ward,56 the most
common reason for inadequate coverage was isola-
tion of Gram-negative bacteria that were resistant
to the prescribed third-generation cephalosporin
(ceftazidime, 19 patients; ceftriaxone, 4 patients).
Other reasons for treatment alteration were the need
to add therapy with vancomycin for the treatment of
methicillin-resistant S aureus, the identification of
Gram-negative bacteria resistant to an aminoglyco-
side, ciprofloxacin, or imipenem, and the need to add
antifungal or antiviral therapy.

VAP is widely believed to result from the mi-
croaspiration of oropharyngeal material despite the
presence of an inflated endotracheal tube cuff. An-
aerobic bacteria are frequently encountered in the
oropharyngeal flora, but the role of anaerobes as a
cause of VAP is not clear and has been widely
debated.69–71 In most studies, the importance of
anaerobes was not evaluated with rigorous isolation
and identification techniques for anaerobes, al-
though some studies47,54–56,70,71 have used accurate
diagnostic procedures and standardized specimen
processing. In the study of Marik and Careau,70 the
respiratory specimens obtained by protected speci-
men brush were processed by the microbiological
laboratory within 20 min and were cultured on
specific plates for anaerobic enrichment. Neverthe-
less, in no case of VAP could anaerobes be detected
as the causative microorganism. In contrast, using
the protected specimen brush as in the study of
Marik and Careau,70 Doré et al71 isolated anaerobes
in 30 of 130 patients (23%). However, in only four

patients (3%) were anaerobes the only strains iso-
lated in the cultures. In the remaining patients,
polymicrobial infections were recorded. Thus, the
occurrence of pure anaerobic VAP seems to be a rare
event, and routine therapy for infections caused by
these organisms may not be needed, especially since
it can add to further resistance problems with such
organisms as vancomycin-resistant enterococcus.74

Guidelines for Rational Empiric Therapy

The need to use initial empiric therapy that is of a
broad spectrum, as recommended by the ATS guide-
lines,1 is justified by an awareness that antibiotic-
resistant organisms are common in critically ill pa-
tients, and that their presence adds to an enhanced
likelihood that certain narrow-spectrum therapies
will be inadequate and thereby will add to the risk of
death from nosocomial infection. Initial adequate
therapy must be given promptly, since modifying an
initially inadequate regimen is unlikely to improve
outcome. In order to choose an appropriate initial
antibiotic treatment, local as well as national resis-
tance data, can be used to guide the decision. For the
treatment of infection by Gram-negative bacteria,
imipenem, ciprofloxacin, and gentamicin display
good in vitro activity in contrast to that of broad-
spectrum penicillins and cephalosporins (Table 5).73

According to the ATS recommendations,1 the anti-
biotics used for the treatment of patients with early-
onset severe NP should be second-generation or
third-generation cephalosporins, �-lactam/�-lacta-
mase inhibitor combinations, a fluoroquinolone, or
clindamycin plus aztreonam. In patients with late-
onset severe NP, the recommended treatment in-
cludes an aminoglycoside or ciprofloxacin plus one of
the following: imipenem; an antipseudomonal,
broad-spectrum penicillin; antipseudomonal, third-
generation cephalosporins; or aztreonam. Mero-
penem, piperacillin/tazobactam, or cefepime might
also be administered as antipseudomonal antibiotics.

Table 4—Pathogens Not Covered by Initial Antimicrobial Therapy for ICU-Acquired Pneumonia*

Microorganisms Isolated Total No.
Appropriate

Antibiotic, No.
Inappropriate
Antibiotic, No.

Not Covered by
Antibiotic, %

P aeruginosa 174 110 64 36.8
S aureus 102 72 30 29.4
Acinetobacter spp 56 28 28 50.0
Klebsiella spp 21 19 2 9.5
S pneumoniae 21 18 3 14.3
H influenzae 21 20 1 4.8
E coli and other enteric Gram-negative bacilli† 61 40 21 34.4

*Adapted from Alvarez-Lerma.55

†Enterobacter spp, P mirabilis, and S marcescens.
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Glycopeptides should be added if infection with
methicillin-resistant S aureus is strongly suspected,
but for now linezolid or quinupristin/dalfopristin
might serve as alternatives for glycopeptides.1

In Favor of De-escalating Initially Broad-
Spectrum Therapy

Considering the importance of adequate initial
antibiotic therapy in critically ill patients with NP,
a de-escalating strategy (ie, starting with broad-
spectrum antibiotic therapy followed by narrow-
spectrum specific therapy, according to microbio-
logical results) seems to be the preferred approach
rather than starting narrow-spectrum therapy and
then broadening the spectrum once culture data are
available. Initial broad-spectrum antibiotic therapy
provides maximum benefit for the individual, se-
verely infected patient, whereas switching to a spe-
cific antibiotic therapy according to microbiological
data may help to minimize the risk of emerging
resistance.52,75–79 According to the data of Trouillet
et al,52 only broad-spectrum combination antibiotic
regimens will cover all relevant potentially drug-
resistant bacteria in patients with VAP. They ob-
served that the combination of imipenem plus ami-
kacin and vancomycin provided the broadest in vitro
coverage against the spectrum of methicillin-resis-
tant S aureus, P aeruginosa, Acinetobacter spp, and
S maltophilia that were found in their ICU. Each
ICU should have a profile of its own organisms and
sensitivity patterns in order to design a similar
ICU-specific antibiotic regimen that is likely to be
effective when used empirically.

According to the guidelines of the ATS,1 the initial
antibiotic therapy should be based on specific risk
factors that influence the spectrum of causative
microorganisms in patients with NP. In patients with
a high probability of infection due to multiresistant
bacteria, such as late-onset pneumonia, in those who

have received prior antibiotic treatment, or in those
who have had prolonged stays in the ICU before
developing pneumonia, combination antimicrobial
therapy is recommended with drugs that are active
against P aeruginosa, Acinetobacter spp, and possibly
methicillin-resistant S aureus. Some patients may be
de-escalated to a monotherapy regimen, based on
the clinical response and the results of pertinent
cultures that are available at day 2 to 3. In general,
for nonbacteremic infections, monotherapy is as
effective as combination therapy, although the emer-
gence of resistance of P aeruginosa is a major threat
that might require the use of combination thera-
py.80–86 The rationale for initial combination therapy is
to prevent this emergence of resistance during therapy
and to take advantage of the observation that some
studies81 have shown improved outcomes in patients
with P aeruginosa infections that were treated in this
way. On the other hand, a large body of evidence has
shown the efficacy and cost-effectiveness of certain
monotherapy regimens if highly resistant organisms are
not present. Effective monotherapy agents for patients
with severe NP that is not due to highly resistant
organisms include imipenem, ciprofloxacin, mero-
penem, piperacillin/tazobactam, and cefepime.82–85

One great concern about the widespread use of
broad-spectrum empiric therapy in the ICU is the
fear of the emergence of multidrug-resistant patho-
gens. The factors predisposing the patient to resis-
tance are numerous, including prior antibiotic use
especially at suboptimal levels, suboptimal treatment
duration, or prolonged duration of stay in the hospi-
tal or ICU.10,38,72,77 However, if empiric therapy is
administered in a timely manner, using highly effec-
tive agents that lead to rapid bacterial killing, the
emergence of resistance could theoretically be min-
imized.85 The Centers for Disease Control and Pre-
vention have suggested79 that the optimization of
antibiotic use can be enhanced by education about
appropriate antibiotic use and by providing data to

Table 5—Antimicrobial Resistance in Gram-Negative Enteric Bacteria in 49 Hospitals in the United States*

Drugs E coli K pneumoniae Enterobacter cloacae P aeruginosa S marcescens

Ampicillin 655 (41) 524 (98) 329 (96) 169 (92) 142 (97)
Pipericillin 417 (41) 368 (36) 247 (41) 367 (9) 108 (16)
Ampicillin/sulbactam 382 (38) 355 (40) 182 (84) 131 (92) 97 (89)
Cefotaxime 304 (2) 288 (12) 171 (37) 198 (78) 82 (7)
Ceftriaxone 376 (1) 331 (9) 246 (39) 244 (73) 110 (9)
Aztreonam 301 (3) 245 (9) 187 (46) 286 (26) 68 (4)
Imipenem 397 (1) 369 (1) 295 (1) 407 (10) 98 (4)
Gentamicin 657 (3) 541 (13) 387 (12) 481 (19) 157 (8)
Ciprofloxacin 520 (1) 424 (8) 261 (7) 437 (15) 123 (7)
Trimethoprim-sulfamethoxazole 627 (14) 500 (17) 350 (15) 252 (87) 152 (4)

*Values given as No. of isolates tested (% resistant). Original data73 included other antibiotics. Adapted from Edmond et al.73
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physicians about the types of resistant organisms
seen in their own ICU as part of an ongoing surveil-
lance program that could minimize the risk of anti-
biotic resistance.

Additionally, strategies such as scheduled changes
of antibiotic regimens or routine microbiological
surveillance-guided changes of antibiotic policy also
may reduce the risk of emerging resistant strains.
Kollef et al78 have shown that a planned proactive
approach of change by routinely varying the antibi-
otic policy (eg, from using ceftazidime to using
ciprofloxacin) in an ICU setting may be useful in
preventing the emergence of resistance by reducing
the selection pressure for bacteria. Instead of using a
certain standard antibiotic regimen for a period of
time and then changing to another regimen for the
next period, an alternative might be treating consec-
utive patients with different antibiotic regimens
within the same time period to reduce selection
pressure for highly resistant nosocomial pathogens
within the ward.

The first trials on antibiotic cycling have yielded
conflicting results. Dominguez et al86 observed a
reduced rate of Gram-negative resistance in their
hematology-oncology unit when comparing four dif-
ferent time periods with different antibiotic regi-
mens, but also observed an increase in Gram-posi-
tive resistance, which was due mainly to a marked
increase in enterococcal infection. In the study of
Kollef et al,78 two 6-month periods in a cardiac
surgical ICU were compared, one period in which
ceftazidime was used and the other period in
which ciprofloxacin was used. The incidence of
VAP was significantly decreased in the second
period, mainly because of a reduction of antibiotic-
resistant, Gram-negative bacteria that were asso-
ciated with VAP, but there was no change in the
incidence of pneumonia caused by Gram-positive
bacteria. In another study by Gruson et al,87 the
antibiotic policy in a medical ICU was changed
from the nonrestrictive prescription of mainly
ceftazidime and ciprofloxacin (in the 2-year period
before change) to the restriction of the prescrip-
tion of these two drugs to empiric and therapeutic
use, combined with the rotation of antibiotic
regimens for VAP, without favoring any one drug
in the 2-year period after the change. Interest-
ingly, a significant reduction of clinically suspected
and microbiologically documented VAP in the
period after the change was found, accompanied
by an increase of susceptibilities of potentially
antibiotic-resistant bacteria, especially P aerugi-
nosa and Burkholderia cepacia, and a decrease in
methicillin-resistant S aureus that were responsi-
ble for VAP. No impact on mortality was noted in
either of these studies. To date, the impact of

antibiotic rotation strategies on Gram-negative
resistance seems to be favorable, but studies of
Gram-positive rotation are needed now that we
have therapeutic alternatives to vancomycin.

Conclusion

Substantial resources have been directed to and
efforts have been made to improve and promote
rational antibiotic use in ICUs. To date, no antibiotic
or antibiotic regimen could be linked to a sustained
better outcome in severely ill patients with VAP in
terms of morbidity, mortality, and related costs.
However, we have learned that there is a reduction
in mortality with any regimen that is given promptly
and is adequate for the identified etiologic patho-
gens. One approach to solving these problems might
be to establish a local antibiotic policy that focuses on
one of the main factors predicting mortality in
patients with VAP, which is the use of initial inade-
quate empiric antibiotic therapy in critically ill pa-
tients with NP. Besides vigorous efforts to improve
the diagnostic procedures for establishing the pres-
ence of NP, only a strategy of initiating an immediate
broad-spectrum antibiotic treatment covering all po-
tential high-risk pathogens in severely ill patients
with VAP might lower the unacceptably high fatality
rate of this common disease in the ICU. An approach
of initially using narrow-spectrum therapy, correct-
ing for initially inadequate therapy once culture data
are available, is unlikely to be successful. On the
other hand, if initial therapy must be broad-spec-
trum in order to be adequate, it is also necessary to
de-escalate the therapy once microbiological and
clinical response data become available. For many
patients, the culture data will not show the presence
of highly resistant pathogens, and in these individu-
als therapy can be narrowed, or even reduced, to a
single agent. In some patients, the clinical response
will allow for a shortening of the duration of therapy.

To circumvent the inherent danger of augmenting
the selection pressure on microorganisms following
from the use of broad-spectrum antibiotic therapy,
additional measures have to be implemented and
tested in prospective clinical trials, focusing on the
following questions. (1) Can invasive procedures
with quantitative cultures of respiratory specimens
distinguish between high-risk and low-risk patients
with VAP, using specific concentrations of colony-
forming units as a threshold? (2) Do broad-spectrum
antibiotic regimens with a single drug produce the
same clinical outcome, with less selection pressure
on the microbial flora, as does combination therapy?
(3) Can high-dose, broad-spectrum antibiotic cover-
age enhance the clearance of infecting pathogens
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from the respiratory tract with the chance of short-
ening the treatment duration, thus reducing the
potential for the emergence of resistance? (4) What
is the impact of alternating antibiotic regimens, using
a scheduled change of antibiotic treatment in the
ICU, on clinical outcomes, costs, and the emergence
of resistance? (5) What is the optimal duration of
antibacterial therapy in patients with VAP? (6) How
can we best de-escalate therapy while achieving good
outcomes and controlling resistance?
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37 Rello J, Rué M, Jubert P, et al. Survival in patients with
nosocomial pneumonia: impact of the severity of illness and
the etiologic agent. Crit Care Med 1997; 25:1862–1867

38 Rello J, Ausina V, Ricart M, et al. Impact of previous
antimicrobial therapy on the etiology and outcome of venti-
lator-associated pneumonia. Chest 1993; 104:1230–1235

39 Kollef MH, Sherman G, Ward S, et al. Inadequate antimi-
crobial treatment of infections: a risk factor for hospital
mortality among critically ill patients. Chest 1999; 115:462–
474

40 Rello J, Vallés J. Mortality as an outcome in hospital-acquired
pneumonia. Infect Control Hosp Epidemiol 1998; 19:795–
797

41 Brewer SC, Wunderink RG, Jones CB, et al. Ventilator-
associated pneumonia due to Pseudomonas aeruginosa. Chest
1996; 109:1019–1029

42 Froon AHM, Bonten MJM, Gaillard CA, et al. Prediction of
clinical severity and outcome of ventilator-associated pneu-
monia. Am J Respir Crit Care Med 1998; 158:1026–1031

43 Kolleff MH, Wragge T, Pasque C. Determinants of mortality
and multiorgan dysfunction in cardiac surgery patients requir-
ing prolonged mechanical ventilation. Chest 1995; 107:1395–
1401

44 Vallés J, Artigas A, Rello J, et al. Continuous aspiration of
subglottic secretions in preventing ventilator-associated
pneumonia. Ann Intern Med 1995; 122:179–186

45 Rello J, Ricart M, Ausina V, et al. Pneumonia due to
Haemophilus influenzae among mechanically ventilated pa-
tients: incidence, outcome, and risk factors. Chest 1992;
102:1562–1565

46 Rello J, Vallés J, Jubert P, et al. Lower respiratory tract
infections following cardiac arrest and cardiopulmonary re-
suscitation. Clin Infect Dis 1995; 21:310–314

47 Rello J, Gallego M, Mariscal D, et al. The value of routine
microbial investigation in ventilator-associated pneumonia.
Am J Respir Crit Care Med 1997; 156:196–200

48 Rello J, Torres A, Ricart M, et al. Ventilator-associated
pneumonia by Staphylococcus aureus: comparison of methi-
cillin-resistant and methicillin-sensitive episodes. Am J Respir
Crit Care Med 1994; 150:1545–1549

49 Rello J, Ausina V, Ricart M, et al. Risk factors for infection by
Pseudomonas aeruginosa in patients with ventilator-associ-
ated pneumonia. Intensive Care Med 1994; 20:193–198

50 Medeiros AA. Nosocomial outbreaks of multiresistant bacte-
ria: extended-spectrum beta-lactamases have arrived in North
America [editorial]. Ann Intern Med 1993; 119:428–430

51 Niederman MS. Gram-negative colonization of the respira-
tory tract: pathogenesis and clinical consequences. Semin
Respir Infect 1990; 5:173–181

52 Trouillet JL, Chastre J, Vuagnat A, et al. Ventilator-associated
pneumonia caused by potentially drug-resistant bacteria.
Am J Crit Care Med 1998; 157:531–539

53 Wunderink RG. Mortality and ventilator-associated pneumo-
nia: the best antibiotics may be the least antibiotics [editorial].
Chest 1993; 104:993–995

54 Luna CM, Vujacich P, Niederman MS, et al. Impact of BAL
data on the therapy and outcome of ventilator-associated
pneumonia. Chest 1997; 111:676–685

55 Alvarez-Lerma F. Modification of empiric antibiotic treat-
ment in patients with pneumonia acquired in the intensive
care unit: ICU-Acquired Pneumonia Study Group. Intensive
Care Med 1996; 22:387–394

56 Kollef MH, Ward S. The influence of mini-BAL cultures on
patient outcomes: implications for the antibiotic management
of ventilator-associated pneumonia. Chest 1998; 113:412–420

57 Sanchez-Nieto JM, Torres A, Garcia-Cordoba F, et al. Impact
of invasive and noninvasive quantitative culture sampling on
outcome of ventilator-associated pneumonia: a pilot study
[published erratum in Am J Respir Crit Care Med 1998;
157:1005]. Am J Respir Crit Care Med 1998; 157:371–376

58 Fagon J-Y, Chastre J, Wolff M, et al. Invasive and noninvasive
strategies for management of suspected ventilator-associated
pneumonia: a randomized trial. Ann Intern Med 2000; 132:
621–630

59 Souweine B, Veber B, Bedos JP, et al. Diagnostic accuracy of
protected specimen brush and bronchoalveolar lavage in
nosocomial pneumonia: impact of previous antimicrobial
treatments. Crit Care Med 1998; 26:236–244

60 Niederman MS. Bronchoscopy for ventilator-associated
pneumonia: show me the money (outcome benefit) [editori-
al]! Crit Care Med 1998; 26:198–199

61 Singh N, Rogers P, Atwood CW, et al. Short-course empiric
antibiotic therapy for patients with pulmonary infiltrates in
the intensive care unit. Am J Respir Crit Care Med 2000;
162:505–511

62 Ruiz M, Torres A, Ewig S, et al. Noninvasive vs invasive
microbial investigation in ventilator-associated pneumonia.
Am J Respir Crit Care Med 2000; 162:119–125

63 Ibrahim EH, Ward S, Sherman G, et al. Experience with a
clinical guideline for the treatment of ventilator-associated
pneumonia. Crit Care Med 2001; 29:1109–1115

64 Rouby JJ, Martin D, Lassale E, et al. Nosocomial broncho-
pneumonia in the critically ill: histologic and bacteriologic
aspects. Am Rev Respir Dis 1992; 146:1059–1066

65 Craven DE, Steger KA, Barber TW. Preventing nosocomial
pneumonia: state of the art and perspectives for the 1990s.
Am J Med 1991; 91:44S–53S

66 Fagon JY, Chastre J, Hance AJ, et al. Detection of nosocomial
lung infection in ventilated patients: use of a protected
specimen brush and quantitative culture techniques in 147
patients. Am Rev Respir Dis 1988; 138:110–116

67 Pierson CL, Friedman BA. Comparison of susceptibility to
beta-lactam antimicrobial agents among bacteria isolated
from intensive care units. Diagn Microbiol Infect Dis 1992;
15(suppl):19S–30S

68 Rello J, Sa-Borges M, Correa H, et al. Variations in etiology
of ventilator-associated pneumonia across four treatment
sites. Am J Crit Care Med 1999; 160:608–613

69 Kollef MH. Antimicrobial therapy of ventilator-associated
pneumonia [editorial]. Chest 1999; 115:8–11

70 Marik PE, Careau P. The role of anaerobes in patients with
ventilator-associated pneumonia and aspiration. Chest 1999;
115:178–183
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