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Summary

Ventilator-associated pneumonia is a common complication of ventilatory support for patients with
acute respiratory failure and is associated with increased morbidity, mortality, and costs. Optimal
antimicrobial therapy is an essential part of successful management of ventilator-associated pneu-
monia. Numerous safe and effective antimicrobial drugs are available, and their efficacy can be
optimized by attention to basic pharmacokinetic and pharmacodynamic principles. An adequate
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initial empiric antimicrobial regimen is essential, because inadequate initial therapy is consistently
associated with increased mortality. This regimen must be selected before final microbiology results
become known, but likely pathogens and antimicrobial resistance patterns can be predicted based
on published guidelines, patient-specific factors, and local epidemiologic data. Nevertheless, the
initial regimen must often be broad-spectrum and typically requires combination therapy, with 2 or
3 different drugs, if there are risk factors for multidrug-resistant pathogens. The antimicrobial
regimen can be narrowed or discontinued as culture and susceptibility results permit. This de-
escalation strategy ensures adequate initial antimicrobial therapy for most patients but lessens
unnecessary antimicrobial exposure. The best diagnostic approach used to guide therapy, the
optimum duration of therapy, and the roles of combination therapy, rotating therapy, and uncon-
ventional approaches to antimicrobial therapy all remain uncertain. Key words: ventilator-associated
pneumonia, mechanical ventilation, treatment, nosocomial, pneumonia, antibiotic, antimicrobial, antibi-
otic-resistant, antimicrobial-resistant, pharmacokinetic, pharmacodynamic, review. [Respir Care 2005;
50(7):932–952. © 2005 Daedalus Enterprises]

Introduction

The Importance of Ventilator-Associated Pneumonia

Ventilator-associated pneumonia (VAP) is pneumonia
that develops while a patient is receiving mechanical ven-
tilation. The causes of VAP are many and varied, and
antimicrobial resistance among VAP pathogens is increas-
ingly prevalent.1 VAP is presently the most common nos-
ocomial infection experienced by critically ill patients, es-
pecially in trauma, burn, and neurosurgical units.2 Whether
VAP causes attributable mortality has been controversial
because of the challenges of controlling for severity of
illness, comorbidities, and other factors that may influence
mortality.3,4 Nevertheless, VAP is clearly associated with
increased morbidity, including prolonged duration of me-
chanical ventilation, prolonged length of stay, and mark-
edly increased health care costs.3,4

Strategies for Providing Optimal Antimicrobial
Therapy

Optimal antimicrobial therapy of VAP is critically
important, because inadequate initial antimicrobial ther-
apy has consistently been associated with increased mor-
tality.4,5 However, excessive antimicrobial therapy leads

to unnecessary treatment-related complications and costs
and contributes to a further increase in the prevalence of
antimicrobial resistance.4,6 This apparent paradox has
led to the development of a strategy for antimicrobial
treatment of VAP called “de-escalation.” According to
this approach, a broad-spectrum combination antimicro-
bial regimen is selected initially, to ensure adequate
coverage for all potential pathogens, even those with
multidrug resistance. Once microbiology results are
available, and after observing the clinical response, the
initial empiric regimen can be narrowed or discontinued
to prevent unnecessarily broad or prolonged antimicro-
bial use and its attendant risks and costs. This de-esca-
lation strategy is schematized in Figure 1.

The goals of this paper are to review basic principles of
antimicrobial therapy that are pertinent to the management
of VAP, to review the prevalence and importance of an-
timicrobial resistance in VAP pathogens, to describe var-
ious strategies and guidelines for choosing antimicrobial
therapy for VAP, to discuss unresolved controversies in
the use of conventional antimicrobial therapy, and to con-
sider unconventional approaches to using antimicrobial
therapy for VAP.

Basic Principles of Antimicrobial Therapy
Pertinent to VAP

Definitions

The terms “antimicrobial” and “antibiotic” are often used
interchangeably, but have different meanings. Antimicro-
bial drugs are chemicals or substances that selectively in-
hibit the growth of microbes. Antimicrobials are distin-
guished from antiseptics and disinfectants by the fact that
antimicrobials have sufficiently low mammalian toxicity
that they can be tolerated systemically. Antibiotics are a
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naturally occurring subcategory of antimicrobial drugs that
are produced by living microbes rather than by synthetic
chemistry techniques. This distinction has little practical
importance and is often blurred when natural antibiotic
compounds are chemically modified to produce altered
pharmacologic properties. Nevertheless, in this paper I will
use the term antimicrobial to indicate both natural and
synthetic compounds with antimicrobial activity. The main
focus of this paper will be the antibacterial treatment of
bacterial causes of VAP.

Classes of Antimicrobial Drugs, Mechanisms of
Action, and Antimicrobial Spectra

All antimicrobials work by interfering with basic met-
abolic functions of the microbial cell, such as cell wall
formation, deoxyribonucleic acid (DNA) replication, ribo-
nucleic acid (RNA) synthesis, protein synthesis, synthesis
of essential metabolites, and maintenance of cell mem-
brane integrity. Individual antimicrobials may be bacteri-
cidal or bacteriostatic, depending on whether, at clinically
achievable concentrations, they kill bacteria outright or
merely inhibit bacterial growth. Antimicrobial drugs can
be classified in various ways; the most practical seems to
be on the basis of their structure and mechanisms of an-
timicrobial action. An outline of this categorization for
antibacterial drugs is shown in Table 1.

Many classes of antimicrobial drugs function by inhib-
iting bacterial cell wall formation. These include the beta-
lactam-ring-containing penicillins, cephalosporins,

monobactams, and carbapenems. All of these drugs bind
to bacterial penicillin binding proteins and prevent pepti-
doglycan cross-linking in the cell wall. The glycopeptide
antibiotic vancomycin is another cell-wall-synthesis inhib-
itor with an unrelated structure. It works by binding to
peptidoglycan precursor moieties. All of these cell wall-
active drugs are bactericidal.

Another large group of antimicrobial drugs interferes
with bacterial protein synthesis. All work by binding to
various subunits of the ribosome or ribosome-RNA com-
plex and inhibiting protein translation. The aminoglyco-
sides bind irreversibly and have bactericidal activity. The
macrolides, tetracyclines, lincosamides, oxazolidinones,
and streptogramins all bind reversibly and are generally
bacteriostatic in action. However, at high concentrations
they may be bactericidal for certain pathogens.

A single class of antimicrobial drugs functions by in-
terfering directly with DNA replication. The fluoroquino-
lones inhibit DNA gyrase and topoisomerases that are es-
sential for DNA replication during cell division.
Fluoroquinolones are bactericidal.

Rifamycins such as rifampin, best known as anti-tuber-
culosis drugs, block RNA synthesis by inhibiting the DNA-
dependent RNA polymerase.

Antimetabolite antimicrobials block critical bacterial
metabolic pathways. For example, the sulfonamide drug
and para-amino benzoic acid analog sulfamethoxazole
functions by inhibiting dihydropteroate synthase and in-
terfering with nucleic acid synthesis. Sulfonamides are
bacteriostatic, but can be bactericidal when combined with
a sequential inhibitor of folate metabolism such as tri-
methoprim.

Finally, antimicrobial drugs of the polymixin class, such
as colistin, insert themselves into the bacterial plasma mem-
brane in detergent-like fashion and impair the permeability
barrier function of the cell, leading to rapidly bactericidal
effects.

The antimicrobial spectrum of an antimicrobial drug
refers to the types of pathogens that are susceptible to
killing by the drug. This, in turn, depends on the drug’s
mechanism of action and whether or not a specific patho-
gen is susceptible to attack by that mechanism. Table 2
lists commonly used antimicrobial drugs and the patho-
gens that usually can be treated with each drug. The mi-
crobial causes of VAP were reviewed in the previous issue
of RESPIRATORY CARE.1

Pharmacokinetic and Pharmacodynamic Principles

The efficacy of any antimicrobial drug depends on the
concentrations of the drug that can safely be achieved and
maintained in the blood and at the site of infection (phar-
macokinetics), and the antimicrobial activity of the drug at

Fig. 1. Schematic representation of the de-escalation strategy for
antimicrobial management of ventilator-associated pneumonia.
From left to right: Ventilator-associated pneumonia is suspected
on the basis of clinical and radiographic features, and a variety of
potentially multidrug-resistant pathogens may be responsible. Af-
ter obtaining microbiology samples, broad-spectrum empiric an-
timicrobial therapy is initiated. Based on the microbiology and
antimicrobial susceptibility results, the initial empiric antimicrobial
regimen can be narrowed or even discontinued. Finally, the dura-
tion of therapy can be shortened if the clinical response and patho-
gen are favorable. MRSA � methicillin-resistant Staphylococcus
aureus. ESBL � extended spectrum beta-lactamase producing
bacilli. NF GNR � nonfermenting Gram-negative rods.
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that concentration-time profile against a given pathogen
(pharmacodynamics).7,8 The key concepts of pharmacoki-
netics are illustrated in Figure 2. The drug concentration in
blood or tissues rises rapidly after a single dose, reaches a
maximum concentration (Cmax), then falls steadily toward
zero. Repeated doses at regular intervals lead to steady-
state maximum (peak) and minimum (trough) drug levels
that depend on the dose, the dosing interval, the volume of
distribution, and the rate of clearance. The concentration-
time profile for any particular antimicrobial regimen can
be compared against the minimum inhibitory concentra-
tion (MIC) of the drug necessary to inhibit bacterial growth
by 90% (the MIC90).

For some types of antimicrobial drugs, predictable bac-
terial killing correlates best with the ratio between the
Cmax and the MIC90, or between the area under the curve
(AUC) of the drug-concentration-versus-time profile and
the MIC (AUC/MIC). The higher the concentration of the
drug above the MIC, the more effective the killing. This

form of pharmacodynamic response is termed concentra-
tion-dependent killing. Concentration-dependent killing is
most characteristic of the effects of aminoglycoside and
fluoroquinolone antimicrobials. In experimental models
and in clinical studies, a Cmax/MIC ratio of � 10 or an
AUC/MIC ratio of � 125 hours predicts a favorable clin-
ical and bacteriological response.9–12

For other classes of antimicrobial drugs, maximal kill-
ing depends not on the peak concentration of the drug, but
on the proportion of time that the drug concentration ex-
ceeds the MIC. This form of response is termed concen-
tration-independent killing, or time-dependent killing. Con-
centration-independent killing is characteristic of most of
the cell wall-active antibiotics. In infection models and in
clinical studies, inhibition of growth is likely if the drug
concentration exceeds the MIC for at least 40% of the
dosing interval, and a maximal bacteriological response is
predicted if the drug concentration exceeds the MIC for at
least 60–70% of the dosing interval.7,9,13,14

Table 1. Classification of Antimicrobial Drugs Used in the Treatment of Ventilator-Associated Pneumonia, According to Mechanisms of Action

Antibiotic Class Sub-Class/Examples Mechanisms of Action

Cell Wall-Active Drugs
Beta-lactams Penicillins Inhibit cell wall synthesis by binding penicillin binding proteins

Cephalosporins
Monobactams
Carbapenems

Glycopeptides Vancomycin Inhibit cell wall synthesis by binding peptidoglycan precursor molecules

Protein Synthesis Inhibitors
Aminoglycosides Gentamycin Inhibit protein synthesis by binding irreversibly to 30S ribosomal subunit
Macrolides Erythromycin Inhibit protein synthesis by binding reversibly to 50S ribosomal subunit
Tetracyclines Doxycycline Inhibit protein synthesis by interfering with tRNA attachment to mRNA-ribosome

complex
Lincosamide Clindamycin Inhibit protein synthesis by binding reversibly to 50S ribosomal subunit
Oxazolidinones Linezolid Inhibit protein synthesis by interfering with 70S ribosomal-RNA initiation complex
Streptogramins Quinupristin/dalfopristin Inhibit protein synthesis by binding to 50S ribosomal subunits

DNA Synthesis Inhibitors
Fluoroquinolones Ciprofloxacin Inhibit DNA synthesis by blocking DNA gyrase and topoisomerase enzymes

RNA Synthesis Inhibitors
Rifamycins Rifampin Inhibit DNA-dependent RNA polymerase

Antimetabolites
Sulfonamides Sulfamethoxazole Inhibit folic acid synthesis

Miscellaneous Mechanisms
Polymixins Colistin (Polymixin E) Disruption of cytoplasmic membrane function
Nitroimidazole Metronidazole Direct DNA damage after reductive activation of pro-drug

mRNA � messenger ribonucleic acid
tRNA � transfer ribonucleic acid
DNA � deoxyribonucleic acid

ANTIMICROBIAL TREATMENT OF VENTILATOR-ASSOCIATED PNEUMONIA

RESPIRATORY CARE • JULY 2005 VOL 50 NO 7 935



Another interesting pharmacodynamic property of certain
antimicrobial drugs is that their inhibitory effects persist for
some time after the drug concentration has fallen below the
MIC (Fig. 3). This phenomenon is termed the “post-antibiotic

effect.” Most antimicrobials exhibit some post-antibiotic ef-
fect on Gram-positive respiratory pathogens. However, beta-
lactam drugs have no post-antibiotic effect on Gram-negative
bacilli. A prolonged post-antibiotic effect is most character-

Table 2. Antimicrobial Spectrum of Antimicrobial Drugs Used in the Treatment of Ventilator-Associated Pneumonia

Antibiotic Class Specific Examples Target Pathogens

Cell Wall-Active Drugs
Beta-lactams

Penicillins
Natural penicillins Penicillin G SP
Aminopenicillins Ampicillin SP, EGNB, HI, and ES
Penicillinase-resistant Nafcillin, Methicillin MSSA
Anti-Pseudomonal Piperacillin, Ticarcillin HRGNB except ESBL

Cephalosporins
1st-generation Cefazolin MSSA
2nd-generation Cefuroxime SP, HI, and EGNB
3rd-generation Ceftriaxone, Cefotaxime SP, HI, and EGNB

Ceftazidime All GNB except ESBL
4th-generation Cefepime SP, MSSA, and GNB except ESBL

Monobactams Aztreonam HI, EGNB, and HRGNB
Carbapenems Imipenem-cilastatin, SP, MSSA, EGNB,

Meropenem ESBL, HRGNB, ES
Ertapenem SP, MSSA, EGNB, ES

Glycopeptides Vancomycin MRSA, ES

Protein Synthesis Inhibitors
Aminoglycosides Gentamycin, Tobramycin, Amikacin EGNR, HRGNR, MSSA
Macrolides Erythromycin SP, MSSA, LS

Azithromycin, Clarithromycin SP, MSSA, HI, EGNR, LS
Tetracyclines Doxycycline LS

Minocycline AB, SM
Lincosamides Clindamycin MSSA, Anaerobes
Oxazolidinones Linezolid MRSA, VRE
Streptogramins Quinupristin/dalfopristin MRSA, VRE

DNA Synthesis Inhibitors
Fluoroquinolones Ciprofloxacin, Levofloxacin EGNR, HRGNR, MSSA, LS

Moxifloxacin, Gatifloxacin SP, MSSA, HI, EGNR, LS

RNA Synthesis Inhibitors
Rifamycins Rifampin LS, MRSA

Antimetabolites
Sulfonamides Sulfamethoxazole (with Trimethoprim) SM, AB, MRSA, (PC)

Miscellaneous
Polymixins Colistin (Polymixin E) HRGNB
Nitroimidazoles Metronidazole Anaerobes

SP � Streptococcus pneumoniae and other streptococci
EGNB � enteric Gram-negative bacilli
HI � Haemophilus influenzae
ES � enterococcal species
MSSA � methicillin-susceptible Staphylococcus aureus
HRGNB � highly-resistant Gram-negative bacilli
GNB � Gram-negative bacilli
ESBL � extended-spectrum beta-lactamase producing GNB

AB � Acinetobacter species
MRSA � methicillin-resistant Staphylococcus aureus
EGNR � enteric Gram-negative rods
HRGNR � highly resistant Gram-negative rods
LS � Legionella species
SM � Stenotrophomonas maltophilia
VRE � vancomycin-resistant enterococci
PC � Pneumocystis carinii
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istic of aminoglycosides, fluoroquinolones, and carbapenems,
as well as macrolides, tetracyclines, and rifampin.7 Post-an-
tibiotic effects may be even more evident in vivo than in
vitro, because bacterial morphology and expression of viru-
lence factors can be altered by low concentrations of drug
that are insufficient to inhibit bacterial growth in culture me-
dia.15–17 These effects are termed “sub-MIC activity.” Many
of these changes make the bacteria more susceptible to in-
gestion and killing by leukocytes—effects termed “post-an-
tibiotic leukocyte enhancement.”7,16

These pharmacokinetic and pharmacodynamic proper-
ties of antimicrobial drugs have more than academic im-
portance. For instance, a drug that demonstrates concen-
tration-dependent killing and a prolonged post-antibiotic
effect should be administered in large, infrequent doses to
achieve maximum efficacy. Once-daily dose regimens of
aminoglycosides and fluoroquinolones depend on these
principles. In contrast, antimicrobials that demonstrate con-
centration-independent killing and little or no post-antibi-
otic effect are most effective if maintained just above the
MIC of the relevant pathogen. This necessitates the fre-
quent dosing intervals of penicillins and most cephalospo-
rins and underlies the motivation for studying continuous
infusions of these drugs.18,19 Hypothetical dosing regimens
based on these principles are depicted in Figure 4. In ad-
dition, these principles underlie the recommended drug
and dosage recommendations in the joint American Tho-
racic Society/Infectious Diseases Society of America guide-
lines for the management of VAP (Table 3).4

Factors That Influence Antimicrobial
Drug Activity in the Lungs

Penetration of Antimicrobial Drugs Into the Lungs

The pharmacologic principles outlined in the previous
section apply best to a simple single-compartment model

Fig. 3. Post-antibiotic effect. The figure indicates the effect of a
single dose of antimicrobial drug on bacterial growth in 2 different
circumstances. In both cases, growth is inhibited when the drug
concentration exceeds the MIC. After the concentration falls be-
low MIC, bacterial growth either resumes immediately (indicating
no post-antibiotic effect, as during treatment with beta-lactam
antimicrobials) or remains inhibited for a period of time (indicating
a post-antibiotic effect, as occurs during treatment with amino-
glycosides or fluoroquinolones). See text for further explanation.

Fig. 4. The figure shows antimicrobial drug concentrations over
time during 2 hypothetical intermittent dosing regimens. The solid
line indicates concentrations attained using large, infrequent doses.
The peak concentration is higher, but the concentration falls below
the minimum inhibitory concentration (MIC) for a prolonged time.
This approach is optimal when using drugs with concentration-
dependent killing and prolonged post-antibiotic effects such as
aminoglycosides and fluoroquinolones. The dotted line indicates
concentrations attained using smaller, frequent doses. The peak
concentrations are lower, but the concentration rarely falls below
the MIC. This approach is best when using drugs with time-de-
pendent killing such as beta-lactam antibiotics. The logical exten-
sion of this approach is to use continuous infusion that maintains
the drug concentration above the MIC (not shown). See text for
further explanation.

Fig. 2. Basic pharmacokinetic and pharmacodynamic principles.
The figure demonstrates changes in antimicrobial drug concen-
trations over time during regular intermittent dosing. The concen-
tration rises rapidly to a peak (Cmax) before falling to the steady-
state trough level. The proportion of time that the concentration is
above the minimum inhibitory concentration (MIC) and the area
under the curve (AUC) of the concentration-time plot are illus-
trated. See text for explanation.
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such as the bloodstream. When infection involves tissues
such as the lung, several additional factors come into play.
First of all, penetration of antimicrobial drugs from the
blood into the lung is a critical factor in determining the
response to treatment. The partition of drugs between the
blood and lungs is highly variable.20–24 Some drugs appear
to penetrate lung tissue primarily via diffusion (eg, beta-
lactams, vancomycin, aminoglycosides). Others appear to
be concentrated in the lung lining fluid, alveolar macro-
phages, and other leukocytes (eg, macrolides and fluoro-
quinolones).25–27 Obviously, the lung concentration of an-
timicrobial drugs is difficult to measure in patients with
pneumonia because of the inaccessibility of the lungs for
sampling. Bronchoalveolar lavage fluid concentrations
have been used as a surrogate for lung tissue drug con-
centrations. This approach can be improved by correcting

for the variable dilution of lung lining fluid during the
lavage procedure. Lung tissue homogenate levels are in-
tuitively more appealing but can be misleading as to the
free drug concentration in the air spaces or interstitial spaces
where invading microbes are encountered. This is because
lung homogenates include primarily cellular contents, so
lung homogenate antimicrobial concentrations depend
heavily on whether or not the drug has accumulated intra-
cellularly.7 Recently, a novel technique using a microdi-
alysis catheter has been used to measure interstitial anti-
microbial concentrations in the peripheral lung of patients
following thoracic surgery.28–30 This and other techniques
may be useful in clinical pharmacokinetics studies but
seem unlikely to be adopted for routine clinical practice.
One way to circumvent the problem of poor lung penetra-
tion by antimicrobial drugs is to deliver the drugs directly
into the airways. This approach will be discussed in a
subsequent section of this paper.

Effect of the VAP Microenvironment on
Antimicrobial Killing

Lung tissue concentrations of antimicrobial drugs can
vary considerably, compared with serum levels, as dis-
cussed above. Another set of factors influencing the anti-
microbial effects of drugs in the lungs are the local con-
ditions in the lung and VAP microenvironment. Some
otherwise efficacious antimicrobial drugs such as dapto-
mycin are unsuitable for the treatment of pneumonia be-
cause they are inactivated by surfactants in the air spaces.
Others, particularly aminoglycosides, function poorly in
the acidic and hypoxic environment present in an area of
lung consolidation due to pneumonia.31–34 In contrast, be-
ta-lactam antimicrobials appear to have enhanced killing
effects in these conditions.33

Another key factor affecting antimicrobial killing in VAP
is the role of microbes present in the endotracheal tube
biofilm. The biofilm is a complex polysaccharide matrix
that forms an adherent, slimy coating on the surface and
within the lumen of the endotracheal tube, and on other
medical devices. The biofilm may play an important role
in the pathogenesis of VAP by supporting colonization of
the endotracheal tube and facilitating repeated inoculation
of the lower airways.35 Pathogens within the biofilm are
protected from airway mucosal clearance mechanisms and
are protected from systemically administered antimicro-
bial drugs by the wall of the endotracheal tube and by the
fact that the biofilm matrix acts as a barrier to penetration
by the drugs.35,36 In addition, bacteria within the biofilm
adopt a sessile growth pattern and develop numerous func-
tional and morphological changes, compared with their
strain-mates grown in planktonic free-floating form in broth
cultures. The most clinically important of these changes
may be that biofilm growth results in markedly reduced

Table 3. Recommended Dosages of Parenteral Antimicrobial Drugs
Used for the Treatment of Ventilator-Associated
Pneumonia

Antimicrobial Drug Recommended Dosage*

Cephalosporins
Ceftriaxone 1–2 g every 24 h
Cefepime 1–2 g every 8–12 h
Ceftazidime 2 g every 8 h

Carbapenems
Ertapenem 1 g every 24 h
Imipenem 500 mg every 6 h,

or 1 g every 8 h
Meropenem 1 g every 8 h

Beta-Lactam/Beta-Lactamase Inhibitors
Ampicillin-Sulbactam 3 g every 6 h
Piperacillin-Tazobactam 4.5 g every 6 h

Aminoglycosides
Gentamycin 7 mg/kg every 24 h†
Tobramycin 7 mg/kg every 24 h†
Amikacin 20 mg/kg every 24 h†

Antipseudomonal Fluoroquinolones
Moxifloxacin 400 mg every 24 h
Ciprofloxacin 400 mg every 8 h
Levofloxacin 750 mg every 24 h

Drugs Effective Against MRSA
Vancomycin 15 mg/kg every 12 h§
Linezolid 600 mg every 12 h

Miscellaneous
Azithromycin 500 mg every 24 h
Minocycline 100 mg every 12 h
Colistin 2.5–5 mg/kg/d, in

divided doses¶

MRSA � methicillin-resistant Staphylococcus aureus
*These dosages are based on adult patients with normal renal and hepatic function.
†Trough levels for gentamycin and tobramycin should be � 1 �g/mL and for amikacin they
should be � 4–5 �g/mL.
§Trough levels for vancomycin should be 15–20 �g/mL.
¶Colistin doses must be adjusted based on creatinine clearance, usually without measurement
of drug levels. (Adapted from Reference 4.)
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susceptibility to aminoglycoside and beta-lactam antibiot-
ics.36,37

Antimicrobial Resistance in the Setting of VAP

Prevalence of Antimicrobial Resistance in VAP
Pathogens

The spectrum of microbial causes of VAP and the set-
tings in which antimicrobial resistance may be encoun-
tered have recently been reviewed.1,3,4 The prevalence of
antimicrobial resistance among VAP pathogens is steadily
increasing.38,39 Many VAP pathogens exhibit intrinsic re-
sistance to commonly used antimicrobial drugs, but ac-
quired antimicrobial resistance to broad-spectrum antimi-
crobial drugs is becoming increasingly common. For
instance, the most recent summary of data from the Na-
tional Nosocomial Infection Surveillance system compared
antimicrobial resistance rates of intensive care unit (ICU)
pathogens recovered during the era of 1998–2002 with
those tested in 2003.2 Over this short interval, Staphylo-
coccus aureus resistance to methicillin increased 11% and
Klebsiella resistance to 3rd-generation cephalosporins in-
creased an incredible 47%. Over the same interval, Pseudo-
monas resistance to imipenem, fluoroquinolones, and 3rd-
generation cephalosporins increased 15%, 9%, and 20%,
respectively.2 The overall prevalence of antimicrobial re-
sistance among nosocomial ICU pathogens during the pe-
riod from 1998–2004 is shown in Table 4. Basic mecha-
nisms of antimicrobial resistance to commonly used drugs
have been reviewed40–42 and are outlined in Table 5.

Importance of Antimicrobial Resistance in VAP

The increasing emergence of antimicrobial resistance
has reached a crisis stage, prompting some authorities to
warn of a return to the state of helplessness against serious
infections known in the pre-antibiotic era.43–46 Nowhere is
antimicrobial resistance more problematic than in the
ICU.38,44,47 In fact, the specter of antimicrobial resistance
complicates the management of nearly every patient with
VAP. Antimicrobial resistance increases the likelihood of
an inadequate initial antibiotic regimen and of increased
morbidity and mortality resulting from inadequate initial
treatment. As a result, the mere possibility of infection due
to antimicrobial-resistant pathogens necessitates broad-
spectrum initial empiric antimicrobial therapy, usually with
a combination of drugs. This increases the costs of treat-
ment, the occurrence of adverse drug effects, and ironi-
cally, the local prevalence of antimicrobial resistance.

A Clinical Approach to the Antimicrobial Treatment
of VAP

Current Opportunities and Challenges

The clinician responsible for antimicrobial treatment of
critically ill patients with VAP has available a large arma-
mentarium of antimicrobial drugs that are generally safe,
have well-characterized mechanisms of action, and have
well-understood pharmacokinetic and pharmacodynamic
properties. Unfortunately for the clinician, the selection of
antimicrobial therapy for VAP is a complex and challeng-
ing decision because of the diversity of microbial causes

Table 4. Prevalence of Antimicrobial Drug Resistance Among Nosocomial ICU Pathogens in the United States in 1998–2004

Antimicrobial-Resistant Pathogen
Number of

Isolates Tested
Percent

Resistant

Methicillin-resistant Staphylococcus aureus 22,899 52.9
Methicillin-resistant coagulase-negative staphylococci 13,553 76.6
Vancomycin-resistant enterococci 14,140 13.9
Ciprofloxacin-resistant Pseudomonas aeruginosa 13,473 34.8
Levofloxacin-resistant Pseudomonas aeruginosa 5,895 35.3
Ceftazidime-resistant Pseudomonas aeruginosa 12,805 13.9
Piperacillin-resistant Pseudomonas aeruginosa 11,640 17.5
3rd-generation cephalosporin-resistant Enterobacter species 5,328 27.7
Carbapenem-resistant Enterobacter species 4,663 0.7
3rd-generation cephalosporin-resistant Klebsiella pneumoniae 7,529 6.2
3rd-generation cephalosporin-resistant Escherichia coli 12,011 1.3
Quinolone-resistant Escherichia coli 11,776 7.3
Penicillin-resistant pneumococci 1,331 18.9
Cefotaxime/Ceftriaxone-resistant pneumococci 854 7.5

Not shown are carbapenem-resistant Acinetobacter species. (Data from Reference 2.)
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of VAP,1,3 the increasing prevalence of antimicrobial re-
sistance among VAP pathogens,2,38,44,47 delays in receiv-
ing definitive microbiology and susceptibility reports, and
the pressure to avoid excessive antimicrobial drug use.6

Clinical studies have consistently shown that adequate ini-
tial antimicrobial therapy for VAP is associated with lower
mortality rates, compared with patients receiving inade-
quate initial therapy,48–56 and changing to appropriate ther-
apy after waiting for culture results may not reduce the
risk of mortality.49–51 These findings suggest that the se-
lection of initial empiric antimicrobial therapy is a criti-
cally important management decision for patients with
VAP.

Adding to the challenge and reflecting the necessary
considerations for optimal therapy for VAP, experts in
the field draw a distinction between “appropriate” an-
timicrobial therapy and an “adequate” antimicrobial reg-

imen.4 Appropriate therapy means the pathogen is sus-
ceptible to the chosen antimicrobial drug. An adequate
antimicrobial regimen means that appropriate antimi-
crobial drugs are selected, given in optimal dosages, by
the correct route, in effective combinations, and for the
appropriate duration.

A new paradigm for antimicrobial treatment of VAP,
called de-escalation, has evolved over the last decade to
address these challenges and the seemingly opposed goals
of adequate yet not excessive antimicrobial drug use.

De-escalation Strategy for Antimicrobial Treatment
of VAP

De-escalation refers to a strategy of aggressive broad-
spectrum initial empiric antimicrobial therapy, followed
by narrowing or discontinuation of antimicrobial drugs

Table 5. Mechanisms of Resistance to Commonly Used Antimicrobial Drugs

Antibiotic/Class Resistance Mechanism Representative Pathogen(s)

Penicillins/Cephalosporins Altered penicillin-binding protein Staphylococcus aureus
Beta-lactamases Pseudomonas aeruginosa

Enterobacter cloacae
Acinetobacter baumannii

Extended-spectrum beta-lactamases Klebsiella pneumoniae
Escherichia coli

Efflux pumps Pseudomonas aeruginosa
Outer-membrane porin protein deficiency Pseudomonas aeruginosa

Enterobacter cloacae
Aztreonam Altered penicillin-binding protein Staphylococcus aureus

Beta-lactamases Pseudomonas aeruginosa
Enterobacter cloacae

Extended-spectrum beta-lactamases Klebsiella pneumoniae
Escherichia coli

Carbapenems Altered penicillin-binding protein Staphylococcus aureus
Acinetobacter baumannii

Outer membrane porin protein deficiency Pseudomonas aeruginosa
Acinetobacter baumannii

Carbapenemase Pseudomonas aeruginosa
Acinetobacter baumannii

Efflux pumps Pseudomonas aeruginosa
Vancomycin Altered peptidoglycan precursor Staphylococcus aureus

Enterococci
Aminoglycosides Efflux pumps Pseudomonas aeruginosa

Aminoglycoside-altering enzymes Pseudomonas aeruginosa
Linezolid Altered ribosomal subunit Staphylococcus aureus

Enterococci
Streptogramins Altered ribosomal subunit Staphylococcus aureus

Enterococci
Streptogramin acetyltransferases Staphylococcus aureus
Efflux pumps Staphylococcus aureus

Fluoroquinolones Altered DNA gyrase or Topoisomerase IV All pathogens
Efflux pumps Pseudomonas aeruginosa

DNA � deoxyribonucleic acid (Adapted from References 40–42.)
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after the results of antimicrobial susceptibility tests be-
come available and the clinical course can be observed
(see Fig. 1). Using this approach, microbiology samples
are collected as soon as VAP is suspected. Antimicrobial
therapy is initiated promptly and chosen to cover all likely
pathogens62 in order to minimize the chance of inadequate
initial therapy. After the antimicrobial susceptibility re-
sults are known, any unnecessary drugs are discontinued.
Drugs with a narrow spectrum that target the known patho-
gens are substituted for drugs with an unnecessarily broad
spectrum in order to minimize excessive antimicrobial ex-
posure. Finally, the duration of therapy is limited. This
general strategy is fully endorsed by the new American
Thoracic Society/Infectious Diseases Society of America
guidelines for the management of VAP.4

Clinical and Bacteriological Strategies for Guiding
VAP Treatment

A variety of different strategies for the management of
VAP have been proposed.4,57–61 All involve some form of
clinical and microbiological assessment both to identify
patients with VAP and to guide their antimicrobial treat-
ment. Discussion of the various diagnostic approaches is
beyond the scope of this review. They can be summarized
as either clinical or bacteriological.4 Clinical diagnostic
strategies rely on findings of fever, leukocytosis, and pu-
rulent sputum to diagnose VAP in patients with radio-
graphic infiltrates. Gram stains and cultures of endotra-
cheal aspirates are used to guide antimicrobial therapy but
not to determine whether or not pneumonia is present.
Advantages of the clinical approach include its sensitivity,
simplicity, and low cost. No specialized laboratory or bron-
choscopy services are needed. Disadvantages of the clin-
ical approach include its lack of specificity, both for iden-
tifying patients with true VAP and for identifying the true
VAP pathogen out of the multiple isolates that may be
recovered from the trachea. As a result, many patients
without VAP are treated unnecessarily, and many patients
with VAP are given unnecessarily broad-spectrum antimi-
crobial coverage.

Bacteriological diagnostic strategies also use clinical
findings to identify patients with suspected VAP, but they
rely on quantitative cultures to distinguish those with true
infection from those with colonization. Advantages of the
bacteriological approach include far better specificity, both
for the diagnosis of VAP and for pinpointing the microbial
etiology. Disadvantages are that specialized laboratory
techniques and, usually, bronchoscopy services are needed.
Also, bronchoscopy procedures are expensive and involve
some risks to the patient. However, nonbronchoscopic sam-
pling approaches are becoming more widely accepted, and
even quantitative culture of the endotracheal aspirate may
be an adequate quantitative bacteriological approach.

Fagon and coworkers compared a clinical strategy (non-
invasive endotracheal suction specimens and qualitative
cultures) with a bacteriological strategy (invasive bron-
choscopic sample collection and quantitative cultures).62

They used the initial Gram stain to tailor initial empiric
therapy, they withheld immediate antimicrobial therapy if
the Gram stain was negative, and they discontinued anti-
microbials if quantitative cultures were below the diag-
nostic threshold or if qualitative cultures were negative
(see Fig. 5). No other study comparing clinical and bac-
teriological strategies has employed all of these measures.
In the end, patients in the invasive bacteriological arm
received far fewer antimicrobials, less often received in-
appropriate antimicrobial therapy, and were less likely to
die.62 I favor a similar invasive bacteriological strategy,
because this approach offers the best chance to help de-
termine which patients should be treated immediately, to
select appropriate initial antimicrobial therapy, and to stop
unnecessary empiric antimicrobial therapy and search for
another diagnosis if quantitative culture results do not in-
dicate pneumonia.62,63 In practice settings where bronchos-
copy and/or quantitative bacterial culture services are not
available, a clinical strategy including semi-quantitative
endotracheal aspirate cultures is a reasonable alternative.4

Factors to Consider in Selecting Initial
Antimicrobial Therapy for VAP

Data From Published Studies of VAP Etiology

The most simple approach to selecting initial empiric
antimicrobial therapy is based on the prevalence of and
risk factors for specific pathogens reported in published
studies. In general, the likelihood of multidrug-resistant
pathogens such as Pseudomonas aeruginosa, Acinetobacter
species, Stenotrophomonas maltophilia, and methicillin-
resistant S. aureus (MRSA) causing VAP depends on the
duration of hospitalization prior to the onset of VAP and
other risk factors for multiple-drug-resistant pathogens.1,3,4

These risk factors include antimicrobial therapy in the pre-
ceding 90 days, current hospitalization duration of 5 days
or longer, a high frequency of antibiotic resistance in the
community or in the specific hospital unit, hospitalization
for 2 days or more in the preceding 90 days, residence in
a nursing home or extended care facility, home infusion
therapy, chronic dialysis within 30 days, home wound care,
a family member with a multidrug-resistant pathogen, and
immunosuppressive disease or therapy (Table 6).4

For early-onset VAP (within 5 days of hospitalization),
in the absence of risk factors for multidrug-resistant patho-
gens, antimicrobial-sensitive community-acquired patho-
gens are likely, and empiric initial antimicrobial treatment
can be provided with simple monotherapy, using a non-
anti-pseudomonal 3rd-generation cephalosporin, an anti
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Fig. 5. Invasive (bacteriological) and noninvasive (clinical) strategies for guiding antimicrobial treatment of ventilator-associated
pneumonia. The figure shows algorithms for the management of suspected ventilator-associated pneumonia, on the basis of a
noninvasive clinical strategy (A) and an invasive bronchoscopically-guided bacteriological strategy (B). (From Reference 62, with
permission.)
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pneumococcal fluoroquinolone, ampicillin/sulbactam, or
ertapenem (Table 7).4 The choice of an individual antimi-
crobial agent in this group is determined mainly by local
availability and cost factors, and by other influences, such
as the allergy history. A fluoroquinolone is a sensible choice
if nosocomial Legionnaires’ disease is prevalent.

If VAP is late in onset (� 5 days after hospitalization)
or if other risk factors for a multidrug-resistant pathogen
are present (see Table 6), then broad-spectrum combina-
tion therapy should be given initially (Table 8).4 The need
for combination antimicrobial therapy for late-onset VAP
is nicely illustrated by the work of Trouillet and col-
leagues.64 They showed that, in 245 isolates from 135
episodes of bronchoscopically confirmed VAP, the maxi-
mum proportion of cases that could have been covered

adequately by a single antimicrobial drug was 64% (using
imipenem). The empiric regimen having the best coverage
for all of the isolates was imipenem, amikacin, and van-
comycin. Even then, all pathogens would have been ade-
quately covered in only 88% of cases. Triple-combination
initial antimicrobial therapy was predicted to result in both
improved survival and reduced overall costs in a hypo-
thetical decision analysis model.65

Recommended combination regimens for late-onset VAP
include an antipseudomonal cell wall-active agent such as
cephalosporin, carbapenem, or beta-lactam/beta-lactamase
inhibitor, plus an antipseudomonal fluoroquinolone or ami-
noglycoside. If Legionnaires’ disease is suspected, then
the regimen should include a fluoroquinolone, or a mac-
rolide should be added. Linezolid or vancomycin should
be added when MRSA is suspected. Finally, for patients
who have received prior antimicrobial therapy, the use of
a different antimicrobial drug class is recommended to
lessen the chance of cross-resistance.4 In all cases, the
antimicrobial dosage should be optimized (see Table 3).

Local Microbiological Data

The generic approach outlined above is effective at iden-
tifying patients at risk for multidrug-resistant pathogens.
However, individual institutions may vary considerably in
terms of both the prevalence of specific VAP pathogens
and their antimicrobial susceptibility patterns.1,66–68 The
practical implications of these data are that empiric anti-
biotic treatment decisions for patients with VAP must take
into account local microbiology and antimicrobial suscep-
tibility data, preferably using VAP-specific data.1

Selecting Antimicrobial Therapy for VAP in
Individual Patients

Even local microbiology data may fail to guide appro-
priate antimicrobial therapy in an individual patient with
VAP. Ideally, clinicians would use a rapid and accurate
diagnostic test that would identify both the pathogen and
its antimicrobial susceptibilities as soon as VAP is sus-
pected. Absent this ideal, we can consider the results of
other microbiology data, including the results of prior air-
way cultures and the appearance of Gram stains of spec-
imens obtained after VAP is suspected. Discussion of cri-
teria for determining whether VAP is present or not is
beyond the scope of this review. The focus here is on
whether or not prior airway cultures or immediate Gram
stain results of fresh specimens can help to predict the
causative pathogen (and antimicrobial susceptibilities by
inference), once the decision to treat VAP has been made.

The Predictive Value of Prior Respiratory Tract Cul-
tures. Hayon and colleagues attempted to determine the
utility of prior respiratory tract cultures in a prospective

Table 6. Risk Factors for Multidrug-Resistant Ventilator-Associated
Pneumonia Pathogens*

Duration of current hospitalization 5 days or longer
Recent antimicrobial therapy (in the preceding 90 days)
Recent hospitalization (for 2 days or more in the preceding 90 days)
High frequency of antibiotic resistance in the community or in the

specific hospital unit
Residence in a nursing home or extended-care facility
Home infusion therapy
Chronic dialysis (within 30 days)
Home wound care
Family member with a multidrug-resistant pathogen
Immunosuppressive disease or therapy

*Multidrug-resistant pathogens include Pseudomonas aeruginosa, Acinetobacter baumannii,
Stenotrophomonas maltophilia, and methicillin-resistant Staphylococcus aureus. (Adapted from
Reference 4.)

Table 7. Potential Pathogens and Recommended Initial
Antimicrobial Treatment for Early-Onset Ventilator-
Associated Pneumonia With No Risk Factors for
Multidrug-Resistant Pathogens*

Potential Pathogens
Recommended Antibiotic

Therapy

Streptococcus pneumoniae Ceftriaxone
Haemophilus influenzae or
Methicillin-sensitive

Staphylococcus aureus
Levofloxacin, moxifloxacin,

ciprofloxacin
Antibiotic-sensitive enteric or

Gram-negative bacilli Ampicillin/sulbactam
Escherichia coli or
Klebsiella pneumoniae Ertapenem
Enterobacter species
Proteus species
Serratia marcescens

*Multidrug-resistant pathogens include Pseudomonas aeruginosa, Acinetobacter baumannii,
Stenotrophomonas maltophilia, and methicillin-resistant Staphylococcus aureus. See Table 6
for risk factors. (Adapted from Reference 4.)
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study of 125 episodes of bronchoscopically-confirmed
VAP.69 They recorded the results of prior endotracheal
aspirate and bronchoscopic cultures obtained by the treat-
ing physicians and found that confirmed VAP episodes
had been preceded by a respiratory tract culture in 82% of
cases. However, only 73 (33%) of 220 isolates responsible
for VAP were present in these prior respiratory tract cul-
tures. In addition, 372 (84%) of the 445 isolates from prior
cultures were not implicated as causes of the subsequent
episode of VAP. The authors concluded that routine mi-
crobiological studies had limited value in guiding antimi-
crobial therapy of VAP. However, an important limitation
of this study was that the prior respiratory specimens had
been obtained an average of 8 days prior to the diagnosis
of VAP, and many were bronchoscopic specimens ob-
tained during a prior episode of VAP.

In a study of mechanically ventilated patients undergo-
ing tracheostomy, isolates from pre-procedure endotracheal
aspirates reflected the cause(s) of a subsequent episode of
VAP in 61% of cases, overall. The predictive value im-

proved to 69% if only cases of VAP occurring within one
week of the tracheotomy and endotracheal aspirate culture
were considered.70 Perhaps more up-to-date specimens
would be even more predictive.

To address this hypothesis, Michel and coworkers per-
formed a prospective study of scheduled biweekly endo-
tracheal aspirate surveillance cultures to assess their value
in predicting the causes of subsequent episodes of VAP, as
confirmed by quantitative bronchoalveolar lavage culture.71

In this study the results of the most recent endotracheal
aspirate culture predicted adequate antimicrobial therapy
in 38 (95%) of 40 cases. For comparison, they considered
hypothetical combination empiric therapy chosen based on
antimicrobial susceptibility results from another center in
France64 or based on the existing American Thoracic So-
ciety VAP guidelines.4 These 2 approaches, ignoring pa-
tient-specific microbiological data, would have selected
adequate initial antimicrobial therapy in only 83% and
68% of cases, respectively.

These results suggest that initial empiric antimicrobial
therapy based on very recent endotracheal aspirate cul-
tures should be adequate in most cases. Endotracheal as-
pirate cultures are not performed on a routine surveillance
basis in most ICUs, and many patients with suspected
VAP may not have recent endotracheal aspirate cultures
available. However, this practice may be adopted more
widely if the results of Michel and colleagues are con-
firmed at other centers.

The Predictive Value of Gram Stains of Samples Ob-
tained at the Onset of VAP. A major limitation of
prior respiratory tract cultures for predicting the cause
of a subsequent episode of VAP is the fact that coloni-
zation of the airways and inoculation of the lung can
occur in the interval after the initial culture is obtained.
In contrast, Gram stains of specimens obtained at the
time of suspected VAP are current and might be useful
for indicating the morphotype of the causative bacteria
(eg, Gram-positive coccus vs Gram-negative bacillus).
Numerous clinical studies have demonstrated that pos-
itive Gram stains or Wright-Geimsa stains (based on
numbers of organisms or proportions of cells with in-
tracellular bacteria) correlate well with quantitative cul-
ture results and are thus helpful for rapidly identifying
patients with VAP. Whether the Gram stain morpho-
types seen can help to predict the specific type of patho-
gen later identified in culture is less clear. Endotracheal
aspirate Gram stains have fair sensitivity but poor spec-
ificity for predicting subsequent causes of pneumonia
diagnosed by bronchoscopic quantitative culture tech-
niques.72 Gram stains of bronchoalveolar lavage and
protected-specimen-brush specimens have quite good
specificity for predicting the types of pathogens subse-
quently isolated in culture in some series.73–75 Others

Table 8. Potential Pathogens and Recommended Initial
Antimicrobial Treatment for Ventilator-Associated
Pneumonia When Late-Onset or Other Risk Factors for
Multidrug-Resistant Pathogens Are Present*

Potential Pathogens
Recommended Antibiotic

Therapy

Pathogens listed in Table 7 plus: Antipseudomonal
cephalosporin†

Multidrug-resistant pathogens (cefepime or ceftazidime)
Pseudomonas aeruginosa or
Acinetobacter species Antipseudomonal carbapenem
Stenotrophomonas maltophilia (imipenem or meropenem)
Enteric bacilli producing or

ESBL Beta-lactam/beta-lactamase
inhibitorMRSA

Legionella pneumophila (piperacillin-tazobactam)
plus
Antipseudomonal

fluoroquinolone§
(ciprofloxacin or

levofloxacin)
or
Aminoglycoside
(amikacin, gentamycin,

tobramycin)
plus
linezolid or vancomycin¶

*Multidrug-resistant pathogens include Pseudomonas aeruginosa, Acinetobacter baumannii,
Stenotrophomonas maltophilia, and methicillin-resistant Staphylococcus aureus (MRSA). See
Table 6 for risk factors.
†A carbapenem is recommended if infection with an extended-spectrum beta-lactamase-
producing Gram-negative bacillus is suspected.
§A fluoroquinolone is recommended if Legionnaires’ disease is a possibility.
¶Addition of linezolid or vancomycin is recommended if MRSA is prevalent locally.
ESBL � extended-spectrum beta-lactamase (Adapted from Reference 4.)
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have found surprising amounts of discrepancy between
the Gram stain morphotype and the identity of subse-
quent culture isolates.76 – 83 Whether these results are
due to inherent limitations of the Gram stain or due to
incorrect staining or interpretation is unclear.

Few studies have directly assessed the value of the Gram
stain as it impacts the appropriateness of initial antibiotic
therapy for VAP. Timsit and coworkers prospectively eval-
uated 110 episodes of suspected VAP, finding 47 bron-
choscopically confirmed cases.84 There was good correla-
tion between the bronchoalveolar lavage fluid Gram stain
and culture results; bacteria compatible with those visual-
ized on the Gram stain were cultured in every case, and
unanticipated pathogens were detected in only 4 of 47
cultures. Importantly, incorporation of the direct examina-
tion results into clinical decision making reduced the rate
of incorrect initial antimicrobial therapy choices from 33%
to 12%, both by discouraging antimicrobial use in those
with negative Gram stains and by guiding more appropri-
ate antimicrobial selection in those with positive Gram
stains.84

Fagon and colleagues’ landmark study of invasive ver-
sus noninvasive strategies for management of suspected
VAP demonstrated less antimicrobial use, lower rates of
inadequate initial antimicrobial therapy, and improved sur-
vival among the subjects in the invasive diagnostic arm.62

Although not reported explicitly in the paper, these bene-
fits are attributed, in part, to more selective identification
of patients needing immediate treatment and more appro-
priate selection of initial antimicrobial therapy, as guided
by the Gram stain results.62

In summary, results of prior respiratory-tract cultures
may be reliable for predicting the cause and antimicrobial
susceptibilities of VAP pathogens if the interval between
the prior culture and the onset of VAP is relatively brief (a
few days). The value of Gram stains of bronchoscopically
obtained specimens is less certain. Correlations between
Gram stain morphotype and culture results reported in the
literature are unexpectedly poor, yet Gram stain results
appear to guide improved management decisions.

Continuation Antimicrobial Therapy for VAP

Continuation antimicrobial therapy for VAP is much
more straightforward than initial empiric therapy, because
the antimicrobial regimen can be selected after the initial
culture and susceptibility results become available. Choices
of individual antimicrobial agents with equivalent in vitro
susceptibilities can depend on local availability, cost, drug
allergy history, and other factors.4 Continuation antimicro-
bial therapy does become more complicated when “prob-
lem pathogens”85 with high levels of antimicrobial resis-
tance or unusual antimicrobial susceptibility patterns are
encountered.

Antimicrobial Treatment of
Specific “Problem Pathogens”

Methicillin-Resistant Staphylococcus aureus

MRSA is an important cause of VAP associated with
high rates of inadequate initial empiric antimicrobial ther-
apy and poor clinical outcomes.1,86,87 Methicillin-resistant
strains are usually resistant to other classes of antimicro-
bial drugs, and vancomycin has traditionally been the treat-
ment of choice for VAP and other serious infections due to
MRSA. The novel oxazolidinone antimicrobial linezolid is
active against MRSA and achieves better tissue penetra-
tion than vancomycin, but is bacteriostatic rather than bac-
tericidal. Nevertheless, combined analysis of 2 random-
ized trials comparing linezolid versus vancomycin for the
treatment of nosocomial pneumonia (each in combination
with aztreonam for Gram-negative coverage) suggests a
therapeutic advantage of linezolid.88 In an additional anal-
ysis of the subset of patients with VAP, linezolid was
associated with a significantly greater chance of bacterial
eradication, clinical cure, and hospital survival, in the sub-
group found to have MRSA VAP.89 The absolute mortal-
ity benefit of 22% for linezolid therapy for MRSA VAP
translates into a number-needed-to-treat of 5 patients to
save one life,89 and makes linezolid a cost-effective op-
tion, despite its higher cost.90 For these reasons, linezolid
has become recommended therapy for MRSA VAP.4 How-
ever, in the VAP analysis, a statistically significant sur-
vival advantage was observed only in the subset of pa-
tients with MRSA VAP.89 This is biologically plausible,
but randomization in the original studies was not stratified
by pathogen. As it turned out, the prior duration of me-
chanical ventilation and proportions of patients with pleu-
ral effusion, cardiac comorbidity, and diabetes mellitus
were substantially higher in the vancomycin arm of the
MRSA subgroup. This may have contributed to worse
outcomes in the vancomycin-treated comparator group,
despite efforts to control for these factors in the analysis.89

A direct comparison of linezolid and vancomycin in pa-
tients with suspected or confirmed MRSA VAP would be
valuable to confirm these preliminary results.

Vancomycin and linezolid resistance among staphylo-
coccal isolates are presently rare. Another established op-
tion for treating VAP due to MRSA (or vancomycin-re-
sistant enterococcus) is the double streptogramin
combination quinupristin/dalfopristin.91 New agents pres-
ently under investigation include tigecycline, a new gly-
cylglycine antimicrobial derived from the tetracycline class.
Tigecycline has an extremely broad spectrum of action
against Gram-positive, Gram-negative, and anaerobic
pathogens, with the exception of a gap in coverage for
Pseudomonas.92,93 The role of tigecylcine in VAP man-
agement will be better defined after the completion of an
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ongoing phase III trial for the treatment of nosocomial
pneumonia. Two new glycopeptide antimicrobials active
against all Gram-positive pathogens are oritavancin and
dalbavancin. These drugs are similar in activity to vanco-
mycin but have extremely long half-lives.92,93

Highly Resistant Gram Negative Bacilli

Antimicrobial therapy for highly resistant Gram-nega-
tive bacilli such as P. aeruginosa and Acinetobacter spe-
cies can be particularly challenging when strains become
resistant to all standard antimicrobial agents. Few of these
isolates demonstrate in vitro resistance to colistin (poly-
mixin E). However, the in vivo efficacy of colistin has
been questioned. Colistin has poor in vitro killing activity
and therapeutic efficacy in mouse pneumonia models uti-
lizing carbapenem-resistant A. baumannii.94,95 Unless the
level of carbapenem resistance is very high, imipenem or
sulbactam appear to be the most efficacious monotherapy
choices. Against highly carbapenem-resistant strains, ri-
fampin has the best in vivo efficacy, and killing is en-
hanced by combination with imipenem or tobramycin.95,96

Colistin had little effect alone or in combination with ri-
fampicin in vivo,95 but the combination demonstrated syn-
ergy in an in vitro model.97

No prospective controlled clinical trial has tested ther-
apy for multidrug-resistant Acinetobacter VAP. Retrospec-
tive uncontrolled series suggest that ampicillin/sulbactam
and imipenem/cilastatin have roughly equivalent effica-
cy98 and that minocycline or doxycycline can achieve rea-
sonable clinical cure rates.99 Intravenous colistin therapy
is associated with acceptable clinical outcomes from a
variety of serious multidrug-resistant nosocomial Acineto-
bacter and Pseudomonas infections (mostly pneumo-
nia).100–102 Finally, colistin therapy for carbapenem-resis-
tant Acinetobacter VAP achieved equivalent cure rates,
compared to imipenem therapy for carbapenem-sensitive
strains, and caused no greater toxicity.103 In the absence of
clinical trial data demonstrating the superiority of any par-
ticular approach, it seems prudent to consider both the
reported clinical experience and the results of experi-
mental pneumonia studies to guide treatment. New agents
such as tigecycline hold promise too, having good in
vitro activity against carbapenem-resistant Acineto-
bacter strains.104 Airway delivery of antimicrobial drugs
is another way to approach these challenging situations
and will be discussed in a subsequent section of this
paper.

Legionnaires’ Disease

Empiric antimicrobial regimens that contain fluoroquin-
olone or macrolide drugs may provide adequate therapy
for ventilator-associated Legionnaires’ disease, but the cli-

nician should consider specific testing in patients with risk
factors and in institutions where Legionella is known to
exist. Otherwise, what might be effective initial empiric
antimicrobial therapy may be stopped prematurely on the
basis of negative routine bacterial cultures. The macrolide
azithromycin appears to offer the best combination of an-
timicrobial activity and intracellular concentration. Some
authorities recommend the addition of rifampin for docu-
mented cases of Legionella infection, but this may be less
important when newer macrolides or fluoroquinolones are
used. Finally, the duration of therapy may need to be longer
than for routine VAP pathogens. A 3-week course is rec-
ommended for patients with severe forms of disease, such
as VAP.105

Unresolved Questions About Conventional
Antimicrobial Treatment of VAP

Optimal Duration of Therapy

The recommended duration of therapy for hospital-ac-
quired pneumonia, including VAP, has traditionally been
long: a minimum of 7–10 days for susceptible Haemophi-
lus or staphylococcal infections, and 14–21 days for more
typical cases.106 The optimal duration of therapy remains
unknown, but in the last several years a number of clinical
studies have lent support to using shorter courses of treat-
ment. The approaches to limiting the duration of treatment
that have been evaluated have included arbitrary ultra-
short-course therapy (3 days) compared with standard treat-
ment for low-risk patients,107 arbitrary halving of the stan-
dard 2-week course of treatment,108 with extended treatment
in the event of a delayed clinical response,109 and individ-
ualized discontinuation of treatment based on the clinical
response.110 With each of these approaches, antimicrobial
exposure was markedly reduced. With one exception, there
were no increases in treatment failures or mortality. In the
French study comparing 8-day and 15-day regimens there
was a higher rate of recurrent pneumonia after short-course
treatment in the subgroup of patients infected with non-
lactose-fermenting Gram-negative rods.108

Synthesizing these reports, it seems prudent to continue
antimicrobial therapy for VAP for several days after clin-
ical improvement. Most patients shouldn’t require more
than 7–8 days of treatment. Whether shorter duration of
therapy is safe in patients with highly resistant non-fer-
menting Gram-negative bacilli or in patients with delayed
clinical responses remains unclear. And what constitutes
the minimum effective duration of treatment must be de-
termined in future studies.

Another means of reducing total antimicrobial burden is
by aggressive de-escalation of the antimicrobial regimen
once the initial culture and susceptibility results are avail-
able. This strategy is straightforward in theory but more
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difficult in practice. Rello and colleagues studied the im-
pact of a concerted effort to perform de-escalation in a
cohort of 115 patient with VAP treated with broad-spec-
trum initial empiric antimicrobial therapy according to a
defined protocol. Overall, some degree of de-escalation
was possible after reviewing quantitative microbiology re-
sults in 31% of patients. However, de-escalation was fea-
sible in only 12.5% of late-onset VAP cases, and in only
2.7% of cases due to potentially multiple-drug-resistant
pathogens.111

Role of Combination Therapy

When discussing combination therapy, it is important to
distinguish the use of multiple antimicrobial agents in the
initial empiric regimen (to ensure that a highly resistant
pathogen is covered by at least one drug) from combina-
tion therapy continued intentionally after the pathogen is
known to be susceptible to both agents. The former use of
combination therapy is uniformly recommended, whereas
the latter use remains controversial.

Combination antimicrobial therapy, particularly with be-
ta-lactam agents and aminoglycosides, has tremendous the-
oretical rationale, based on the potential for synergistic
bactericidal activity. However, some animal models indi-
cate interference rather than synergy.112 The potential ad-
vantages of combination therapy require clinical confir-
mation. Few data address the value of combination
antimicrobial therapy specifically for the treatment of VAP.
One study of nosocomial pneumonia comparing imipenem
with imipenem plus netilmicin found no differences in
clinical response rates, but significantly greater nephrotox-
icity in the aminoglycoside arm.113 Two monumental meta-
analyses have recently explored the value of combination
antimicrobial therapy in patients with sepsis114 and Gram-
negative bacteremia.115 They found no advantages to com-
bination therapy, and increased nephrotoxicity in patients
with sepsis or bacteremia. However, in the subset of bac-
teremic patients infected with P. aeruginosa, combination
therapy (usually a beta-lactam and an aminoglycoside) re-
duced the risk of mortality by half. This suggests that
combination therapy may be beneficial in the subgroup of
patients with serious, antimicrobial-resistant infections.
Whether this benefit is due to more reliable initial cover-
age or synergistic effects is unclear. The present recom-
mendations are to consider combination therapy with an
aminoglycoside for the initial 5 days in patients with Gram-
negative bacillary VAP.4

Rotating Antimicrobial Therapy

Antimicrobial rotation or cycling has been advocated as
a means to lessen antimicrobial resistance rates among
VAP pathogens by avoiding a continuous prolonged pe-

riod of selection pressure for resistance to any single agent.
Initial studies implementing this approach showed prom-
ise by decreasing both the overall incidence of VAP and
the prevalence of antimicrobial resistant strains.116 –120

However, a later study found no impact of antibiotic cy-
cling on the acquisition of resistant pathogens after con-
trolling for colonization at study entry.121 Mathematical
modeling suggests that antimicrobial mixing may be more
effective at preventing the development of resistance.122

For now, it seems prudent to await additional data before
implementing an antimicrobial rotation program.123

Unconventional Approaches
to Antimicrobial Treatment

Airway Delivery of Antimicrobial Drugs

The efficacy of an antimicrobial drug depends primarily
on its concentration and persistence at the site of infection.
The concentrations of most antimicrobial drugs in the lung
are limited by the systemic levels that can be safely
achieved. Airway delivery of antimicrobial drugs can gen-
erate considerably higher drug levels in the airways and
lungs without concerns about systemic toxicity, particu-
larly for drugs such as aminoglycosides. Both intratracheal
colistin and aerosolized ceftazidime have been shown to
reduce the incidence of VAP in high-risk patients,124,125

confirming older data from the 1970s. Others have dem-
onstrated that aerosolized gentamycin can achieve high
airway concentrations (between 350–1250 mg/mL) and is
highly effective, unlike aerosolized cephalosporins, at pre-
venting biofilm formation in the endotracheal tube.126

Surprisingly little is known about airway delivery of
antimicrobial drugs for the treatment of VAP.127 Aerosol-
ized colistin has been used successfully to treat nosoco-
mial pneumonia and tracheobronchitis caused by multiple-
drug-resistant P. aeruginosa and A. baumannii, as reported
in a total of 11 cases in 2 case series.128,129 Brown and
coworkers reported the only modern experimental study of
airway delivery of antimicrobials for the treatment of VAP
in 1990. They found that the administration of intratra-
cheal tobramycin resulted in more effective pathogen erad-
ication but not differences in clinical outcomes.130 Airway
delivery has traditionally been achieved by direct instilla-
tion or by aerosolization. Recently, a novel approach using
suspension of the drug in a perfluorocarbon emulsion has
been reported as a way to improve the delivery of antimi-
crobials into poorly ventilated areas of pneumonia.131

Use of Antimicrobial Drugs Lacking In Vitro
Antimicrobial Efficacy

In vitro antimicrobial efficacy studies usually measure
the effects of antimicrobial drugs on the growth of patho-
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gens on solid agar or in broth cultures. These growth con-
ditions differ markedly from the in vivo infection site in
the lungs and from other clinically relevant biological niches
such as the biofilm coating endotracheal tubes and other
appliances. Some pathogens may have greater in vivo ef-
ficacy than would be predicted by in vitro susceptibility
testing. Macrolide antimicrobials are a good example, al-
though there are no VAP-specific data. Extrapolating from
the field of cystic fibrosis, P. aeruginosa strains isolated
from cystic fibrosis patients are uniformly resistant to mac-
rolide antibiotics, using standard assays of planktonic broth
cultures. However, when growth conditions are designed
to mimic conditions in the airway biofilm, macrolide drugs
become quite effective.37 Macrolides also have sub-inhib-
itory activity against Pseudomonas, resulting in inhibition
of biofilm formation, motility, and other virulence mech-
anisms.132 These effects may explain, in part, why treat-
ment with macrolide antibiotics results in clinical improve-
ment in cystic fibrosis133,134 and other forms of chronic
airway infection, even when the pathogens are macrolide
“resistant.” Furthermore, antimicrobial drugs may have
beneficial immunomodulatory and other effects on the
course of pneumonia that are unrelated to direct effects on
the pathogens.135 Experimental data such as this from mod-
els of VAP may lead to new indications for old antibiotics
in the treatment of VAP.136

Summary

VAP is a serious complication of critical illness and is
associated with increased morbidity, mortality, and costs.
Optimal antimicrobial therapy is an essential part of suc-
cessful VAP management. Numerous antimicrobial drugs
are available and their use can be guided by basic phar-
macokinetic and pharmacodynamic principles. Appropri-
ate empiric antimicrobial therapy is essential to achieving
good outcomes and must be selected before microbiology
results become known. Likely pathogens and antimicro-
bial resistance patterns can be predicted based on pub-
lished guidelines, patient-specific factors, and local epide-
miologic data. Nevertheless, the initial regimen must be
broad-spectrum at first, then discontinued or narrowed as
culture and susceptibility results permit. This de-escalation
strategy ensures adequate initial antimicrobial therapy for
most patients, but lessens unnecessary antimicrobial ex-
posure. The best diagnostic approach used to guide ther-
apy, the optimum duration of therapy, and the roles of
combination therapy, rotating therapy, and unconventional
therapy all remain uncertain.
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Discussion

Kollef: That was a very nice review,
Dave. You said something about com-
bination antibiotic therapy really not
being well established as showing any
added efficacy, and in vitro, poten-
tially showing some problems in terms
of resistance. And Dennis, you may
want to comment on this, since your
group published a meta-analysis1 on
this, and there has been another from
the Cochrane group.2

There have been at least 4 or 5 in
the last 4 years2 telling doctors that
they probably should not use combi-
nation antibiotic therapy to treat Gram-
negative infections. But those are,
from my understanding, once you’ve
established the infection, you know the
organism, and the studies typically
look at more prolonged use of com-
bination therapy; they’re not address-
ing initial empiric treatment where
there might be some benefit from us-
ing combination therapy.
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Park: I should clarify that point. I
hoped to draw the distinction between
initial empiric therapy and continua-
tion therapy. I think most of us would
agree that combination therapy is im-
portant and necessary at first, in order
to achieve reliable coverage of poten-
tial pathogens with varying resistance
patterns. The question is whether to
use combination therapy once you
know what the susceptibilities are.

Kollef: But for many clinicians it is
still very confusing, I think.

Maki: You are absolutely right. Our
recent meta-analysis1 looked at mono-
therapy versus combination therapy
for Gram-negative bacteremia. We
used mortality as the outcome mea-
sure, and we found that as long as the
patient got one drug that was effec-
tive, if it wasn’t P. aeruginosa, there
was not even the slightest signal of
difference in outcome. I mean, the
pooled odds ratio was 1.0. One effec-
tive drug was as good as two.

On the other hand, with P. aerugi-
nosa, interestingly, 2 drugs that were
effective did much better than one.
Here, the odds ratio was 0.50, with a
fairly narrow confidence interval.
There have been titillating data, both
cohort studies and other data, suggest-
ing that with life-threatening P. aerugi-
nosa infections there may well be ben-
efit with 2 effective drugs rather than
one. But pseudomonas is one organ-
ism with which you can often demon-

strate in vitro synergy with 2 drugs,
particularly with aminoglycosides.
We’re moving back toward aminogly-
cosides, with the diminished utility of
fluoroquinolones. I think combination
therapy may become even more im-
portant for pseudomonas if we’re us-
ing aminoglycosides.

We recently wrote a clarification on
this issue.2 I think the place for 2 ef-
fective drugs is with Pseudomonas,
and I’m convinced that we will make
a difference with combinations. But,
in general, in the ICU, across the board,
willingness to de-escalate is extremely
important, and if there is anything that
has driven antibiotic resistance in the
ICU, it’s the tendency to start very
broad regimens, and then, with the pa-
tient getting better, continuing an un-
necessary broad-spectrum regimen,
even though the culture results and
susceptibility indicate that only 1 sim-
ple antibiotic is needed. Don’t rock
the boat; we’ll continue the 3 or 4
drugs we’ve got, and 10 or 11 days
later people wonder why the patient
has disseminated candidiasis.
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Solomkin: Because of the problem
with aminoglycosides, I think you are
right. They are relatively poor agents
in the lung, and in the studies that
have been done that have focused on
the lung they really haven’t shown ben-
efit to combination therapy.1
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Maki: I would agree, beta-lactams
do much better for Gram-negative
pneumonia than do aminoglycosides
alone.1 I consider aminoglycosides
alone for Gram-negative pneumonia
to be singularly inadequate therapy.
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Niederman: I would agree with that,
and in the guidelines we tried to strad-
dle the line on the combination ther-
apy issue,1 because we said that if you
started with an aminoglycoside and
you found Pseudomonas, you might
consider stopping it after 5 days. The
other thing that’s in there, although
not as a strong recommendation, for
lack of data, is that you could con-
strue aerosolized aminoglycoside ther-
apy as combination therapy for non-
bacteremic pseudomonal respiratory
infection. I think this issue has not
been explored enough, and a systemic
antibiotic with a topical aminoglyco-
side for a nonbacteremic pseudomonal
infection might be appropriate combi-
nation therapy.

We were trying hard in the guide-
lines to be very specific about 2 terms
that are used very imprecisely in the
literature.1 I think you used the terms
“appropriate” and “adequate” in the
opposite way than we used them. We
used the word “appropriate” to mean
“just matching up bug with drug” and

“adequate” to mean “all the other is-
sues that go into proper therapy,” such
as dosing, group penetration, and so
forth. There is a lot more to getting a
patient better than just choosing an
antibiotic to which the organism is sen-
sitive, and a big focus of the guideline
was proper dosing. And so, not based
on a lot, but to try to get some more
uniformity in usage of language, we
thought, somewhat arbitrarily, that
“appropriate” should mean that you
use the drug to which the organism is
sensitive, whereas “adequate” means
you did all the other things.
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Park: Good. Thank you. I agree that
is an important distinction.

MacIntyre: I’d like to go back to
the issue of aerosolized antibiotics. Not
so much for treating pneumonia, but a
concept that Gerry Smaldone talks
about, and that is aerosolizing it for
tracheobronchitis. The concept is that
tracheobronchitis is a precursor to full-
fledged pneumonia. This might be a
situation where an aerosol that coats
the tracheobronchial tree might be an
appropriate strategy. I realize there’s
not much data on it, but I’d be inter-
ested in your thoughts.

Park: That’s one setting (tracheo-
bronchitis) where we will use antibi-
otic treatment despite negative quan-
titative cultures. If the gunk in the
airway is so bad that we feel we have
to treat it, we will do so. Usually, we
use a combination of parenteral and
inhaled antibiotics, without much sup-
porting evidence, at least none that I
am aware of, for tracheobronchitis, per
se. I think this is an unusual problem
in the ICU without accompanying

pneumonia, but I’m not sure. There is
no data.

Maki: We’ve been using colistin as
an adjunct with very multiresistant P.
aeruginosa. We have no Acineto-
bacter, to speak of, in our hospital,
virtually none, and I have always been
intrigued how hospitals that are rela-
tively similar, especially university
hospitals, differ in the types of noso-
comial organisms they see.

On the other hand, we have a very
multiresistant P. aeruginosa that is re-
sistant to all commercial antibiotics,
except that it is intermediately sus-
ceptible to cefepime. We’ve had about
20 isolates in the last 2 years, proba-
bly half infections and the rest colo-
nizations. There’s a growing litera-
ture,1–3 and we just reviewed it because
we had a knock-down, drag-out fight
in our hospital about the use of neb-
ulized colistin, particularly to lung-
transplant patients, where they want
to use it prophylactically in everyone.

And there are reports, which I re-
viewed yesterday,4 showing colistin-
resistant P. aeruginosa being selected
out by heavy use of colistin for pro-
phylaxis that spread horizontally, with
secondary cross-infection, in a British
hospital. I think colistin is of adjunc-
tive value, but I always wonder if we
are fooling ourselves, because colistin
is not a great antibiotic.1 It chelates
calcium, it binds to proteins, and I re-
ally wonder how much we’re treating
ourselves and whether it’s really mak-
ing a difference or not. I have really
wondered, because cohort studies with
no controls report that 50% of patients
did better and survived. Well, you just
don’t know whether they might have
done the same without aerosolized
colistin.
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Rello: I think that the last slide ap-
plies very well for colistin and A. bau-
mannii. I disagree that colistin is a
good agent for A. baumannii pneumo-
nia. Currently, the best option is to
prescribe a carbapenem. Perhaps in the
future an alternative would be tigecy-
cline. Sulbactam should be given at
high doses, such as 8 g/d, with poten-
tial adverse effects, and it is bacteri-
ostatic. It is indicated to eradicate
bloodstream isolates associated with
catheter-associated infections.

The paper by Garnacho-Montero et
al in Clinical Infectious Disease1 de-
serves some consideration because
they reported relatively good outcomes
treating patients with Acinetobacter
species with low-dose colistin, which
has poor lung penetration and other
problems, which have been empha-
sized by Dr Maki. But most of these
patients had polymicrobial infections,
and they were not treated only with
colistin. The same author reported, in
Intensive Care Medicine,2 that mor-
tality by A. baumannii was negligible
in a well-designed, matched-cohort
study. Therefore, what is the benefit?

The problem was that some of these
isolates were contaminants, and other
isolates had very low virulence. I’m
not sure if 103 colony-forming
units/mL for PSB [protected specimen
brush] or 104 colony-forming units/mL
for BAL [bronchoalveolar lavage] is a
good threshold for A. baumannii. In
my opinion, acinetobacter is not “the

MRSA of Gram-negative organisms.”
I prefer to consider it as the “coagu-
lase-negative staphylococci of Gram-
negatives.”

In addition, a very interesting paper
in the Journal of Antimicrobial Che-
motherapy by Montero et al,3 which
used a mouse model of pneumonia,
indicated that imipenem can still be
the best alternative, even for some
strains with moderate carbapenem re-
sistance, preferably combined with
aminoglycosides. This study evi-
denced that monotherapy with colis-
tin may not be the best option, even
for strains susceptible to this agent in
vitro. A combination of rifampicin and
imipenem may be also advisable if re-
sistance to rifampicin is only moder-
ate. In summary, caution should be
taken to recommend colistin alone for
Acinetobacter species, whereas imi-
penem should remain the drug of
choice. In my opinion, A. baumannii
is not a very virulent pathogen, and
many of these isolates are associated
with contamination/colonization
rather than with true infections.
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Park: We’ve had the same debate
about the virulence of Acinetobacter.
But I think all of us now have had
several experiences of patients with

very severe pneumonia with sepsis and
bacteremia, and I’m sure that it can
act like a highly virulent Gram-nega-
tive pathogen. I’m not sure if it al-
ways does, but I know that it can. I’d
like to ask you to clarify. Would you
use imipenem for a patient who had in
vitro resistance to carbapenems? Do
you have experience with that ap-
proach being effective?

Rello: The effectiveness depends on
the concentration on the target. If you
give high doses (for example 4 g/d),
they reach high concentrations in the
lung. I did not have true experience
with A. baumannii until 4 or 5 years
ago. However, I was surprised that in
some hospitals with high incidence of
Acinetobacter species in Spain, most
physicians tell me that it was not im-
portant to treat or not to treat this mi-
croorganism in episodes of suspected
pneumonia. If you have a catheter-re-
lated infection, infection is cured by
withdrawing the catheter.

I remember a patient who devel-
oped positive respiratory cultures for
A. baumannii, but the patient was ini-
tially treated with a cephalosporin.
This patient developed ventilator-
associated pneumonia, and deferves-
cence was slow. When we received
a report from the laboratory indicat-
ing that an Acinetobacter species was
isolated, we changed therapy to imi-
penem. Subsequently, the patient de-
veloped septic shock and died in 6 – 8
hours. Necropsy suggested that the
pathogen was not Acinetobacter.
Blood cultures were positive for Ser-
ratia marcescens, resistant to car-
bapenems.

My interpretation was that the pres-
ence of A. baumannii in the respiratory
culture was a colonization. The true
causative pathogen was, obviously, S.
marcescens. In addition, some patients
who had positive blood cultures and pul-
monary infiltrates not only may have
pneumonia caused by acinetobacter; in
my opinion, they have catheter-related
infection by A. baumannii plus pulmo-
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nary infiltrates, perhaps pneumonia by
another pathogen.

Niederman: I want to get back to
the question of tracheobronchitis. I
think it is an important question,
Neil, not so much in the ICU as in
the chronically ventilated patient. It
needs a lot more study. We tried to
address this in the guidelines, to say
that the limited data that are out there
show that if you have tracheobron-
chitis, you do worse than if you don’t
have it, but nobody has shown that
if you treat it, you do better than if
you don’t treat it.

It is unlikely that we’re ever go-
ing to get the answer that you want,
because, having made a very serious
effort once to design a clinical trial
on nosocomial tracheobronchitis, we
were told by the FDA [Food and Drug
Administration] that they don’t un-
derstand what we’re talking about,
and this isn’t an indication they could
ever grant to an antibiotic because
it’s not a well-defined disease state.

Given that experience, unless we can
educate them and get them to be-
lieve that this is a disease state that
needs treatment, I don’t think we’re
going to ever see the clinical trial data
that you want to see.

Maki: Mike, let me extend that one
further. You realize that the FDA has
no clinical indication for bacteremia.
They have never approved any anti-
microbial for bacteremia alone, or spe-
cifically line sepsis. We’ve had sev-
eral meetings and argued about this,
but still there is no evidence they are
going to grant an indication for bac-
teremia alone or line sepsis.

Kollef: The other comment I want
to make about the tracheobronchitis
issue is that there have been a number
of antibiotics—lysostaphin and ami-
noglycosides have been looked at in
vitro now—that have activity against
biofilms that form in the airway as
well as on surfaces. So we don’t know
that this is truly an infectious problem

and isn’t simply related to the endo-
tracheal tube being present and some
of the events occurring around the en-
dotracheal tube. I think it may be more
complicated. Plus there are viral patho-
gens as well that potentially can do
this. We all know the story with her-
pes simplex virus, which we see a fair
amount of in our population that is
immunocompromised. So antibiotics
alone may not be the answer here.

Solomkin: I would just add that tra-
cheobronchitis is of some importance
in tracheostomy patients, because the
thresholds for quantitative cultures
change. If you use standard break
points for treatment in those patients,
you grossly overtreat them. I was won-
dering if Dr Chastre would comment
on that.

Chastre: This is really a difficult
topic. At present we have no solid data
confirming the necessity of treating
mechanically ventilated patients with
bronchitis in the ICU.
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