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Ventilator-associated pneumonia (VAP) is the most fre-
quent ICU-acquired infection among patients receiving
mechanical ventilation (MV) [1, 2]. While controversy
continues regarding the mortality due to this process,
multiple studies have documented that VAP increases
both ICU length of stay and MV duration [1, 3, 4, 5]. VAP
also contributes significantly to costs in the ICU. For
example, two recent analyses suggest that VAP adds some
$40,000 in costs per case [3, 5]. Approximately 50% of
antibiotics prescribed in ICUs are administered for res-
piratory tract infections [6].

Despite an enormous amount of research and many
official statements the diagnosis and treatment of VAP
remain controversial. All experts interested in this field,
however, agree that the major goals of any management
strategy are early, appropriate antibiotics in adequate
doses of patients with true VAP while avoiding excessive
antibiotics and the emergence of multidrug-resistant
strains [1, 2]. Failure to initiate prompt appropriate and
adequate therapy (the causal organism is sensitive to the
therapeutic agent, the dose is optimal, and the correct
route of administration is used) has been a consistent
factor associated with increased mortality [7, 8, 9]. Since
pathogens associated with inappropriate initial empirical
antimicrobial therapy are usually antibiotic-resistant mi-

cro-organisms such as Pseudomonas aeruginosa, Acine-
tobacter species, Klebsiella pneumoniae, Enterobacter
species, and methicillin-resistant Staphylococcus aureus
(MRSA), patients at risk of infection with these organisms
should initially receive a combination of agents that can
provide a very broad spectrum of coverage [10].

Until now there has been a wide consensus in the lit-
erature that early-onset VAP in patients having not re-
ceived prior antimicrobial therapy is caused mainly by
relatively easy-to-treat micro-organisms such as Strepto-
coccus pneumoniae, enteric Gram-negative bacilli, and
methicillin-susceptible S. aureus, whereas late-onset VAP
cases are most commonly due to potentially multiresistant
bacteria, such as P. aeruginosa, A. baumannii, and
MRSA. This view is now somewhat challenged by Gi-
antsou and colleagues [11] in a new study published in
Intensive Care Medicine. These investigators reexamined
the possible effect of time of infection occurrence on
pathogens in a large series of 408 patients with VAP,
using strict microbiological criteria to define pneumonia.
At their institution early onset (<7 days of MV) and late
onset (>7 days of MV) were caused mainly by potentially
multiresistant bacteria, most commonly P. aeruginosa
and MRSA. Because in that study the physicians in
charge of the patients generally selected initial antibiotics
based on the timing of infection occurrence, therapy was
inadequate in a large proportion of early-onset VAP pa-
tients. Such findings are in accordance with those of other
studies at other institutions that have reported that early-
and late-onset VAP is associated with similar pathogens,
usually multiresistant pathogens [12, 13]. Rightly, how-
ever, the authors prudently concluded that such findings,
rather than providing information generally applicable to
all ICUs, only emphasize the need to tailor initial therapy
to local patterns of antimicrobial susceptibilities. Having
a current and frequently updated knowledge of local
bacteriological patterns can increase the likelihood that
appropriate initial antibiotic treatment will be prescribed
(1, 2, 14].
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Based on this, should we reconsider our guidelines for
selecting initial antimicrobial therapy in patients with a
clinical suspicion of VAP? The answer is probably “no,”
for two reasons. First, hopefully not all ICUs in the world
are confronted with the same extremely high rate of
multiresistant pathogens as the one observed in that in-
stitution. Second, the time of infection onset is only one
of the key variables associated with multiresistant pa-
thogens. Most published decision trees for selecting initial
therapy in patients with VAP integrate not only the timing
of infection occurrence but also other specific risk factors
for multiresistant micro-organisms, such as a previous
contact with the health-care system and/or a recent pro-
longed antibiotic therapy [1, 2]. VAP, which is usually
defined as infection occurring more than 48 h after hos-
pital admission in a patient requiring MV, is in fact an
entity that should be viewed as a subcategory of health-
care-associated pneumonia (HCAP). This point has very
important therapeutic implications since early-onset VAP
can occur in patients with previous contact with the
healthcare system and thus may need therapy for mul-
tidrug-resistant bacterial pathogens. HCAP includes any
patient hospitalized in an acute care hospital for 2 or more
days within 90 days of the infection, resided in a nursing
home or long-term care facility, receiving recent antibi-
otic therapy, chemotherapy, or wound care within the
previous 30 days of the current infection, or attended a
hospital or hemodialysis clinic [2, 15]. As underlined by
several studies, the micro-organisms responsible for in-
fection in such settings are exactly the same as those
observed in late-onset infection. This type of information
should therefore be taken into account for selecting initial
antimicrobial treatment [2]. Interestingly, in the study by
Giantsou et al. 99% of VAP episodes caused by P.
aeruginosa and/or MRSA had been treated with antibi-
otics before the onset of infection. Only patients with
early-onset infection and no specific risk factors, such as
prolonged duration of hospitalization, admission from a
healthcare-related facility, and recent antibiotic therapy,
can be treated with a narrow-spectrum drug such as a
nonpseudomonal third-generation cephalosporin [2].

The need to ensure patients with true bacterial infec-
tion immediately receive an appropriate antibiotic regi-
men should not lead to indiscriminate use of antibiotics in
the ICU. For many patients with VAP, including those
with late-onset infection, therapy can often be narrowed
once the results of respiratory tract and blood cultures
become available, either because an anticipated organism
(such as P. aeruginosa, Acinetobacter species, and
MRSA) was not recovered, or because the isolated or-
ganism is sensitive to a less broad-spectrum antibiotics
than used in the initial regimen. For example, vancomycin
and linezolid should be stopped if no MRSA is identified
unless the patient is allergic to S-lactams and has devel-
oped an infection caused by a Gram-positive micro-or-
ganism. Very broad-spectrum agents such as carbapen-

ems, piperacillin-tazobactam, and cefepime should also
be restricted to patients with infection caused by patho-
gens susceptible only to these agents. Similarly, in the
absence of an infection caused by a nonfermenting Gram-
negative bacillus or extended-spectrum S-lactamase-pro-
ducing Enterobacteriaceae, the B-lactam should be chan-
ged to a nonantipseudomonal antibiotic such as ceftriax-
one or cefotaxime. However, clinicians must be aware
that emergence of stable derepressed resistant mutants
may lead to treatment failure when third-generation ce-
phalosporins are chosen in the case of infections caused
by Enterobacter, Citrobacter, Morganella morganii, or
Serratia species, even if the isolate appears susceptible on
initial testing. Because fluoroquinolones may particularly
lead to selection of multidrug-resistant strains, their use
should be carefully restricted to cases in which no other
agent can be selected [16].

The commonly cited reason to use combination ther-
apy is to achieve synergy in the therapy of P. aeruginosa
or other difficult-to-treat Gram-negative bacilli. However,
synergy has been clearly documented to be valuable only
in vitro and in patients with neutropenia [17] or bac-
teremic infection [18], which is uncommon in VAP [1]. A
recent meta-analysis evaluated all prospective random-
ized trials of B-lactam monotherapy compared to S-lac-
tam-aminoglycoside combination regimens in patients
with sepsis, of which at least 1,200 of the reported 7,586
patients had either HCAP or VAP [19]. This evaluation
found that the clinical failure rate was similar with
combination therapy, and that there was no advantage in
the therapy of P. aeruginosa infections over monothera-
py. In addition, combination therapy did not prevent the
emergence of resistance during therapy, but did lead to a
significantly higher rate of nephrotoxicity. Based on these
data therapy could be switched to monotherapy in most
patients after 3 or 5 days, provided that initial therapy is
appropriate, clinical course appears favorable, and mi-
crobiological data do not prove to a very difficult-to-treat
micro-organism with a very high in vitro minimal inhib-
itory concentration as with some nonfermenting Gram-
negative bacilli [2].

Because unnecessary prolongation of antimicrobial
therapy in patients with true bacterial infection may lead
to the selection of multidrug-resistant micro-organisms
without improving clinical outcome, efforts to reduce the
duration of therapy for nosocomial infections are also
warranted. An 8-day regimen can probably be standard for
patients with VAP [20, 21]. Possible exceptions to this
recommendation include immunosuppressed patients,
those whose initial antimicrobial treatment was not ap-
propriate for the causative micro-organism(s), and patients
who had no improvement in clinical signs of infection.

The rapid emergence and dissemination of antimicro-
bial-resistant micro-organisms in hospitals worldwide is a
problem of crisis dimensions. The root causes of this
problem are multifactorial, but the core issues are clear.
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The emergence of antimicrobial resistance is highly cor-
related with selective pressure that results from inappro-
priate use of antimicrobial agents. Appropriate antimi-
crobial stewardship includes not only the limitation of use
of initially inappropriate agents in patients with VAP but

thogens.

also improving our ability to avoid administering unnec-
essary broad-spectrum antibiotics. Either we will be able
to implement such a policy, or we and our patients will
face an uncontrollable surge of very difficult-to-treat pa-

References

1.

Chastre J, Fagon JY (2002) Ventilator-
associated pneumonia. Am J Respir Crit
Care Med 165:867-903

. Anonymous (2005) Guidelines for the

management of adults with hospital-
acquired, ventilator-associated, and
healthcare-associated pneumonia. Am J
Respir Crit Care Med 171:388-416

. Warren DK, Shukla SJ, Olsen MA,

Kollef MH, Hollenbeak CS, Cox MJ,
Cohen MM, Fraser VJ (2003) Outcome
and attributable cost of ventilator-asso-
ciated pneumonia among intensive care
unit patients in a suburban medical
center. Crit Care Med 31:1312-1317

. Rello J, Ollendorf DA, Oster G, Vera-

Llonch M, Bellm L, Redman R, Kollef
MH (2002) Epidemiology and out-
comes of ventilator-associated pneu-
monia in a large US database. Chest
122:2115-2121

. Hugonnet S, Eggimann P, Borst F,

Maricot P, Chevrolet JC, Pittet D
(2004) Impact of ventilator-associated
pneumonia on resource utilization and
patient outcome. Infect Control Hosp
Epidemiol 25:1090-1096

. Bergmans DC, Bonten MJ, Gaillard

CA, van Tiel FH, van der Geest S, de
Leeuw PW, Stobberingh EE (1997) In-
dications for antibiotic use in ICU pa-
tients: a one-year prospective surveil-
lance. J Antimicrob Chemother 39:527—
535

. Iregui M, Ward S, Sherman G, Fraser

VJ, Kollef MH (2002) Clinical impor-
tance of delays in the initiation of ap-
propriate antibiotic treatment for venti-
lator-associated pneumonia. Chest
122:262-268

. Niederman MS (2003) Appropriate use

of antimicrobial agents: challenges and
strategies for improvement. Crit Care
Med 31:608-616

9.

10.

11.

12.

13.

14.

15.

Kollef MH (2003) Appropriate antibi-
otic therapy for ventilator-associated
pneumonia and sepsis: a necessity, not
an issue for debate. Intensive Care Med
29:147-149

Kollef MH, Ward S, Sherman G,
Prentice D, Schaiff R, Huey W, Fraser
VJ (2000) Inadequate treatment of no-
socomial infections is associated with
certain empiric antibiotic choices. Crit
Care Med 28:3456-3464

Giantsou E, Liratzopoulos N, Efraimi-
dou E, Panopoulou M, Alepopoulou E,
Kartali-Ktenidou S, Minopoulos GI,
Zakynthinos SP, Manolas MI (2005)
Both early and late-onset ventilator-as-
sociated pneumonia are mainly cause
by potentially multiresistant bacteria.
Intensive Care Med (s00134-005-2697-
4)

Ibrahim EH, Ward S, Sherman G,
Schaiff R, Fraser VJ, Kollef MH (2001)
Experience with a clinical guideline for
the treatment of ventilator-associated
pneumonia. Crit Care Med 29:1109—
1115

Rello J, Sa-Borges M, Correa H, Leal
SR, Baraibar J (1999) Variations in
etiology of ventilator-associated pneu-
monia across four treatment sites: im-
plications for antimicrobial prescribing
practices. Am J Respir Crit Care Med
160:608-613

Trouillet JL, Chastre J, Vuagnat A,
Joly-Guillou ML, Combaux D, Dom-
bret MC, Gibert C (1998) Ventilator-
associated pneumonia caused by po-
tentially drug-resistant bacteria. Am J
Respir Crit Care Med 157:531-539
Tablan OC, Anderson LJ, Besser R,
Bridges C, Hajjeh R (2004) Guidelines
for preventing health-care-associated
pneumonia, 2003: recommendations of
CDC and the Healthcare Infection
Control Practices Advisory Committee.
MMWR Recomm Rep 53:1-36

16.

17.

18.

19.

20.

21.

Paterson DL (2004) “Collateral dam-
age” from cephalosporin or quinolone
antibiotic therapy. Clin Infect Dis 38
[Suppl 4]:S341-S345

EORTC International Antimicrobial
Therapy Cooperative Group (1987)
Ceftazidime combined with a short or
long course of amikacin for empirical
therapy of gram-negative bacteremia in
cancer patients with granulocytopenia.
N Engl J Med 317:1692-1698

Korvick JA, Bryan CS, Farber B, Beam
TR, Schenfeld L, Muder RR, Wein-
baum D, Lumish R, Gerding DN,
Wagner MM, et al (1992) Prospective
observational study of Klebsiella bac-
teremia in 230 patients: outcome for
antibiotic combinations versus
monotherapy. Antimicrob Agents
Chemother 36:2639-2644

Paul M, Soares-Weiser K, Leibovici L
(2003) Beta lactam monotherapy versus
beta lactam-aminoglycoside combina-
tion therapy for fever with neutropenia:
systematic review and meta-analysis.
BMIJ 326:1111

Chastre J, Wolff M, Fagon JY, Chevret
S, Thomas F, Wermert D, Clementi E,
Gonzalez J, Jusserand D, Asfar P, Per-
rin D, Fieux F, Aubas S, PneumA Trial
Group 1 (2003) Comparison of 8 vs 15
days of antibiotic therapy for ventilator-
associated pneumonia in adults: a ran-
domized trial. JAMA 290:2588-2598
Micek ST, Ward S, Fraser VJ, Kollef
MH (2004) A randomized controlled
trial of an antibiotic discontinuation
policy for clinically suspected ventila-
tor-associated pneumonia. Chest
125:1791-1799



