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Introduction

Delay in initiating appropriate antibiotic treatment in
patients with severe nosocomial pneumonia (SNP) is
associated with a more unfavorable prognosis,1-6 longer
hospital stays, and consequently higher healthcare
costs. Moreover, in the context of ventilator-associated
pneumonia (VAP), changing inappropriate empiric
antibiotic regimens after the causative pathogen has
been isolated does not significantly improve the initial
unfavorable prognosis.1,2 It would, therefore, seem clear
that the choice of an appropriate empiric antibiotic
regimen is one of the few factors predicting mortality in
cases of SNP that can be modified. On the other hand, it
should be remembered that the indiscriminate use of
antibiotics and excessively long antimicrobial
treatments can lead to the emergence of multiresistant
flora and therefore have negative repercussions on the
antibiotic policies of hospitals.

Methodology

A task force of experts in the treatment of infectious
disease in critically ill patients was formed from the
members of the 3 scientific associations who
participated in this project. The agenda of this task
force was to deal with the following issues related to
the treatment of SNP: 1) a critical review of the existing
guidelines and risk categories; 2) criteria for admission
to intensive care units (ICUs) for patients with SNP; 3)
treatment of SNP according to risk category; 4) special
situations associated with the treatment of SNP; and 5)
the follow up that must be carried out during treatment.

Starting with an initial proposal based on a review of
the relevant literature, a set of draft recommendations
were drawn up. These were then revised and improved
jointly by the members of the task force, who debated
the content of each recommendation. The overall
objective was to draw up guidelines for the rational use
of antibiotics in routine practice, whether prescription is
empiric or guided by antibiogram. The target public
included all professionals who treat patients at risk of
contracting nosocomial pneumonia irrespective of the
level of care offered by the hospital where they work. In
this document we have included information on the
degree of consensus on the content of each
recommendation reached by the members of the task
force attending the final meeting, although in some
instances members abstained from giving an opinion
because they did not have personal experience of the
subject matter.

The recommendations in these guidelines were
classified according to the following levels of
evidence:7

1. Recommendations based directly on scientific
evidence.

2. Recommendations based on scientific evidence,
supplemented by expert opinion.

3. Recommendations based on expert opinion alone. 
4. Recommendations not supported by scientific

evidence or expert opinion.

These guidelines are not applicable to children since
that population requires specific treatment in keeping
with its unique characteristics.

Treatment Protocols for Nosocomial Pneumonia
Drawn Up by Scientific Associations. Definition 
of Risk Categories

Over the last 10 years, clinical research into
nosocomial pneumonia (NP) has given rise to a
considerable amount of information concerning the
pathogenesis, diagnosis, treatment, and prevention of
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this disease. The need to provide a systematic review of
all this information led to the publication of 2 guideline
documents: the first of these, which was published in
1996, was the result of a meeting of experts belonging to
the American Thoracic Society (ATS),8 and the second,
which came out a year later, was sponsored by the
Spanish Society of Pulmonology and Thoracic Surgery
(SEPAR).9

The ATS guidelines make the point that proper
management of NP requires close cooperation between
lung specialists, intensivists, and infectious disease
specialists, an assertion that reflects the spirit of the
present document. Both of these guidelines defined the
basic schema for classifying patients into groups
according to the main variables used to define the
etiology and consequently the appropriate treatment of
NP. This section summarizes the recommendations for
empiric treatment of NP laid down in the 2 earlier
guidelines.8,9

ATS Recommendations8

The spectrum of potentially causative pathogens in
NP can be defined by assessment of a variety of factors,
including the severity of the pneumonia itself, the
presence of risk factors for specific organisms, and the
length of time spent in hospital prior to the onset of
pneumonia. It has been confirmed that these 3 variables
quite adequately determine the causative microorganism
in NP. 

The severity of pneumonia is defined by the presence
of the following variables: ICU admission; severe
respiratory failure (defined as the need for mechanical
ventilation or the need for a fraction of inspired oxygen
>35% to maintain PaO2 >90%); radiographic progression,
cavitation, or multilobar pneumonia; and evidence of
severe sepsis with hypotension or organ dysfunction
(systolic blood pressure <90 mm Hg or diastolic blood
pressure <60 mm Hg, need for vasopressors for >4 h,
urine output <20 mL/h or 80 mL/4 h, acute rental failure
requiring dialysis). This definition of severity is
extrapolated from the ATS guidelines for community-
acquired pneumonia published in 199310 and has not been
specifically validated for NP.

The second variable considered was the presence of
risk factors for specific microorganisms, which are as
follows: a) anaerobic microorganisms: recent
abdominal surgery or aspiration into the airways; b)
Staphylococcus aureus: coma, head injury, diabetes
mellitus, or renal failure; c) Legionella spp: high dose
steroids; and d) Pseudomonas aeruginosa: prolonged
ICU stay, steroid or broad-spectrum antibiotic
treatment, and structural lung disease.

The third variable taken into account was the length
of hospital stay prior to onset. Five days was the cut-off
point used to classify the pneumonia as early (<5 days)
or late onset (>5 days) because it has been shown that
anomalous colonization of the oropharynx by hospital-
acquired flora begins around 5 days after admission.

These 3 variables can be used to classify patients into
3 groups. Each group corresponds to a different group
of likely causative microorganisms and, consequently,
defines the empiric treatment that should be used:

– Group I: patients with mild to moderate NP, no risk
factors, and onset at any time, or patients with early
onset NP. The organisms most likely to cause infection
in this group are as follows: Streptococcus pneumoniae;
Haemophilus influenzae; methicillin sensitive S aureus;
and gram negative enteric bacteria (GNEB), such as
Escherichia coli, Klebsiella pneumoniae, Proteus spp,
and Enterobacter spp. These pathogens are called “core
organisms” because they are considered to be
potentially pathogenic agents in any of the 3 groups. 

– Group II: patients having mild to moderate NP with
risk factors and onset at any time. In addition to the
core organisms, infection in this group may also be
caused by anaerobic bacteria in the case of
postoperative patients, S aureus in patients with altered
consciousness, and Legionella spp or P aeruginosa in
patients receiving corticosteroid therapy.

– Group III: patients with early onset SNP and risk
factors plus patients with late onset SNP. In this group
the possible etiology should include, in addition to the
core organisms, multiresistant organisms, such as P
aeruginosa, Acinetobacter spp, and methicillin resistant
S aureus (MRSA). 

The ATS guidelines also deal with the following issues:
the tissue penetration of the antimicrobial agents and their
bactericidal mechanism (bactericidal or bacteriostatic);
the postantibiotic effect of some antimicrobial agents; the
administration of aminoglycosides in a single dose; the
indications for single-drug and combination therapy; the
duration of antibiotic treatment; evaluation of the
response to empiric treatment (pattern of resolution,
possible reasons for a lack of response, and response
assessment). Because it would take a very long document
to deal with all of the above issues we refer the reader to
the ATS guidelines for this information.8

Spanish Society of Pulmonology and Thoracic Surgery
(SEPAR) Recommendations9

The SEPAR recommendations were quite similar to
those of the ATS guidelines published a year earlier.
There were no differences with respect to risk groups.
The only differences were in the antibiotic treatments
recommended for use. We will not, therefore, give
details of these recommendations in this section.

Conclusions

1. The guidelines described above represented the
first attempt to systematize the empiric treatment of NP.
Although the criteria used to assess patient risk have
not changed very much, new scientific evidence has
emerged since the recommendations were published,
making an update necessary.

JORDÀ MARCOS R, ET AL. RECOMMENDATIONS FOR THE TREATMENT OF SEVERE NOSOCOMIAL PNEUMONIA

Arch Bronconeumol 2004;40(11):518-33 519



JORDÀ MARCOS R, ET AL. RECOMMENDATIONS FOR THE TREATMENT OF SEVERE NOSOCOMIAL PNEUMONIA

520 Arch Bronconeumol 2004;40(11):518-33

2. Recent studies have shown that the duration of
mechanical ventilation and the type and duration of
prior antibiotic treatment are the factors most
significantly associated with the presence of
microorganisms potentially resistant to antibiotics.11

Recommendations

No guidelines dealing specifically with the treatment
of VAP have been published, a situation reflected
recently in the recommendations of the European Task
Force set up by a group of European societies.12 The
starting point for any recommendations for the
treatment of VAP should be the categorization of
patients to determine empiric treatment. Level II
evidence. Agreement among experts 17/17 (100%).

The most important factor in the etiology of VAP is
prior hospitalization. Severity is not a factor that needs
to be considered in the categorization of patients with
VAP since the need for intubation and mechanical
ventilation is in itself an indication of severity. It has
been clearly shown that after 5 days of hospitalization
changes involving the appearance of hospital-acquired
microorganisms may occur in a patient’s oropharyngeal
flora.13 Other factors that contribute to changes in
colonizing flora should also be taken into account.
These include antimicrobial therapy during the
preceding 15 days11 and factors directly related to the
host.8 Finally, information concerning the peculiarities
of the flora in each treatment site is essential.14 Level II
evidence. Agreement among experts 17/17 (100%).

Table 1 shows the proposed classification based on
the considerations detailed above. When potentially
multiresistant microorganisms are endemic in a specific
treatment site or hospital, this should be evaluated as a
risk factor for the site. Level II evidence. Expert
agreement 16/17 (94%).

Indications for ICU Admission of Patients 
With Nosocomial Pneumonia

General Considerations

Most patients with SNP present a varied spectrum of
etiological agents. Hemodynamic instability and
hypoxemia are the 2 principal causes of death. Early
identification of patients at high risk based on studies
that have identified predictors of a bad prognosis8,15-18

facilitates early initiation of specific treatment and
support measures that can reduce mortality.19

Conversely, any delay in the initiation of such measures
is associated with a worse prognosis, especially once
the patient is suffering from acute respiratory distress
syndrome (ARDS) or multiple organ failure. 

Transfer to the ICU should be considered in the case
of patients who can benefit from special medical or
nursing care. ICU admission should not be delayed
until the patient requires intubation because the early
use of noninvasive positive pressure ventilation can

obviate the need for intubation in patients who do,
notwithstanding, require intensive monitoring.

The initial evaluation should be made on the basis of
respiratory rate and arterial gases after oxygen has been
administered via face mask at appropriate
concentrations. Chest radiography will provide the
necessary information for the assessment of
radiographic extension and progression.

Specific Indications for ICU Admission

The presence of any of the following conditions,
which were recently evaluated in Spain,20 justifies
classifying a case as severe pneumonia and establishes
the need for ICU admission in this setting8,10: 

1. Severe respiratory failure defined in any of the
following ways: a) respiratory rate more than 30
breaths/min; b) inability to maintain an arterial oxygen
saturation over 90% while receiving oxygen via face
mask at a concentration greater than 35% (except in
patients with chronic hypoxemia); or c) requirement for
ventilatory support for any reason.

TABLE 1 
Classification of Severe Nosocomial Pneumonia*

Group I. Patients without risk factors who have been 
hospitalized for less than 5 days 
Potential microorganisms 

1. Methicillin-sensitive Staphylococcus aureus 
2. Anaerobic microorganisms 
3. Haemophilus influenzae 
4. Streptococcus pneumoniae
5. Mixed flora (anaerobic microorganisms plus any 

of the other pathogens) 
Patients in medical or traumatic coma are more likely to be
infected by S aureus, and patients who have COPD or present
aspiration of anaerobic microorganisms, by H influenzae 

Group II. Patients hospitalized for 5 days or more or with 
distinct risk factors†

Potential microorganisms:
1. Group I microorganisms, plus the following:

Gram negative enteric bacteria
Enterobacter spp
Escherichia coli
Klebsiella pneumoniae
Proteus spp
Serratia marcescens

2. Potentially multiresistant microorganisms 
Pseudomonas aeruginosa 
Acinetobacter spp 
Citrobacter spp
Stenotrophomonas maltophilia 
Methicillin-resistant S aureus 

†Specific risk factors: COPD with an FEV1 of <35%,
Pseudomonas; prior prolonged corticosteroid therapy,
Legionella spp, potentially multiresistant microorganisms, 
and Aspergillus spp; antimicrobial therapy during the preceding
15 days, potentially multiresistant microorganisms; aspiration
(also consider anaerobic microorganisms). 

*COPD indicates chronic obstructive pulmonary disease; FEV1, forced expiratory
volume in 1 second. 



2. Severe sepsis with hypotension or multiple organ
dysfunction, which is evidenced by any of the
following: a) presence of septic shock (sepsis with
hypotension despite delivery of adequate volume seen
in conjunction with hypoperfusion, which may include,
but is not limited to, lactic acidosis, oliguria, or an acute
alteration in mental state); b) requirement for
vasopressors for more than 4 hours (patients taking
inotropic or vasopressor drugs may not have
hypotension when the signs of peripheral hypoperfusion
are detected); and c) acute renal failure requiring
dialysis or diuresis lower than 0.5 mL/kg/h, once other
possible causes have been ruled out.

The presence of serious radiographic abnormalities,
which are defined as multilobar pneumonia and
progression of the pulmonary infiltrates to over 50% in
under 48 hours, has been included by some authors as
an indication for ICU admission.20 Such serious
abnormalities are indicative of a bad prognosis, and
ICU admission is necessary when they are found in
conjunction with any of the criteria listed above.21

Conclusions

Owing to the fact that SNP is a complex entity
associated with high mortality, patients suffering from
this disease should be admitted to the ICU for
monitoring and treatment. SNP is defined both by the
signs directly related to the involvement of the lung
parenchyma and by the repercussions of sepsis. Early
detection and treatment of the disease leads to a
reduction in mortality. However, most cases of SNP
present in intensive care units and are associated with
the use of mechanical ventilation. 

Recommendations

Early ICU admission is recommended for patients
with SNP. Any delay in ICU admission increases
mortality. Level II evidence. Agreement among experts
17/17 (100%).

In order to be classified as SNP, the case must meet
one of the following criteria: respiratory rate over 30;
arterial oxygen saturation less than 90% with a fraction
of inspired oxygen over 35%; radiographic progression
in 48 hours or multilobar pneumonia; requirement for
mechanical ventilation (invasive or noninvasive); the
presence of severe sepsis, septic shock; or dysfunction
of an organ other than the lung. Level I evidence.
Agreement among experts 17/17 (100%).

Treatment of Severe Nosocomial VAP

Early VAP Without Risk Factors (Group I)

Various studies have shown that most cases of
pneumonia occurring between 48 hours and 5 days after
admission are caused by primary endogenous flora, such

as S pneumoniae, H influenzae, and MRSA, or
enterobacteria, such as E coli, K pneumoniae, and
Enterobacter spp. Probably the group of patients most
predisposed to infection by primary endogenous flora
are those with acute neurological lesions (craniocerebral
injury and stroke),22,23 and a particular relation has been
observed between head injury and infection/colonization
by S aureus.24 The presence of MRSA in early-onset
pneumonia is exceptional, and this possibility need only
be considered in certain cases of recently hospitalized
patients or patients transferred from chronic care
centers.

Early-onset VAP has a mortality of around 24%.25

VAP elevates health care costs because it prolongs the
duration of mechanical ventilation and ICU stays.26

None of the studies in the literature have been
specifically designed to evaluate the efficacy of different
antibiotics in the treatment of early pneumonia. The
treatment regimens proposed are based on the opinions
of experts and are taken from the therapeutic guidelines
issued by various scientific societies.27 The treatment
recommended for this group of patients (defined in all
cases as low-risk Group I) is monotherapy with
amoxicillin-clavulanic acid, cefuroxime, or a third-
generation cephalosporin not active against P
aeruginosa. Combination therapy does not appear to be
necessary for this group of patients.28 When selecting the
optimum antibiotic regimen, the physician must take
into account the increasing emergence in Spain of
organisms resistant to various drugs, especially strains
of S pneumoniae, H influenzae, and E coli. In a recent
Spanish study it was reported that 25% of the strains of
H influenzae tested were beta-lactamase producers, and
in some regions this percentage rose to 47.9%.
Resistance to clarithromycin was observed in up to 22%
of strains.29 The increase in the resistance of S
pneumoniae to penicillin, and by extension to other
beta-lactam agents, is well known. However, this
resistance is not usually important when such antibiotics
are prescribed in routine clinical practice.

The fluoroquinolones are currently being used much
more in the treatment of severe pneumonia30 because of
their in vitro activity, pharmacokinetic properties, and
penetration into lung tissue. However, their
indiscriminate use has promoted an increase in resistance
to these drugs. In one study, levofloxacin 750 mg/12 h
demonstrated the same efficacy as imipenem in the
treatment of NP.31 However, given the variability among
cases (not only ventilated patients, not differentiated by
risk group, need for the addition of new antibiotics
against multiresistant organisms), more studies are
required to properly evaluate this finding. Levofloxacin
therapy is recommended in patients with adverse
reactions to beta-lactams. A combination of aztreonam
and glycopeptides also provides appropriate empiric
coverage for the causative microorganisms, and is the
alternative recommendation for this group of patients.

The recommended empiric treatment for early-onset
pneumonia is shown in Table 2.

JORDÀ MARCOS R, ET AL. RECOMMENDATIONS FOR THE TREATMENT OF SEVERE NOSOCOMIAL PNEUMONIA

Arch Bronconeumol 2004;40(11):518-33 521



JORDÀ MARCOS R, ET AL. RECOMMENDATIONS FOR THE TREATMENT OF SEVERE NOSOCOMIAL PNEUMONIA

522 Arch Bronconeumol 2004;40(11):518-33

Conclusions. Early pneumonia in the absence of
distinct risk factors is caused mainly by primary
endogenous flora and is not usually associated with
multiresistant organisms. Onset occurs within 5 days of
hospital admission, and the most important determinant
of the type of flora is the prior use of antibiotics. In
view of the gradual increase in resistance to
cephalosporins and macrolides observed in strains of S
pneumoniae and H influenzae, caution should be
exercised in the use of these antibiotics in the empiric
treatment of early pneumonia. Third generation
quinolones are another treatment option.

Recommendations. Early-onset pneumonia may be
treated with single-drug therapy using amoxicillin-
clavulanic acid or cephalosporins. Third generation
cephalosporins are preferable unless precise information
is available concerning the sensitivity of the causative
pathogens to second generation cephalosporins. Level I
evidence. Agreement among experts 17/17 (100%).

At the moment, third generation fluoroquinolones
should be considered an alternative treatment until
more studies evaluating their efficacy are available.
However, given their demonstrated usefulness in the
treatment of other types of infections, they may be
considered as an alternative treatment. The combination
of glycopeptides and aztreonam is recommended as an
alternative treatment in the case of patients with adverse
reactions to beta-lactam antibiotics. Level III evidence.
Agreement among experts 16/17 (94%).

Early-Onset VAP With Risk Factors or Late-Onset VAP
(Group II) 

Recommended antibiotic regimen. The regimen most
frequently recommended is combination treatment with a
beta-lactam and an aminoglycoside.32 The use of empiric
single-drug therapy does, in principle, merit consideration
given the broad antimicrobial spectrum provided by the
modern quinolones and beta-lactams, which provide
coverage for most GNEB and P aeruginosa. These
antibiotics have moderate-to-good penetration into lung
tissue, good safety profiles, and a number of studies have
demonstrated their efficacy.33 However, it has been
observed that resistant strains frequently emerge during
treatment with these drugs, especially strains of P
aeruginosa, a pathogen often associated with treatment
failure.28 It is, therefore, generally considered that single-
drug treatment should not be used in VAP patients having
risk factors for infection with P aeruginosa.

Combination therapy extends the spectrum of
activity. This is of particular importance because the
etiology of up to 55% of VAPs is polymicrobial, and
combination therapy minimizes the possibility of
inappropriate empiric treatment. It can also serve to
reduce the development of resistance during treatment34

and produces better results because of the synergistic
effect of the combination. This result has been
demonstrated by certain authors who report reduced

mortality in serious bacteremic infections caused by P
aeruginosa or Klebsiella spp.35,36 On the other hand,
combination therapy may be more costly and carries a
greater risk of toxicity, particularly in the case of
regimens including aminoglycosides.37

It seems reasonable, therefore, that during the initial
days of treatment before microbiological results are
received, empiric treatment for patients with SNP and risk
factors—and especially for patients with multiple organ
failure and severe sepsis—should include a beta-lactam
agent active against P aeruginosa (a cephalosporin, a
ureidopenicillin with or without beta-lactamase inhibitors,
monobactam, or carbapenem) in combination with an
aminoglycoside at optimal dosage. 

Combinations of 2 beta-lactam antibiotics offer few
advantages and are associated with secondary
problems, such as the induction of chromosomal beta-
lactamases (which might inactivate both drugs)38 and
hematological side effects.

The combination of a beta-lactam and a quinolone is
an attractive option, but its efficacy has not yet been
compared to other treatments and the literature contains
some references to possible cross resistance between
ciprofloxacin and imipenem.39

The aminoglycosides achieve maximum efficacy
when administered in high doses and in a single daily
dose.40 In order to obtain the required clinical response, a
peak concentration 8- to 10-fold higher than the
minimum inhibitory concentration (MIC) is required.
The use of a single daily dose is more effective and
reduces side effects, in particular nephrotoxicity and
ototoxicity.41

The beta-lactams, on the other hand, seem to achieve
maximum bactericidal capacity when administered
continuously.42,43 Topical administration of antibiotics
such as colistin, aminoglycoside, and ceftazidime has
been used both as a prophylactic measure and as a
treatment, particularly in patients with cystic fibrosis.44

The efficacy of these antimicrobial agents in the
treatment of VAP has not been properly evaluated.45,46

As a general rule, scientific associations recommend
ensuring coverage of the so-called “core microorganisms”
of early pneumonias and of the specific pathogens
associated with particular risk factors. Such pathogens are
generally multiresistant.

In treatment sites where there is a high prevalence of
MRSA, a glycopeptide should be included, especially if

TABLE 2
Recommended Empiric Treatment for Group I 

Cases of Nosocomial Pneumonia

Empiric Treatment Alternative Treatment

Single-drug therapy Glycopeptide + aztreonam 
Amoxicillin-clavulanic Third generation fluoroquinolone 

acid* (levofloxacin, moxifloxacin)
Non-antipseudomonal 

second or third generation 
cephalosporins

*Preferred treatment in neurocritical patients.



the patient has received prior treatment with beta-
lactam antibiotics. Recently published data on the
efficacy of linezolid in the empiric treatment of VAP
showed a survival rate of 80% for patients in the MRSA
subset receiving linezolid as compared to 62.5% for
MRSA patients treated with vancomycin.47 However,
this study was a retrospective analysis of data from 2
trials neither of which showed this efficacy when
analyzed separately. Moreover, the same efficacy was
not observed in the S aureus group as a whole, and the
drug had to be administered to all the patients in order
to cover 14% of the infections (with the additional cost
this represents). It would, therefore, appear advisable to
await further studies confirming these good results.

Duration of antibiotic treatment. The duration of
treatment in VAP is a controversial issue, and to date a
duration of between 14 and 25 days has been
recommended, particularly if the pathogens isolated
prove to be multiresistant. Recently, Chastre et al48

observed the same mortality in patients treated for 8
days as in those treated for 15 days. In both groups,
30% of the pathogens were potentially conflictive (P
aeruginosa, Acinetobacter spp, Stenotrophomonas spp,
and MRSA), and 11% of the infections were
polymicrobial. However, a significantly higher rate of
superinfections and recurrent infections was observed
in the group treated for 8 days when the infection was
caused by nonfermenting GNEB. This was not
observed when the causative microorganism was
MRSA.

Therefore, if the clinical response is good and the
causative agent belongs to the primary endogenous flora,
an 8-day regimen is sufficient. Although Chastre et al48

have reported that infections caused by MRSA appear to
respond in the same way, in view of the high morbidity
and mortality reported, we recommend waiting for the
results of specific studies undertaken to confirm this
finding. Consequently, a longer regimen—at least 14
days—is the current recommendation when multiresistant
microorganisms, and in particular nonfermenting GNEB,
are involved. In no case should treatment be discontinued
before the clinical picture has improved and the patient
has been apyrexial for at least 48 hours.

Conclusions. Antibiotic treatment should be started
as early as possible.

Empiric treatment should be a combination therapy
including antibiotics not previously administered

Antimicrobial therapy should be adjusted or changed
according to the results of microbiology.

Treatment protocols should be adapted to the local
situation.

If antimicrobial therapy is changed, the new
antibiotics must belong to a different group.

Since etiology and resistance patterns may vary
according to geographical area, hospital, type of unit, and
timing of onset, the guidelines for treating VAP drawn up

by the various scientific societies should be adapted to
take into account local patterns of etiology and sensitivity.

Recommendations. Treatment should be started as
early as possible. Level I evidence. Agreement among
experts 17/17 (100%).

S aureus and P aeruginosa must always be covered
because of their prevalence. Level I evidence.
Agreement among experts 17/17 (100%).

Empiric treatment should be a combination therapy
chosen with a view to achieving a broad spectrum,
reduction of resistance, and a synergistic effect. Level II
evidence. Agreement among experts 17/17 (100%).

This combination therapy should include an
aminoglycoside plus a beta-lactam antibiotic with
activity against P aeruginosa and MRSA. The
recommended treatment is shown in Table 3. Level II
evidence. Agreement among experts 17/17 (100%).

Aminoglycosides should be used at high doses and
administered in a single daily dose. Level II evidence.
Agreement among experts 17/17 (100%).

In the case of patients who have received prior
antibiotic treatment, it is important to prescribe agents
from a different antibiotic family. Level III evidence.
Agreement among experts 17/17 (100%).

Insufficient evidence has been adduced to confirm
the efficacy of combination therapy using a beta-lactam
agent plus a quinolone, so that it is preferable that this
combination be used as an alternative antibiotic therapy.
Level III evidence. Agreement among experts 16/17
(94%).

The quinolones are the alternative to beta-lactam
therapy in patients allergic to penicillin. Level III
evidence. Agreement among experts 17/17 (100%).

The endemic status of MRSA and multiresistant
GNEB should be taken into account; when present,
these resistant microorganisms should be covered. Level
II evidence. Agreement among experts 17/17 (100%).

Special Situations

VAP Caused by Acinetobacter baumannii

Pneumonia caused by A baumannii is found mainly
in patients on mechanical ventilation. According to data
from the ENVIN study, the frequency of VAP in Spain
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TABLE 3 
Recommended Empiric Treatment for Group II 

Nosocomial Pneumonia*

Cefepime or piperacillin-tazobactam (particularly in cases 
involving digestive surgery or aspiration) or carbapenem†

+
Aminoglycosides (tobramycin or amikacin depending 

on the sensitivity pattern of the hospital)
Consider glycopeptides or linezolid if MRSA is present. 

Consider replacing the aminoglycosides with ciprofloxacin 
in cases of renal failure. Use carbapenems initially if
Acinetobacter spp is multiresistant

*MRSA indicates methicillin-resistant Staphylococcus aureus. 
†In vivo and in vitro studies support the hypothesis that these agents may induce
resistance.



has remained quite stable over the last 5 years with a
rate of 16.6 episodes/1000 days of mechanical
ventilation in 2002, and the maximum frequencies
recorded for A baumannii were 18% in 1994 and 13%
in 1996.49 These episodes represented around 10% of
the late-onset pneumonias in this population.

In recent years, these microorganisms have developed
resistance to all the known antibiotic families, and
especially to the modern beta-lactams, aminoglycosides,
fluoroquinolones, and, more recently, carbapenems. The
antibiogram pattern can, however, vary depending on
the strains and hospitals in question. Resistance to
carbapenems, a recent phenomenon, is particularly
worrying, since imipenem was the standard treatment
for severe infections, including VAP, caused by A
baumannii.50 According to data from the ENVIN study,
the percentage of resistance to carbapenems among
pneumonias caused by A baumannii was 31.2% in 1998,
57.5% in 1999, and 28% in 2000.49 In a recent
multicenter study carried out by the Nosocomial
Infection Study Group of the Spanish Society of
Infectious Diseases and Clinical Microbiology (GEIH-
SEIMC) in patients hospitalized in the ICUs and general
wards of over 40 Spanish hospitals, around 40% of the
strains of A baumannii isolated were found to be
resistant to imipenem. In many of these cases, colistin is
the only antibiotic that sustains in vitro activity, and it
has been suggested that this antibiotic should be used as
a single-drug treatment in patients with this type of
pneumonia. Over the last 3 decades, systemic colistin
therapy has been used only very rarely owing to the
drug’s nephrotoxicity and because it was considered to
be less potent than the beta-lactams, aminoglycosides,
and fluoroquinolones. Although the clinical information
available to date concerning its use in the treatment of
VAP caused by A baumannii is scant, some trials
demonstrate the efficacy and low toxicity of intravenous
colistin.51

In light of the difficulty of treating these infections and
the mortality associated with them, it is reasonable to
consider the possible contribution of topical treatment
with aerosolized colistin. Although no comparative
information is available on this treatment, the high
concentrations of antibiotic that can be achieved using
aerosols in the bronchi and the peculiarities associated
with systemic colistin therapy make the topical
administration of the drug preferable in cases of infection
caused by strains resistant to carbapenems. When
calculating the dose, the physician should take into
account the fact that a vial of colistin contains 1000 000
U or 80 mg of colimycin sulphomethate (equivalent to
33.3 mg of base colistin); the aerosols are administered at
doses of 500 000-1000 000 U (16.6-33.3 mg of base
colistin)/6 h diluted in 5 mL of physiological serum.

A recent study compared the efficacy of colistin to
that of the beta-lactams, the aminoglycosides, and
rifampicin in a model of pneumonia caused by A
baumannii in mice.52 The results of the comparison
demonstrated that colistin was the least effective

antibiotic against both infection caused by strains
sensitive to the antibiotics studied and even against
strains with reduced sensitivity to beta-lactam agents,
aminoglycosides, and rifampicin. This would suggest
that these antibiotics could be more active than colistin
even though they demonstrate lower in vitro activity.
The efficacy of rifampicin in this model was particularly
notable, despite the fact that the strains studied showed
moderate resistance (MIC 8-16 µg/mL). Tobramycin
was the most effective aminoglycoside, whether
administered alone or in combination.

Conclusions. Pneumonia caused by A baumannii is
especially predominant in ICUs. The clinical
repercussions of this entity appear to be clearly less
serious than those of other GNEB, since in endemic
situations the isolation of this pathogen may only be a
marker of the epidemiological situation. However, there
are indications in the data that this infection may be
associated with high mortality so that caution should be
exercised not to underestimate its importance. Empiric
treatment of patients with suspected pneumonia caused
by A baumannii should depend on the degree of
suspicion and the epidemiology of the ICU in question.

Recommendations. Depending on the case, empiric
use of a combination of imipenem plus aminoglycosides
or colistin would seem to be the most appropriate
treatment. The advisability of starting the administration
of aerosolized colistin empirically should be considered.
The physician should take into account the degree of
resistance of the predominant strain in the ICU. Level III
evidence. Agreement among the experts 17/17 (100%).

Treatment of strains sensitive to beta-lactams or
fluoroquinolones can take the form of single-drug
therapy. If the strain is sensitive to any of the beta-lactams
which are usually more active (ticarcillin, piperacillin,
ceftazidime, cefepime, and imipenem), these antibiotics
could be considered to be the best option. Level III
evidence. Agreement among experts 17/17 (100%).

In the case of strains with reduced sensitivity to beta-
lactam antibiotics (intermediate sensitivity or moderate
resistance) and those resistant to fluoroquinolones, the
combination of beta-lactams and aminoglycosides is
probably the best alternative; in such cases it may be
advisable to use aerosolized colistin in addition to the
oral treatment (Table 4). Level III evidence. Agreement
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TABLE 4
Treatment of Pneumonia Caused 

by Acinetobacter baumannii

Sensitive to or Moderately Resistant Resistant to Sulbactam
to Beta-lactam Antibiotics and Imipenem

Ticarcillin Colistin ± Rifampicin ± topical 
Ceftazidime colistin
Cefepime ± aminoglycosides
Sulbactam*

Imipenem

*Dose of 4-8 g/day.



among experts 17/17 (100%).
For the treatment of pneumonia caused by strains with

high resistance to fluoroquinolones, aminoglycosides,
and beta-lactam agents (including imipenem and
sulbactam), the administration of colistin systemically
and by aerosol should be considered. It is, however,
advisable in such cases to combine this therapy with
rifampicin if the strains are sensitive to or show only
moderate resistance to this antibiotic (MIC 8-16 µg/mL).
The possibility of using rifampicin in other
combinations, or of administering other types of
antibiotics, such as co-trimoxazole, tetracyclines or
macrolides, should be considered in light of the
antibiogram for the treatment site. Level III evidence.
Agreement among experts 17/17 (100%).

VAP Caused by P aeruginosa

SNP caused by P aeruginosa accounts for 15% to
20% of nosocomial pneumonias in the United States of
America,53 and between 20% and 45% of the cases of
VAP.54,55 According to the ENVIN study, this pathogen is
responsible for 15.9% of all the episodes of VAP in
Spanish ICUs.49 VAP caused by P aeruginosa (VAP-P) is
a particularly serious entity associated with high
mortality (27% to 70%) because of the virulence of the
organism and the immune status of the patients affected
by this disease.56,57 The course of the disease is often
slow, with frequent relapses, persistent colonization, and
recurrent infections owing to the presence of pulmonary
lesions.7 P aeruginosa has a notable capacity to develop
resistance, even in the course of an appropriate antibiotic
regimen.28 Resistance emerges more frequently when
patients are treated with single-drug therapy, whether
with beta-lactams, aminoglycosides, or fluoroquinolones.

Another issue in the treatment of VAP-P is the
doubtful efficacy of aminoglycosides in infected lung
tissue. For this reason aminoglycosides should always
be used in combination with other types of antibiotics,
and their administration by inhalation has been
considered.12,58 However, aminoglycosides do still play
an important role in the treatment of these infections
because they have greater intrinsic activity against
Pseudomonas spp than the beta-lactam antibiotics and a
potent concentration-dependent bactericidal action that
makes once-daily dosing possible. They also have a
marked postantibiotic effect. Tobramycin and amikacin
are the most active of the aminoglycosides against P
aeruginosa.58

Of the cephalosporins, ceftazidime, and cefepime
have the greatest time-dependent bactericidal activity
against P aeruginosa. In light of this fact and given the
difficulty of treating this class of infections, the
usefulness of ceftazidime administered as a continuous
infusion has been investigated,59 although more studies
will be needed to confirm the results obtained.
Meropenem has greater intrinsic activity against P
aeruginosa than imipenem. It also has a better toxicity
profile so that administration at higher doses is

possible.60 A combination of piperacillin and tazobactam
in the treatment of VAP-P is just as effective as
carbapenem antibiotics and as the cephalosporins
mentioned above.57,61 The combination of beta-lactams
and aminoglycosides often has a synergistic effect, even
against strains resistant to one of the 2 agents; some
trials have reported this kind of synergy more frequently
when piperacillin is combined with tazobactam than
when ceftazidime is used.62 Aztreonam, a monobactam,
has received considerable attention as a result of a meta-
analysis published by Boucher,63 a review that
highlighted this agent’s excellent activity and safety
profiles in VAP caused by GNEB.

Of the quinolones, ciprofloxacin has the greatest
activity against P aeruginosa, although the dose used to
treat VAP-P (400 mg/8 h) is higher than that used
against other infections. Moreover, ciprofloxacin must
always be administered in combination with other
antibiotics.28

In summary, we recommend the use of antibiotics with
a synergistic effect,64 preferably a broad-spectrum
antipseudomonal antibiotic (cefepime, ceftazidime,
piperacillin-tazobactam, meropenem, or imipenem) in
combination with an aminoglycoside, or with
ciprofloxacin.17 Using a combination of 2 beta-lactam
agents is not recommended because this could promote
the induction of beta-lactamase and give rise to secondary
effects.38 The choice of combination is conditioned by the
antibiogram and the ecological characteristics of each
treatment site. 

Table 5 shows the antibiotic dosage regimen
recommended for the treatment VAP caused by P
aeruginosa.

Direct instillation of antibiotics via the endotracheal
or tracheostomy tube has been used, particularly with
aminoglycosides, in an attempt to increase antibiotic
concentrations in bronchial secretions and lung tissue
while possibly avoiding systemic toxicity.58 The use of
this inhaled route has made it possible to recover the
use of antibiotics which had been abandoned because of
their inherent toxicity when used parenterally despite
their efficacy against multiresistant P aeruginosa.
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TABLE 5
Antibiotic Dosage Regimen for Ventilator-Associated

Pneumonia Caused by Pseudomonas aeruginosa*

Antipseudomonal Beta-lactams
Piperacillin/tazobactam 4/0.5 g IV every 6-8 h
Ceftazidime 2 g IV every 6-8 h
Cefepime 2 g IV every 8-12 h
Imipenem 1 g IV every 6-8 h
Meropenem 1-2 g IV every 8 h

Aminoglycosides
Amikacin 15 mg/kg/day IV once daily
Tobramycin 5-7 mg/kg/day IV once daily
Gentamicin 5-7 mg/kg/day IV once daily

Fluoroquinolones
Ciprofloxacin 400 mg IV every 8 h

*IV indicates intravenous.



Hamer65 obtained satisfactory results using aerosolized
colistin in 2 patients with VAP-P and in a third patient
on mechanical ventilation who had tracheobronchitis
caused by multiresistant P aeruginosa. Moreover, the
good results obtained using a nebulized solution of
tobramycin to treat chronic bronchial infection caused
by P aeruginosa in cystic fibrosis suggest that this
treatment could also be effective in VAP-P.66

Conclusions. The treatment of pneumonia caused by
P aeruginosa remains controversial owing to the
considerable capacity of this organism to acquire
resistance, and the high mortality associated with this
type of infection. Various different antibiotic
combinations have been shown to be effective in vitro;
however, treatment failure is around 20% in almost all
case series. Other treatment options, such as
continuously infused beta-lactams and aerosolized
aminoglycosides, which were trialed with a view to
taking advantage of the pharmacodynamic advantages
of these routes, have not to date been associated with
significant improvements in prognosis.

Recommendations. VAP-P should always be treated
with a combination therapy composed of a beta-lactam
and an aminoglycoside or else, when this is not possible
and particularly in the presence of kidney failure, a third
generation quinolone. Level I evidence. Agreement
among experts 17/17 (100%).

Among the beta-lactam antibiotics, ceftazidime,
cefepime, and piperacillin/tazobactam are the preferred
recommendations. The carbapenems should be reserved
for special situations or cases of high resistance, and
ciprofloxacin for patients who experience side effects
with beta-lactams. Level III evidence. Agreement
among experts 17/17 (100%).

The duration recommended for treatment with beta-
lactam antibiotics is 15 days. Level II evidence.
Agreement among experts 17/17 (100%).

If clinical response is adequate it is probable that the
aminoglycoside will only be necessary during the first 5
to 7 days. Level III evidence. Agreement among experts
17/17 (100%).

VAP Caused by MRSA

Glycopeptides have been the standard treatment for
most MRSA infections in Spain. Consequently, this
group of antibiotics is often included in the empiric
therapies prescribed in treatment sites where a high
percentage of patients have MRSA infections. The
resulting high consumption of these agents has
increased the risk of such treatment promoting the
development of resistance among gram positive cocci.

When analyzing MRSA antibiogram patterns we are
well aware that resistance to methicillin implies
resistance to all beta-lactams. Until a few years ago, most
MRSA infections in Spain were caused by a very
predominant clone called the “Iberian clone,” which is

only sensitive to glycopeptides, co-trimoxazole,
chloramphenicol, and fosfomycin. However, a change
has recently been observed in the epidemiology of
MRSA in both Spain and other European countries with
the emergence and growing predominance of other more
sensitive clones; the strains isolated in Spain are sensitive
to clindamycin in 40% of cases, and to rifampicin in
around 80% of cases, as well as to the other antibiotics
mentioned above. For this reason, the assumption that
any severe MRSA infection requires the administration
of glycopeptides may need to be reconsidered in light of
current data and the type of infection.

Furthermore, the efficacy of glycopeptides in the
treatment of MRSA VAP has been questioned. They are
less lethal against S aureus than the beta-lactam
antibiotics. Therefore maximum concentrations well
above the MIC are required to ensure efficacy, and it is
difficult to achieve such high concentrations given the
potential toxicity and narrow therapeutic range of this
drug. Moreover, the need for maximum concentrations
could be of particular importance in the treatment of
pneumonia because of the poor diffusion within the
lung of these antibiotics.67 The recommended dosage
regimen is 1 g/12 h for vancomycin and 400 mg/12 h
for teicoplanin. However, the possibility has been
considered of using continuous infusion or inhalation to
increase these doses. One study reported that the
pharmacokinetic and antibiotic activity of vancomycin
administered via continuous infusion (500 mg loading
dose, followed by 2 g/24 h) was equivalent to that
obtained with conventional dosing (1 g/12 h) when
adequate peak and trough concentrations were
maintained.68 The information available concerning the
inhalation of aerosolized glycopeptides is scant,69 and
the therapy is not risk free.70 

Experience of treating VAP with other antibiotics,
such as fosfomycin and co-trimoxazole, is also very
limited.71,72 In a randomized, placebo-controlled study
of severely burned patients, the incidence of MRSA
VAP was significantly lower in patients who received a
prophylactic administration of trimethoprim-
sulfamethoxazole as compared to the placebo group
(4.8% vs 36.8%; P=.017).73 In recent years, 2 new
molecules, quinupristin/dalfopristin (QD) and linezolid,
have been incorporated as possible treatments of
MRSA infections including those caused by
glycopeptide-resistant strains. Both products are
expensive with an average cost of treatment of E2700
and E1260 respectively.74 The bactericidal effect of QD
against clindamycin-resistant strains of S aureus is not
well documented,75 and to date the Food and Drug
Administration of the United States of America has
only approved this drug as a treatment for bacteremia
caused by vancomycin-resistant Enterococcus faecalis.
Both of these drugs have demonstrated clinical efficacy
similar to that of vancomycin in various comparative
clinical trials76-79; the experience with linezolid in the
treatment of MRSA VAP is, however, still deemed
insufficient. A recent study by Wunderink et al,47 which
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did not deal with targeted treatments has generated new
expectations for the treatment of MRSA VAP. An
important added advantage of these drugs is that dosage
adjustment is not required in the case of renal failure.

Given the therapeutic difficulties associated with all
of the single-drug therapies mentioned above, and the
seriousness of MRSA VAP, the possible benefit of using
a combination of antibiotics with a synergistic effect has
been considered. Evidence of synergism between
vancomycin and various beta-lactam antibiotics, such as
oxacillin80,81 and imipenem,82,83 has been demonstrated
in strains of S aureus with a certain degree of resistance
to glycopeptides. Synergy between QD and vancomycin,
cefepime, ceftazidime, and imipenem has also been
described.75 The problem of synergy is that it is an in
vitro phenomenon difficult to extrapolate to clinical
situations, and that the clinical benefit of using a
combination therapy has not been demonstrated. On the
balance, in cases of severe MRSA VAP the combination
of vancomycin with rifampicin, clindamycin, or even
QD or linezolid may be considered.

Recommendations. Glycopeptides have been the
standard treatment for MRSA VAP to date. Level III
evidence. Agreement among experts 17/17 (100%).

However, in light of the current appraisal of this
treatment, other antibiotic agents should also be
considered, such as rifampicin, clindamycin, or
fosfomycin, depending on the antibiogram of the
causative strain. Level II evidence. Agreement among
experts 17/17 (100%).

The activity of vancomycin is equivalent to that of
teicoplanin if the dose of the latter is increased,
although the toxic effects of the 2 treatments are then
equal. The preference for using vancomycin is
supported by the fact that most of the trials undertaken
have dealt with this antibiotic, the use of which can be
monitored by measuring serum levels. Level II
evidence. Agreement among experts 17/17 (100%).

The recommendation to increase the dose of
vancomycin is not supported by any level of evidence,
and the administration of this antibiotic via continuous
infusion could reduce toxicity while achieving similar
efficacy. Level IV evidence. Agreement among experts
17/17 (100%).

Glycopeptides should not be administered via
aerosols. Level II evidence. Agreement among experts
17/17 (100%).

Serum concentrations should be monitored
systematically during treatment of VAP with vancomycin
in order to ensure the required efficacy and to minimize
the possibility of renal toxicity. The profile of the ICU
patient with multiple risk factors should be taken into
account. Level II evidence. Agreement among experts
17/17 (100%).

Notwithstanding the lack of comparative evidence, it
would appear reasonable to use glycopeptides in
combination with rifampicin, clindamycin, fosfomycin,
and beta-lactams (in the case of glycopeptide-resistant S

aureus), or even with QD or linezolid (in severe cases
or when the clinical course is unfavorable). Level III
evidence. Agreement among experts 17/17 (100%).

The new antibiotics with activity against MRSA (QD
and linezolid) appear to be as effective (QD) or more
effective (linezolid) than vancomycin. At this time,
treatment with linezolid could be considered, but the
available experience is still scant. Its use as a single-
drug therapy should therefore be restricted to
glycopeptide-resistant strains or patients with abnormal
kidney function. Level II evidence. Agreement among
experts 17/17 (100%).

Antibiotics, such as clindamycin and linezolid may
have better pharmacokinetic properties and lung
penetration than the glycopeptides. Level III evidence.
Agreement among experts 17/17 (100%).

VAP Without Microbiological Diagnosis

In 10% to 20% of cases the techniques used to
diagnose VAP fail to isolate any pathogen.84 In Spain,
there was no etiological diagnosis in up to 10.6% of
pneumonia cases. This figure varies depending on the
timing of onset; thus, while in the first episode of VAP
the culture was negative in 13.5% of cases, a negative
result occurred in only 2.3% of cases in the second
episode, and in none in the third.49

When no causative pathogen is identified, the
patient’s condition may be due to the presence of a
noninfectious process (atelectasis, heart failure, ARDS)85

and this may give rise to the inappropriate use of
antibiotics. In other cases, the negative result may occur
because the patient has received prior antibiotic
treatment or may have been receiving such treatment
when   respiratory samples were taken. The yield of
samples taken in these situations can be reduced by over
40%.86 Very occasionally, the etiology is not bacterial,
and other types of diagnostic tests are required.

Singh et al87 proposed a model for differentiating
between pneumonia and noninfectious processes. Their
model is based on the Clinical Pulmonary Infection
Score (CPIS) developed by Pugin et al,88 which has
been modified (CPISm). Antibiotic treatment was
suspended for patients who had a CPIS of 6 or less after
3 days of treatment with ciprofloxacin. This strategy
was not associated with any differences in mortality or
other clinical or radiographic parameters, but the
utilization of antibiotics was lower, fewer multiresistant
strains emerged (above all P aeruginosa, MRSA, and
enterococcus), and the cost of treatment was lower.

In a recent prospective study which evaluated the
correlation between CPISm scoring and the course of
VAP, Luna et al89 observed that the course of the illness
was satisfactory in patients whose CPISm score went
down in contrast to those whose CPISm scores
remained higher than 6. 

Recommendations. In cases of suspected VAP
without microbiological diagnosis, the patient must be
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assessed clinically at onset and again on the third day
using CPIS or CPISm scores. If the score is 6 or less,
withdrawal of antibiotic therapy is recommended. Level
II evidence. Agreement among experts 16/17 (94%).

If the CPIS is greater than 6, more diagnostic tests
should be performed using invasive methods, and
therapy should be scaled up to cover the microorganisms
not previously included. Level III evidence. Agreement
among experts 17/17 (100%).

VAP With a Poor Clinical Response

The resolution of VAP, which is based on clinical and
microbiological criteria, is not clearly defined. From the
standpoint of clinical response, resolution or improvement
of VAP corresponds to improvement in or gradual
disappearance of the signs and symptoms that determined
the diagnosis (fever, purulent secretions) together with the
results of complementary tests (number of leukocytes,
ratio of PaO2 to the fraction of inspired oxygen, and
radiographic findings).90 The most important factor in this
definition is the period of time that elapses before
response to treatment is deemed inadequate. If we use the
criteria applied to nosocomial pneumonia in general, the
point at which clinical response is normally assessed is 72
hours after start of treatment,91 although no studies
specific to VAP have been carried out in this respect.
Three terms are used to define poor clinical response in
VAP. The first of these is progressive VAP, which is
defined as rapid deterioration (≤72 hours) in signs and
symptoms despite antibiotic treatment. The second is
nonresponding VAP, which refers to cases of pneumonia
in which the signs and symptoms do not improve in spite
of ≥72 hours of antibiotic treatment. And, the third is
slowly resolving VAP, defined as an improvement in the
signs and symptoms but with a radiographic resolution of
under 50% in one week.92 Causes of poor response
include factors related to the host and the infecting
microorganisms, in addition to noninfectious pathologies.

In the case of progressive pneumonia, the most frequent
causes of lack of response to treatment are noninfectious
pathology, the presence of microorganisms with primary
resistance to the empiric antibiotic treatment, highly
virulent microorganisms, and a severe systemic response
(severe sepsis or septic shock). The most common causes
of persistent or slowly resolving pneumonia are
noninfectious disease, persistence of the infection
(whether caused by the primary resistance of infecting
microorganisms not covered by empiric therapy,
emerging resistance, inadequate antibiotic dose, or
anatomical complications such as empyema or abscess),
superinfection by a different organism, or concomitant
extrapulmonary infection.93,94

Recommendations. In progressive pneumonia
(deterioration in the first 72 hours), pending definitive
results of initial diagnostic studies, the following
possible causes should be ruled out: a noninfectious
pulmonary pathology, or an extrapulmonary focus of
infection (computed tomography, extrapulmonary
cultures, isotopes). Initial empiric treatment should, in
addition, be modified by changing the antibiotics or
increasing coverage. Level III evidence. Agreement
among experts 17/17 (100%).

New lung samples should be obtained via fiberoptic
bronchoscopy and tested for unusual pathogens, such as
Legionella, Mycobacterium tuberculosis, Aspergillus,
and Nocardia. Figure 1 shows the action that should be
taken once an etiological diagnosis has been obtained.
Level III evidence. Agreement among experts 17/17
(100%).

Recurrent or Relapsing VAP

Pneumonia is defined as recurrent when a new
episode of VAP occurs more than 72 hours after
suspension of a course of antibiotics that was correct in
terms of spectrum, dose, and duration, and the causative
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Figure 1. Nonresponding pneumonia characterized by persistence of local and systemic signs of pulmonary infection. BAL indicates bronchoalveolar
lavage; cfu, colony forming units.
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pathogen isolated is the same organism that caused the
previous episode.95

Approximately between 18% and 22% of VAP cases
may take this course95-98; the responsible pathogen is
usually P aeruginosa, E coli, MRSA, or methicillin-
sensitive S aureus. Using genetic replication
techniques, Rello et al96 demonstrated that 93% of P
aeruginosa strains isolated in 9 episodes of recurrence
corresponded to the same initial microorganisms. 

The most important predisposing factors identified
by multivariate analysis were ARDS and chronic
obstructive pulmonary disease.96,97 Other notable factors
were lack of bronchial drainage, immunosuppression,
and the presence of reservoirs of infection (orotracheal
intubation, empyema, and abscessed pneumonia).57,98

Another microbiological finding was that over 50% of
the isolates presented resistance to the antibiotics
administered during the initial episode.

Recommendations. Recurrent VAP should be highly
suspected in patients with prior episodes of VAP caused
by P aeruginosa, S aureus, or E coli. Level II evidence.
Agreement among experts 17/17 (100%).

Since factors related to the host and microbiological
factors are not modifiable, the presence of reservoirs
must be actively ruled out. Computed chest tomography

is recommended for this purpose. Level III evidence.
Agreement among experts 17/17 (100%).

Antibiotic treatment should always be started using
antibiotics not previously administered. Level III
evidence. Agreement among experts 17/17 (100%).

Monitoring the Treatment of Nosocomial
Pneumonia

Antibiotic prescription in patients with VAP should
not simply follow a set routine. Such treatment should
be followed up by careful monitoring of the clinical
response, which is an indicator of efficacy. Physicians
should also monitor the appearance of side effects and
the selection of new, multiresistant pathogens during or
at the end of the course of treatment.99

Assessment of Clinical Response

The first assessment of clinical response to treatment
must be made 72 hours after the initiation of empiric
treatment. The appearance of new signs of infection or
of a worsening of the initial signs should lead the
physician to suspect that the antibiotics prescribed
initially are not appropriate for treating the pathogens
causing the pneumonia. In such cases, new lung

Figure 2. Algorithm for the treatment of severe nosocomial pneumonia.

Severity Criteria

– Severe Respiratory
   Insufficiency
– Severe Sepsis

Early SNP Without Risk Factors

– Group I (see Table 2)

Microbiology +

Clinical Response

Good

Severe

Nosocomial

Pneumonia (SNP)

Reevaluate
at 72 h

Late SNP or SNP With Risk Factors

– Group II (see Table 3)

Microbiology –

Clinical Response

CPIS ≥6 CPIS <6

– Suspend Treatment

– Look for Noninfectious
Cause

Poor
– Continue

Same
   Treatment

– Rule out Noninfectious Causes

– Change Empiric Treatment,
Adapting it to Antibiogram

– Look for Atypical Pathogens

Poor (Figure 1)

– Obtain Lung Sample
Using Invasive Methods

– Broaden Spectrum of
Antibiotic Treatment

– Continue Same Treatment,
   or
– Cut Back Treatment:

to a Narrower Spectrum

Good



JORDÀ MARCOS R, ET AL. RECOMMENDATIONS FOR THE TREATMENT OF SEVERE NOSOCOMIAL PNEUMONIA

530 Arch Bronconeumol 2004;40(11):518-33

samples must be obtained (using invasive methods if
possible) in addition to new blood samples. The initial
antibiotic prescription should be changed, increasing
the level of therapeutic intervention with stronger
antibiotics, a broader spectrum, and with coverage for
less common pathogens. Conversely, when an
improvement in the initial signs is observed, treatment
should be continued until the causative pathogens are
identified and their sensitivity measured. It is then
possible to readjust the treatment regimen using the first
line antibiotics for each of the organisms isolated.

When a patient’s condition deteriorates in spite of
antibiotic treatment that is appropriate in terms of
sensitivity, the physician should reconsider the
pharmacokinetic properties of the antibiotics prescribed
in terms of penetration into infected tissues, the dose,
and the dosage intervals used with a view to ensuring
adequate concentrations of the drug in the focus of
infection.

Measurement of Serum Concentrations

Critically ill patients often present hemodynamic
abnormalities, renal and hepatic failure, generalized
edema, and other complications that affect the
metabolism, distribution, and elimination of antibiotics.
This gives rise to considerable interindividual variation
in the serum concentrations obtained with the same dose.
Antibiotic dose must therefore be optimized, particularly
in the case of antibiotics, such as aminoglycosides and
vancomycin, which have a narrow therapeutic range (the
difference between toxic and therapeutic concentrations).
Serum concentrations should be measured on the second
day of antibiotic treatment when it may be supposed that
an equilibrium has been achieved between serum and
other compartments in the distribution. Using
pharmacokinetic programs specially designed to monitor
antibiotics, dosage regimens can be adjusted so as to
obtain maximum efficacy with minimum side effects.100

Microbiological Monitoring to Detect the Emergence 
of Multiresistant Strains or of New Pathogens Resistant
to the Antibiotics Prescribed 

The use of antibiotics to treat patients with VAP
promotes the emergence of multiresistant pathogens
which can cause the prescribed treatment to fail in a
specific patient and also have important epidemiological
repercussions. Selection of the flora that make up the
ecosystem of each treatment site will determine the
future antibiotic policies of that ICU.101-103

New samples should be obtained whenever an
unfavorable clinical response occurs. The performance
of microbiological studies at the end of treatment in
patients who continue on mechanical ventilation is not
recommended as a routine practice outside the context
of epidemiological studies.

Recommendations. Assess the clinical response to

treatment after 72 h (±24 h). When the course of the
illness is unfavorable, new samples should be taken
(preferably using invasive methods), new empiric
antibiotic treatment should be prescribed with broader
coverage for usual pathogens plus coverage for other,
less common, pathogens. If the course of the illness is
satisfactory and when the pathogen and its sensitivity
are known, treatment should be adjusted accordingly.
Level II evidence. Agreement among experts 17/17
(100%).

Serum concentrations of aminoglycosides and
glycopeptides should be measured whenever possible.
Evaluate whether these measurements need to be
repeated in light of the patient’s condition and the
results of previous tests. Level I evidence. Agreement
among experts 17/17 (100%).

Respiratory samples should be analyzed when
clinical response is poor. Level II evidence. Agreement
among experts 17/17 (100%).

Algorithm for the Treatment of SNP (Figure 2)

– Start empiric treatment guided by timing of onset
and presence of risk factors, in particular prior
antibiotic treatment. In the case of Group I SNP, initiate
single-drug therapy with beta-lactams. In the case of
Group II SNP, a combination of an antipseudomonal
beta-lactam and an aminoglycoside is recommended.
The empiric use of glycopeptides depends on the
endemic situation in each treatment site.

– Reevaluate clinical response after 72 hours, and
whenever a microbiological result is obtained.

– If clinical response is good and a pathogen has
been identified, adjust antibiotic treatment to cover the
more specific spectrum, including single drug therapy
when multiresistant bacteria are not involved.

– If clinical response is poor, possible causes of
persistent SNP should be ruled out, and treatment
should be reevaluated in light of the microorganisms
isolated and therapy adapted in accordance with the
antibiogram. In the case of multiresistant bacteria, the
use of synergistic combinations is recommended. 

– When clinical response is poor and the causative
agent has not been identified, new samples for culture
should be obtained using fiberoptic bronchoscopy.
These should also be tested for unusual pathogens and
the spectrum and type of antibiotic treatment modified
accordingly. 

List of the Members of the Expert Committee 

GTEI-SEMICYUC: F. Álvarez Lermaa (Hospital del
Mar, Barcelona), L. Álvarez Rochaa (Hospital Juan
Canalejo, A Coruña), F. Barcenilla Gaitea (Hospital Arnau
de Vilanova, Lleida), R. Jordà Marcosa (Clínica Rotger,
Palma de Mallorca), J. Insausti Ordeñanaa (Hospital de
Navarra, Pamplona), M.J. López Pueyoa (Hospital General
Yagüe, Burgos), A. Martínez Pellúsa (Hospital de la
Arrixaca, Murcia), P. Olaechea Astigarragaa (Hospital de
Galdakao, Vizcaya), M. Palomar Martíneza (Hospital Vall



JORDÀ MARCOS R, ET AL. RECOMMENDATIONS FOR THE TREATMENT OF SEVERE NOSOCOMIAL PNEUMONIA

Arch Bronconeumol 2004;40(11):518-33 531

d’Hebron, Barcelona), J. Relloa,b (Hospital Joan XXIII,
Tarragona), J. Valles Daunisa (Hospital Parc Taulí,
Sabadell).

TIR-SEPAR Assembly: J. Blanquer Olivasc (Hospital
Clínico, Valencia), R. Menéndez (Hospital La Fe,
Valencia), F. Rodríguez de Castro (Hospital Universitario
Dr. Negrín, Las Palmas de Gran Canaria), A. Torres Martíc

(Hospital Clínic, Barcelona).
GEIH-SEIMC: X. Ariza Cardenal (Hospital de Bellvitge,

L’Hospitalet de Llobregat), M. Lizasoain (Hospital 12 de
Octubre, Madrid).

aAlso a member of the GTIH-SEIMC.
bAlso a member of the TIR-SEPAR Assembly.
cAlso a member of the GTEI-SEMICYUC.

REFERENCES

1. Álvarez Lerma F. Modification of empiric antibiotic treatment in
patients with pneumonia acquired in the intensive care unit. ICU-
Acquired Pneumonia Study Group. Intensive Care Med 1996;22:
387-94.

2. Luna CM, Vujacich P, Niederman MS, Vay C, Gherardi C,
Matera J, et al. Impact of BAL data on the therapy and outcome of
ventilator-associated pneumonia. Chest 1997;111:676-85.

3. Dupont H, Mentec H, Sollet JP, Bleichner G. Impact of
appropriateness of initial antibiotic therapy on the outcome of
ventilator-associated pneumonia. Intensive Care Med 2001;27:
355-62.

4. Celis R, Torres A, Gatell JM, Almela M, Rodríguez-Roisin R,
Agustí-Vidal A. Nosocomial pneumonia. A multivariate analysis
of risk and prognosis. Chest 1988;93:318-24.

5. Torres A, Aznar R, Gatell JM, Jiménez P, González J, Ferrer A, et
al. Incidence, risk, and prognosis factors of nosocomial
pneumonia in mechanically ventilated patients. Am Rev Respir
Dis 1990;142:523-8.

6. Fagon JY, Chastre J, Hance AJ, Montravers P, Novara A, Gibert
C. Nosocomial pneumonia in ventilated patients: a cohort study
evaluating attributable mortality and hospital stay. Am J Med
1993; 94:281-8.

7. Grossman RF, Fein A. Evidence-based assessment of diagnostic
tests for ventilator-associated pneumonia. Executive summary.
Chest 2000;117:177S-81S.

8. Campbell G, Niederman M, Broughton W, Craven D, Fein A,
Fink M, et al. Hospital-acquired pneumonia in adults: diagnosis,
assessment of severity, initial antimicrobial therapy, and
preventive strategies. A consensus statement, American Thoracic
Society, November 1995. Am J Respir Crit Care Med 1996;153:
1711-25.

9. Torres A, de Celis MR, Bello S, Blanquer J, Dorca J, Molinos L,
et al. Normativas SEPAR. Diagnóstico y tratamiento de la
neumonía nosocomial. Arch Bronconeumol 1997;33:346-50.

10. Niederman MS, Bass JB Jr, Campbell GD, Fein AM, Grossman
RF, Mandell LA, et al. Guidelines for the initial management of
adults with community-acquired pneumonia: diagnosis,
assessment of severity, and initial antimicrobial therapy.
American Thoracic Society. Medical Section of the American
Lung Association. Am Rev Respir Dis 1993;148:1418-26.

11. Trouillet JL, Chastre J, Vuagnat A, Joly-Guillou ML, Combaux D,
Dombret MC, et al. Ventilator-associated pneumonia caused by
potentially drug-resistant bacteria. Am J Respir Crit Care Med
1998; 157:531-9.

12. Torres A, Carlet J. Ventilator-associated pneumonia. European
Task Force on ventilator-associated pneumonia. Eur Respir J
2001; 17:1034-45.

13. Drakulovic MB, Bauer TT, Torres A, González J, Rodríguez MJ,
Angrill J. Initial bacterial colonization in patients admitted to a
respiratory intensive care unit: bacteriological pattern and risk
factors. Respiration 2001;68:58-66.

14. Rello J, Sa-Borges M, Correa H, Leal SR, Baraibar J. Variations
in etiology of ventilator-associated pneumonia across four
treatment sites: implications for antimicrobial prescribing
practices. Am J Respir Crit Care Med 1999;160:608-13.

15. Rello J, Rodríguez R, Jubert P, Álvarez B. Severe community-
acquired pneumonia in the elderly: epidemiology and prognosis.
Study Group for Severe Community-Acquired Pneumonia. Clin
Infect Dis 1996;23:723-8.

16. Rello J, Rue M, Jubert P, Muses G, Sonora R, Vallés J, et al.
Survival in patients with nosocomial pneumonia: impact of the
severity of illness and the etiologic agent. Crit Care Med
1997;25:1862-7.

17. Rello J, Paiva JA, Baraibar J, Barcenilla F, Bodi M, Castander D,
et al. International Conference for the Development of Consensus
on the Diagnosis and Treatment of Ventilator-associated
Pneumonia. Chest 2001;120:955-70.

18. Fine MJ, Smith MA, Carson CA, Mutha SS, Sankey SS,
Weissfeld LA, et al. Prognosis and outcomes of patients with
community-acquired pneumonia. A meta-analysis. JAMA 1996;
275:134-41.

19. Franklin C, Henrickson K, Wail M. Reduced mortality of
pneumococcal bacteremia after early intensive care. J Intensive
Care1994;6:302-7.

20. Álvarez-Lerma F, Torres A, Rodríguez de Castro F. Recomen-
daciones para el diagnóstico de la neumonía asociada a ventilación
mecánica. Enferm Infecc Microbiol Clin 2001;19:479-87.

21. Almirall J, Mesalles E, Klamburg J, Parra O, Agudo A. Prognostic
factors of pneumonia requiring admission to the intensive care
unit. Chest 1995;107:511-6.

22. Berrouane Y, Daudenthun I, Riegel B, Emery MN, Martin G,
Krivosic R, et al. Early onset pneumonia in neurosurgical
intensive care unit patients. J Hosp Infect 1998;40:275-80.

23. Rello J, Ausina V, Ricart M, Puzo C, Net A, Prats G. Nosocomial
pneumonia in critically ill comatose patients: need for a
differential therapeutic approach. Eur Respir J 1992;5:1249-53.

24. Cazzadori A, di Perri G, Vento S, Bonora S, Fendt D, Rossi M, et
al. Aetiology of pneumonia following isolated closed head injury.
Respir Med 1997;91:193-9.

25. Heyland DK, Cook DJ, Griffith L, Keenan SP, Brun-Buisson C.
The attributable morbidity and mortality of ventilator-associated
pneumonia in the critically ill patient. The Canadian Critical Trials
Group. Am J Respir Crit Care Med 1999;159:1249-56.

26. Rodríguez JL, Gibbons KJ, Bitzer LG, Dechert RE, Steinberg SM,
Flint LM. Pneumonia: incidence, risk factors, and outcome in
injured patients. J Trauma 1991;31:907-12.

27. Mandell LA, Campbell GD Jr. Nosocomial pneumonia
guidelines:an international perspective. Chest 1998;113:188S-93S.

28. Fink MP, Snydman DR, Niederman MS, Leeper KV Jr, Johnson
RH, Heard SO, et al. Treatment of severe pneumonia in
hospitalized patients: results of a multicenter, randomized, double-
blind trial comparing intravenous ciprofloxacin with imipenem-
cilastatin. The Severe Pneumonia Study Group. Antimicrob
Agents Chemother 1994;38:547-57.

29. García-Rodríguez JA, Baquero F, García de Lomas J, Aguilar L.
Antimicrobial susceptibility of 1,422 Haemophilus influenzae
isolates from respiratory tract infections in Spain. Results of a 1-
year (1996-97) multicenter surveillance study. Spanish Surveillance
Group for Respiratory Pathogens. Infection 1999;27:265-7.

30. Jones RN, Pfaller MA. In vitro activity of newer fluoroquinolones
for respiratory tract infections and emerging patterns of
antimicrobial resistance: data from the SENTRY antimicrobial
surveillance program. Clin Infect Dis 2000;31:S16-23.

31. West M, Boulanger BR, Fogarty C, Tennenberg A, Wiesinger B,
Oross M, et al. Levofloxacin compared with imipenem/cilastatin
followed by ciprofloxacin in adult patients with nosocomial
pneumonia: a multicenter, prospective, randomized, open-label
study. Clin Ther 2003;25:485-506.

32. Brown EM. Empirical antimicrobial therapy of mechanically
ventilated patients with nosocomial pneumonia. J Antimicrob
Chemother 1997;40:463-8.

33. Cometta A, Baumgartner JD, Lew D, Zimmerli W, Pittet D,
Chopart P, et al. Prospective randomized comparison of imipenem
monotherapy with imipenem plus netilmicin for treatment of
severe infections in nonneutropenic patients. Antimicrob Agents
Chemother 1994;38:1309-13.

34. Manhold C, von Rolbicki U, Brase R, Timm J, von Pritzbuer E,



JORDÀ MARCOS R, ET AL. RECOMMENDATIONS FOR THE TREATMENT OF SEVERE NOSOCOMIAL PNEUMONIA

532 Arch Bronconeumol 2004;40(11):518-33

Heimesaat M, et al. Outbreaks of Staphylococcus aureus
infections during treatment of late onset pneumonia with
ciprofloxacin in a prospective, randomized study. Intensive Care
Med 1998;24:1327-30.

35. Hilf M, Yu VL, Sharp J, Zuravleff JJ, Korvick JA, Muder RR.
Antibiotic therapy for Pseudomonas aeruginosa bacteremia:
outcome correlations in a prospective study of 200 patients. Am J
Med 1989;87:540-6.

36. Korvick JA, Bryan CS, Farber B, Beam TR Jr, Schenfeld L, Muder
RR, et al. Prospective observational study of Klebsiella bacteremia
in 230 patients: outcome for antibiotic combinations versus
monotherapy. Antimicrob Agents Chemother 1992;36:2639-44.

37. Leibovici L, Paul M, Poznanski O, Drucker M, Samra Z,
Konigsberger H, et al. Monotherapy versus beta-lactam-
aminoglycoside combination treatment for gram-negative
bacteremia: a prospective, observational study. Antimicrob Agents
Chemother 1997;41:1127-33.

38. Fraimow HS, Abrutyn E. Pathogens resistant to antimicrobial
agents. Epidemiology, molecular mechanisms, and clinical
management. Infect Dis Clin North Am 1995;9:497-530.

39. Radberg G, Nilsson LE, Svensson S. Development of quinolone-
imipenem cross resistance in Pseudomonas aeruginosa during
exposure to ciprofloxacin. Antimicrob Agents Chemother 1990;
34:2142-7.

40. Gilbert DN. Meta-analyses are no longer required for determining
the efficacy of single daily dosing of aminoglycosides. Clin Infect
Dis 1997;24:816-9.

41. Barza M, Ioannidis JP, Cappelleri JC, Lau J. Single or multiple daily
doses of aminoglycosides: a meta-analysis. BMJ 1996;312:338-45.

42. Benko AS, Cappelletty DM, Kruse JA, Rybak MJ. Continuous
infusion versus intermittent administration of ceftazidime in
critically ill patients with suspected gram-negative infections.
Antimicrob Agents Chemother 1996;40:691-5.

43. Craig WA. Pharmacokinetic/pharmacodynamic parameters:
rationale for antibacterial dosing of mice and men. Clin Infect Dis
1998;26:1-10.

44. Ramsey BW, Dorkin HL, Eisenberg JD, Gibson RL, Harwood IR,
Kravitz RM, et al. Efficacy of aerosolized tobramycin in patients
with cystic fibrosis. N Engl J Med 1993;328:1740-6.

45. Palmer LB, Smaldone GC, Simon SR, O’Riordan TG, Cuccia A.
Aerosolized antibiotics in mechanically ventilated patients:
delivery and response. Crit Care Med 1998;26:31-9.

46. Bressolle F, de la Coussaye JE, Ayoub R, Fabre D, Gomeni R,
Saissi G, et al. Endotracheal and aerosol administrations of
ceftazidime in patients with nosocomial pneumonia:
pharmacokinetics and absolute bioavailability. Antimicrob Agents
Chemother 1992;36:1404-11.

47. Wunderink RG, Rello J, Cammarata SK, Croos-Dabrera RV,
Kollef MH. Linezolid vs vancomycin: analysis of 2 double-blind
studies of patients with methicillin-resistant Staphylococcus
aureus nosocomial pneumonia. Chest 2003;124:1789-97.

48. Chastre J, Wolff M, Fagon JY, Chevret S, Thomas F, Wermert D,
et al. Comparison of 8 versus 15 days of antibiotic therapy for
ventilator-associated pneumonia in adults: a randomized trial.
JAMA 2003;290:2588-98.

49. Álvarez-Lerma F, Palomar M, Olaechea P, Insausti J, Bermejo B,
Cerdá E. Estudio nacional de vigilancia de infección nosocomial
en unidades de cuidados intensivos. Informe del año 2001. Med
Intensiva 2003;27:13-23.

50. Bou G. El alto nivel de resistencia a los carbapenems en
Acinetobacter baumannii es un problema multifactorial. Enferm
Infecc Microbiol Clin 2001;19:336-8.

51. Garnacho-Montero J, Ortiz-Leyba C, Jiménez-Jiménez FJ,
Barrero-Almodóvar AE, García-Garmendia JL, Bernabeu-Wittell
M, et al. Treatment of multidrug-resistant Acinetobacter baumanii
ventilator-associated penumonia (VAP) with intravenous colistin.
Clin Infect Dis 2003;36:1111-8.

52. Montero A, Ariza J, Corbella X, Domenech A, Cabellos C, Ayats
J, et al. Efficacy of colistin versus beta-lactams, aminoglycosides,
and rifampin as monotherapy in a mouse model of pneumonia
caused by multiresistant Acinetobacter baumannii. Antimicrob
Agents Chemother 2002;46:1946-52.

53. National Nosocomial Infections Surveillance (NNIS) report, data
summary from October 1986-April 1996, issued May 1996. A
report from the National Nosocomial Infections Surveillance
(NNIS) System. Am J Infect Control 1996;24:380-8.

54. Cook DJ, Walter SD, Cook RJ, Griffith LE, Guyatt GH, Leasa D,
et al. Incidence of and risk factors for ventilator-associated
pneumonia in critically ill patients. Ann Intern Med 1998;129:
433-40.

55. Torres A, Aznar R, Gatell JM, Jiménez P, González J, Ferrer A, et al.
Incidence, risk, and prognosis factors of nosocomial pneumonia in
mechanically ventilated patients. Am Rev Respir Dis 1990;142:523-8.

56. Fagon JY, Chastre J, Domart Y, Trouillet JL, Gibert C. Mortality
due to ventilator-associated pneumonia or colonization with
Pseudomonas or Acinetobacter species: assessment by quantitative
culture of samples obtained by a protected specimen brush. Clin
Infect Dis 1996;23:538-42.

57. Crouch Brewer S, Wunderink RG, Jones CB, Leeper KV Jr.
Ventilator-associated pneumonia due to Pseudomonas aeruginosa.
Chest 1996;109:1019-29.

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

59. Nicolau DP, McNabb J, Lacy MK, Quintiliani R, Nightingale CH.
Continuous versus intermittent administration of ceftazidime in
intensive care unit patients with nosocomial pneumonia. Int J
Antimicrob Agents 2001;17:497-504.

60. Yokochi T, Kusumi A, Kido N, Kato Y, Sugiyama T, Koide N, et
al. Differential release of smooth-type lipopolysaccharide from
Pseudomonas aeruginosa treated with carbapenem antibiotics and
its relation to production of tumor necrosis factor alpha and nitric
oxide. Antimicrob Agents Chemother 1996;40: 2410-2.

61. Jaccard C, Troillet N, Harbarth S, Zanetti G, Aymon D, Schneider
R, et al. Prospective randomized comparison of imipenem-
cilastatin and piperacillin-tazobactam in nosocomial pneumonia or
peritonitis. Antimicrob Agents Chemother 1998;42:2966-72.

62. Cappelletty DM, Rybak MJ. Comparison of methodologies for
synergism testing of drug combinations against resistant strains of
Pseudomonas aeruginosa. Antimicrob Agents Chemother 1996;
40:677-83.

63. Boucher BA. Role of aztreonam in the treatment of nosocomial
pneumonia in the critically ill surgical patient. Am J Surg 2000;
179:45-50.

64. Lode H, Raffenberg M, Geerdes-Fenge H. Monotherapy of
nosocomial pneumonia. Sem Resp Crit Care Med 2000;21:9-17.

65. Hamer DH. Treatment of nosocomial pneumonia and
tracheobronchitis caused by multidrug-resistant Pseudomonas
aeruginosa with aerosolized colistin. Am J Respir Crit Care Med
2000;162:328-30.

66. Cole PJ. The role of nebulized antibiotics in treating serious
respiratory infections. J Chemother 2001;13:354-62.

67. Rello J, Díaz E, Bodi M. Appropriate antibiotic treatment for
pneumonia. Clin Infect Dis 2000;31:1313-5.

68. James JK, Palmer SM, Levine DP, Rybak MJ. Comparison of
conventional dosing versus continuous-infusion vancomycin
therapy for patients with suspected or documented gram-positive
infections. Antimicrob Agents Chemother 1996;40:696-700.

69. Shirai M, Ide K, Sato M, Murakami M, Tanaka Y, Sato A, et al.
Effect of inhaled vancomycin hydrochloride on elimination of
methicillin-resistant Staphylococcus aureus. Nihon Kyobu
Shikkan Gakkai Zasshi 1995;33:1233-9.

70. Kahata K, Hashino S, Imamura M, Mori A, Kobayashi S, Asaka M.
Inhaled vancomycin-induced allergic reaction in decontamination of
respiratory tracts for allogeneic bone marrow transplantation. Bone
Marrow Transplant 1997;20:1001-3.

71. Markowitz N, Quinn EL, Saravolatz LD. Trimethoprim-
sulfamethoxazole compared with vancomycin for the treatment of
Staphylococcus aureus infection. Ann Intern Med 1992;117:390-8.

72. Álvarez S, Jones M, Berk SL. In vitro activity of fosfomycin, alone
and in combination, against methicillin-resistant Staphylococcus
aureus. Antimicrob Agents Chemother 1985;28:689-90.

73. Kimura A, Mochizuki T, Nishizawa K, Mashiko K, Yamamoto Y,
Otsuka T. Trimethoprim-sulfamethoxazole for the prevention of
methicillin-resistant Staphylococcus aureus pneumonia in
severely burned patients. J Trauma 1998;45:383-7.

74. Quinupristin/dalfopristin. Med Lett Drugs Ther 1999;41:109-10.
75. Fuchs PC, Barry AL, Brown SD. Interactions of quinupristin-

dalfopristin with eight other antibiotics as measured by time-kill
studies with 10 strains of Staphylococcus aureus for which
quinupristin-dalfopristin alone was not bactericidal. Antimicrob
Agents Chemother 2001;45:2662-5.

76. Betriu C, Redondo M, Boloix A, Gómez M, Culebras E, Picazo



JORDÀ MARCOS R, ET AL. RECOMMENDATIONS FOR THE TREATMENT OF SEVERE NOSOCOMIAL PNEUMONIA

Arch Bronconeumol 2004;40(11):518-33 533

JJ. Comparative activity of linezolid and other new agents against
methicillin-resistant Staphylococcus aureus and teicoplanin-
intermediate coagulase-negative staphylococci. J Antimicrob
Chemother 2001;48:911-3.

77. Fagon J, Patrick H, Haas DW, Torres A, Gibert C, Cheadle WG,
et al. Treatment of gram-positive nosocomial pneumonia.
Prospective randomized comparison of quinupristin/dalfopristin
versus vancomycin. Nosocomial Pneumonia Group. Am J Respir
Crit Care Med 2000;161:753-62.

78. Rubinstein E, Cammarata S, Oliphant T, Wunderink R. Linezolid
(PNU-100766) versus vancomycin in the treatment of hospitalized
patients with nosocomial pneumonia: a randomized, double-blind,
multicenter study. Clin Infect Dis 2001;32:402-12.

79. Chow JW, Davidson A, Sanford E 3rd, Zervos MJ. Superinfection
with Enterococcus faecalis during quinupristin/dalfopristin
therapy. Clin Infect Dis 1997;24:91-2.

80. Domaracki BE, Evans AM, Venezia RA. Vancomycin and oxacillin
synergy for methicillin-resistant staphylococci. Antimicrob Agents
Chemother 2000;44:1394-6.

81. Climo MW, Patron RL, Archer GL. Combinations of vancomycin
and beta-lactams are synergistic against staphylococci with
reduced susceptibilities to vancomycin. Antimicrob Agents
Chemother 1999;43:1747-53.

82. Totsuka K, Shiseki M, Kikuchi K, Matsui Y. Combined effects of
vancomycin and imipenem against methicillin-resistant
Staphylococcus aureus (MRSA) in vitro and in vivo. J Antimicrob
Chemother 1999;44:455-60.

83. Rochon-Edouard S, Pestel-Caron M, Lemeland JF, Caron F. In
vitro synergistic effects of double and triple combinations of
betalactams, vancomycin, and netilmicin against methicillin-
resistant Staphylococcus aureus strains. Antimicrob Agents
Chemother 2000;44:3055-60.

84. Ruiz M, Torres A, Ewig S, Marcos MA, Alcon A, Lledo R, et al.
Noninvasive versus invasive microbial investigation in ventilator-
associated pneumonia: evaluation of outcome. Am J Respir Crit
Care Med 2000;162:119-25.

85. Meduri GU, Mauldin GL, Wunderink RG, Leeper KV Jr, Jones
CB, Tolley E, et al. Causes of fever and pulmonary densities in
patients with clinical manifestations of ventilator-associated
pneumonia. Chest 1994;106:221-35.

86. Jordà R, Parras F, Ibáñez J, Reina J, Bergada J, Raurich JM.
Diagnosis of nosocomial pneumonia in mechanically ventilated
patients by the blind protected telescoping catheter. Intensive Care
Med 1993;19:377-82.

87. Singh N, Rogers P, Atwood CW, Wagener MM, Yu VL.
Shortcourse empiric antibiotic therapy for patients with pulmonary
infiltrates in the intensive care unit. A proposed solution for
indiscriminate antibiotic prescription. Am J Respir Crit Care Med
2000;162:505:11.

88. Pugin J, Auckenthaler R, Mili N, Janssens JP, Lew PD, Suter PM.
Diagnosis of ventilator-associated pneumonia by bacteriologic
analysis of bronchoscopic and nonbronchoscopic “blind”
bronchoalveolar lavage fluid. Am Rev Respir Dis 1991;143:
1121-9.

89. Luna CM, Blanzaco D, Niederman MS, Matarucco W, Baredes
NC, Desmery P, et al. Resolution of ventilator-associated
pneumonia: prospective evaluation of the clinical pulmonary
infection score as an early clinical predictor of outcome. Crit
Care Med 2003;31:676-82.

90. Wunderink RG. Ventilator-associated pneumonia. Failure to
respond to antibiotic therapy. Clin Chest Med 1995;16:173-93.

91. Niederman MS. Bronchoscopy in nonresolving nosocomial
pneumonia. Chest 2000;117:212S-8S.

92. Lowenkron S, Fein A. The 10 most common questions about
nonresolving pneumonia. Clin Pulm Med 1995;2:88-97.

93. Kuru T, Lynch JP 3rd. Nonresolving or slowly resolving
pneumonia. Clin Chest Med 1999;20:623-51.

94. Rome L, Murali G, Lippmann M. Nonresolving pneumonia and
mimics of pneumonia. Med Clin North Am 2001;85:1511-30.

95. Dennesen PJ, van der Ven AJ, Kessels AG, Ramsay G, Bonten
MJ. Resolution of infectious parameters after antimicrobial
therapy in patients with ventilator-associated pneumonia. Am J
Respir Crit Care Med 2001;163:1371-5.

96. Rello J, Mariscal D, March F, Jubert P, Sánchez F, Vallés J, et
al. Recurrent Pseudomonas aeruginosa pneumonia in ventilated
patients: relapse or reinfection? Am J Respir Crit Care Med
1998;157:912-6.

97. Silver DR, Cohen IL, Weinberg PF. Recurrent Pseudomonas
aeruginosa pneumonia in an intensive care unit. Chest
1992;101:194-8.

98. Rowe S, Cheadle WG. Complications of nosocomial pneumonia
in the surgical patient. Am J Surg 2000;179:63-8.

99. Álvarez Lerma F, Palomar M. Decálogo de normas para la
utilización de antibióticos en pacientes críticos. Med Intensiva
2000;24:69-77.

100. Slattery JT. A pharmacokinetic model-independent approach for
estimating dose required to give desired steady-state trough
concentrations of drug in plasma. J Pharmacokinet Biopharm
1980;8:105-10.

101. Álvarez Lerma F. Impacto de las resistencias bacterianas sobre
la política antibiótica. Med Intensiva 1998;22:17-23.

102. Kosmidis J, Koratzanis G. Emergence of resistant bacterial
strains during treatment of infections in the respiratory tract.
Scand J Infect Dis Suppl 1986;49:135-9.

103. Dworzack DL, Pugsley MP, Sanders CC, Horowitz EA.
Emergence of resistance in gram-negative bacteria during
therapy with expanded-spectrum cephalosporins. Eur J Clin
Microbiol 1987;6:456-9.


