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Introduction

Pneumonia is the most important respiratory infection in mechanically ventilated
patients. It is defined as the presence of microorganisms in the pulmonary paren-
chyma leading to the development of an inflammatory response by the host, which
may be localized in the lung or may extend systemically. Nosocomial pneumonia is
an infectious process which develops within 48 hours after admission to the hospital
and that was not incubating at the time of hospitalization. Ventilator-associated
pneumonia (VAP) is considered as a subgroup of nosocomial pneumonia and is an
infectious pulmonary process which develops 48 hours after the presence of an arti-
ficial airway and mechanical ventilation. Since a large proportion of the patients
who develop nosocomial pneumonia are intubated and receive mechanical ventila-
tion, most epidemiological and clinical studies on nosocomial pneumonia have been
focused on critically ill patients and those receiving mechanical ventilation. From a
clinical point of view, nosocomial pneumonia is of great importance not only
because of the consequences of the important morbidity and mortality but also due
to the high costs associated with development of this disease.

Epidemiology

Despite the large amount of data available on the epidemiology of VAP, the results
provided by the different studies vary widely. This may be due to the lack of a stan-
dardized diagnostic approach and the different populations studied. Moreover,
although VAP has been well defined, disagreement as to the final diagnosis may be
attributed to: 1) focal areas of the lobe which may be missed; 2) negative microbio-
logical studies despite the presence of inflammation in the lung; and 3) pathologists
may disagree in their conclusions.

The point of time at which VAP develops has important implications in the etiol-
ogy, treatment and diagnosis of this disease. VAP has classically been determined as
early-onset pneumonia, which occurs within the first four days after hospital admis-
sion, and late-onset pneumonia, which develops five or more days after admission
[1].

Nosocomial pneumonia is the second most common hospital-acquired infection
and is the leading cause of death among this type of infection. The incidence of nos-
ocomial pneumonia ranges from 4 to 50 cases per 1000 admissions in community
hospitals and general medical wards to up to 120 to 220 cases per 1000 admissions
in some intensive care units (ICUs) or among patients requiring mechanical ventila-

353

IX



tion. The European Prevalence of Infection in Intensive Care (EPIC) study [2], a
large 1-day point prevalence study of infections, was carried out in 1417 ICUs and
included 10,038 patients. The prevalence of ICU-acquired infections was of 21 %;
47 % of these patients had pneumonia, of nosocomial origin in 10 %. In a large, pro-
spective cohort study including 1014 patients receiving mechanical ventilation, 177
(18 %) developed VAP [3]. The incidence of this disease was 24 % (78/322) in a
Spanish study on risk factors for VAP [4]. In a recently published study, the mean
incidence of hospital-acquired pneumonia in non-ICU patients was 3 1.4 cases/
1000 hospital admissions [5]. Most patients were in medical wards (64 %), had
severe underlying diseases, and the hospital stay was greater than 5 days.

The overall incidence of VAP varies from 8–28 %. A prospective Italian study on
VAP including 724 critically ill patients who had received prolonged ventilatory sup-
port after admission reported an incidence of 23 % [6]. This rate rose from 5 % in
patients receiving mechanical ventilation for 1 day to 69 % in those receiving
mechanical ventilation for more than 30 days. In a study including 567 patients
receiving mechanical ventilation, evaluated with invasive procedures, the rate of VAP
was 9 % [7]. In this latter study the cumulative risk of pneumonia was estimated to
be 7 % at 10 days and 19 % at 20 days after initiation of mechanical ventilation,
thereby showing the classical incremental risk of pneumonia of 1 % per day [7].
However, in a large series of 1014 patients receiving mechanical ventilation, Cook et
al. [8] described a rate of VAP of 18 %, and although the cumulative risk for devel-
oping VAP increased over time, the daily hazard rate decreased after day 5. The risk
per day was determined to be 3 % on day 5, 2 % on day 10, and 1 % on day 15.

Several studies have reported the rate of mortality in VAP to range from 24–76 %
[4, 7, 9]. Patients with VAP in the ICU receiving mechanical ventilation may have a
2 to 10-fold greater risk of death compared to patients without this complication. In
a study of 78 episodes of nosocomial pneumonia detected in 322 consecutive
patients receiving mechanical ventilation, the overall mortality rate was 23 % [4].
Similarly, the Neunos 2000 study group reported a mortality of 26 % (pneumonia-
attributed 13.9 %) in 186 non-ICU patients with hospital-acquired pneumonia [5].
The mortality of patients with nosocomial pneumonia was higher (33 %) when com-
pared with rates of patients without nosocomial pneumonia (19 %, p 0.01). On
step-forward logistic regression analysis the identification of ‘high-risk’ microorgan-
isms (Pseudomonas aeruginosa, Enterobacteriaceae, and other Gram-negative bacilli,
Enterococcus faecalis, Staphylococcus aureus, Candida spp. Aspergillus spp, and epi-
sodes of polymicrobial pneumonia), bilateral involvement on chest X-ray, the pres-
ence of respiratory failure, inappropriate antibiotic therapy, age over 60 years, or an
ultimately or rapidly fatal underlying condition were independently associated with
worse prognosis.

The increased risk ratios of mortality in patients with VAP vary from 1.7 to 4.4
[10]. Although several studies have shown that VAP is a severe disease, the contro-
versy as to attributing mortality to nosocomial pneumonia continues. However, sev-
eral studies have shown nosocomial pneumonia to be an independent prognostic
factor. Patients in whom the attributable mortality is increased include patients
undergoing cardiac surgery, patients with acute lung injury, and immunosuppressed
patients [11]. In contrast, in patients with life-threatening medical conditions such
as cardiac arrest in young patients with no underlying disease and those admitted
due to trauma, nosocomial pneumonia does not seem to significantly increase mor-
tality [12].
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Pathogenesis

In developing pneumonia, virulent microorganisms must invade the lung paren-
chyma. This may occur either as the result of a defect in defense mechanisms of the
host or by an overwhelming inoculum. The normal human respiratory tract has a
variety of defense mechanisms such as anatomic barriers, cough reflex, cell and
humoral-mediated immunity and a dual phagocytic system involving both alveolar
macrophages and neutrophils. Virulent microorganisms can reach the alveolar space
in several ways, such as colonization of the upper airway by potentially pathogenic
microorganisms and posterior microaspiration, macroaspiration of gastric contents,
contaminated respiratory care equipment such as condensates in ventilator tubing,
fiberoptic bronchoscopes, tracheal suctioning material, or nebulizers, the hematoge-
nous route and direct dissemination from contiguous sites such as the pleura, the
pericardium or the abdomen.

Oropharyngeal and tracheal colonization play a central role in the pathogenesis
of VAP. Early colonization (within the first 24 hours of mechanical ventilation) has
been described in patients who are intubated and in those receiving mechanical ven-
tilation, varying from 80 % to 89 % [13]. One study [14] demonstrated that 45 % of
213 patients admitted to a medical ICU became colonized with aerobic Gram-nega-
tive bacilli by the end of one week in the hospital. Among the 95 colonized patients,
23 % developed nosocomial pneumonia while only four out of the 118 non-colo-
nized patients developed pneumonia. Among the microorganisms colonizing the
trachea, Pseudomonas spp. has an increased affinity to ciliated tracheal epithelial
cells and these microorganisms are not usually present in the oropharynx. Adher-
ence of Pseudomonas increases in desquamated epithelium following influenza virus
infection, tracheostomy, or repeated tracheal suctions in intubated patients [15]. In
a study including 86 patients receiving mechanical ventilation, oropharyngeal colo-
nization, which was detected either on admission or from subsequent samples, was
a predominant factor of nosocomial pneumonia compared with gastric colonization
[16]. Oropharyngeal colonization with Acinetobactor baumanii yielded an estimated
7.45-fold increased risk of pneumonia compared with patients who had not yet or
who were not identically colonized (p = 0.0004). DNA genomic analysis demon-
strated that an identical strain was isolated from oropharyngeal or gastric samples
and bronchial samples in all but three cases of pneumonia due to S. aureus [16].

Risk Factors

There are considerable amounts of data concerning risk factors for VAP. These fac-
tors are important since they may contribute to the development of effective preven-
tion programs by indicating which patients may be most likely to benefit from pro-
phylaxis against pneumonia. We herewith discuss the most relevant risk factors for

Table 1. Risk factors for nosocomial pneumonia.

Reintubation Supine position
Decrease in pressure of the tracheal tube cuff Coma and head trauma
Stress-ulcer prophylaxis (anti-H2) Nasogastric tube and gastric distension
Tracheostomy Patient transport
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endogenous infection in VAP, although data on many of these factors continue to be
controversial. These risk factors are listed in Table 1.

Antimicrobial Agents

The distribution of microorganisms, especially potentially-resistant bacteria, differs
in patients who have or have not received prior antibiotic therapy. Likewise, previ-
ous antibiotic administration may influence the development of VAP in two different
ways: Its use may be associated with a protective effect against early-onset pneumo-
nia, while, on the other hand, it may be associated with an increased risk of late-
onset pneumonia. To determine the baseline and time-dependent risk factors for
VAP, Cook et al. [8] evaluated 1014 patients. On multivariate analysis, independent
predictors of VAP were a primary diagnosis on admission of burns (risk ratio 5.09),
trauma (risk ratio 5.00), central nervous system disease (risk ratio 3.40), respiratory
disease, cardiac disease (risk ratio 2.72), mechanical ventilation within the previous
24 hours (risk ratio 2.28), witnessed aspiration (risk ratio 3.25) and paralytic agents.
Exposure to antibiotics conferred protection (risk ratio 0.37), but this effect attenu-
ated over time. Rello et al. [17] evaluated the risk factors for VAP within the first 8
days of mechanical ventilation in 83 consecutive intubated patients undergoing con-
tinuous aspiration of subglottic secretions. Multivariate analysis showed the protec-
tive effect of antibiotic use (relative risk 0.10) whereas failure of continuous aspira-
tion of subglottic secretions (relative risk 5.29) was associated with a greater risk of
pneumonia. In addition, Sirvent et al. [18] evaluated the use of systemic prophylaxis
with cefuroxime before intubation on the incidence of VAP in 100 patients with
coma, 50 of whom received one dose of 1.5 g of cefuroxime intravenously at the time
of intubation and a second dose 12 h later. The global incidence of early-onset VAP
was 37 % (n = 37): 12 (24 %) in the cefuroxime group and 25 (50 %) in the control
group (p = 0.007). All these studies demonstrate the protective effect of antibiotic
therapy in early VAP caused by endogenous flora. In a prospective study in
277 patients receiving mechanical ventilation, Kollef [10] determined that the fol-
lowing four factors were associated with VAP: Index of systemic organ failure 3
(odds ratio [OR]=10.2), age 60 years (OR = 5.1), previous antibiotics (OR = 3.1),
and supine head position within the first 24 hours of mechanical ventilation
(OR = 2.9). In addition to the importance of antibiotic therapy as a risk factor for
VAP, the influence of antibiotics on the etiology of this disease is also relevant. In a
prospective study, Rello et al. [19] studied 129 consecutive episodes of VAP to evalu-
ate the influence of prior antibiotic administration on the etiology and mortality of
VAP. The rate of VAP caused by Gram-positive cocci or Haemophilus influenzae was
statistically lower (p 0.05) in patients who had received antibiotics previously
while the rate of VAP caused by P. aeruginosa was statistically higher (p 0.01).
Step-forward logistic regression analysis only determined previous antibiotic use
(OR 9.2) as significantly influencing the risk of death in VAP. Likewise, Trouillet and
coworkers [20] demonstrated that three variables remained significantly associated
with potentially resistant microorganisms as a causative etiology in VAP: Duration
of mechanical ventilation 7 days (OR 6.0), prior antibiotic use (OR 13.5), and
prior use of broad-spectrum drugs (third generation cephalosporin, fluoroquinolo-
nes, and/or imipenem) (OR 4.1). All of these studies have demonstrated that antimi-
crobial therapy has a bimodal effect on the development of VAP. Antibiotics protect
against early-onset pneumonia, especially pneumonia caused by endogenous flora,
but they are also responsible for the selection of resistant microorganisms causing
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late-onset pneumonia such as P. aeruginosa and methicillin-resistant S. aureus
(MRSA).

Body Position

It has been demonstrated that up to 50 % of healthy adults aspirate at night. How-
ever, in these subjects it is not clinically significant since lung defense mechanisms
remain intact. Torres and coworkers [21, 22] demonstrated the importance of body
position in gastroesophageal reflux and tracheal aspiration. These authors instilled
a colloid with technetium via the nasogastric tube, and by placing patients in a
semirecumbent position they found a significant reduction in the radioactivity of
tracheal secretions compared with patients in the supine position. Moreover, in
another randomized study [23], this group studied the impact of body position on
the development of VAP. Patients were placed in a semirecumbent (45°) or supine
(0°) body position. Microbiologically-confirmed pneumonia developed in 5 % of the
patients in the semirecumbent position and in 23 % of those in the supine
(p = 0.018).

Gastric Colonization and Stress Ulcer Prophylaxis

Low gastric pH prevents against bacterial growth in the gastric chamber and bacte-
rial migration from the small bowel. The relationship between gastric pH and gas-
tric colonization has been well established in several studies. The use of prophylactic
agents for stress ulcers, which alter the gastric pH, may increase gastric colonization
and the rates of VAP, although this remains to be demonstrated. In a 1991 meta-
analysis, Tryba [24] found that antacids and H2-antagonists were significantly more
effective in preventing stress bleeding in treated versus untreated patients. Sucralfate
was superior to H2-antagonists. Patients treated with antacids or H2-antagonists
showed a significantly higher risk for the development of nosocomial pneumonia. In
a later study, Cook et al. [25] demonstrated a trend toward less clinically important
bleeding with H2-antagonists and antacids than with sucralfate. They found a trend
toward an increased risk of pneumonia associated with H2-antagonists compared
with no prophylaxis and a significantly higher risk compared to sucralfate. Finally,
another meta-analysis [26] concluded that ranitidine is not effective in the preven-
tion of gastrointestinal bleeding and may increase the risk of pneumonia. Studies on
sucralfate do not provide conclusive results. Currently, there are not enough data to
give a conclusive recommendation.

Diagnosis

The first problem in the diagnosis of nosocomial pneumonia and VAP is the lack of
a gold-standard for comparing the different techniques used to confirm suspicion of
an infectious process. Despite the use of histology in pulmonary biopsy and cultures
of pulmonary tissue in the immediate post-mortem period, the value of these tech-
niques in parenchymal infections has not been unequivocally demonstrated. Suspi-
cion of nosocomial pneumonia depends on the finding of new and persistent infil-
trates on chest X-ray in association with some clinical signs and symptoms (fever or
hypothermia, purulent respiratory secretions and leukocytosis or leukopenia). Based
on histology and microbiological cultures of post-mortem pulmonary biopsies, one
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Table 2.The Clinical Pulmonary Infection Score [28]

Criterion 0 1 2

Tracheal secretions Absent Non-purulent Purulent
Pulmonary Radiology No Diffuse Localized
Temperature, °C 36.5 and 38.4 38.5 and 38.9 39 or 36
Blood leukocytes 4000 and 11000 4000 or 11000 = + bands 50 %
PaO2/FiO2 240 or ARDS 240 without ARDS
Microbiology* Negative Positive

* Culture evaluation delay at least 24 h; ARDS: acute respiratory distress syndrome

study demonstrated that the presence of radiological findings plus two or more clin-
ical criteria showed a sensitivity and specificity of 69 % and 75 %, respectively [27].

In recent years the Clinical Pulmonary Infection Score (CPIS), validated by Pugin
and coworkers [28], has been widely used. This score combines different clinical,
radiological, physiological, laboratory and microbiological parameters (Table 2) in
order to increase the specificity of the clinical diagnostic approach. A score greater
than 6 demonstrates a good correlation with the presence of pneumonia. The results
of different studies on the diagnostic performance of this score are contradictory
with values of sensitivity and specificity of around 77 % and 42 %, respectively [27].
Some studies have been aimed at increasing the diagnostic yield of this score with
the addition of Gram staining of secretions of the lower respiratory tract [29].

The diagnostic tests performed on suspicion of VAP have two objectives: The first
is to determine whether the patient really has an infectious pulmonary process as
indicated by the signs and symptoms leading to the use of these tests; the second is
the isolation of the causative microorganisms of the disease.

For many years, the diagnostic performance of the different techniques used to
confirm suspicion of VAP has been under debate. At present, the value of non-inva-
sive tests, such as tracheobronchial aspirate, and invasive bronchoscopic tests, such
as bronchoalveolar lavage (BAL) and the protected specimen brush (PSB), as well as
the advantages and disadvantages of each technique have been well established [30].
As a general rule, tracheobronchial aspirate has very good sensitivity with a speci-
ficity a little lower than the invasive tests when using a quantitative culture of the
respiratory secretions obtained by this method [31]. In different studies, the sensi-
tivity of this test varies from 38–100 % with a specificity of 14–100 % [32]. A nega-
tive tracheobronchial aspirate culture in a patient who has not received antibiotic
treatment has a high negative predictive value for the presence of VAP. In one study
on the diagnostic value of this technique, the negative predictive value was 72 % in
102 patients evaluated with this technique and with invasive methods. The sensitiv-
ity of PSB and BAL are 33–100 % and 42–93 %, respectively and the specificities are
50–100 % and 45–100 % [7]. On the other hand, the current controversy lays in the
role invasive and non-invasive methods have in the prognosis and use of antibiotics
in these patients. On analyzing only the randomized studies, we found that in a pilot
study with 51 patients Sánchez-Nieto and coworkers [33] observed that broncho-
scopic methods led to a greater change in initial antibiotic treatment (42 % versus
16 %, p 0.05) with no significant differences as regards to either global or attribut-
able mortality or morbidity. This study was limited by its small sample size and the
lack of a standard treatment protocol in the invasive group. The study by Solé-Vio-
lan and coworkers [34] demonstrated a greater number of antibiotic changes with
invasive techniques with no clear influence on mortality, length of ICU stay, and
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Criteria of Non-response:
• Failure to improve the PaO2/FiO2 or need for intubation and mechanical ventilation
• Persistence of fever or hypothermia
• Worsening of the pulmonary infiltrates by >50%
• Development of septic shock or MODS

New and persistent infiltrate on CXR, plus two of
the following: fever or hypothermia, leukocytosis

or leukopenia and purulent secretions OR
CPIS > 6

Obtain lower respiratory tract sample
(TBAS, BAL or PSB*) for quantitative

culture and microscopy

Begin empiric antimicrobial therapy
based on local microbiologic data and
the presence of the following criteria

Late-onset pneumonia or risk factors for
multi-drug resistant microorganisms

Day 3: Check cultures and assess clinical
response with clinical parameters, laboratory

results, CXR or CPIS

Antipseudomonal cephalosporin or
Antipseudomonal carbapenem or

ß-lactam/ß-lactamase inhibitor
plus

antipseudomonal fluoroquinolone or
aminoglycoside

plus
Linezolid or Vancomycin

Yes No

Ceftriaxone
or

 Levofloxacin, moxifloxacin or
ciprofloxacin

or
 Ampicillin/sulbactam

or
 Ertapenem

days on mechanical ventilation. Ruiz and coworkers [35] compared 765 patients
with suspicion of VAP (39 non-invasive and 37 invasive) and concluded that the
diagnostic performance of both techniques in VAP was similar, as was mortality at
30 days, number of days on mechanical ventilation, and length of ICU stay. The
costs of invasive studies were clearly greater. One study by Fagon and coworkers [36]
reported positive results with respect to a decrease in mortality on day 14 and

Fig. 1. Algorithm for the management of patients with nosocomial pneumonia. CXR: Chest X Ray; CPIS:
Clinical Pulmonary Infection Score; TBAS: Tracheobronchial aspirate; BAL: Bronchoalveolar lavage; PSB: Pro-
tected specimen brush; PaO2: Oxygen arterial pressure; FiO2: Inspired fraction of oxygen; MODS; Multiple
organ dysfunction syndrome
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Sequential Organ Failure Assessment (SOFA) scores on days 3 and 7, a reduction in
the use of antibiotics, and the number of antibiotic-free days with the invasive tech-
nique. Nonetheless, the study was limited by the use of qualitative cultures of the
tracheal aspirates which thereby limited comparison with the other studies.

In summary, we suggest the following diagnostic and management approach to
nosocomial pneumonia (Fig. 1). First, clinical suspicion of pneumonia should be based
on classical clinical criteria or a CPIS 6. Respiratory secretions should be collected
at this time by tracheobronchial aspirate or bronchoscopy for obtaining quantitative
cultures. Reevaluation should be made at 48 to 72 h and the decision as to whether to
continue antimicrobial treatment should be based on the probability of pneumonia,
the results of the cultures, and the presence of an alternative diagnosis [37].

Treatment

When deciding to treat a suspected episode of ICU-acquired pneumonia, several
aspects should be taken into account. The importance of early initiation of adequate
antimicrobial therapy for the treatment of VAP has been emphasized in recent years
in several studies. Alvarez-Lerma [38] evaluated 430 patients with VAP and found a
higher attributable mortality (24.7 % vs. 16.3 %, p = 0.039) and a higher incidence of
septic shock and gastrointestinal bleeding among patients receiving inadequate initial
treatment. Similar results were also reported by Luna and coworkers [39] and Rello
and Diaz [40]. With mini-BAL fluid cultures, Kollef and Ward [41] reported that inap-
propriate antibiotic therapy was associated with an OR for death of 3.28.

Empiric antimicrobial therapy may be inadequate as a consequence of the pres-
ence of unexpected pathogens not covered by the initial antibiotic schedule but this
may be mainly due to unanticipated resistance. In most of the previously mentioned
studies, a large proportion of the episodes of inadequate antimicrobial treatment
were attributed to potentially resistant Gram-negative bacteria (especially P. aerugi-
nosa, Acinetobacter spp. and Enterobacter spp.) or MRSA.

Another important aspect to take into account is whether modification of the ini-
tial inadequate therapy according to microbiological results improves the outcome
of the patient. Studies addressing this issue did not find any improvement in mortal-
ity with this strategy. Luna and coworkers [39] showed that therapeutic changes
made after bronchoscopy led to more patients (n = 42) receiving adequate therapy.
Nonetheless, the mortality in this group was comparable to the mortality reported
among patients who continued to receive inadequate therapy (n = 23). In a study by
Rello and coworkers [42], bronchoscopic results led to a change in antibiotic treat-
ment in 27 cases (24 %) considered to have received inadequate initial treatment.
Despite clinical resolution in 17 of these cases (63 %), the mortality was higher com-
pared to patients with initial adequate therapy. Kollef and Ward [41] found a high
prevalence (73 %) of inadequate initial antibiotic therapy in a study of 130 patients
with VAP. In this study, the mortality of patients in whom the antibiotic therapy had
been started or changed based on the results of mini-BAL culture was significantly
higher compared to patients with unchanged or discontinued treatment (60.8 % vs.
33.3 % and 14.3 %, respectively).

The results of these studies demonstrate the need for early initiation of broad-spec-
trum empirical antimicrobial therapy on suspicion of VAP. The American Thoracic
Society (ATS) published its first guidelines for the management of hospital-acquired
pneumonia in 1995 [43]. In 1998, Trouillet et al. [20] suggested a different classifica-
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tion for the prediction of pathogens and the selection of antibiotic treatment based
on previous antibiotic use and the duration of mechanical ventilation. These classifi-
cations provide a different rationale for the prediction of microbial etiology with the
aim of aiding clinicians to prescribe appropriate initial empiric therapy.

In a prospective study, we evaluated the level of bacterial coverage and validated
the adequacy of the antibiotic strategy proposed by the 1996 ATS guidelines and the
Trouillet framework [44]. Both classifications were found to be effective in predicting
the pathogen involved (91 % and 83 %, respectively). However, taking the in vitro
sensitivity of the pathogens isolated into account, the adequacy of the antibiotic
treatment proposed by these classifications was found to be rather lower (79 % for
ATS and 80 % for Trouillet). The microorganisms involved in treatment inadequacy
were multiresistant P. aeruginosa, A. baumanii, S. maltophilia, and MRSA. These
findings underline the importance of considering additional parameters such as local
microbial epidemiology and more accurate models of prediction of resistance to
improve the level of coverage and the appropriateness of antibiotic treatment.

The ATS recently published new guidelines for the management of adults with
hospital-acquired pneumonia [45] and, contrary to the previous guidelines, the
severity of pneumonia does not play an important role in decisions regarding the
initial empiric treatment to be implemented (Table 3). Regardless of the severity of
pneumonia, patients with risk factors for infection with multi-drug resistant micro-
organisms or with hospital admission greater than 5 days should receive empiric
broad-spectrum antibiotic therapy that adequately covers infection by P. aeruginosa.
The different schedules recommended for this group include: a cephalosporin with
anti-pseudomonal activity, a carbapenem or piperacillin/tazobactam, associated
with an aminoglycoside or a fluoroquinolone with antipseudomonal activity. Line-
zolide or vancomycin should be included in cases with suspicion of MRSA infection
or hospitals with a high incidence of this microorganism. Patients who do not fulfil
the previously mentioned characteristics should receive empiric treatment with
schedules which cover the ‘core’ microorganisms such as S. pneumoniae, H. influen-
zae, methicillin-sensitive S. aureus, and antibiotic-sensitive aerobic Gram-negative
bacilli. The drugs of choice include ceftriaxone, a fluoroquinolone, a beta-lactam/
beta-lactamase inhibitor, or ertapenem [45].

To date, the use of combined antibiotic therapy is still recommended in the treat-
ment of VAP with suspicion of P. aeruginosa or other potentially resistant pathogens.
Previous studies on bacteremic infections caused by P. aeruginosa [46] and Klebsi-

Table 3. Likely etiologic pathogens causing nosocomial pneumonia.

Patients with no risk factors for MDR pathogens,
early onset, and any severity.

Patients with late-onset pneumonia or risk factors
for MDR pathogens and any severity

Streptococcus pneumoniae
Haemophilus influenzae
Methicillin-sensitive Staphylococcus aureus (MSSA)
Enteric gram-negative bacilli

Escherichia coli
Klebsiella pneumoniae
Enterobacter spp
Proteus spp
Serratia marcescens

The same as the previous group

Plus

Pseudomonas aeruginosa
Klebsiella pneumoniae (ESBL)
Acinetobacter spp
Methicillin-resistant Staphylococcus aureus (MRSA)
Legionella pneumophila

MDR: Multi-drug resistant; ESBL: Extended spectrum -lactamases.
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ella spp. [47] demonstrated a higher mortality associated with the use of initial
empiric monotherapy compared to combined therapy. However, these studies are
limited in that they were performed when less active beta-lactams were used. Fur-
ther trials are needed to clarify this issue. For now, the use of monotherapy should
be limited to the treatment of severe nosocomial pneumonia in patients without risk
factors for potentially resistant pathogens.

The length of antimicrobial treatment is also under debate. In the ATS guidelines
[45], the experts recommend that the length of treatment be shortened from the tra-
ditional 14–21 days to shorter periods, to 7–10 days. The latter shorter treatment is
recommended in the treatment of S. aureus and H. influenzae pneumonia. However,
in specific situations such as multilobar involvement, malnutrition, cavitation,
Gram-negative necrotizing pneumonia, and/or isolation of P. aeruginosa or Acineto-
bacter spp., 14–21-day therapy should be initiated. Nonetheless, recent evidence has
suggested that short treatment is as effective as longer treatment in VAP. Chastre
and coworkers [48] evaluated 401 patients with VAP, 197 were randomized to receive
short (8-day) treatment and 204 a long (15-day) course of antibiotic treatment. No
differences were observed in the mortality rate (18.8 % vs.17.2 %) or in the recur-
rence of pulmonary infection (28.9 % vs. 26 %) on comparing the two groups of
patients. However, those treated with a short course of antibiotics had significantly
more antibiotic-free days (13 7.4 vs. 8.7 5.2 days, p 0.001). The possibility of
providing adequate treatment with shorter courses of antibiotics will not only
reduce health care costs but will also have favorable consequences on microbial ecol-
ogy by reducing the selection pressure for resistance.

Conclusion

Nosocomial pneumonia is the leading cause of death among the hospital-acquired
infections. Its incidence ranges from 4 to 50 cases per 1000 admissions in community
hospitals and general medical wards. Aspiration of colonized pharyngeal secretions is
considered the most important pathogenic mechanism of nosocomial pneumonia.
Risk factors for development of nosocomial pneumonia include previous use of antibi-
otics, supine body position, stress ulcer prophylaxis, and duration of hospital admis-
sion. The diagnostic approach to these patients should start with the criteria of clini-
cal suspicion discussed above and be followed by quantitative cultures of respiratory
secretions obtained through tracheobronchial aspirate or bronchoscopic samples. Ini-
tial empiric antimicrobial therapy is based on the previous duration of hospital
admission and the presence of risks factor for multi-drug resistant microorganisms.
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