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Abstract
Ventilator-associatedpneumonia (VAP) is a common problem in the intensive care unit (ICU). It is associated with a distinct spectrum

of pathogens and its pathogenesis involves microaspiration of oropharyngeal organisms. Clinical and radiographic criteria have been
shown to be unreliable in diagnosing VAP, and it remains a challenge for intensivists to utilise the array of diagnostic procedures at their
disposal to optimise diagnostic accuracy (improve specificity)  and guide in therapy. These procedures and guided antibiotic therapy may
not always improve the outcome and therefore simple preventive measures should be employed to reduce the incidence.
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Definition

Ventilator-associated pneumonia (VAP) may be de-
fined as lung parenchymal infection, usually bacterial,
occurring after at least 48 hours of initiating mechanical
ventilation. It excludes any infection that was either
present or incubating at the time of endotracheal intuba-
tion.

Epidemiology

Pneumonia is the commonest nosocomial infection in
the intensive care unit (ICU) and this is not surprising as
mechanical ventilation and endotracheal intubation can
increase the risk of nosocomial pneumonia by up to 21~
fold. Pneumonia is also the commonest cause of death
among all nosocomial infecti0ns.l VAP cannot be reli-
ably diagnosed from conventional clinical and radio-
graphic criteria2r3 as there may be a high rate of
misclassification and inaccuracy. It may occur in up to
65% of ICU patients but this prevalence may be overes-
timated due to unreliable and inaccurate diagnoses us-
ing conventional criteria.

The crude mortality may approach 55%4,5  but in a
recent study assessing the attributable  mortality  linked to
VAP (percentage of VAP deaths that would not have
occurred in the absence of this infection), VAP did not
remain a significant risk factor for death when
confounding factors were controlled for.‘j  VAP is also
associated with substantial morbiditv and increased

treatment costs. 7,8 Fagon  et al9 reported that when VAP
was linked to Pseudomonas aeruginosa, there was increase
in mortality, duration of mechanical ventilation, and
hospitalisation.

Pathogens

As cultures of tracheal aspirates cannot accurately
identify pathogens in the distal lung causing pneumo-
nia, four epidemiologic studies of mechanically
ventilated patients have identified pathogens by more
specific microbiologic criteria (e.g. quantitative cultures
of protected specimen brush samples, transthoracic nee-
dle aspiration, pleural fluid and blood cultures).10-*3  In
these studies, Pseudomonas aevuginosa  (14% to 30% of
identified pathogens), Acinetobacter species (10% to 39%)
and Staphylococcus aweus (4% to 20%) were the most
frequent pathogens. Up to 47% of cases of ventilator-
associated pneumonia are polymicrobial.’

Underlying disease, duration of intubation, and prior
antibiotic therapy are the most important factors related
to the infective organisms in patients with VAP. Within
the first week of intubation, Staphylococcus aureus,  Strep-
tococcus  pneumoniae, a n d  Haemopkilus influenza
are the predominant respiratory pathogens (with the
exception of chronic obstructive pulmonary disease pa-
tients who may have been colonised with Pseudomonas
aevuginosa).  These organisms are soon replaced by the
multi-resistant organisms listed above and this change
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of flora occurs as a result of previous antibiotic therapy,
among other factors. Immunosuppression is a predis-
posing factor to fungal  infections.14  Prompt recognition
of the aetiologic agents and appropriate antibiotic therapy
facilitates optimal management and outcome.

Pathophysiology

The risk factors for VAP are listed in Table I. They
should be regarded as possible risk factors because
most of the published studies on identifying risk
factors failed to use both accurate diagnostic methods to
identify VAP (leading again to high misclassification
rates), as well as multivariable statistical techniques for
data analysis. 15The distinct spectrum of pathogens asso-
ciated with VAP, namely the aerobic Gram-negative
bacilli as well as Staphylococcus auwus, colonise the up-
per aerodigestive tract in large numbers prior to the
development of VAP. The possible origins of these or-
ganisms are uncertain but the potential sites include
dental plaque, periodontal disease, paranasal sinuses,
trachea and the gastrointestinal tract.

Transcolonisation of the oropharynx from these con-
tiguous structures leads to contamination of the en-
dotracheal tube as well as ventilator circuits during and
after intubation. The presence of an indwelling endotra-
cheal  tube impairs coughing and impedes pulmonary
clearance mechanisms. During mechanical ventilation,
contaminated secretions lining the tube are inoculated
into the distal  airways,  a process known as
microaspiration, where an inflammatory response is
induced, leading to pneumonialh  (usually involving the
lower lobes preferentially”). .

The interaction between impaired host defences and
exposure to large numbers of pathogens allow colonisa-

TABLE I: POSSIBLE RISK FACTORS FOR VAP”

1.
2.
3.

4.
5.
6.
7.
8.
9.
10
11
12
1 3
14
15
16
17

Intracranial pressure monitoring
Prophylaxis with gastric acid inhibitors
24-hour ventilator circuit changes (rather than 4%hour
circuit changes)
Fall-winter season
Chronic obstructive pulmonary disease
Depressed consciousness
Nasotracheal or orotracheal intubation
Aspiration of gastric contents
Thoracoabdominal surgery
Advanced age
Duration of mechanical ventilation
Reintubation
Use of positive end expiratory pressure
Nasogastric intubation
Multiple organ system failure
Prior antibiotic administration
Supine head positioning during the first 24 hours of mechanical
ventilation

VAP: Ventilator-associated pneumonia VAP: Ventilator-associated pneumonia

tion of the airways with these organisms to occur through
the molecular mechanism of bacterial adherence. Bacte-
rial adherence is a cell-cell interaction mediated by 3
variables: host receptors, bacterial adhesins, and the
proper microenvironment on the respiratory mucosa.
Once adherence is accomplished, colonisation and pro-
liferation then occur, and in the presence of impaired
host defences, colonisation progresses to overt lung
parenchymal infection.”

Diagnosis

Conventional noninvasive clinical and radiographic
criteria used to diagnose VAP such as fever, leukocytosis,
new infiltrates on chest X-rays, and purulent endotra-
cheal  aspirates have been shown to be unreliable in
diagnosing VAP. 19fzo These criteria are sensitive but not
specific, and the high false positive rate of diagnosis may
lead to excessive empiric use of broad-spectrum antibi-
otics in ventilated patients without pneumonia, result-
ing in colonisation, superinfection and subsequently
VAP with virulent and multi-resistant organisms.

In Meduri et al’s prospective study2’  of patients sus-
pected to have VAP based on the above clinical criteria,
only 42% actually had nosocomial pneumonia. In this
study, a systematic diagnostic protocol was used to
identify the causes of fever and pulmonary densities in
their patients, with all patients undergoing a bronchos-
copy-assisted lower airway sampling technique. Pneu-
monia was diagnosed when there was significant growth
in these specimens on quantitative cultures.

Pulmonary fibroproliferation, a frequent cause of fe-
ver in late adult respiratory distress syndrome (ARDS),
was found in 11% of their patients. This diagnosis was
made by tissue histology after pneumonia was excluded
by bronchoscopy. Corticosteroid treatment has been

TABLEII: THE TWO SCHOOLS OF THOUGHT ON INVASIVE
DIAGNOSTIC TESTING IN SUSPECTED VAP27,28

Invasive diagnostic testing should be routinely used in suspected VAP

1. Allows a therapeutic strategy to be devised that is superior to the one
based only on clinical evaluation.

2. Enables identification of patients in need of immediate treatment as
well as provides a guide on selection of optimal therapy (when
performed before new antibiotics are administered).

3. Procedure is safe and well tolerated.
4. Prevents liberal use of broad spectrnm antibiotic cover in all patients

who develop a clinical suspicion of infection.

Invasive diagnostic testing is not required routinely in suspected VAP

1. Clinical methods used in conjunction with quantitative endotracheal
tube aspirates may be sufficient.

2. No prospective, randomised trial to show whether invasive methods
improve survival or other meaningful end points such as antimicrobial
resistance, antibiotic complications, or cost when compared with
clinical diagnosis.
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advocated for the treatment of progressive fibroprolifera-
tion in late ARDS,22 emphasising the value of bronchos-
copy-assisted lower airway sampling techniques for
excluding infection in these cases. Fagon  et al3 have also
reported that clinical judgement is often flawed when
compared with a bronchoscopy-assisted lower airway
sampling technique.

A consensus conference23  has concluded that only two
criteria definitely confirm the presence of clinically sus-
pected VAP, histologic confirmation by open lung bi-
opsy or postmortem examination, and radiographic evi-
dence of pulmonary abscess with a positive needle
aspirate from the cavity. These criteria reflect the weak
relationship between microbiology and histology and it
is that lung histology is more reliable than bacteriology
as a diagnostic test.

The low clinical utilitv of conventional criteria has lead
to extensive research into the optimal method of con-
firming the diagnosis of clinically suspected VAP. The
two most widely studied diagnostic techniques are the
protected specimen brush (PSB) and bronchoalveolar
lavage  (BAL),  via fibreoptic bronchoscopy.24  The PSB
(Fig. 1) is a sterile brush housed within a hollow catheter
that is capped with a gelatin plug. This is expelled when
the sterile brush is extruded through the protective
catheter after it is positioned by the fibreoptic broncho-
scope through its working channel. Contamination of
the brush by upper airway flora is thus minimised.

BAL is a procedure whereby the tip of the fibreoptic
bronchoscope is wedged into a segmental bronchus.
This segment is then flooded with aliquots of sterile
saline with the effluent then aspirated and sent for
analysis. Significant contamination from upper airway
flora occurs and hence techniques for protected BAL
have been developed.

Both these techniques require bronchoscopy, which is
rather invasive, expensive and not readily available.

Fig. 1. Protected specimen brush.

Therefore, other ingenious techniques have been de-
vised, including nonbronchoscopic BAL, non-
bronchoscopic protected mini-BAL and blind PSB, and
these may yet prove to be safe, cost-effective, widely
available and technically simple procedures for diag-
nosing VAP. With the aforementioned techniques, there
has been a boom of papers investigating their clinical
utility. 25 These have been too voluminous to discuss in
this article but one must note that prior antibiotic therapy
definitely alters the sensitivity and specificity of any
lower airway sampling technique.26  Suffice to say, there
are two schools of thought on whether these new tech-
niques should be used routinely in clinical practice27,28
(Table II).

There has been research not only on how best to obtain
appropriate specimens for analysis, but also on the
optimal method of evaluating the yield obtained. Quan-
titative or semiquantitative cultures are usually
performed on the bronchoscopic specimens, with the
diagnosis of VAP made when an appropriate threshold
is exceeded.29  These thresholds are necessary to improve
diagnostic specificity due to the presence of tracheo-
bronchial colonisation. A major problem is the effect of
prior antibiotic therapy on these quantitative cultures.
Cultures that do not reach quantitative significance may
either represent colonisation, early pneumonia, or patho-
gens suppressed by the antibiotics. The discontinuation
of antibiotics for 48 hours prior to bronchoscopic lower
airway sampling may improve diagnostic accuracy but
this is rarely feasible in practice.30

Another problem with quantitative cultures is that
these may take upto  4 days to be of value, delaying
crucial treatment decisions. Quantitative cultures have
also been applied to endotracheal aspirates in an at-
tempt to improve the diagnostic specificity. This, how-
ever, has been evaluated and shown to be of limited
value in ventilated patients when bronchoscopy-assisted
lower airway sampling techniques were available.3*

Two other methods that have been applied to improve
the diagnostic accuracy of endotracheal aspirates are:

1) potassium hydroxide staining for the presence of
elastin fibres (an indication of parenchymal necrosis
due to VAP),32  and

2) antibody coating of bacteria (fluorescein-labelled an-
tibody used to detect antibody coating of bacteria).33

Other diagnostic modalities include the examination
of the BAL fluid for intracellular bacteria. The presence
of 25% intracellular organisms infecting polymorpho-
nuclear leukocytes and/or macrophages of BAL fluid
has been shown to be a specific marker of VAP.34  Signifi-
cant concentrations of endotoxin have also been found
in BAL fluid of patients with VAP due to Gram-negative
pneumonia and the utility of elevated concentrations of
endotoxin for rapid diagnoses of Gram-negative VAP
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TABLE III: STRATEGIES TO PREVENT VAP37.3”

Nonpharmacologic Rationale

Hand washing, aseptic techniques Prevention of nosocomial spread of organisms

Elevation of head of bed to 30% to 45% Supine position is a risk factor for aspiration of gastric contents in
mechanically-ventilated patients with an indwelling nasogastric tube

Use of
. Smaller size nasogastric tube
. Nasojejunal tube, or
. Orogastric route
. Orotracheal rather than nasoendotracheal intubation

. Smaller nasogastric tube reduces the incidence of gastroesophageal reflux

. More distally placed feeding tubes may reduce the risk of aspiration

. Orogastric route reduces predisposition to sinusitis

. Nasoendotracheal route associated with increased risk of sinusitis
and VAP

Intermittent rather than continuous enteral feeding
(major cause of gastric alkalinisation)

Intermittent enteral  feeding restores gastric acidity thereby
reducing bacterial colonisation

Proper disinfection and decreased manipulation of respiratory equipment
(ventilator circuits to be changed not more often than every 48 hours)

More frequent changing of ventilator circuits to reduce induction
of VAP may actually increase the risk of VAP

Continuous suction of subglottic secretions Reduce aspiration of subglottic secretions above the tracheal cuff

Rotational bed therapy Prevent accumulation of bronchopulmonary secretions and reduce the
incidence of atelectasis and nosocomial pneumonias

Pharmacologic Rationale

Selective digestive tract decontamination Eradication of pathogenic organisms from the gastrointestinal tract
(presumed to play a major causal role in the development of VAP)

Prophylactic endotracheal antibiotics Reducing airway colonisation with Gram-negative bacilli especially
Pseudomonas aeruginosa38

Use of sucralfate instead of antacids or H2 blockers for
stress ulcer prophylaxis

Reduction in gastric acidity following treatment with H2 blockers
promotes bacterial growth

Immunomodulation:3y
. Prophylaxis

. Treatment

VAP: Ventilator-associated pneumonia

. Vaccination of patients with multiple risk factors against
Pseudomonas aeruginosa

. Monoclonal antibody and anticytokine therapy

has been investigated by Pugin  et a1.35 These novel
methods are still largely experimental and not widely
available at present.

Prevention

Table III summarises the strategies available for pre-
vention of VAP36~37 and several of these strategies de-
serve special mention. Retrograde oropharyngeal colo-
nisation by organisms from the stomach (especially
when gastric pH is high) has been assumed to play a
major role in the pathogenesis of VAP, the so-called
gastropulmonary route of infection.40-43  The first pro-
spective, controlled, randomised study to show that
antacid or H2-receptor antagonists increased the risk of
VAP was done by Nitin et a1,44 and they cautioned that
drugs that increase gastric pH should be avoided, par-
ticularly in patients receiving enteral  feedings. Follow-
ing this, stress ulcer prophylaxis with sucralfate was
shown to reduce the risk for late-onset pneumonia in
ventilated patients compared with antacids or ranitidine.

However Marc et a145  subsequently found that antac-
ids and sucralfate had a similar effect on intragastric
acidity, colonisation rates, and incidence of VAP. In their
randomised double-blind study, they found that
intragastric acidity influenced gastric colonisation but
not colonisation of the upper respiratory tract or the
incidence of VAP and they concluded that it is unlikely
that the gastropulmonary route is important in the de-
velopment of VAP. ~

Bonten et a14’j  had the same sentiments about
the gastropulmonary route of colonisation when they
analysed the available contradictory evidence in a re-
cently published review. Bonten’s group found that
none of the regimens supposed to prevent gastric
colonisation such as the use of sucralfate for stress ulcer
prophylaxis and modulation of enteral  feeding
(intermittent rather that continuous to restore gastric
acidity), have been demonstrated to be unequivocally
beneficial. In addition, analyses of the sequences of
colonisation in patients who develop VAP suggest

Annals Academy of Medicine
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that gastric colonisation may be less important than
previously assumed. They concluded that the impact of
other possible routes of colonisation may have been
underestimated.

Selective digestive tract decontamination (SDD)  is the
use of topical nonabsorbable and systemic antibiotics to
eradicate pathogenic aerobic Gram-negative bacilli and
fungi in the stomach, thereby theoretically reducing the
risk of pneumonia resulting from the controversial
gastropulmonary route of infection. A key element in
the strategy of SDD is the eradication of enteric aerobic
Gram-negative bacilli and fungi without disrupting the
anaerobic bacterial commensals that are instrumental in
the population control of the gut.47

A recent meta-analysis of numerous results of studies
on SDD revealed a trend towards reduced numbers of
respiratory infections but no significant effect on mortal-
ity. 48 Due to the controversy, Ferrer et a149  undertook a
prospective, randomised, placebo-controlled, double-
blind study with the end points of nosocomial pneumo-
nia and mortality to shed light on the issue. This study
reports that SDD did not significantly impact either
nosocomial pneumonia or mortality.

The lack of efficacy of SDD is multifactorial and may
be related to:
1) the different regimens used (e.g. failure to use sys-

temic antibiotics and ineffectiveness of gentamicin
compared with tobramycin), and

2) failure for SDD to prevent other important routes of
colonisation (e.g. bacterial translocation leading to
systemic endotoxaemia, an alternative haematog-
enous route of pulmonary infection).

Besides cost, another major concern with SDD is the
potential risk of long-term induction of antimicrobial
resistance. SDD is currently not recommended as a
routine measure for the prevention of VAP. Ferrer et al
had also pointed out that other methods such as appro-
priate positioning and the simple procedure of hand-
washing may be more cost-effective in reducing the rate
of nosocomial pneumonia.

Pseudomonas is known to directly colonise the tra-
cheobronchial tree without prior oropharyngeal or gas-
tric colonisation, proliferating in the biofilm along the
inner surface of the endotracheal tube. The main route of
colonisation seems to be direct introduction from exter-
nal sources such as contaminated hands of personnel,
contaminated respiratory equipment, or secondary to
colonisation of other body sites.

Besides the aerobic Gram-negative bacilli, Staphyloco-
ccus aweus (often methicillin-resistant) is an important
and commonly seen organism in the aetiology of VAP.
Rumbak et a150 showed a significant reduction in
methicillin-resistant Staphylococcus aweus  VAP (the
infection rate was reduced from0.2% to 0.026%) with the

institution of a prevention protocol. Their long-term,
acute care ventilated patients with pneumonia had
Bactroban, a 2% mupirocin ointment, applied to their
anterior nares, and their bodies washed with
chorhexidine. This procedure was performed twice
weekly, in addition to universal precautions and strict
hand washing by the staff.

Finally, newer immunologic approaches have been
explored both in the prevention as well as the treatment
of VAP.  Although there are no proven modalities for
immunoprophylaxis of nosocomial pneumonia so far, it
is has been suggested that early administration of a
single agent or combination of immune modulators may
prove to be effective in reducing mortality.51

Treatment

It is important to consider the potential pathogens
(taking into account duration of intubation and resident
flora in the hospital or ICU) and the severity of illness
(including co-morbidity) when selecting appropriate
antimicrobials for the treatment of VAP. However, it is
also crucial to determine whether the patient does in-
deed have VAP, considering the fact that it has been
shown that antimicrobial therapy before the advent of
VAP may increase the risk of mortality. Rello et a152
recommended avoidance of unnecessary antibiotics (a
restrictive antibiotic policy) which they felt should be
an important component of the management of
mechanically-ventilated patients. This is easier said than
done in critically ill patients on mechanical ventilation in
the ICU.

Administering antibiotics to mechanically-ventilated
patients without pneumonia increases the likelihood that
the patients will develop a drug-resistant pneumonia. In
a decision analysis by Sterling et a1,53 the survival of
patients with VAP was closely linked to the accuracy of
the method used to diagnose it. Although the use of
invasive diagnostic techniques remains controversial,
their analysis suggested that these procedures should be
used to guide therapy, even in patients who had re-
ceived prior antibiotics. The resulting judicious use of
antibiotics would reduce the likelihood of resistant or-
ganisms and reduce mortality. The use of these diagnos-
tic techniques would also be cost effective.

If antimicrobial therapy is indicated, the choice of
antibiotics should be guided based on the knowledge of
the local nosocomial pathogens, resistance patterns,
duration of intubation, and recent antibiotic therapy.
Broad-spectrum combination chemotherapy regimens
that are effective against the commonest pathogens in
VAP (mainly the aerobic Gram-negative bacilli, and
Staphylococcus  aweus) are required upon diagnosis until
the results of the preliminary cultures return, and based
on the causative organism and its sensitivity, the antibi-
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TABLE IV: EMPIRIC COMBINATION CHEMOTHERAPY REGIMENS54

Antibiotic regimen Special circumstances

Piperacillin or Ticarcillin + aminoglycoside
Cefoperazone or Ceftazidime + aminoglycoside
Clindamycin + aminoglycoside

otic coverage should be narrowed. Table IV shows
empiric combination chemotherapy regimens that
have been used with efficacy in the severely ill patient
with VAP.

With the advent of newer broad spectrum antibiotics,
monotherapy has been used successfully as well (e.g.
ceftazidime, cefoperazone, imipenem/cilastatin  and
ticarcillin/clavulanate). However, caution is advised
here as monotherapy has been associated with emer-
gence of resistant sfrains  in particular of Pseudomonas
aeuuginosa.  Combination chemotherapy regimens that
are effective against Pseudomonas aeruginosa  (through a
synergistic effect) are preferable in patients with neutro-
penia as well as in cases where this organism is a likely
pathogen. It is advisable to tailor the antibiotic regimen
to each individual patient’s clinical circumstances (e.g.
use of clindamycin for broad anaerobic coverage in a
patient with suspected large volume aspiration and bad
dentition, vancomycin for methicillin-resistant Staphy-
lococcus aweus coverage in an institution where this
organism is frequent, and erythromycin where legionella
is suspected).

Conclusion

VAP is a frequent and severe complication in me-
chanically-ventilated patients and the accurate diagno-
sis of both the presence and aetiology of this pneumonia
is difficult. Antibiotic therapy may not always improve
the outcome even when invasive diagnostic techniques
are employed, hence as the old adage goes ” prevention
is better than cure”.
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