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Ventilator Associated Pneumonia (VAP) is the most commonly acquired
ICU infection worldwide affecting nearly 10-30% of ventilated patients
and accounting for nearly 25% of all types of ICU infections. VAP has been
associated with increased morbidity, mortality, duration of ICU stay, duration
of mechanical ventilation and nearly 50% of the ICU antibiotic prescription.
After understanding the pathogenesis of VAP, various preventive measures
have been tried by various authors. The currently accepted preventive
measures are being used in most centres as the VAP prevention bundle. This
includes: elevation of the head of the bed between 30°and 45°, daily sedation
interruption and assessment of readiness to extubate, daily oral care with
Chlorhexidine, peptic ulcer disease prophylaxis and deep vein thrombosis
prophylaxis. In the current manuscript, we will be discussing the available
preventive measures. Other measures which have been shown to be effective
include selective oropharyngeal and digestive tract decontamination, use of
antimicrobial coated ET tubes. However, more studies need to be done to see
if these can be included in the VAP prevention bundle.
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Introduction
Ventilator Associated Pneumonia (VAP) is the most commonly
acquired ICU infection worldwide affecting nearly 10-30% of
ventilated patients and accounting for nearly 25% of all types of
ICU infections1. As defined by the US Centre for Disease Control and
Prevention (CDC), it is pneumonia that develops 48 hours or more
after the initiation of mechanical ventilation (MV)2. VAP has been
associated with increased morbidity, mortality, duration of ICU stays,
and nearly 50% of the ICU antibiotic prescription1.Understanding
the pathogenesis of VAP is important to understand the various
preventive measures available for prevention of VAP.

Pathophysiology of VAP3

Healthy individuals normally have various defence mechanisms
to prevent the development of pneumonia. These include cough
reflex, mucociliary clearance, anatomy of the airways and the
presence of immunoglobulins, complement etc in the lower
airways and alveoli. VAP occurs when bacteria are introduced
into the normally sterile lower respiratory tract and overwhelm
the host defence mechanisms.Disease causing bacteria enter the
lower airways through endogenous or exogenous sources. The
endogenous source includes aspiration of the bacteria colonising
the upper airways or surrounding GI tract while exogenous source
includes bacteria colonising or forming biofilm on the ET tube or the
ventilator circuit. Detailed pathophysiology is given in (Figure 1).
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Figure 1: Routes of infection in ventilator associated pneumonia.

VAP Preventive Measures
Any patient with MV is at risk of development of VAP.
The risk of developing VAP is 3% per day during the first 5
days of MV, 2% per day for 6-10 days and 1% per day after
that4. Thus, VAP prevention is best achieved by avoiding
or minimising the duration of MV. Various strategies have
been described to minimise this. These include:

Methods to reduce the time at risk for VAP
development
VAP prevention begins with avoiding or limiting the
duration of MV.

Non-invasive Positive Pressure Ventilation (NPPV):
Many Randomised controlled trials (RCT) have concluded
that the use of NPPV significantly reduces the risk of VAP
development in comparison with the patients with invasive
MV5. Studies have concluded that non-invasive ventilation
is as effective as invasive ventilation in improving gas
exchange and is also associated with fewer complications
and adverse effects6. Therefore, it is recommended that
NPPV be used whenever possible.

Daily weaning trials: Daily weaning trials have been
repeatedly described and validated as strategies that limit
the time of MV. Various RCTs have demonstrated that
protocol directed sedation can reduce the duration of MV,
ICU and hospital stay7.

Sedation vacation: Sedation vacation is an important
component of VAP bundle. Based on the criterion of
patient, sedation is decreased or interrupted in order
to assess whether extubation is possible. If the criterion
for extubation are met, patient is extubated. Study by

Schweickert et al.,demonstrated daily interruption
of sedation reduced the duration of ICU stay, MV and
incidence of complications8. This is called the Spontaneous
Awakening Trial (SAT). In most of the studies conducted
these days9, a protocol that pairs SAT with Spontaneous
Breathing Trials (SBT) is confirmed to be most effective.

Reducing the chances of aspiration

Microorganisms reach the ETT either by aspiration of
oropharyngeal colonised organisms or by gastroesophageal
reflux secretions. Once the organisms reach ETT, they
produce biofilm i.e., a community of bacteria which
proliferate continuously and are protected from the host
immune system and natural defences by the various
chemicals produced10. These biofilms can dislodge
subsequently and cause VAP. Various recent advances are
available these days for VAP prevention in patients having
ETT. These include:

Semirecumbent position: Clinical practise guidelines
recommend elevation of the head end of bed by 30-45° to
prevent aspiration of gastric contents11. Various studies
have concluded that semirecumbency decreases the
chances of pulmonary aspiration though it has no effect on
the Gastro-Esophageal Reflux (GER). These studies have
used instillation of radiolabelled compounds in gastric
contents12,13. Rotating beds must be used in patients who
are not able to tolerate semirecumbent position (such as
patients in shock requiring high dose of ionotropes or
patients with unstable spinal cord injury).
A multicentre prospective trial of ICU patients
was conducted by Van Nieuwenhoven et al.,14 among
patients receiving MV. The study compared patients in
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semirecumbent position (with a target backrest elevation
of 45) with the patients in supine position (with initial
backrest elevation at 10°). The objectives of this study were
to assess the feasibility of the semirecumbent position in
mechanically ventilated patients and the effectiveness of
the measure in VAP prevention. The target semirecumbent
position of 45° was not achieved in 85% of the study time
in the intervention group, being only 28.1 and 22.68 on
average at days 1 and 7, respectively. Also, no significant
difference was detected in the incidence of VAP which was
6.5% in the supine group and 10.7% in the semirecumbent
group.
Thus, though there is a strong evidence that strict 0°
supine position in patients with MV increases the risk of
VAP, there is paucity of literature comparing 10-30° with
30-45°.

ETT with subglottic suctioning: Intermittent or
continuous suctioning of the secretions that accumulate
helps prevent microaspiration of the infected colonised
secretions. Various studies15,16 have shown that continuous
or intermittent drainage of accumulated secretions reduces
the chances of VAP development, decreases the duration
of MV and ICU stay. However, aspiration of the subglottic
secretions has been associated with increased chances of
damage to tracheal mucosa17. Changes in the design of ETT
has reduced the chances of damage to tracheal mucosa but
the cost has increased18. Studies have reported that the
difference in the rate of VAP development by continuous
or intermittent suctioning is not significant16. Thus, use of
intermittent ET suctioning could decrease the risk of VAP
development with only slight increase in the chances of
tracheal mucosa damage.

Mucus shaver: Removal of ETT secretions is normally
done by insertion of small flexible rubber catheter into
the ETT. This method, however, is suboptimal as residual
contaminated secretions are generally left behind which
may lead to the formation of a biofilm. Mucus shavers,
were thus designed to improve the cleaning process of the
ETTs19. These are inflatable silicone rubber balloons to
shave the lumen of the ETT.

Mucus slurper: This device was designed to remove
the secretions of the proximal traches. It is a modifiable
tracheal tube with 2 shaving rings that allows automatic
aspiration of the secretions as it reaches the ETT20. The
device is inserted into the distal portion of the ETT, inflated
such that the shaver’s edge is in contact with the interior
of the ETT, and then withdrawn over 3-6 sec to remove the
accumulated secretions.

Reducing the endogenous source of infection

Selective
digestive
tract
antimicrobial
decontamination: Selective decontamination of digestive
tract (SDD) use antimicrobial therapy to eradicate the
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potentially pathogenic microorganisms in the oral,
gastric and intestinal tract. Antibiotics used are nonabsorbable preparations of antibiotics with broad
spectrum of activity administered enterally/parenterally/
topical application21,22. The largest study was conducted
in Netherlands in 13 ICUs showed a 28-day mortality
reduction with the use of SDD and SOD by 3.5 and 2.9%
respectively23. However, follow up study conducted by
Oostdijk et al showed that SDD lead to increased bacterial
resistance in the ICUs24.
Selective Oral Decontamination(SOD): Chlorhexidine
is the most commonly used antiseptic agent for SOD for VAP
prevention25. Its efficacy is dependent on the frequency
of use and the percentage used (2% more effective than
0.12% or0.2%)26. Iseganan27 and povidone iodine28 are also
being investigated for oral decontamination. Iseganan is a
topical antimicrobial with activity against Gram-positive
and gram-negative bacteria, and yeast. However, topical
oropharyngeal administration failed to show any reduction
in VAP when compared to placebo in a multicenter
randomized trial. Povidone iodine has demonstrated a
benefit in VAP rates in patients with severe head trauma, but
this has yet to be investigated in other patient populations.

Use of probiotics29: Probiotics are living microorganisms
that confer a health benefit when administered in adequate
dosages. A 2010 pilot study found that critically ill patients
at high risk for VAP who received Lactobacillus rhamnosus
had significantly fewer microbiologically confirmed cases
of VAP and significantly fewer episodes of Clostridium
difficile-associated diarrhoea compared to patients who
did not receive the probiotics. However, larger multi-center
trials with more liberal inclusion criteria are needed to
evaluate the generalizability of this finding.

Placement and modifications in the Endotracheal
Tube

Appropriately inflated cuffed Endotracheal or
tracheostomy tubes should be used in patients requiring
MV. The cuff inflation pressure must be adjusted until there
is no audible air leak. ETT cuff pressure of atleast 20 cm
H2O must be maintained as per the American guidelines30.
Currently there are two cuff shapes available for High
Volume Low Pressure (HVLP) ETs with subglottic secretion.
These can be spindle or tapered. The tapered cuff ETs
were introduced as they were thought to have enhanced
fit and also reduce the pressure impact on the trachea,
thus causing lesser tracheal mucosa damage. However, the
use of tapered tracheal cuff did not lead to a substantial
reduction in the prevalence of VAP31.

Antimicrobial-coated endotracheal tubes: Use of
silver coated ETTs, has been shown to reduce the biofilm
production32-34. These studies have demonstrated the
success of silver coated ETTs in reducing the rate of
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VAP, duration of MV and ICU stay. Though coated ETTs
are expensive (90$ versus 2$ of uncoated tubes), but
studies demonstrate significant reduction in the risk of
VAP35. Silver sulphadiazine and chlorhexidine act directly
on bacterial cell membrane causing distortion and
enlargement of the cells, thus weaking the cell wall and cell
membrane. Silver sulphadiazine dissociates upon exposure
to bacterial surface. The dissociated silver moiety enters
cell wall, attaches to the bacterial DNA and thus prevents
cell proliferation. Chlorhexidine alters the cell membrane
causing efflux of the nucleosides and nucleotides, and also
facilitating the entry of silver sulphadiazine36.

In vitro animal studies of antiadhesive coating of ETT
have also been performed since the biofilm formation starts
with adhesion of the bacteria. These include, treatment of
PVC with oxygen plasma, which produces a hydrophilic
surface reducing the bacterial adhesion. Impregnation
of the PVC with surfactants containing cholesterol and
lecithin or other components of the innate system such
as lactoferrin have also been investigated. However,
antiadhesive treatment does not have antibacterial effect37.

Education

All health care providers involved in the care of patients
on MV must be well educated in respect to the diagnosis
and prevention of VAP as this has been shown to reduce the
VAP rate38,39. However, studies have shown that despite all
well-established guidelines, adherence to Evidence Based
Guidelines (EBG) is poor among clinicians due to either
unavailability of resources or cost or disagreement with
the clinical trials40,41.

Hospital infection control policies11, 30
•

•

•

•
•

•
•

Equipment sterilisation:All the reusable equipments
to be used must be properly sterilised after thorough
cleaning while the one time use equipments must be
used only once strictly as per the manufacturer’s
policy.

A bundle is a small set of evidence based preventive
practicesthat when implemented collectively helps inthe
prevention of a healthcare associated infection. The VAP
prevention bundle adopted by most hospitals are those
given by Institute of Healthcare Improvement. It includes:
elevation of the head of the bed by 30°-45°, daily sedation
interruption and assessment of readiness to extubate,
daily oral care with Chlorhexidine, peptic ulcer disease
prophylaxis (using sucrafate or H2 blockers43) and deep
vein thrombosis prophylaxis. Though prophylaxis for
peptic ulcer disease and deep vein thrombosis do not
directly play role in the prevention of VAP.

Conclusion

Over the past few years, many new recent advances
have been developed for the prevention of VAP based on the
pathogenesis. Most of the above discussed recent advances
have not been included in the VAP bundle. More studies are
needed to assess the inclusion of these methods in the VAP
prevention bundle.
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