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Introduction

Ventilator-associated pneumonia (VAP) is a complication
of mechanical ventilation and is defined as the occurrence
of pneumonia in patients undergoing mechanical venti-
lation for at least 48 hours. Clinical suspicion of VAP
arises when new infiltrates are present on chest x-ray, and
at least one of the following is present: Fever, leuko-
cytosis, or purulent tracheo-bronchial secretions.

The incidence of VAP reported in the literature ranges
from 15 to 20% [1]. However, the real incidence of VAP is
difficult to assess, given the extreme variability of the
diagnostic criteria for pneumonia, which often rely on
bronchoscopic procedures. The specific mortality attri-
butable to VAP is also debated. The reported VAP-
associated mortality ranges from 20 to 70%. Patients with
VAP are often critically ill, and survival may be affected
both by underlying conditions and the new-onset VAP. A
recent study demonstrated a relatively limited attribu-
table intensive care unit (ICU)-mortality of VAP, about
1-1.5%, when adjusting for severity of co-existing diseases
[2]. In the last few years, various strategies have been
investigated in order to reduce the incidence of VAP
Reducing the duration of intubation, oral and endo-
tracheal tube (ETT) care, positioning, and ETT modifica-
tions are aspects that may have a role in the prevention of
VAP. Many of these strategies have been incorporated
into “VAP bundles, a set of treatments implemented
simultaneously to reduce VAP incidence. Recent studies
suggest that the use of bundle treatments can result in
substantial reductions in rates of VAP [3].
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In this chapter, we will present some novel VAP pre-
vention strategies, explaining the possible mechanisms
by which they may be clinically beneficial in reducing the
incidence of VAP. A summary of these novel strategies is
given in Table 1.

Reduce duration of intubation

The risk of developing VAP increases with prolonged
intubation, and reintubation is a known risk factor [4].
This fact suggests that the presence of the ETT, although
necessary for the survival of the patient, interferes with
the normal physiological mechanisms that maintain the
airways free of bacterial contamination. When the ETT is
in place, the cough reflex is impaired and normal muco-
ciliary flow is blocked by the inflated cuff. The ETT itself
allows bacteria to drain into the trachea and distal
airways leading to pneumonia. Intubated patients may be
more prone to develop VAP as compared to tracheo-
stomized patients because the ETT keeps the trachea and
the oropharynx in communication, acting as a bridge for
bacteria to move toward the dependent airways. Aspira-
tion of pathogens from the oropharynx in patients with
subglottic dysfunction may occur both during extubation
and reintubation. The rate of reintubation can be reduced
by a variety of measures, including avoiding accidental
removal of the ETT, improving planned extubations with
weaning protocols designed to improve extubation
success, and use of non-invasive ventilation (NIV).

On the basis of the observation that the ETT creates a
communication between the oropharynx and airways,
early tracheostomy has been advocated as one of the
possible preventive measures for VAP. Although tracheo-
stomy reduces duration of ventilation and ICU stay [5], a
recent randomized trial failed to demonstrate a reduction
in VAP incidence when early tracheostomy (6-8 days
after intubation) was performed [6].
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Table 1. Most relevant clinical studies supporting the use of novel strategies to prevent ventilator-associated pneumonia

Summary

(VAP)

First Author [ref] Journal, Year Implemented strategy
Morris [3] Crit Care Med, 2011 VAP bundle

Terragni [6] JAMA, 2010 Tracheostomy

Nseir [20] Am J Respir Crit Control of ETT cuff pressure
Care Med, 2011

Lacherade [22] Am J Respir Crit Intermittent SSD system
Care Med, 2010

Kollef [27] JAMA, 2008 Silver coated ETT

Miller [33] J Crit Care, 2011 Polyurethane ETT cuff

Siempos [44] Crit Care Med, 2010 Probiotics

Before-and-after study, showing that implementation of a 4 item bundle
(head elevation, oral chlorhexidine gel, sedation interruptions and a
ventilator weaning protocol) reduced VAP rate

Randomized trial showing that VAP incidence was not significantly
different comparing early (7 days after intubation) to late (14 days)
tracheostomy

Randomized trial showing VAP rate reduction using a pneumatic device
to maintain ETT cuff inflating pressure constant

Randomized trial; the use of a SSD system resulted in a significant
reduction of VAP incidence, including late-onset VAP

Randomized trial showing that VAP rates were lower with silver coated
ETTs, as compared to standard ETTs

Retrospective assessment of VAP rate with polyurethane vs. PVC cuffed
ETTs, favoring the use of polyurethane ETT cuff

Meta-analysis of randomized controlled trials showing an association
between the use of probiotics and reduced VAP incidence

ETT, endotracheal tube; SSD, subglottic secretion drainage.

Since the ETT is believed to be involved in the patho-
genesis of VAP, many clinicians avoid intubation when
possible. The early use of NIV with the aim of avoiding
intubation may be worth considering, particularly in
fragile patients. Although a reduction in VAP incidence
has not been demonstrated, the early use of continuous
positive airway pressure (CPAP) reduced the need for
ICU admission and ventilatory support in a randomized
trial in 40 patients with hematological malignancies [7].

Another strategy to indirectly prevent the occurrence
of VAP is the reduction of sedative administration.
Reduced administration of sedatives is associated with
shorter ICU stays and fewer days of intubation. Although
no data are currently available to prove that VAP occur-
rence is decreased by reduced sedative administration,
daily suspension of sedative drugs has been suggested as
a preventive measure. Similarly, the implementation of a
protocol for ventilator weaning may be useful to prevent
VAP, as a result of the reduction in unneeded days on the
ventilator and need for reintubation [8].

Oral care
After prolonged intubation, tracheal colonization is
frequently demonstrated, and the gastric enzyme, pepsin,
may be detected in trachea-bronchial aspirates. In
patients affected by VAP, the same bacteria are often
present in the distal airways and in the stomach or
oropharynx [9]. This suggests that the draining of saliva
or gastric contents to below the ETT cuff determines the
colonization of the tracheal mucosa, possibly leading to
pneumonia.

The use of acid-suppressive medications and the
subsequent increase in gastric pH allows bacterial growth

in the stomach, increasing the risk of colonization in case
of aspiration of gastric contents. A cohort study of more
than 60,000 patients showed an increased risk of
hospital-acquired pneumonia when acid-suppressive
medications were used [10]. However, no definitive
recommendation can be pro vided about the use of acid-
suppressive medications in relation to VAP in the ICU
setting, and stress-ulcer prophylaxis is still suggested as
part of the bundle treatments for VAP prevention
published by the Institute for Healthcare Improvement.

To reduce the bacterial load of the fluids that drain into
the airways when the ETT is in place, selective digestive
tract decontamination (SDD) has been proposed.
Decontamination with antibiotics reduces the incidence
of VAP [11], but it is not currently recommended because
of concern for possible selection of resistant bacteria.
Oropharyngeal rinse with chlorhexidine was shown to be
effective in reducing tracheal colonization and VAP
incidence in a randomized, placebo-controlled study on
nearly 400 patients [12], and is now widely used as
standard of care for the intubated patient.

Airway care

Draining of secretions around the ETT cuff is not the
only way for bacteria to reach the distal airways and,
therefore, lead to pneumonia. Another possible mecha-
nism is the inoculation of bacteria through the inner
lumen of the tube. To reduce this occurrence, proper
hand hygiene by healthcare workers is a preventive
measure that should always be implemented when
treating intubated patients [13]. With time and despite
routine suctioning, the inner surface of the ETT becomes
covered by a layer of mucus and cells soon after
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intubation, which increases with duration of ETT use.
This layer of ‘biofilm’ is an optimal environment for
growth of a wide range of bacterial species [14], through
which antibiotics penetrate with difficulty. Biofilm forms
on both the internal and the external surface of the ETT.
The presence of biofilm is particularly marked in
proximity to the cuff, where secretions accumulate.
Bacteria in the biofilm may detach to inoculate the lower
airways leading to the development of pneumonia [15].
The importance of biofilm in the pathogenesis of VAP is
suggested by the finding that about 70% of patients with
VAP show the same pathogens isolated from the biofilm
and the tracheal secretions [16].

Tube care

Care of the inner lumen of the ETT might be a new
strategy to prevent VAP. The Mucus Shaver is a device
able to keep the ETT free of secretions and biofilm by
mechanically removing the deposits. Recently, a random-
ized clinical study confirmed the efficacy of the device in
intubated patients, showing a marked reduction of secre-
tions and contaminants in the treatment group [17].
Although the removal of biofilm with this device may be
helpful, no data are yet available showing a reduction in
VAP incidence.

Cuff care

Maintaining adequate cuff pressure is vital to reduce
draining of oropharyngeal and gastric secretions around
the ETT. An inflating cuff pressure less than 20 cmH,0
may favor secretion drainage, while a pressure greater
than 30 cmH,O may result in mucosal injury [18]. Despite
routine cuff pressure controls, variations in ETT cuff
pressure frequently occur, exposing patients to increased
risk of VAP [19]. Several devices have been developed to
constantly monitor and adjust the ETT cuff inflating
pressure. A recent randomized study of 122 patients
showed lower levels of pepsin in the tracheal aspirates of
the group treated with a device maintaining the cuff
pressure constant, confirming the effectiveness of these
devices in reducing micro-aspiration. Moreover, the
treatment group had lower VAP rate as compared to
controls, with no evident adverse effects [20].

Tube modifications

A number of approaches have been investigated to
reduce VAP incidence through modifications of the ETT.
These efforts have focused on systems for drainage of
subglottic secretions, coating of the ETT with anti-
bacterial materials, and the sealing capacity of the cuff.

Subglottic secretion drainage
Despite tracheal suctioning, secretions tend to accumu-
late around the ETT cuff, where they cannot be removed.
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Subglottic secretion drainage systems usually consist of
an accessory aspiration conduit opening above the ETT
cuff and a vacuum source. Secretions may be continu-
ously or intermittently removed from the subglottic
space. Continuous aspiration has been shown to cause
mucosal injuries in animal models [21], therefore inter-
mittent aspiration systems are generally preferred. Use of
an ETT equipped with a subglottic secretion drainage
system has been associated with a reduction in VAP
incidence. A multicenter study of more than 300 patients
showed a decrease in VAP rate in the group treated with
intermittent secretion drainage [22]. The beneficial
effects of secretion drainage lasted over time, with no
significant adverse events. A recent meta-analysis includ-
ing nearly 2500 patients confirmed the efficacy of ETTs
equipped with subglottic secretion drainage systems in
preventing VAP, shortening ICU stay and reducing days
of ventilation [23].

A different method of secretion drainage is the Mucus
Slurper, a modified tube equipped with multiple aspirat-
ing holes opening on the tip of the ETT. Secretions are
aspirated intermittently in the early expiratory phase,
keeping the ETT lumen and the proximal trachea free
from secretions [24]. However, no clinical data are avail-
able and the effectiveness of this device in VAP preven-
tion remains to be determined.

ETT coating

The inner surface of coated ETT tubes may be covered by
a thin layer of anti-microbial agent(s), to prevent the
formation of biofilm and bacterial colonization. Among
several coating agents, silver seems to be feasible: It is
biologically compatible, easy to employ, and effective in
reducing tracheal colonization and bacterial growth in
animal models [25]. The silver coating has bacteriostatic
properties: Silver ions penetrate into the microbial mem-
brane interfering with DNA synthesis, thereby preventing
cell replication. Other agents have shown even greater in
vitro antibacterial activity as compared to silver, but their
clinical use remains to be investigated [26].

Several clinical trials have been conducted evaluating
the efficacy of VAP prevention using silver-coated ET Ts.
In the North American Silver-Coated Endotracheal Tube
(NASCENT) study, the use of a silver-coated ETT was
associated with lower rates of VAP and of late-onset VAP
in more than 2000 patients [27]. Hence, the use of anti-
bacterial coating seems suitable to treat patients expected
to be ventilated for more than 48 hours, possibly resulting
in VAP prevention and cost-effectiveness [28].

Cuff seal and shape

Modified cuffs have been proposed to improve tracheal
sealing and reduce secretion drainage. Traditional hi-
volume/low-pressure cuffs are made of polyvinylchloride
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(PVC). The surface of a traditional ETT cuff folds when
inflated in the trachea, creating potential channels
through which secretions can drain and reach the sub-
glottic space. In vitro models have shown passage of
fluids around a traditional ETT cuff already 1 minute
after the beginning of the experiment, whereas modified
cuffs provided significantly better sealing [29]. The
principal cuff modifications involve changes in cuff shape
and materials employed. The tapered shape seems to
provide better sealing as compared to the classical
cylindrical shape [30], possibly because the tapered cuff
maintains better contact with the tracheal wall, resulting
in less folding of the cuff surface. The use of materials
other than PVC, such as polyurethane, lycra, silicone or
latex, also result in better sealing in vitro [31]; however,
no definitive clinical data are available regarding the
material of choice to prevent VAP. ETTs equipped with
polyurethane cuffs protected against early postoperative
pneumonia in a population of cardiac surgery patients,
but the effect on VAP rate was not investigated [32]. A
retrospective study on more than 3000 patients showed
an association between the use of a polyurethane cuff and
a decrease in VAP incidence [33]. A randomized clinical
trial showed VAP rate reduction for patients intubated
with an ETT equipped with both a subglottic secretion
drainage system and a polyurethane cuff, but the
contribution of the polyurethane cuff to preventing VAP
in this combined system is unclear [34].

Positioning
Positioning of the intubated patient is believed to be a
relevant factor for the development of VAP. The 45° semi-
recumbent position is widely recommended, but recent
data suggest that the lateral position may be superior to
prevent VAP.

Semi-recumbent position

The rationale for keeping patients in the semi-recumbent
position is that elevation of the head above the stomach
reduces the aspiration of gastric reflux. A clinical cross-
over trial demonstrated a greater amount of gastric
content in the airways when patients were kept supine
compared to a period of head elevation [35]. A later
randomized trial showed the effectiveness of the semi-
recumbent position in reducing VAP incidence as com-
pared to the supine position [36]. On the basis of these
data, many guidelines recommend the semi-recumbent
position as a preventive measure for VAP. Recently,
however, some investigators have questioned whether
this position is optimal for VAP prevention [37,38]. In the
semi-recumbent position, aspiration of subglottic
secretions across the tracheal cuff is not prevented and
secretions in the lower respiratory tract cannot be
cleared. The effects of gravity on aspiration in the
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semi-recumbent position may be most pronounced in
patients intubated for a prolonged period and especially
during suctioning because of the pressure drop within
the respiratory system with this maneuver. Interestingly,
a study using an animal model of long term mechanical
ventilation showed that mucus flow was reversed toward
the lungs in the semi-recumbent position and that it
could be drained out of the lungs in the horizontal
position [39]. The animals did not develop VAP if the
tracheal tube and trachea were maintained slightly below
horizontal. A pilot study of 10 intubated patients placed
in the lateral horizontal position compared to 10 patients
in the semi-recumbent position showed that the lateral
position was feasible and did not cause serious adverse
events [40]. Furthermore, the authors found more venti-
lator free days and a trend toward a lower incidence of
VAP in the lateral horizontal position group. A multi-
national trial is currently ongoing to corroborate these
benefits [41].

Kinetic therapy

Immobility of the intubated critically ill patient may
impair mucociliary clearance [42]. Mechanical rotation
of patients with 40° turns (kinetic therapy) may improve
pulmonary function more than the improvement in
function achieved via standard care (i.e., turning patients
every 2 hours). Kinetic therapy is believed to improve
movement of secretions and to avoid the accumulation of
mucus in dependent lung zones. A meta-analysis of 10
studies found that kinetic therapy reduced VAP incidence
but did not reduce the duration of mechanical ventilation,
ICU stay or mortality [43]. Many of the studies of kinetic
therapy are limited by small sample sizes and VAP
diagnoses made on a clinical basis without microbio-
logical cultures. In addition, many of the patients in
studies of kinetic therapy had complications, which
might be associated with the therapy, including intoler-
ance to rotation, unplanned extubation, loss of vascular
access and arrhythmias. Based on the limitations of the
existing studies and potential complications, a definitive
recommendation regarding the use of kinetic therapy
cannot be made at this time.

Other measures

Probiotics

Probiotics are commercially available preparations of live
non-pathogenic microorganisms administered to improve
microbial balance resulting in health benefits for the
host. Administration of probiotics has been advocated as
a means of preventing a variety of infections including
VAP in the ICU. The potential beneficial effect of
probiotics in prevention of VAP may be in their compe-
tition with VAP-producing microorganisms in the oro-
pharynx and stomach. In addition, it has been suggested
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that the benefits of probiotics might be explained by their
immunomodulatory properties. A recent meta-analysis
of randomized controlled trials comparing probiotics to
control in patients undergoing mechanical ventilation
found a lower incidence of VAP in the probiotics group
compared with control [44]. Administration of probiotics
was also found to be beneficial in reducing length of stay
in the ICU and colonization of the respiratory tract by
Pseudomonas aeruginosa.

Early and enteral feeding

Enteral feeding may predispose to aspiration of gastric
contents and the subsequent development of VAP. It has
been suggested that placement of a post-pyloric feeding
tube might reduce the risk of aspiration and VAP. A
meta-analysis of seven studies found that post-pyloric
feeding showed a trend toward lower incidence of VAP
and mortality than gastric feeding [45]; however, the
differences were not statistically significant. A more
recent randomized trial showed a similar non-significant
trend [46]. Therefore, a definitive recommendation regard-
ing the routine use of post-pyloric feeding cannot be
made. The timing of initiation of enteral feeding has also
been reported to be associated with the development of
VAP. In a large retrospective multicenter analysis, early
feeding (i.e., within 48 hours of onset of mechanical
ventilation) was found to be associated with an increased
risk of VAP, although ICU and hospital mortality were
decreased in the early feeding group [47].

Conclusion

Many factors contribute to the development of VAP. A
number of strategies have been proposed for VAP
prevention; however, only a few have been demonstrated
to be effective, and many others still need evaluation in
large randomized clinical trials before definitive recom-
mendations can be made. Among others, modifications
to the ETT (e.g., subglottic secretion drainage systems,
antimicrobial coating, alternative cuff shapes and
materials), continuous maintenance of proper cuff inflat-
ing pressures, ETT secretion removal, patient positioning
in the lateral horizontal position, kinetic therapy, and
administration of probiotics are measures worthy of
consideration and further study in the ongoing battle to
reduce the rates of VAP.

Abbreviations

CPAP, continuous positive airway pressure; ETT, endotracheal tube; ICU,
intensive care unit; NASCENT, North American Silver-Coated Endotracheal
Tube; NIV, non-invasive ventilation; PVC, polyvinylchloride; SDD, selective
digestive tract decontamination; SSD, subglottic secretion drainage; VAP,
ventilator-associated pneumonia.

Competing interests
The authors declare that there are no competing interests.

Page 5 of 6

Author details

'Department of Anesthesiology and Intensive Care, San Gerardo Hospital, Via
Pergolesi 33, 20052 Monza, Italy. 2Department of Anesthesia, Critical Care and
Pain Medicine, Massachusetts General Hospital, 55 Fruit St, Boston, MA 02114,
USA.

Published: 20 March 2012

References

1. American Thoracic Society; Infectious Diseases Society of America:
Guidelines for the management of adults with hospital-acquired,
ventilator-associated, and healthcare-associated pneumonia. Am J Respir
Crit Care Med 2005, 171:388-416.

2. Bekaert M, Timsit JF, Vansteelandt S, et al.: Attributable mortality of ventilator
associated pneumonia: A reappraisal using causal analysis. Am J Respir Crit
Care Med 2011, 184:1133-1139.

3. Morris AC, Hay AW, Swann DG, et al.: Reducing ventilator-associated
pneumonia in intensive care: Impact of implementing a care bundle. Crit
Care Med 2011,39:2218-2224.

4. Torres A, Gatell JIM, Aznar E, et al.: Re-intubation increases the risk of
nosocomial pneumonia in patients needing mechanical ventilation. Am J
Respir Crit Care Med 1995, 152:137-141.

5. Griffiths J, Barber VS, Morgan L, Young JD: Systematic review and meta-
analysis of studies of the timing of tracheostomy in adult patients
undergoing artificial ventilation. BMJ 2005, 330:1243.

6. Terragni PP, Antonelli M, Fumagalli R, et al.: Early vs late tracheotomy for
prevention of pneumonia in mechanically ventilated adult ICU patients:
a randomized controlled trial. JAMA 2010, 303:1483-1489.

7. SquadroneV, Massaia M, Bruno B: Early CPAP prevents evolution of acute
lung injury in patients with hematologic malignancy. Intensive Care Med
2010, 36:1666-1674.

8. Blackwood B, Alderdice F, Burns KE, Cardwell CR, Lavery G, O'Halloran P:
Protocolized versus non-protocolized weaning for reducing the duration
of mechanical ventilation in critically ill adult patients. Cochrane Database
Syst Rev 2010, 12:CD006904.

9. Torres A, el-Ebiary M, GonZzélez J, et al: Gastric and pharyngeal flora in
nosocomial pneumonia acquired during mechanical ventilation. Am Rev
Respir Dis 1993, 148:352-357.

10. Herzig SJ, Howell MD, Ngo LH, Marcantonio ER: Acid-suppressive
medication use and the risk for hospital-acquired pneumonia. JAMA 2009,
301:2120-2128.

11. Bergmans DC, Bonten MJ, Gaillard CA, et al.: Prevention of ventilator-
associated pneumonia by oral decontamination: a prospective,
randomized, double-blind, placebo-controlled study. Am J Respir Crit Care
Med 2001, 164:382-388.

12. Koeman M, van der Ven AJ, Hak E, et al: Oral decontamination with
chlorhexidine reduces the incidence of ventilator-associated pneumonia.
Am J Respir Crit Care Med 2006, 173:1348-1355.

13.  Flanagan ME, Welsh CA, Kiess C, Hoke S, Doebbeling BN; Agency for
Healthcare Research and Quality Hospital-Acquired Infections Collaborative:
A national collaborative for reducing health care-associated infections:
current initiatives, challenges, and opportunities. Am J Infect Control 2011,
39:685-689.

14.  Cairns S, Thomas JG, Hooper SJ, et al.: Molecular analysis of microbial
communities in endotracheal tube biofilms. PLoS One 2011, 6:214759.

15, Inglis TJ, Millar MR, Jones JG, Robinson DA: Tracheal tube biofilm as a source
of bacterial colonization of the lung. J Clin Microbiol 1989, 27:2014-2018.

16.  Adair CG, Gorman SP, Feron BM, et al.: Implications of endotracheal tube
biofilm for ventilator-associated pneumonia. Intensive Care Med 1999,
25:1072-1076.

17. Berra L, Coppadoro A, Bittner EA, et al:: A clinical assessment of the Mucus
Shaver: a device to keep the endotracheal tube free from secretions. Crit
Care Med 2012, 40:119-124.

18.  Seegobin RD, van Hasselt GL: Endotracheal cuff pressure and tracheal
mucosal blood flow: endoscopic study of effects of four large volume
cuffs. Br Med J (Clin Res Ed) 1984, 288:965-968.

19.  Nseir S, Brisson H, Marquette CH, et al.: Variations in endotracheal cuff
pressure in intubated critically ill patients: prevalence and risk factors. furJ
Anaesthesiol 2009, 26:229-234.

20. Nseir S, Zerimech F, Fournier C, et al: Continuous control of tracheal cuff
pressure and microaspiration of gastric contents in critically ill patients.



Coppadoro et al. Critical Care 2012, 16:210
http://ccforum.com/content/16/2/210

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32

33.

34.

Am J Respir Crit Care Med 2011, 184:1041-1047.

Berra L, De Marchi L, Panigada M, Yu ZX, Baccarelli A, Kolobow T: Evaluation
of continuous aspiration of subglottic secretion in an in vivo study. Crit
Care Med 2004, 32:2071-2078.

Lacherade JC, De Jonghe B, Guezennec P, et al.: Intermittent subglottic
secretion drainage and ventilator-associated pneumonia: a multicenter
trial. Am J Respir Crit Care Med 2010, 182:910-917.

Muscedere J, Rewa O, McKechnie K, Jiang X, Laporta D, Heyland DK:
Subglottic secretion drainage for the prevention of ventilator-associated
pneumonia: a systematic review and meta-analysis. Crit Care Med 2011,
39:1985-1991.

Li Bassi G, Curto F, Zanella A, Stylianou M, Kolobow T: A 72-hour study to test
the efficacy and safety of the “Mucus Slurper”in mechanically ventilated
sheep. Crit Care Med 2007, 35:906-911.

Berra L, Curto F, Li Bassi G, et al: Antimicrobial-coated endotracheal tubes:
an experimental study. Intensive Care Med 2008, 34:1020-1029.

Raad Il, Mohamed JA, Reitzel RA, et al: The prevention of biofilm
colonization by multidrug-resistant pathogens that cause ventilator-
associated pneumonia with antimicrobial-coated endotracheal tubes.
Biomaterials 2011, 32:2689-2694.

Kollef MH, Afessa B, Anzueto A, et al.: Silver-coated endotracheal tubes and
incidence of ventilator-associated pneumonia: the NASCENT randomized
trial. JAMA 2008, 300:805-813.

Shorr AF, Zilberberg MD, Kollef M: Cost-effectiveness analysis of a silver-
coated endotracheal tube to reduce the incidence of ventilator-associated
pneumonia. Infect Control Hosp Epidemiol 2009, 30:759-763.

Zanella A, ScaravilliV, Isgro S, et al.: Fluid leakage across tracheal tube cuff,
effect of different cuff material, shape, and positive expiratory pressure:

a bench-top study. Intensive Care Med 2011, 37:343-347.

Dave MH, Frotzler A, Spielmann N, Madjdpour C, Weiss M: Effect of tracheal
tube cuff shape on fluid leakage across the cuff: an in vitro study. BrJ
Anaesth 2010, 105:538-543.

Kolobow T, Cressoni M, Epp M, Corti |, Cadringher P, Zanella A: Comparison of
a novel lycra endotracheal tube cuff to standard polyvinyl chloride cuff
and polyurethane cuff for fluid leak prevention. Respir Care 2011,
56:1095-1099.

Poelaert J, Depuydt P, De Wolf A, Van de Velde S, Herck |, Blot S: Polyurethane
cuffed endotracheal tubes to prevent early postoperative pneumonia
after cardiac surgery: a pilot study. J Thorac Cardiovasc Surg 2008,
135:771-776.

Miller MA, Arndt JL, Konkle MA, et al.: A polyurethane cuffed endotracheal
tube is associated with decreased rates of ventilator-associated
pneumonia. J Crit Care 2011, 26:280-286.

Lorente L, Lecuona M, Jiménez A, Mora ML, Sierra A: Influence of an
endotracheal tube with polyurethane cuff and subglottic secretion
drainage on pneumonia. Am J Respir Crit Care Med 2007, 176:1079-1083.

35.

36.

37.

38.

39.

40.

42.

43.

44,

45.

46.

47.

Page 6 of 6

Torres A, Serra-Batlles J, Ros E, et al: Pulmonary aspiration of gastric
contents in patients receiving mechanical ventilation: the effect of body
position. Ann Intern Med 1992, 116:540-543.

Drakulovic MB, Torres A, Bauer TT, Nicolas JM, Nogué S, Ferrer M: Supine
body position as a risk factor for nosocomial pneumonia in mechanically
ventilated patients: a randomised trial. Lancet 1999, 354:1851-1858.
Panigada M, Berra L: Gravity. It's not just a good idea. It's the law. Minerva
Anestesiol 2011,77:127-128.

Li Bassi G, Torres A: Ventilator-associated pneumonia: role of positioning.
Curr Opin Crit Care 2011, 17:57-63.

Bassi GL, Zanella A, Cressoni M, Stylianou M, Kolobow T: Following tracheal
intubation, mucus flow is reversed in the semirecumbent position:
possible role in the pathogenesis of ventilator-associated pneumonia. Crit
Care Med 2008, 36:518-525.

MauriT, Berra L, Kumwilaisak K, et al.: Lateral-horizontal patient position and
horizontal orientation of the endotracheal tube to prevent aspiration in
adult surgical intensive care unit patients: a feasibility study. Respir Care
2010, 55:294-302.

Gravity-VAP Network: Prospective, randomized, multi-center trial of lateral
trendelenburg versus semi-recumbent body position in mechanically
ventilated patients for the prevention of ventilator-associated pneumonia.
[http://www.gravityvaptrial. org/joomla/documents/summaryProtocol.pdf]
Nakagawa NK; Franchini ML, Driusso P, de Oliveira LR, Saldiva PH, Lorenzi-
Filho G: Mucociliary clearance is impaired in acutely ill patients. Chest 2005,
128:2772-2777.

Delaney A, Gray H, Laupland KB, Zuege DJ: Kinetic bed therapy to prevent
nosocomial pneumonia in mechanically ventilated patients: a systematic
review and meta-analysis. Crit Care 2006, 10:R70.

Siempos II, Ntaidou TK, Falagas ME: Impact of the administration of
probiotics on the incidence of ventilator-associated pneumonia: a meta-
analysis of randomized controlled trials. Crit Care Med 2010, 38:954-962.
Marik PE, Zaloga GP: Gastric versus post-pyloric feeding: a systematic
review. Crit Care 2003, 7:R46-R51.

White H, Sosnowski K, Tran K, Reeves A, Jones M: A randomised controlled
comparison of early post-pyloric versus early gastric feeding to meet
nutritional targets in ventilated intensive care patients. Crit Care 2009,
13:R187.

Artinian V, Krayem H, DiGiovine B: Effects of early enteral feeding on the
outcome of critically ill mechanically ventilated medical patients. Chest
2006, 129:960-967.

doi:10.1186/cc11225
Cite this article as: Coppadoro A, et al: Novel preventive strategies for
ventilator-associated pneumonia. Critical Care 2012, 16:210.




	Introduction
	Reduce duration of intubation
	Oral care
	Airway care
	Tube care
	Cuff care

	Tube modifi cations
	Subglottic secretion drainage
	ETT coating
	Cuff seal and shape

	Positioning
	Semi-recumbent position
	Kinetic therapy

	Other measures
	Probiotics
	Early and enteral feeding

	Conclusion
	Abbreviations
	Competing interests
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AdobeFangsongStd-Regular
    /AdobeHeitiStd-Regular
    /AdobeKaitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobeSongStd-Light
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgfaRotisSansSerif
    /AgfaRotisSansSerif-Bold
    /AgfaRotisSansSerifExtraBold
    /AgfaRotisSansSerif-Italic
    /AgfaRotisSansSerifLight
    /AgfaRotisSansSerifLight-Italic
    /Aharoni-Bold
    /AkzidenzGroteskBE-Bold
    /AkzidenzGroteskBE-It
    /AkzidenzGroteskBE-Light
    /AkzidenzGroteskBE-LightOsF
    /AkzidenzGroteskBE-Md
    /AkzidenzGroteskBE-MdIt
    /AkzidenzGroteskBE-Regular
    /AkzidenzGroteskBE-Super
    /AllegroBT-Regular
    /AmerTypewriterITCbyBT-Medium
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArabicTypesetting
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ATNebraska
    /ATNebraskaBold
    /ATNebraskaBoldItalic
    /ATNebraskaItalic
    /ATToronto
    /ATTorontoBold
    /ATTorontoBoldItalic
    /ATTorontoItalic
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BalticSans
    /BankGothicBT-Medium
    /Barmeno-ExtraBold
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Batang
    /BatangChe
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /Bembo
    /Bembo-Bold
    /Bembo-BoldItalic
    /Bembo-Italic
    /BenguiatITCbyBT-Bold
    /Berkeley-Book
    /Berkeley-BookItalic
    /Berkeley-Italic
    /Berkeley-Medium
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BodoniBT-Bold
    /BodoniBT-BoldCondensed
    /BodoniBT-BoldItalic
    /BodoniBT-Book
    /BodoniBT-BookItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /BookmanITCbyBT-Demi
    /BookmanITCbyBT-DemiItalic
    /BookmanITCbyBT-Light
    /BookmanITCbyBT-LightItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /BremenBT-Bold
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptStd
    /Bulgarian-Ariel
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Caslon224ITCbyBT-Bold
    /Caslon224ITCbyBT-BoldItalic
    /Caslon224ITCbyBT-Book
    /Caslon224ITCbyBT-BookItalic
    /CaslonFiveForty-Italic
    /CaslonFiveForty-Roman
    /CaslonThree-Roman
    /Castellar
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbookBT-Bold
    /CenturySchoolbookBT-BoldCond
    /CenturySchoolbookBT-BoldItalic
    /CenturySchoolbookBT-Italic
    /CenturySchoolbookBT-Monospace
    /CenturySchoolbookBT-Roman
    /CenturySchoolbook-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /CharlesworthBold
    /CheltenhamBT-Bold
    /CheltenhamBT-BoldCondensed
    /CheltenhamBT-BoldCondItalic
    /CheltenhamBT-BoldExtraCondensed
    /CheltenhamBT-BoldHeadline
    /CheltenhamBT-BoldItalic
    /CheltenhamBT-BoldItalicHeadline
    /CheltenhamBT-Italic
    /CheltenhamBT-Roman
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ComicSansMS
    /ComicSansMS-Bold
    /CommonBullets
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothicBT-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyOneAB
    /Copperplate-ThirtyTwoBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CurlzMT
    /DaunPenh
    /DauphinPlain
    /David
    /David-Bold
    /Dax-Regular
    /Dax-RegularExpert
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /EccentricStd
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /English111VivaceBT-Regular
    /EngraversMT
    /EngraversMT-Bold
    /ErasITC-Bold
    /ErasITCbyBT-Bold
    /ErasITCbyBT-Book
    /ErasITCbyBT-Demi
    /ErasITCbyBT-Light
    /ErasITCbyBT-Medium
    /ErasITCbyBT-Ultra
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EurostileBold
    /EurostileRegular
    /FangSong
    /FelixTitlingMT
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothicITCbyBT-Heavy
    /FranklinGothicITCbyBT-HeavyItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldItalic
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /FuturaBlackBT-Regular
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /Futura-LightOblique
    /FuturaLtCnBTItalic
    /FuturaMdCnBTItalic
    /FuturaTEE-BoldCond
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-Light
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Garamond-LightItalic
    /Gautami
    /GeometricSlab712BT-BoldA
    /GeometricSlab712BT-ExtraBoldA
    /GeometricSlab712BT-LightA
    /GeometricSlab712BT-LightItalicA
    /GeometricSlab712BT-MediumA
    /GeometricSlab712BT-MediumItalA
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Giddyup
    /GiddyupStd
    /Giddyup-Thangs
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Giovanni-Black
    /Giovanni-BlackItalic
    /Giovanni-Bold
    /Giovanni-BoldItalic
    /Giovanni-BoldSC
    /Giovanni-Book
    /Giovanni-BookItalic
    /Giovanni-BookSC
    /Gisha
    /Gisha-Bold
    /GloucesterMT-ExtraCondensed
    /GoudyHandtooledBT-Regular
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HoboStd
    /Humanist521BT-Bold
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Roman
    /Impact
    /ImprintMT-Shadow
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /Jokerman-Regular
    /JuiceITC-Regular
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KaiTi
    /Kalinga
    /Kartika
    /KidsPlain
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /KristenITC-Regular
    /Latha
    /Latin725BT-Bold
    /Latin725BT-BoldItalic
    /Latin725BT-Italic
    /Latin725BT-Medium
    /Latin725BT-MediumItalic
    /Latin725BT-Roman
    /LatinExtraCondensedBT-Regular
    /LatinWidD
    /Leelawadee
    /Leelawadee-Bold
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMT-Bold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithograph-Bold
    /LithographLight
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MaiandraGD-DemiBold
    /MaiandraGD-Italic
    /MaiandraGD-Regular
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Map-Symbols
    /Marlett
    /MathematicalPi-Five
    /MathematicalPi-Four
    /MathematicalPi-One
    /MathematicalPi-Six
    /MathematicalPi-Three
    /MathematicalPi-Two
    /MatisseITC-Regular
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MesquiteStd
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftSansSerif
    /MicrosoftUighur
    /MicrosoftYaHei
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /Minion
    /MinionBlack
    /MinionBold
    /MinionBoldItalic
    /MinionItalic
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /MinionSemibold
    /MinionSemiboldItalic
    /Miriam
    /MiriamFixed
    /Mistral
    /MongolianBaiti
    /MonotypeSorts
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /Myriad-BdWeb
    /Myriad-CnItWeb
    /Myriad-CnWeb
    /Myriad-ItWeb
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Web
    /Narkisim
    /NewBaskerville-Bold
    /NewBaskerville-BoldItalic
    /NewBaskerville-Italic
    /NewBaskerville-Roman
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldCondensed
    /NewsGothicBT-BoldCondItalic
    /NewsGothicBT-BoldExtraCondensed
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Demi
    /NewsGothicBT-DemiItalic
    /NewsGothicBT-ExtraCondensed
    /NewsGothicBT-Italic
    /NewsGothicBT-ItalicCondensed
    /NewsGothicBT-Light
    /NewsGothicBT-LightItalic
    /NewsGothicBT-Roman
    /NewsGothicBT-RomanCondensed
    /NewtextITCbyBT-Regular
    /NewtextITCbyBT-RegularItalic
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /NuptialScript
    /Nyala-Regular
    /OCRAbyBT-Regular
    /OCRAExtended
    /OCRAStd
    /OCRB10PitchBT-Regular
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OnyxMT
    /Optima
    /Optima-Bold
    /Optima-BoldOblique
    /Optima-Oblique
    /OratorStd
    /OratorStd-Slanted
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /Papyrus-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PlantagenetCherokee
    /PMingLiU
    /PMingLiU-ExtB
    /PoplarStd
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PosterBodoniBT-Roman
    /PrestigeEliteStd-Bd
    /Pronto
    /Raavi
    /RageItalic
    /Rockwell
    /Rockwell-Bold
    /RockwellBoldCondensed
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /RockwellExtraBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RockwellLight
    /Rod
    /RosewoodStd-Regular
    /ScriptMTBold
    /ScriptMT-Bold
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Shruti
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Staccato222BT-Regular
    /StempelGaramond-Bold
    /StempelGaramond-BoldItalic
    /StempelGaramond-Italic
    /StempelGaramond-Roman
    /StencilStd
    /StoneSans
    /StoneSansItalic
    /StoneSerif
    /StoneSerif-Bold
    /StoneSerif-BoldItalic
    /StoneSerif-Italic
    /StoneSerif-Semibold
    /StoneSerif-SemiboldItalic
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-BlackRounded
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-BoldRounded
    /Swiss721BT-Heavy
    /Swiss721BT-HeavyItalic
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Medium
    /Swiss721BT-MediumItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721BT-ThinItalic
    /Swiss911BT-ExtraCompressed
    /Sylfaen
    /SymbolMT
    /SyntaxBlack
    /SyntaxBold
    /SyntaxItalic
    /SyntaxRoman
    /SyntaxUltraBlack
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /TiffanyITCbyBT-DemiItalic
    /TiffanyITCbyBT-Heavy
    /TiffanyITCbyBT-HeavyItalic
    /TiffanyITCbyBT-Light
    /TiffanyITCbyBT-LightItalic
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-BoldCond
    /TimesNewRomanMT-Cond
    /TimesNewRomanMT-CondItalic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /TraditionalArabic
    /TraditionalArabic-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Medium
    /TwCenMT-MediumItalic
    /TypoUprightBT-Regular
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vivaldii
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WoodtypeOrnaments-One
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZurichBT-Black
    /ZurichBT-BlackExtended
    /ZurichBT-BlackItalic
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldExtended
    /ZurichBT-BoldExtraCondensed
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraBlack
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-LightCondensedItalic
    /ZurichBT-LightExtraCondensed
    /ZurichBT-LightItalic
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
    /AriosoBold
    /AriosoNormal
    /ChevaraNormal
    /ChevaraOutlineNormal
    /ChillerLetPlain
    /CongaBold
    /CongaNormal
    /ErasContourITC-Normal
    /HelmetBold
    /HelmetBoldItalic
    /HelmetCondensedBold
    /HelmetCondensedBoldItalic
    /HelmetCondensedItalic
    /HelmetCondensedNormal
    /HelmetItalic
    /HelmetNormal
    /LucidaSans-DemiOblique
    /LucidaSans-Oblique
    /StarBats
    /StarMath
    /TimesNewRomanMT-ExtraBold
    /TimmonsBold
    /TimmonsBoldItalic
    /TimmonsItalic
    /TimmonsNormal
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


