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ABSTRACT Background: Ventilator-associated pneumonia (VAP) is a serious health care-acquired infection that occurs in up 
to 30% of mechanically ventilated patients and leads to prolonged mechanical ventilation, increased hospital stay, 

and mortality. The aim of this study was to establish the effects of implementing a VAP prevention bundle on VAP rates, antibiotic use, dura-
tion of mechanical ventilation, and intensive care unit (ICU) length of stay.
Design & Setting: This study used a before-and-after structure to analyze the effects of implementing a VAP prevention bundle in the surgical 
ICU of a Middle-Eastern university hospital
Interventions: A ventilator-associated pneumonia care bundle, consisting of 30o head-of-bed elevation, oral chlorhexidine, continuous aspi-
ration of subglottic secretions (CASS), daily sedation hold, and daily assessment for weaning.
Results: During the pre-implementation phase, 323 patients were included in the study and 306 were included in the post-implementation 
phase.  Compliance was 95% for the 30o head-up tilt and the oral chlorhexidine, 85% for the CASS, 75% for the daily sedation hold and as-
sessment for weaning, and 70% for all five elements of the bundle. Rates of microbiologically confirmed VAP were 14 per thousand ventilator 
days in the pre- implementation period and 5 per thousand ventilator days in the post-implementation period (p=0.047). The mean length 
of time of antibiotic therapy was lower in the post-implementation phase but not reaching statistical significance. There was a significantly 
shorter duration of mechanical ventilation in the post-implementation phase (p=0.01). 
Conclusion: VAP care bundle is an effective measure for lowering VAP rates in the ICU. 

Introduction
Ventilator-associated pneumonia (VAP) is a serious health care-
acquired infection that occurs in up to 30% of mechanically ven-
tilated patients.1VAP is defined as pneumonia occurring more 
than 48 h after the initiation of mechanical ventilation.2The 
Centers for Disease Control and Prevention of the National 
Healthcare Safety Network Hospitals have reported a mean VAP 
density varying from 10 to 41.7 cases/ 1000 ventilator days in 
developing countries.3,4The occurrence of ventilator-associated 
pneumonia (VAP) prolongs mechanical ventilation, increases the 
duration of hospital stay, and increases patient mortality. It is 
also associated with a higher cost.5

Strategies to improve patient outcomes in the intensive care 
unit (ICU) include the implementation of safety tools such as 
rapid response teams, daily goal sheets, and checklists. Another 
recent approach to facilitating guideline implementation in-
volves the development of care bundles with implementation 
measures.

Implementing care bundles in clinical practice has been widely 
advocated in mechanically ventilated patients admitted to inten-
sive-care units and is associated with a reduced risk of VAP.6

A care bundle identifies a set of key interventions derived from 
evidence-based guidelines that, when implemented, are expect-
ed to improve patients’ health outcomes7,8. 

The aim of care bundles is to improve health outcomes by facili-
tating and promoting changes in patient care and to encourage 
guideline compliance.

The most important change remains a cultural emphasis that 
errors should be considered a failed system rather than people 
failure as harm is often the result of a cascade of broken sys-
tems9. 

Several clinical interventions have been found to reduce the 
incidence of VAP, including elevation of the head of the bed, a 
daily sedation break, a daily trial of ventilator weaning, and topi-
cal oral chlorhexidine10. The quality of evidence supporting the 

effectiveness of each intervention and the relative importance of 
each has been questioned11. VAP incidence has become a quali-
ty indicator in many healthcare systems, leading to comparisons 
between ICUs. The “VAP prevention bundle” is a central compo-
nent of most critical care patient safety programs11.

As part of our university hospital’s effort to improve patient care 
and prevent hospital acquired infections, this study was under-
taken to focus on VAP prevention as a quality improvement 
initiative. We hypothesized that reliable implementation of, and 
compliance to a VAP prevention care bundle would decrease the 
VAP rate in our ICU.

The aim of this study was to establish the effects of implement-
ing a VAP prevention bundle on VAP rates, antibiotic use, dura-
tion of mechanical ventilation, ICU length of stay, and patient 
mortality in a 14 bed university hospital ICU.

Methods
The study was conducted in the surgical Intensive Care Unit, of 
a University affiliatedhospital. As a service evaluation and qual-
ity improvement project, ethics committee approval was not 
required. The study used a before-and-afterstructure to analyze 
the effects of implementinga VAP prevention bundleon the in-
cidence of clinical and microbiological VAP in mechanically 
ventilated critically ill patients.The study covered a one year 
period and was divided into a 6 month pre-implementation pe-
riod during which standard care for mechanically ventilated pa-
tients was used and auditedand a 6 month post-implementation 
period during which a VAP care bundle was implemented and 
audited. All adult patients meeting the inclusion criteria were 
recruited to the study. The inclusion criteria were; age above 18 
years, intubated and mechanically ventilated patients.The exclu-
sion criteria were; patients intubated prior to admission to the 
ICU, ICU length of stay less than 48 hours, and tracheostomized 
patients. 

Procedure
During the pre- implementation period:all enrolled pa-
tientsreceived standard care for mechanically ventilated patients 
consisting of: 
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-	 Elevation of the head of bed to 30 degrees or more.

-	 Daily mouth care using oral hygiene kits

During the post-implementation period: patients received a 
VAP prevention bundle previously developed by the Scottish In-
tensive Care Society Audit Group for the Scottish Patient Safety 
Program 12 as follows:

1.	 Sedation reviewed and, if appropriate, stopped each day
-	 Sedative was stopped, but not disconnected from the pa-
tient.

-	 Patient was allowed to wake.

-	 If the patient was cooperative and able to understand com-
mands sedation wasleft off.

-	 Distressed or agitated patients were re-sedated.

-	 Sedation was restarted at half the previous rate.

-	 Boluses were administered as appropriate.

Exclusions
-	 Paralyzed patients

-	 Patients with brain injury or raised ICP 

-	 Patientsdifficult to ventilate

-	 Patients difficult to oxygenate 

-	 Patient receiving palliative care

2.	 All patients were assessed for weaning and extubation 
each day
Exclusions
-	 Paralyzed patients

-	 Patients with brain injury or raised ICP 

-	 Patients difficult to ventilate

-	 Patients difficult to oxygenate 

-	 Patient on palliative care

3.	 All patients were placed in at least 30o head up position
Exclusions
-	 Shocked patients

-	 Patients on high dose inotropes

-	 Patients with unstable pelvic or spinal injury 

-	 Patients on palliative care

4.	 Daily mouth care was performed using chlorhexidine gel 
( 2 %)
Chlorhexidine gel was applied with a clean glove donned for the 
application

Exclusions
-	 Oro-pharyngeal trauma or surgery

-	 Hypersensitivity to chlorhexidine 

5.	 Continuous aspiration of subglottic secretions
-	 Endotracheal tube with subglottic drainage port was insert-

ed for all patients and subglottic aspiration ports were aspirated 
continuously.

Exclusions
-	 Patients intubated prior to ICU admission 

-	 Patients receiving palliative care

Methods used during implementation of the care bundle in-
cluded teaching materials for physicians and nurses, education 
sessions, and bedside cues. All modifications to improve compli-
ance were led by nursing and medical staff.

VAP diagnosis: A diagnosis of VAP was established using the 
Hospitals in Europe Linked for Infection Control through Sur-
veillance (HELICS)13 two-stage definition consisting of clinically 
suspected VAP based on clinical criteria andmicrobiologically 
confirmed VAP based on further investigations. 

I.	 Clinical VAP was diagnosed according to the following 
criteria:
1.	 Radiological  changes: a chest X-Ray or CT scan suggestive of 
pneumonia (2 or more required for patients with underlying car-
diac or pulmonary disease) and at least one of the following 

2.	 Systemic inflammation : white cell count of > 12,000/mm3 
or <4000/mm3 or temperature > 38oC with no other cause and 
at least one of the following (two required if microbiology is by 
qualitative endo-tracheal aspirate culture  or culture are nega-
tive)  

3.	 Clinical pulmonary signs : 

-	 New onset of purulent sputum, or  

-	 Change in character (color,  odor, consistency, or quantity), 
or 

-	 Cough, dyspnea, or tachypnea, or 

-	 Auscultatory findings (rales, bronchial breathing, rhonchi 
wheeze), or 

-	 Worsening gas exchange (e.g. Desaturation, increasing FiO2 , 
or ventilator requirements)

II.	 Microbiological VAP was diagnosed according to the fol-
lowing criteria:
-
	 Positive quantitative culture from minimally contaminated 
lower respiratory tract samples (i.e. growth at > 104 CFU/ml 
from bronchoalveolar lavage (BAL) cultures, or

-	 Positive blood cultures without another source

-	 Positive pleural fluid culture 

-	 Pleural or pulmonary abscess with culture positive needle as-
pirate

-	 Histological evidence of pneumonia, or

-	 Positive qualitative culture of endo-tracheal aspirates or non-
directed mini BAL

Negative cultures meeting clinical criteria above were recorded 
as clinical VAP

Data were collected on the following: 

1. Patient Characteristics: Age, Gender, Intensive care unit 
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admission diagnosis, admission Acute Physiology and Chronic 
Health Evaluation II score ,ICU  length of stay, Duration of me-
chanical ventilation, days of antibiotic therapy, hospital outcome

2. VAP Bundle compliance
Compliance to the VAP Bundle was audited weekly at varying-
times by a nurse who audited chartsfrom the previous day to 
minimize bias. Compliance was defined asclear documentation 
confirming adherence to the bundle. 

3. Clinicallydiagnosed VAP rate/ 1000 ventilator days
4. Microbiologically confirmed VAP rate/ 1000 ventilator 
days 
6. Microbiological etiology of VAP acquired during the study
Statistical analysis: 
Data was computed using SPSS (Statistical Package for Social 
Sciences Version 16). Summary statistics using Z-test tocompare 
proportions, Mann-Whitney Utest to compare median values, 
and Poisson regressionfor incident densities. Changes were also 
assessed using statistical process control charts using monthly 
data throughout the period of observation. Patient gender, age, 
and admission Acute Physiology and Chronic Health Evaluation 
II score were compared as potential confounders to a before-
and-after evaluation. 

Results: 
During the pre-implementation period, 734 patients were admit-
ted and mechanically ventilated, of whom323 required ≥48hrs in 
the ICU (44% patient at-risk rate). During the post-implementa-
tion period, 649 patients were admitted, of whom 306 required 
≥48hrs in the ICU (47% patient at-risk rate).  There were no sta-
tistically significant differences between patients recruited dur-
ing the pre-implementation phase and those recruited during 
the post-implementation phase as regards age, gender, or ad-
mission APACHE II score. During the post-implementation pe-
riod compliance with the 30-degree head-up tilt was consistently 
95%. Compliance with oral chlorhexidine was 95%. Compliance 
with CASS was 85%. Compliance with the sedation hold and dai-
ly assessment for weaning was 75%. Compliance with all five ele-
ments of the bundle was achieved in 70% of patients (Figure 1).

PLACE FIGURE (1) ABOUT HERE
The clinically suspected VAP rate before implementation was 
15% (48 VAP events) compared with 9% (27events) during the 
post-implementation phase  (absolute risk reduction, 6%; 95% 
confidence interval [CI]; relative risk reduction, 40%; 95% p 
≤0.02) (Table 1). The rates of microbiologically confirmed VAP 
also decreased in the post-implementationphase 4% (12 VAP 
events) compared to 14% (29 VAP events) in the pre-implemen-
tation phase (absolute risk reduction, 5%; 95% confidence inter-
val [CI]; relative risk reduction, 56%; 95% p ≤0.01). 

PLACE TABLE (1) ABOUT HERE
The proportion of cases diagnosed by bronchoscopy was approx-
imately the same in the two groups. The pathogens causing mi-
crobiologically confirmed VAP are shown in Table (2). The mean 
length of time of antibiotic therapywas notably lower in the 
post-implementation phase than the pre-implementation phase; 
however, the difference did not reach statistical significance. 
There was a statistically significant difference in the duration of 
mechanical ventilation (6.16(3.55) days in the pre-implementa-
tion phase compared to 4.03 (2.26) days in the post-implementa-
tion phase p=0.01). 

PLACE TABLE (2) ABOUT HERE
The ICU length of stay was comparable in the two phases of 
the study. The rates of MRSA Infection decreased from 3% of 
patients in the pre-implementation phase to 1% in the post-
implementationphase without however reaching statistical 
significance. There was no statistically significant difference in 

mortality rates between the pre- implementationphase (24%) 
and the post-implementation period (20%). Figure (2) shows a 
“run-chart” illustrating monthly rates of clinically suspected VAP 
per 1000 ventilator days over the entire period of data collection 
this shows a marked decrease duringthe post-implementation 
period.

PLACE FIGURE (2) ABOUT HERE
Discussion:
Our study demonstrated that the implementation of a VAP pre-
vention bundle can result in a significant reduction in the in-
cidence of VAP when the compliance levels are high. Wip and 
Napolitano14 suggested that the respiratory care bundle was an 
effective method to reduce VAP density in ICUs, but should be 
modified and expanded to include effective and evidence-based 
practices with a focus on VAP prevention.

We undertook this study in the surgical intensive care unit of 
our university affiliated hospital due to the notably high rates 
of VAP in our institution.  Consequently, we felt an urgent need 
to implement a VAP care bundle due to the inconsistencies in 
the previous care regimens applied to mechanically ventilated 
patients. This required the involvement of all the intensive care 
unit team.

The elimination of hospital acquired infections is now being con-
sidered a priority in many hospitals worldwide.15,16 However, 
in middle eastern hospitals, strategies to effectively prevent VAP 
have not yet been fully implemented. We believe that, in order 
to control VAP in the ICU, it is not sufficient to implement one 
measure, but rather to introduce a culture change that involves 
the education of the whole ICU team about the prevention of 
VAP and the careful monitoring of the compliance to the VAP 
prevention strategies. Several studies have shown that the par-
ticipation of a multidisciplinary team is associatedwith a de-
crease in nosocomial infections andVAP.17,18

We chose to implement a bundle consisting of five elements; 30o 
head up position, daily mouth care with chlorhexidine gel (2%), 
continuous aspiration of subglottic secretions, daily sedation 
review, and daily assessment for weaning and extubation. This 
regimen was derived from the bundle developed by the Scot-
tish Intensive Care Society Audit Group for the Scottish Patient 
Safety Programme12. We elected not to include peptic ulcer 
prophylaxis or DVT prophylaxis in our VAP bundle since these 
regimens are already part of our standard regimen for manage-
ment of critically ill patients.

A number of studies have demonstrated that gastric reflux and 
aspiration of gastric contents can be prevented with a semi up-
right position in patients on mechanical ventilation.19,20,21 This 
is because, when receiving enteral nutrition, a supine position 
facilitates patient’s aspiration of subglottic secretions.22,23This 
has been demonstrated in a prospective clinical study of criti-
cally ill patients, who remained in a 30o head up position for 
the first 24 hours of mechanical ventilation, and had a lower in-
cidence of VAP compared with patients positioned at less than 
30o.Other investigationshave shown that the elevation of the 
HOB at 45oat all times might not be feasible.24,25

We also included oral decontamination with chlorhexidine 2% 
as part of our VAP bundle. The use of chlorhexidine in varying 
concentrations (0.12%,0.2%, and 2%) has been studied in dif-
ferent ICU patient populations, with varying results.26,27Some 
studies using lower concentrations of chlorhexidine have con-
cluded that chlorhexidine only delays the development ofVAP, 
as it had no benefit in mortality, days of mechanical ventilation, 
and other patient outcomes. While whenhigher concentrations 
were used (2%) therewere significant reductions in VAP rates.28
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We also included the continuous aspiration of subglottic secre-
tions (CASS) in our study since oropharyngeal bacterial coloni-
zation and mircoaspirationof subglotic secretions are important-
mechanisms for developing VAP.29,30This involves the insertion 
of an ETT with an additional dorsal channel to allow the con-
tinuousaspiration of subglottic secretions (Mallinckrodt™ Seal-
Guard™ Evac,).

The use of a subglottic secretion ETT showed a decrease in the 
incidence of early VAP in a previous study.31Several other pub-
lications have also reported the utility of the CASS endotracheal 
tube in reducing VAP32,33incidence. 

Excessive use of sedation in the ICU typically leads to side ef-
fects, including gastrointestinal motility disturbances and diffi-
culty weaning from the ventilator. Prolonged intubation further 
increases the exposure to risk factors for infection, microaspira-
tion, gastrointestinal motility, and microcirculatory disturbanc-
es.34,35

The use of theleast amount of sedation possible has beenshown 
to decrease the number of ventilated days, and ICU mortality36

Although no studies have shown a decreasedrate of VAP directly 
related to an intermittentsedation strategy, however, the use of 
the least amount of sedation may contribute to early extubation. 
For this reason it has been advocated that all intubated patient-
shave daily sedation interruptions iftheir clinical condition al-
lows.37

Previous studies have shown that pursuing a protocol for early 
extubationis associated with shorter duration of mechanical 
ventilation.38A shortened time of mechanical ventilation and 
therefore decreased time of ETT exposure reduces the risk of as-
piration of contaminated secretions and the likelihood of devel-
oping VAP39

Some practices have been advocated in other VAP bundle regi-
mens which we elected not to include in our study, such as se-
lective digestive decontamination (SDD) due to our concern 
about the associated risk for selection of multi resistant patho-
gens, and the increase in colonization rates and infection with 
Enterococcus and methicillin-resistant Staphylococcus aureus 
(MRSA) which have been demonstrated in previous studies.40, 
41

Other studies have advocated the use of silver coated ETT due 
to the prevention of biofilm formation42which has been shown 
to occur as early as 24 hours after intubation43 These biofilms 
are viscous and adherent in nature and offer mechanical protec-
tion to bacteria.44However, these silver coated tubes were not 
available in our hospital, and thus were not included in our bun-
dle.

The implementation of our VAP bundle resulted in a reduction 
in the VAP rates in our hospital (relative risk reduction 56%), we 
were able to achieve a compliance rate of 70% for all the bun-
dle elements after actively implementing the VAP bundle pro-
tocol. These findings were consistent with previous studies45 
that noted improved compliance once VAP prevention measures 
were actively rather than passively implemented. Along with the 
notable decrease in VAPrates , we were also able to demonstrate 
a significant reduction in the duration of mechanical ventilation 
(p= 0.01). We were however unable to achieve full compliance 
with the sedation hold or the daily assessment for weaning ele-
ments of the VAP prevention bundle, this may be due to the fact 
that compliance with this bundle element is strongly influenced 
by variations in patient conditionsmore than other elements of 
the bundle.

In a similar study, Morris et al were able to demonstrate levels of 
compliance that were close to 100%. They were also able to dem-
onstrate clear benefits to patients.46Our approach, on the other 
hand, advocates that there is a possibility that lower thresholds 
for compliance with a care bundle may still offer benefit in pa-
tient outcomes which supports the general approach that apply-
ing quality control measures can lead to true improvements in 
outcomes.

The combination of decreased frequency and duration of anti-
biotic use indicates a direct effect on drug cost. We were, how-
ever, not able to achieve a statistically significant reduction in 
duration of antibiotic therapy this may be due to the relatively 
short duration of our study. A similar quality control study con-
ducted by Morris et al achieved results indicating a reduction of 
antibiotic use insubgroups with longer ICU stays.46Theirstudy 
was however conducted over a 4 year period and included a 
cohort of more than 2000 patients. We also noted a lower rate 
in the acquisition of MRSA (7 in the pre-implementation period 
compared to 3 in the post-implementation period) that was con-
sistent with previous studies.47 However the small number of 
MRSA cases did not allow us to obtain a large enough sample in 
order to compare the two groups.

Management of VAP requires a balance between early treatment 
with empirical broad spectrum antibiotics and focused therapy 
based on the results of cultures. The delay in obtaining micro-
biological results and the subsequent resorting to empirical anti-
biotics may be associated with adverse outcomes48. As a result, 
clinically suspected VAP that may prove to be unconfirmed mi-
crobiologically still offers an antibiotic burden. For this reason 
our reduction in antibiotic use, while not statistically significant, 
is still considered promising and requires further studies includ-
ing larger patient samples.

There remain a number of VAP reduction interventions that we 
have not yet adopted, such as antibacterial-coated endotracheal 
tubes49and selective bacterial decontamination. These, com-
bined with more complete adoption of the wake and wean bun-
dle elements, may allow us to achieve further improvements in 
patient outcomes. 

In general, it is commonly accepted that a heavy change in 
daily practice would take a while until it achieves its final goal. 
Our study confirms what was suggested by Resaret al. that a 
‘changed delivery system’ and ‘chain reaction’ of increased atten-
tion to the patients leads to benefits in patient outcomes.50

Conclusion: 
The implementation of a VAP care bundle proved to be an effec-
tive measure for lowering the VAP incidence in our ICU. Contin-
uous compliance to quality improvement protocols will result in 
benefits in our ICU patient outcomes.
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Table (1) Demographic Data for Patients included in the study before and after the implementation of the VAP care Bundle

Ventilated patients 
requiring ICU stay ≥48 hrs Pre-implementation Post-implementation P

No
323
275
294

306
279
294

Age, median (IQR) 58 (43–71) 59 (42–69) 0.6

Male (%) 59 63 0.46

APACHE II, median (IQR) 23 (17–27) 22 (16–28) 0.22

Clinical VAP, No. (%) 48(15) 27(9) 0.002*

Rate/1000 ventilator days 31 11 0.002*

Microbiologically 
confirmed VAP, No. (%) 29(9) 12(4) 0.001*

Rate/1000 ventilator days 14 5 0.047*

Diagnosed by 
bronchoalveolar lavage (%) 19 17 0.051

Mortality, No. (%) 77(24) 60(20) 0.19706

Length of stay, days, 
mean(SD) 7(3.57) 6.46 (3.2) 0.6

Duration of ventilation, 
days mean (SD) 6.16(3.55) 4.03 (2.26) 0.01*

Days of antibiotic therapy 
mean (SD) 6.3 (2.85) 5.2 (3.01) 0.136

*statistically significant at p≤0.05

APACHE, Acute Physiology and Chronic Health Evaluation; ICU, intensive care unit; IQR, interquartilerange; SD, standard deviation; 
VAP, ventilator-associated pneumonia.

Table 2. Microbiological Etiology of the Ventilator-Associated Pneumonias Acquired During the Study Period

Microorganism P r e -
implementation

P o s t -
implementation

Gram-positive

Staphylococcus aureus 
(methecillin-resistant) 7(24%) 3(25%)

Streptococcus sp. 2 1
C o a g u l a s e -
negativeStaphylococcus 1 0

Gram-negative

Acinetobacterbaumannii 2 0

Citrobacter sp. 1 0

Enterobacteraerogenes 0 1

Enterobacter cloacae 0 1

Other Enterobacter sp. 1 0

Enterobacter sp. 1 0

Escherichia coli 2 1

Flavobacterium sp. 0 1

Haemophilus influenzae 1 0

Klebsiella pneumonia 2 0

Morexellacatarrhalis 0 1

Proteus vulgaris 1 0
P s e u d o m o n a s 
aeruginosa 3 1

P s e u d o m o n a s 
fluorescens 1 0

Serratiamarcesens 1 0

Fungi

Aspergillusfumigatus 1 0

Candida albicans 1 2

Candida glabrata 1 0

Figure (1): VAP bundle compliance

Figure (2)Run chart showing the incidence of clinical ventilator-
associated pneumonia (VAP), expressed per 1000 ventilator days, 
on a month-by-month basis.



6 IJSR - INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH

Volume : 3 | Issue : 10 | October 2014 • ISSN No 2277 - 8179
Research Paper

REFERENCE
1. Chastre J, Fagon JY: Ventilator associated pneumonia. Am J RespirCrit Care Med 2002; 165:867–903 | 2. Grossman RF, Fein A: Evidencebased as-
sessment of diagnostic tests for ventilator-associated pneumonia. Chest 2000; 117(4 supp 2):177S–181S | 3. vanNieuwenhoven CA, Vandenbroucke- 

Grauls C, van Tiel FH, et al: Feasibility and effects of the semirecumbent position to prevent ventilator-associated pneumonia: A randomized study. Crit Care Med 2006; 34: 396–402 | 
4. Drakulovic MB, Torres A, Bauer TT, et al: Supine body position as a risk factor for nosocomial pneumonia in mechanically ventilated patients: A randomised trial. Lancet 1999; 
354:1851–1858 | 5. Safdar N, Dezfulian C, Collard HR, Saint S: Clinical and economic consequences of ventilator-associated pneumonia: a systematic review. Crit Care Med 2005; 
33:2184–2193 | 6. Fulbrook P, Mooney S. Care bundles in care: a practical approach to evidence-based practice. NursCrit Care 2003; 8: 249–255. | 7. Crunden E, Boyce C, Woodman H, 
Bray B. An evaluation of the impact of the ventilator care bundle. NursCrit Care 2005; 10: 242– 246. | 8. Masterton R, Craven D, Rello J et al. Hospital-acquired pneumonia guidelines 
in Europe: a review of their status and future development. J AntimicrobChemother 2007; 60: 206–213. | 9. Baxter AD, Allan J, Bedard J, Malone-Tucker S, Slivar S, Langill M et al. Ad-
herence to simple and effective measures reduces the incidence of ventilator-associated pneumonia. Can J Anaesth 2005; 52: 535-541. | 10. Babcock HM, Zack JE, Garrison T, Trovil-
lion E, Jones M, Fraser VJ et al. : An educational intervention to reduce ventilator-associated pneumonia in an integrated health system: a comparison of effects. Chest 2004; 125: 
2224-2231. | 11. Bloos F, Muller S, Harz A, Gugel M, Geil D, Egerland K et al.:Effects of staff training on the care of mechanically ventilated patients: a prospective cohort study. Br J 
Anaesth 2009; 103: 232-237. | 12. Scottish Intensive Care Society Audit Group. VAP prevention bundle. Available at: http://www. sicsag.scot.nhs.uk/SubGroup/VAP_Prevention_ Bun-
dle_Guidance_For_Implementation1.pdf. Accessed February 9, 2010 | 13. HELICS program Web site. Available at: http://helics.univ-lyon1.fr/home.htm. Accessed February 9, 2010 | 14. 
Wip C, Napolitano L: Bundles to prevent ventilator-associated pneumonia: how valuable are they? CurrOpin Infect Dis 2009;22:159-66. | 15. Coffin SE, Klompas M, Classen D, Arias 
KM, Podgorny K, Anderson DJ, et al. Strategies to prevent ventilator-associated pneumonia in acute care hospitals. Infect Control HospEpidemiol 2008;29: S31-S40. | 16. Assanasen S, 
Edmond MB, Bearman G. Impact of 2 different levels of performance feedback on compliance with infection control process measures in 2 intensive care units. Am J Infect Control 
2008; 36: 407-13. | 17. Cho SH, Ketefian S, Barkauskas VH and Smith DG: The effects of nurse staffing on adverse events, morbidity, mortality, and medical costs. Nurs Res 2003; 52: 71-
79. | 18. Needleman J, Buerhaus P, Mattke S, Stewart M and Zelevinsky K: Nurse-staffing levels and the quality of care in hospitals. N Engl J Med 2002; 346: 1715-1722. | 19. Orozco-Levi 
M, Torres A, Ferrer M, Piera C, el-Ebiary M, de la Bellacasa JP et al.: Semirecumbent position protects from pulmonary aspiration but not completely from gastroesophageal reflux in 
mechanically ventilated patients. Am J RespirCrit Care Med 1995; 152: 1387-1390. | 20. Ibanez J, Penafiel A, Raurich JM, Marse P, Jorda R, and Mata F: Gastroesophageal reflux in intu-
bated patients receiving enteral nutrition: effect of supine and semirecumbent positions. J Parenter Enteral Nutr 1992; 16: 419-422. | 21. Torres A, Serra-Batlles J, Ros E, Piera C, Puig 
de la Bellacasa J, Cobos A et al.: Pulmonary aspiration of gastric contents in patients receiving mechanical ventilation: the effect of body position. Ann Intern Med 1992; 116: 540-543. 
| 22. Drakulovic MB, Torres A, Bauer TT, Nicolas JM, Nogue S, and Ferrer M: Supine body position as a risk factor for nosocomial pneumonia in mechanically ventilated patients: a 
randomized trial. Lancet 1999; 354: 1851-1858. | 23. Huxley EJ, Viroslav J, Gray WR, and Pierce AK: Pharyngeal aspiration in normal adults and patients with depressed consciousness. 
Am J Med 1978; 64: 564-568. | 24. van Nieuwenhoven CA, Vandenbroucke-Grauls C, van Tiel FH, Joore HC, van Schijndel RJ, van der Tweel I et al.: Feasibility and effects of the semire-
cumbent position to prevent ventilator-associated pneumonia: a randomized study. Crit Care Med 2006; 34: 396-402 | 25. Alexiou VG, Ierodiakonou V, Dimopoulos G, Falagas ME: Im-
pact of patient position on the incidence of ventilator-associated pneumonia: a metaanalysis of randomized controlled trials. J Crit Care 2009; 24: 515-522. | 26. Chlebicki MP and 
Safdar N: Topical chlorhexidine for prevention of ventilator-associated pneumonia: a meta-analysis. Crit Care Med 2007; 35: 595-602. | 27. Panchabhai TS, Dangayach NS, Krishnan A, 
Kothari VM and Karnad DR: Oropharyngeal cleansing with 0.2% chlorhexidine for prevention of nosocomial pneumonia in critically ill patients: an open-label randomized trial with 
0.01% potassium permanganate as control. Chest 2009; 135: 1150-1156. | 28. Tantipong H, Morkchareonpong C, Jaiyindee S and Thamlikitkul V: Randomized controlled trial and me-
ta-analysis of oral decontamination with 2% chlorhexidine solution for the prevention of ventilator- associated pneumonia. Infect Control HospEpidemiol 2008; 29: 131-136. | 29. 
Bonten MJ, Kollef MH and Hall JB: Risk factors for ventilator-associated pneumonia: from epidemiology to patient management. Clin Infect Dis 2004; 38: 1141-1149. | 30. Valencia M, 
Ferrer M, Farre R, Navajas D, Badia JR, Nicolas JM, et al.: Automatic control of tracheal tube cuff pressure in ventilated patients in semirecumbent position: a randomized trial. Crit 
Care Med 2007; 35: 1543-1549. | 31. Bouza E, Perez MJ, Munoz P, Rincon C, Barrio JM and Hortal J: Continuous aspiration of subglottic secretions in the prevention of ventilator associ-
ated pneumonia in the postoperative period of major heart surgery. Chest 2008; 134: 938-946. | 32. Valles J, Artigas A, Rello J, Bonsoms N, Fontanals D, Blanch L, et al. Continuous as-
piration of subglottic secretions in preventing ventilator- associated pneumonia. Ann Intern Med 1995;122:179-86. | 33. Kollef MH, Skubas NJ, Sundt TM. A randomized clinical trial of 
continuous aspiration of subglottic secretions in cardiac surgery patients. Chest 1999;116:1339-46. | 34. Nseir S, Makris D, Mathieu D, Durocher A, Marquette CH: Intensive Care Unit-
acquired infection as a side effect of sedation. Crit Care 2010; 14: R30. | 35. Strøm T, Martinussen T, Toft P: A protocol of no sedation for critically ill patients receiving mechanical 
ventilation: a randomised trial. Lancet 2010; 375: 475-480. | 36. Shehabi Y, Riker RR, Bokesch PM, Wisemandle W, Shintani A, Ely EW: Delirium duration and mortality in lightly sedat-
ed, mechanically ventilated intensive care unit patients. Crit Care Med 2010 [ePub ahead of print]. | 37. Schweickert WD, Kress JP: Strategies to optimize analgesia and sedation. Crit 
Care 2008; 12: S6. | 38. Wood G, MacLeod B, Moffatt S: Weaning from mechanical ventilation: physiciandirected vs a respiratory-therapist-directed protocol. Respir Care 2007; 40: 219-
224. | 39. Ely EW, Meade MO, Haponik EF, Kollef MH, Cook DJ, Guyatt GH et al.: Mechanical ventilator weaning protocols driven by nonphysician health-care professionals: evidence-
based clinical practice guidelines. Chest 2001; 120: 454S-463S. | 40. Jongerden IP, de Smet AM, Kluytmans JA, teVelde LF, Dennesen PJ, Wesselink RM, et al.: Physicians’ and nurses’ 
opinions on selective decontamination of the digestive tract and selective oropharyngeal decontamination: a survey. Crit Care 2010; 14: 132. | 41. de La Cal MA, Cerda E, Garcia-Hier-
ro P, van Saene HK, Gomez-Santos D, Negro E, et al.: Survival benefit in critically ill burned patients receiving selective decontamination of the digestive tract: a randomized, placebo-
controlled, double-blind trial. Ann Surg 2005; 241: 424-430. | 42. Donlan RM, Costerton JW: Biofilms: survival mechanisms of clinically relevant microorganisms. ClinMicrobiol Rev 
2002; 15: 167-193. | 43. Perkins SD, Woeltje KF, Angenent LT: Endotracheal tube biofilm inoculation of oral flora and subsequent colonization of opportunistic pathogens. Int J Med 
Microbiol 2010; 300: 503-511. | 44. Stewart PS: New ways to stop biofilm infections. Lancet 2003; 361: 97. | 45. Hawe CS, Ellis KS, Cairns CJ, et al: Reduction in ventilator-associated 
pneumonia: Active versus passive guideline implementation. Intensive Care Med2009; 35:1180–1186 | 46. Morris AC, Hay AW, Swann DG, Everingham K; McCulloch C, McNulty J, 
Brooks O, et al: Reducing ventilator-associated pneumonia in intensive care: Impact of implementing a care bundle. Crit Care Med 2011; 39:2218-2224. | 47. Graffunder EM, Venezia 
RA: Risk factors associated with nosocomial methicillin-resistant Staphylococcus aureus (MRSA) infection including previous use of antimicrobials. J AntimicrobChemother 2002; 
49:999-1005 | 48. Kollef MH, Morrow LE, Niederman MS, et al: Clinical characteristics and treatment patterns among patients with ventilator-associated pneumonia. Chest 2006; 
129:1210-1218 | 49. 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 | 50. Resar R, Pronovost P, Haraden C et al. Using a bundle approach to improve ventilator care processes and reduce ventilator-associated pneumonia. Jt-
Comm J Qual Patient Saf 2005; 31: 243–248 |  | 


