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Background: Ventilator-associated pneumonia (VAP) is a frequent hospital acquired infections among
intensive care unit patients. The Institute for Healthcare Improvement has suggested a “care bundle”
approach for the prevention of VAP. This report describes the effects of implementing this strategy on
VAP rates.
Methods: All mechanically ventilated patients admitted to the intensive care unit between 2008 and
2013 were prospectively followed for VAP development according to the National Healthcare Safety
Network criteria. In 2011, a 7-element care bundle was implemented, including head-of-bed elevation
30�-45�, daily sedation vacation and assessment for extubation, peptic ulcer disease prophylaxis, deep
vein thrombosis prophylaxis, oral care with chlorhexidine, endotracheal intubation with in-line suction
and subglottic suctioning, and maintenance of endotracheal tube cuff pressure at 20-30 mmHg. The
bundle compliance and VAP rates were then followed.
Results: A total of 3665 patients received mechanical ventilation, and there were 9445 monitored ob-
servations for bundle compliance. The total bundle compliance before and after initiation of the VAP
team was 90.7% and 94.2%, respectively (P < .001). The number of VAP episodes decreased from 144
during 2008-2010 to only 14 during 2011-2013 (P < .0001). The rate of VAP decreased from 8.6 per 1000
ventilator-days to 2.0 per 1000 ventilator-days (P < .0001) after implementation of the care bundle.
Conclusions: This study suggests that systematic implementation of a multidisciplinary team approach
can reduce the incidence of VAP. Further sustained improvement requires persistent vigilant inspections.
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Ventilator-associated pneumonia (VAP) is one of themost frequent
hospital-acquired device-associated infections among patients in the
intensive care unit (ICU).1,2 The reported incidence ranges from 8% to
68%,3 with an overall attributable mortality of 13% in a recent sys-
tematic review4 and even up to 76% in specific settings with high-risk
pathogens.5 Furthermore, the development of VAP is linked to an
additional 9.6 days of mechanical ventilation (MV), 6.1 days of ICU
admission, and more than $40,000 in hospital costs per patient.6

* Address correspondence to Raymond Khan, MD, Consultant, Intensive Care
Department, Assistant Professor, College of Medicine, King Saud bin Abdulaziz
University for Health Sciences, King Abdulaziz Medical City, PO Box 22490, Mail
code 1425, Riyadh, Saudi Arabia.

E-mail address: raymondkhan@yahoo.com (R. Khan).
Conflicts of interest: None to report.

Contents lists available at ScienceDirect

American Journal of Infection Control

journal homepage: www.aj ic journal .org

American Journal of 
Infection Control

0196-6553/$36.00 - Copyright � 2016 by the Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.ajic.2015.09.025

American Journal of Infection Control 44 (2016) 320-6

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
mailto:raymondkhan@yahoo.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ajic.2015.09.025&domain=pdf
www.sciencedirect.com/science/journal/01966553
http://www.ajicjournal.org
http://dx.doi.org/10.1016/j.ajic.2015.09.025
http://dx.doi.org/10.1016/j.ajic.2015.09.025


In 2004, an Institute for Healthcare Improvement (IHI)
campaign introduced the notion of a “care bundle” for the pre-
vention of VAP.7 A bundle is a structured approach to facilitating
the application of best practices and evidence-based care for all
patients, thereby improving patient outcomes.7 Since the advent of
care bundle, the frequency of VAP in the United States has been
declining.8 The Centers for Disease Control has reported a mean
VAP rate of 3.6 cases per 1000 ventilator-days in ICUs in the United
States9; however, recent data from the International Nosocomial
Infection Control Consortium surveillance study show rates as high
as 16.8 cases per 1000 ventilator-days in developing countries.10

There remains an enormous need for quality improvement initia-
tives in many countries worldwide to prevent the morbidity and
mortality attributed to this condition.

Despite improvement efforts that included the implementation
of VAP prevention measures, active surveillance, and early detec-
tion, and the subsequent decline in VAP rates, VAP remained a
substantial burden in our ICU.9 The hospital administration viewed
this as a “big dot” quality indicator, requiring a major focus of
quality initiatives and patient safety efforts in our institution. Here
we report the strategies implemented by the VAP prevention team
and the rates of VAP in the adult ICU population before and after
implementation of these strategies.

METHODS

Study design

The primary aim of this study was to evaluate the effectiveness
of implementing a VAP prevention bundle by a multidisciplinary
team in a before and after analysis. In 2008, our hospital’s Infection
Control Department implemented a VAP care bundle. Although this
led to a reduction in VAP, the rates still remained above the National
Healthcare Safety Network’s benchmark of 2.1 per 1000 ventilator-
days.11 The goals of this project were to maintain a rate of bundle
compliance >90% and reduce the VAP rate to �2.0 per 1000
ventilator-days. The Institutional Review Board and King Abdullah
International Medical Research Center Ethics Committee of Na-
tional Guard Health Affairs, Riyadh approved this study and waived
the requirement for informed consent.

Setting and organization of the ICUs

Thiswas a quality improvement project performed at King Abdul
Aziz Medical City in Riyadh, Saudi Arabia, for all adult patients who
received invasive MV in the ICU between January 1, 2008, and
December 31, 2013. The ICU admitted approximately 900 patients
annually and was covered by onsite board-certified intensivists
24 hours per day, 7 days per week, with a nurse:patient ratio of
approximately 1:1 and a respiratory therapist:patient ratio of
approximately 1:5. The hospitalwas a 1000-bed tertiary-care center
accredited by The Joint Commission International, with an active
InfectionPreventionandControl Programthat collaboratedwith the
ICU medical and nursing staff to ensure the implementation and
monitoring of infection control practices.

Team formation

As part of a quality improvement process in our institution, a
multidisciplinary VAP team was created in January 2011 to imple-
ment evidence-based practices, including the ventilator care
bundle. The focus group, led by an intensivist, included a multi-
disciplinary group of physicians, nurses, respiratory therapists
(RTs), infection control practitioners, and quality management
personnel. The goal of this teamwas to reduce the incidence of VAP.

Driver diagram

The VAP team had several meetings with representatives from
the IHI. A driver diagramwas constructed that illustrated the theory
of change. A driver diagram is a tool to help organize theories and
ideas in an improvement project that aims to identify the changes
that will result in improvement (Fig 1).

Data collection

The VAP team monitors were trained in data collection and
monitored bundle compliance on a daily basis during this project.
They examined and reviewed the charts of all patients on MV in
the ICU. Data were collected at different times of day (morning,
afternoon, and night). If a component of the bundle was deemed
noncompliant, the VAP inspectors used this moment to elucidate
any barriers to the implementation of the particular element. This
time also provided a teaching opportunity to educate staff.

The ICU had a “safety team” comprising physicians who randomly
monitored the compliance with all ICU bundles on an almost-daily
basis. Their data were compared with the VAP team data as a redun-
dant check.

Diagnosis, definition, and classification of VAP

Wedefined VAP as pneumonia that developedmore than 48hours
after endotracheal intubation. It was diagnosed clinically based on the
Centers for Disease Control and Prevention criteria as 2 or more serial
chest radiographswith at least 1 of the following: new, progressive, or
persistent infiltrates; consolidation; or cavitation; with 2 of the
following: core temperature �38.5 or �36�C, leukocytosis (�12,000/
mm3), leukopenia (white blood cell count<1500/mm3); or new-onset
purulent bronchial secretions, without another cause and a significant
positive culture from blood, bronchoalveolar lavage fluid, or endotra-
cheal aspirate or culture from another relevant site of infection.12

Tracheal aspirates were considered purulent at a neutrophil count
withGramstain of>25perhigh-powerfield on lightmicroscopy. Data
on the development of VAP were collected by an independent inves-
tigator from the Infection Control Department. All patients with sus-
pected VAP were reviewed prospectively and independently by 2
infectious diseases physicians, who confirmed the diagnosis. VAP
surveillance had been performed since 2003 in the hospital and was
continued throughout the study in the sameway. The incidence of VAP
was expressed as cases of VAP per 1000 ventilator-days.

VAP prevention care bundles

After several brainstorming sessions and plan-do-study-act
cycles, we adopted a modified IHI VAP care bundle, as follows:

1. Head-of-bed (HOB) elevation 30-45�

2. Daily “sedation vacation” and daily assessment of readiness for
extubation

3. Peptic ulcer disease (PUD) prophylaxis
4. Deep vein thrombosis (DVT) prophylaxis
5. Oral care with chlorhexidine solution
6. Adequate endotracheal tube cuff pressure (20-30 mmHg)
7. Endotracheal tube with and in-line suction system and

subglottic suctioning.

HOB elevation

The hospital was equipped with Hill-Rom hospital beds (Hill-Rom,
Chicago, IL). The angle of the HOB was measured with an electronic
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