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Ventilator-associated pneumonia
and oral care: A successful quality
improvement project

Kathleen Hutchins, RN, MSN, George Karras, MD, Joan Erwin, RN, BSN, and Kevin L. Sullivan, RN, BSN, CIC
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Background: Ventilator-associated pneumonia (VAP) is a nosocomial pneumonia that develops in patients on mechanical ventila-
tion for $48 hours. VAP develops at an estimated rate of 1% to 3% per day of mechanical ventilation.
Methods: Quality improvement project. Mechanically ventilated patients received the following oral care every 4 hours: the teeth
were brushed with cetylpyridinium chloride (changed to 0.12% chlorhexidine gluconate in 2007) using a suction toothbrush, the
oral cavity was cleansed with suction swabs treated with hydrogen peroxide, a mouth moisturizer was applied, deep oropharyn-
geal suctioning was performed, and suction catheters were used to control secretions. The primary efficacy variable was a diag-
nosis of VAP in patients mechanically ventilated for $48 hours.
Results: The historical average rate of VAP in 2004 was 12.6 cases/1000 ventilator-days. After the inception of the quality improve-
ment project, VAP rates decreased to 4.12 (VAP cases/days of ventilation 3 1000) for May to December 2005, to 3.57 for 2006, and
to 1.3 for 2007.
Conclusion: The use of an oral care protocol intervention and ventilator bundle led to an 89.7% reduction in the VAP rate in me-
chanically ventilated patients from 2004 to 2007.
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Ventilator-associated pneumonia (VAP) is the most
common nosocomial infection in patients who are crit-
ically ill,1 occurring at an estimated rate of 1% to 3%
per day of mechanical ventilation.2 VAP is defined
as a nosocomial pneumonia that develops in a patient
who has been on mechanical ventilatory support
(intubated) for $48 hours.3 The hospital mortality of
patients with VAP is significantly higher than that of
patients without VAP.2 In addition to VAP being asso-
ciated with increased morbidity and mortality, VAP is
associated with higher medical care costs.

Bacterial infection of the lower respiratory tract
typically occurs when the upper respiratory tract is col-
onized with pathogens, which is followed by aspiration
of the oropharyngeal secretions.4 Patients in the inten-
sive care unit (ICU) are at particular risk of oropharyn-
geal colonization with pathogens because of exposure
to pathogens endemic to the ICU environment,
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exposure to multiantibiotic regimens, impaired muco-
sal defenses (desiccation, decreased salivary secretion,
and immunoglobulin A content), accumulation of secre-
tions as a result of intubation, and the unique environ-
ment that the endotracheal tube creates for dispersing
pathogenic bacteria.4

An organized approach to VAP prevention can re-
duce the rate of VAP. A ‘‘ventilator bundle’’ is a group
of interventions for the intubated patient found to be
effective in reducing the rate of VAP.5-7 The interven-
tions are recommended by the Institute for Healthcare
Improvement (IHI) and include elevating the head of
the bed, daily ‘‘sedation vacations,’’ daily assessment
of readiness for extubation, and prophylaxis for peptic
ulcer disease and deep venous thrombosis.8 The venti-
lator bundle may be further enhanced by oral care,
which may play a role in reducing the incidence of
VAP.4

PROBLEM

At Mercy Medical Center in Springfield, MA, VAP
rates have been calculated and recorded since Jan-
uary 1997 (8 years prior to the quality improve-
ment intervention) and were not shown to meet
the National Nosocomial Infections Surveillance
System standard. The Center’s annual average VAP
rates (VAP cases/days of ventilation 3 1000) ranged
from a high of 19.19 in 1999 to a low of 10.01 in
2002. A performance improvement project was
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developed to address this negative clinical outcome
and determine the effectiveness of combining an
oral care protocol with a ventilator bundle to pre-
vent VAP in intubated/mechanically ventilated pa-
tients in the ICU.
DESCRIPTION OF QUALITY IMPROVEMENT
INTERVENTION

This quality improvement program was performed
from May 2005 to December 2007 at Mercy Medical
Center, a 182-bed, private, nonprofit, acute care hospi-
tal in Springfield, MA. This facility has a 12-bed ICU and
a 9-bed coronary care unit. No such standardized pro-
tocol had been followed prior to institution of the
VAP prevention protocol. The hospital ICU practice
guidelines stated that patients were to receive ‘‘oral
care’’ every 4 hours and as needed, but no further in-
structions were specified.

The project was not designed as a controlled study
but rather as a quality improvement initiative; there-
fore, there was no control group or randomization.
The hospital ICU practice guidelines were revised to
incorporate instructions on the ventilator bundle and
oral care. Education in the use of the ventilator bundle
and oral care product and protocol was provided to
nurses (registered nurses), respiratory therapists, and
intensivists with an in-service given by an oral care
product representative. Re-education was conducted
a year later when an increase in VAP rates was noted,
and additional training in appropriate utilization of the
ventilator bundle was provided to nurses and
physicians.

All mechanically ventilated patients admitted to
the ICU between May 2005 and December 2007
were incorporated into the quality improvement pro-
gram population unless they had a contraindication to
the ventilator bundle or oral care intervention, such as
massive oral trauma or prescriber orders that con-
flicted with implementation of the bundle and/or
oral care every 4 hours.

Care consistent with the IHI-recommended ventila-
tor bundle was provided to each patient.8 This included
daily breaks from sedation, daily assessment of readi-
ness to extubate, prophylaxis for peptic ulcer disease
and deep venous thrombosis, and elevation of the
head of the bed. The head of the bed was kept elevated
at $30 degrees (unless medically contraindicated), and
the angle was monitored and verified with an angle
marker on the bed. The compliance with the bundle
elements was recorded.

In addition to the above ventilator bundle, patients
received, at minimum, oral care every 4 hours and as
needed. The instructions for oral care were as follows:
d Replace suction liner, tubing, and covered oral suc-
tion device every 24 hours.

d Brush teeth using suction toothbrush with cetylpyridi-
nium chloride (CPC) (Antiplaque Solution; Sage Pro-
ducts, Cary, IL) twice a day on even hours and as
needed (recommended at 08:00 and 20:00). Brush for
approximately 1 to 2 minutes while applying suction
at completion and as needed during the brushing.
Gently brush the surface of the tongue. The initial oral
care system with a product containing CPC was used
every 12 hours; in January of 2007, CPC was substituted
for a 0.12% chlorhexidine gluconate (CHG)-containing
product (CHG Oral Rinse; Sage Products).

d Use suction swabs with a hydrogen peroxide (Perox-
A-Mint; Sage Products) solution every 4 hours on
even hours (12, 4, 8, . . ., with the exception of the
twice-a-day brushing times) to clean the teeth and
tongue.

d Use moisturizing swabs every 4 hours after comple-
tion of oral care. Apply mouth moisturizer to mucous
membranes, buccal cavity, and lips.

d Perform deep oropharyngeal suctioning using a dis-
posable oropharyngeal suction catheter every 12
hours to assist in removing oropharyngeal secretions
that have pooled in the hypopharynx (with teeth
brushing, recommended at 08:00 and 20:00).

d Use suction catheters to assist in controlling secre-
tions prior to major position changes, extubation,
cuff deflation, and repositioning of tube and as
needed.

Family were also educated and informed about the
ventilator bundle and oral care regimen and the goal
of reducing ventilator-associated complications and
VAP. If the patient self-extubated, the Critical Care Pol-
icy was followed. This policy states that, if ventilatory
support is needed, noninvasive ventilation should be
attempted before reintubation, and reintubation
should be done only if it is necessary. All interventions,
abnormal assessment findings, additional actions, pa-
tient and/or family teaching, and responses were docu-
mented by the staff. The time line for institution of the
improvement initiatives is shown in Fig 1.

The hospital ICU protocol for ventilator setups under-
went two changes unrelated to the quality improvement
program during the course of the project. On October 1,
2005, the frequency of changes of ventilator in-line suc-
tion setups went from daily changes to changes as
needed. In December 2006, a change was made to use
heated wire circuits versus non-heated circuits.
KEY MEASURES FOR IMPROVEMENT

The primary outcome measure for improvement
was the occurrence of VAP in patients who had been



Fig 1. Project time line.
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mechanically ventilated for $48 hours. The diagnosis
of VAP was made on the basis of the clinical judgment
of a medical doctor, microbiologic data (Gram’s test and
culture results), and radiographic evidence. The results
of this quality improvement program are reported as
simple means and percentages. VAP rates were calcu-
lated as the number of cases of VAP per 1000 ventila-
tor-days, and additional information on the actual
cases of VAP and actual number of ventilator days is
provided.
ANALYSIS AND INTERPRETATION

Initial compliance with the IHI ventilator bundle
was less consistent for the first year of implantation.
Compliance ranged from 67% to 100% during 2005
and improved somewhat to 87% to 100% in 2006.
However, as time went on and re-education persisted,
compliance improved and ranged from 91% to 100%
for both 2007 and 2008 (see Fig 2 for bundle compli-
ance rates).

None of the patients were excluded during the qual-
ity improvement program period; therefore, 100% of
the patients were included. The overall average daily
census from 2004 through 2007 was 8.3 patients
(average daily census was 9.2 in 2004, 9.0 in 2005,
7.9 in 2006, 7.2 in 2007; year-to-date for 2008 is
7.0) For 2004, the VAP rate at Mercy Medical Center
was 12.6. From May (start of protocol) to December
2005, the VAP rate was 4.12 (5 cases of VAP/1211
ventilator-days). For 2006, the VAP rate was 3.57 (7
cases of VAP/1959 ventilator-days). For 2007, when
the 0.12% CHG product replaced the CPC product in
the oral care kits, the VAP rate was 1.3 (2 VAP cases/
1533 ventilator-days) (Fig 3). The VAP rate decreased
by 89.7% from 2004 to 2007. The decrease in VAP rate
in 2005 was noted almost immediately after the incep-
tion of the quality improvement project (see Table 1 for
monthly VAP rates in 2005). See Fig 4 for comparison of
VAP rates.

DISCUSSION

Epidemiology

Nosocomial pneumonia accounts for 31% of nos-
ocomial infections, and a large majority (83%) of pa-
tients who develop nosocomial pneumonia were
mechanically ventilated.9 VAP is associated with an
increased mortality rate. Bercault and Boulain10

found that VAP, as an independent risk factor, carries
an odds ratio of 2.1 for death (P 5 .008). In a large
retrospective cohort study, VAP was associated with a
mortality rate of 29.3% (P , .0001).11 VAP because
of infection with antibiotic-resistant Pseudomonas
aeruginosa is associated with an even higher mortal-
ity rate of 37.3% (odds ratio, 2.92; P 5 .02).12

Furthermore, patients with VAP have longer hospital
and ICU stays than do patients without VAP.13 The
higher morbidity associated with VAP results in mean
hospital charges per patient that are between



Fig 2. IHI bundle compliance rates from April 2005 through October 2008.

Fig 3. VAP rates for the years of the quality improvement program.
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$11,89713 and $40,00014 higher than costs for case-
control patients without VAP. Infection with methicil-
lin-resistant Staphylococcus aureus (MRSA) increases
hospital costs by an additional $7731 per patient.14

Ventilator bundle effectiveness

Introduction of a ventilator bundle has also been
shown to decrease VAP rates. In a study of 35
ICUs, VAP rates had an average reduction of 44.5%
after implementation of the VAP bundle.7 Similar
benefits were seen in a study of two 20-bed ICUs
in which rates decreased from 6.1 to 2.7 per 1000
ventilator-days in one unit and from 2.66 to 0 per
1000 ventilator-days in the other unit.5 Cocanour
et al6 found that institution of a ventilator bundle
alone was not adequate to decrease VAP rates only
as long as there was adequate feedback to maintain
compliance. Education leading to improvement in
compliance with evidence-based care has also been



Fig 4. VAP rates from June 2004 through October 2008.

Table 1. VAP rates in 2005

Month VAP rate* 95% Confidence interval

Comparison with Benchmark

(exact binomial test)

May 5.1 (1/197) 0.1-27.8 0.99

June 5.2 (1/192) 0.1-28.5 0.99

July 4.0 (1/247) 0.1-22.3 0.75

August 0.0 (0/124) 0.0-29.3 0.69

September 0.0 (0/67) 0.0-53.6 0.99

October 0.0 (0/115) 0.0-31.6 0.75

*Calculated as VAP cases/days of ventilation 3 1000.
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shown to improve VAP rates: Salahuddin et al15

found that a multidisciplinary educational pro-
gramme produced a 51% reduction in VAP rates.

Bacterial isolates and oral care

The most common pathogen associated with VAP is
S aureus, which is found in 31% of isolates from VAP
patients.16 P aeruginosa was the identified pathogen in
25.3% of patients with health care-associated pneu-
monia.11 Microbial antibiotic resistance is common
among the pathogens responsible for nosocomial
pneumonia. In patients with health care-associated
pneumonia, 56.8% of S aureus isolates are MRSA.11

In ICU patients treated with a fluoroquinolone for
pneumonia, 40% of the pathogens isolated were
MRSA, 24% were drug-resistant P aeruginosa, and
19% were resistant to extended-spectrum b-lacta-
mases.17 Needless to say, the development of
antibiotic resistance complicates the medical care of
VAP patients.

Previous studies in the 1990s confirmed the asso-
ciation between oral bacterial colonization and nos-
ocomial pneumonia in mechanically ventilated
patients.18-20 Torres et al18 isolated a greater num-
ber of coincident microbial species from gastric,
pharyngeal, and endotracheal samples than from
bronchoscopic-protected brush-sampling speci-
mens in patients who were mechanically ventilated
and had pneumonia. The same was true in venti-
lated patients who did not have pneumonia. The au-
thors concluded that both the gastric and
pharyngeal reservoirs played a role in the develop-
ment of VAP and suggested that preventing coloni-
zation of these reservoirs might reduce the
incidence of VAP.

Scannapieco et al19 found that bacteria that
commonly cause nosocomial pneumonia also
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colonize the dental plaque and oral mucosa of pa-
tients in the ICU. In addition, patients in the ICU
have higher mean plaque scores than do patients
in a non-ICU control group. Pathogens isolated
from the plaque of these ICU patients included
MRSA, P aeruginosa, and other gram-negative bac-
teria. These findings suggest that dental plaque
may also provide a reservoir for pathogenic bacte-
ria that contribute to VAP.

In a study by Fourrier et al,20 dental plaque colo-
nization at the time of admission to the ICU or after
5 days in the ICU led to a relative risk of subsequent
nosocomial infection of 9.6, including pneumonia (P
, .001). By day 10 of admission to the ICU, 46% of
patients had dental plaque cultures that were posi-
tive for aerobic pathogens. In addition, there was a
high bacterial concordance between the dental pla-
que cultures and the tracheal aspirate cultures in
these patients, supporting the idea that the orophar-
ynx serves as a reservoir for pathogens that contrib-
ute to VAP.

The above studies from the 1990s were followed by
protocols advocating oral care in the critical care set-
ting4; however, the data on whether oral care manage-
ment can influence outcomes in intubated patients
remained equivocal. Studies demonstrating the effec-
tiveness of oral care management and its potential in-
fluence on outcomes in intubated patients started
emerging after 2000. In 2002, Schleder et al21 con-
ducted a 4-year retrospective study of adults in the
ICU. The rates of VAP were documented prospectively
after the inception of the protocol and were then com-
pared with historical controls. Prior to the inception of
the protocol, there were 5.6 VAP cases/1000 ventilator-
days; after the protocol was initiated, there were 2.2
VAP cases/1000 ventilator-days.

Fourrier et al22 studied the effect of dental plaque
antiseptic decontamination on the occurrence of pla-
que colonization by aerobic nosocomial pathogens
and the rates of subsequent nosocomial infection. In
an initial study, it was found that oral decontamination
with 0.2% CHG gel 3 times per day appeared to reduce
nosocomial infection rates in ICU patients on mechan-
ical ventilation. Subsequently, a prospective, multicen-
ter, double-blind efficacy study was conducted in
which 228 patients underwent oral decontamination
with either 0.2% CHG gel or placebo gel 3 times per
day. The incidence of nosocomial infections was
13.2/1000 ICU-days (17.5%) in the placebo group and
13.3/1000 ICU-days (18.4%) in the CHG-treated group,
which represented a nonstatistically significant differ-
ence. However, by day 10, the number of dental plaque
cultures that were positive for pathogens was signifi-
cantly lower (P , .05) in the CHG-treated group
(29%) than in the placebo group (66%).23 Muscedere
et al24 undertook a comprehensive literature review
to develop an evidence-based clinical practice guide-
line to reduce VAP rates and determined that oral anti-
sepsis with CHG should be considered as part of
protocols to reduce VAP.

EFFECTS OF CHANGE

The purpose of this quality improvement program
was to determine the effectiveness of a quality im-
provement program instituting a ventilator bundle
and consistent oral care in preventing VAP in mechan-
ically ventilated patients. In 2004, the baseline VAP
rate was 12.6 cases/1000 ventilator-days. The number
of VAP cases decreased immediately after inception of
the protocol, which included oral care and the ventila-
tor bundle: 3.17 VAP rate over the first 6 months of the
quality improvement program. The VAP rate (VAP
cases/days of ventilation 3 1000) for 2005 was 4.12
during the months of May through December. The im-
provement in VAP rates continued, with an annual VAP
rate of 3.57 for 2006 and of 1.3 for 2007. The further
decrease in VAP rates from 2006 to 2007 may have
been attributed to the substitution of CPC with
0.12% CHG in the tooth brushing solution in January
2007.

The ventilator bundle seeks to address numerous
risks that result from mechanical ventilation, includ-
ing peptic ulcer disease and deep venous thrombosis.
The reduction in VAP rates observed with implementa-
tion of the ventilator bundle may be due to the combi-
nation of raising the head of the bed, allowing
sedation vacations, and frequently assessing readiness
for extubation. Experts have speculated that the coor-
dinated teamwork to improve patient care might be
responsible for the improvement in VAP rates, rather
than any specific intervention. It is likely that imple-
mentation of the VAP bundle also contributed to the
observed improvement in our VAP rates, although
compliance with the bundle was often less than
100%, particularly in the early years of implementa-
tion. Additional interventions that might be consid-
ered for future projects include rotation of beds and
elevation of the head of the bed to 458, both of which
were identified by Muscedere et al24 as evidence-
based interventions that showed benefit in preventing
VAP.

The likely reasons for the success of this quality im-
provement intervention are multifaceted. The products
used in the oral care protocol, in addition to the venti-
lator bundle, may have reduced the rates of VAP by re-
ducing the oral bacterial load, which may have
occurred through the removal of colonized plaque, mu-
cous, and bacteria from the buccal cavity and teeth be-
cause of the mechanical debriding action of the
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hydrogen peroxide solution. Additionally, increased
education likely improved the oral care methods of
staff. Furthermore, routine suctioning of the orophar-
ynx and hypopharynx may also have led to a reduction
in bacterial counts. The application of a moisturizer
may have decreased the number and severity of breaks
in the oral mucosa because of desiccation and mechan-
ical injury from pressure and rubbing by the endotra-
cheal tube or other devices. The addition of 0.12%
CHG-based products to the protocol in January 2007
improved the antimicrobial activity of the tooth brush-
ing solution and likely reduced oral bacterial loads.
Last, but most importantly, staff compliance with the
protocol improved by 19.64% between the beginning
and the end of the quality improvement program.
This improvement may have occurred because the
oral care products used are prescription products that
required administration documentation and/or be-
cause of staff training and feedback. The increase in
compliance coincided with the decrease in VAP rates;
however, a contemporaneous occurrence does not
prove causality. Clinical studies in this area, including
studies designed as blinded randomized studies, are
needed to determine the effect of compliance on VAP
rates.

PRACTICE IMPLICATIONS

Strategies to effectively prevent VAP are urgently
needed, and no single strategy has been proven to
achieve prevention. This quality improvement pro-
gram used the ventilator bundle and an oral care proto-
col intervention with CPC (changed to 0.12% CHG in
January 2007) and hydrogen peroxide, which may
have led to the 89.7% reduction in the rate of VAP in
mechanically ventilated patients from 2004 to 2007.
Our results suggest that oral care including the use of
CPC (or 0.12% CHG) and a hydrogen peroxide-contain-
ing mouthwash combined with implementation of the
ventilator bundle may assist in preventing VAP. Future
clinical studies are warranted to determine to what ex-
tent each of these protocols (oral care and ventilator
bundle) individually contributes to the reduction in
VAP rates.

The authors thank Dr. Donna Coffman and Kersten Hammond with MedBio Publica-
tions for their medical writing and editorial assistance in the development of this
manuscript.
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