
 http://ajcc.aacnjournals.org/cgi/external_ref?link_type=PERMISSIONDIRECT
Personal use only. For copyright permission information: 
 
Published online http://www.ajcconline.org
© 2009 American Association of Critical-Care Nurses

doi: 10.4037/ajcc2009311Prepublished AJCC OnlineFirst July 27, 2009; 
 
Majumder
Robert Garcia, Linda Jendresky, Larry Colbert, Althea Bailey, Mohammed Zaman and Mujbur
Oral-Dental Care: A 48-Month Study
Reducing Ventilator-Associated Pneumonia Through Advanced
 
 

 http://ajcc.aacnjournals.org/subscriptions/
Subscription Information

 http://ajcc.aacnjournals.org/misc/ifora.xhtml
Information for authors

 http://www.editorialmanager.com/ajcc
Submit a manuscript

 http://ajcc.aacnjournals.org/subscriptions/etoc.xhtml
Email alerts

include the digital object identifier (DOIs) and date of initial publication. 
they are indexed by PubMed from initial publication. Citations to Advance online articles must 
prior to final publication). Advance online articles are citable and establish publication priority;
yet appeared in the paper journal (edited, typeset versions may be posted when available 
Advance online articles have been peer reviewed and accepted for publication but have not

by AACN. All rights reserved. © 2009 Copyright
Telephone: (800) 899-1712, (949) 362-2050, ext. 532. Fax: (949) 362-2049. 
bimonthly by The InnoVision Group, 101 Columbia, Aliso Viejo, CA 92656.
journal of the American Association of Critical-Care Nurses (AACN), published 
AJCC, the American Journal of Critical Care, is the official peer-reviewed research

 by guest on July 25, 2012ajcc.aacnjournals.orgDownloaded from 

http://ajcc.aacnjournals.org/cgi/external_ref?link_type=PERMISSIONDIRECT
http://ajcc.aacnjournals.org/subscriptions/
http://ajcc.aacnjournals.org/misc/ifora.xhtml
http://www.editorialmanager.com/ajcc
http://ajcc.aacnjournals.org/subscriptions/etoc.xhtml
http://ajcc.aacnjournals.org/


By Robert Garcia, BS, MMT (ASCP), CIC, Linda Jendresky, MPH, CIC, CPHQ, Larry
Colbert, MS, CIC, Althea Bailey, RN, MS, Mohammed Zaman, MD, and Mujbur
Majumder, MD

Objective To determine the effect of implementing a compre-

hensive oral and dental care system and protocol on the rate

of ventilator-associated pneumonia.

Methods Patients more than 18 years old receiving mechani-

cal ventilation for more than 48 hours in a medical intensive

care unit at a university-affiliated medical center were studied

in 2 consecutive 24-month periods. Patients in the group

studied before the intervention (n = 779) had no oral assess-

ments, no suctioning of the subglottic space, no toothbrush-

ing, and suctioning of secretions in the oral cavity as needed.

The group studied during the intervention (n = 759) included

patients treated under a protocol whereby the oral cavity was

assessed, deep suctioning was done every 6 hours, oral tis-

sue cleansing was done every 4 hours or as needed, and

toothbrushing was done twice daily. 

Results Compliance with protocol components exceeded

80%. The groups did not differ significantly in age, sex, or

severity of illness. The rate of ventilator-associated pneumo-

nia was 12.0 per 1000 ventilator days before the intervention

and decreased to 8.0 per 1000 ventilator days during the

intervention (P = .06). Duration of mechanical ventilation and

length of stay in the intensive care unit differed significantly

between groups, as did mortality.

Conclusion Our findings suggest that use of advanced tools,

a comprehensive oral care protocol, and staff compliance

with the protocol can significantly reduce rates of ventilator-

associated pneumonia and associated costs.
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The Healthcare Infection Control Practices Advi-
sory Committee of the Centers for Disease Control
and Prevention has developed guidelines for the
prevention of pneumonia, with a focus on care of
patients receiving mechanical ventilation.12 These
guidelines provide recommendations that have been
incorporated, in part, in several national initiatives,
such as the Institute for Healthcare Improvement’s
how-to guide for preventing VAP.13 Although many
pharmacological and nonpharmacological interven-
tions have been well studied,14 controversies persist
about the effectiveness of each intervention for VAP
reduction. These measures can be categorized as
strategies for managing ventilator circuits (eg, replace-
ment of ventilator circuits, use of closed vs open
suction, and use of heat moisture exchange vs heated
circuit technology), strategies aimed at preventing
aspiration of contaminated oral secretions or stom-
ach content (eg, elevation of the head of the bed and

drainage of subglottic secretions), and interventions
that directly or indirectly alter bacterial colonization
of the stomach (eg, stress ulcer prophylaxis and
selective digestive decontamination).

Information drawn from extensive research
during the past 20 years indicates that bacterial col-
onization of the oropharyngeal tract plays a more
significant role in outcomes of respiratory infection
than previously thought.15 The evolution in knowl-
edge of pathogenesis and epidemiology of VAP has
led to the understanding that “the
major route for acquiring endemic
VAP is oropharyngeal colonization
by endogenous flora or by
pathogens acquired exogenously
from the intensive care unit environ-
ment….”16 We designed a study to
evaluate the effectiveness of imple-
menting an integrated oral care sys-
tem designed to reduce bacterial
colonization in the oropharynx and
on the teeth and to evaluate the sub-
sequent impact of such a system on
the occurrence of VAP.

Methods
The study was performed at Brookdale Univer-

sity Hospital and Medical Center, a 427-bed univer-
sity-affiliated teaching hospital. Patients at least 18
years old who were admitted between January 1,
2001, and December 31, 2004, to a 10-bed medical
intensive care unit (MICU) were eligible for study
inclusion if they had been intubated for more than
48 hours. Patients enrolled in the study were
prospectively followed up for VAP occurrence until
they were weaned off of mechanical ventilation in
the MICU, for 48 hours after their transfer from the

P
revention and control of ventilator-associated pneumonia (VAP) remains a primary
concern in intensive care units (ICUs). VAP is the most commonly reported health
care–acquired infection in patients receiving mechanical ventilation, with the most
recent National Healthcare Safety Network report1 indicating an incidence rate
ranging from 2.1 to 10.7. A separate study2 showed VAP incidence in patients

intubated less than 72 hours to be around 20%. Prevalence rates are consistently in the 10%
to 20% range.3 Mortality rates in the ICU are 2 to 3 times as great in patients with VAP as in
patients without VAP.4 Despite variability in study design and severity of illness among the
populations, reported mortality rates have ranged from 24% in general adult ICUs to greater
than 85% when the infection is caused by a multidrug-resistant gram-negative pathogen.5,6

Length of stay (LOS) in the hospital is greater (median increase, 6 days) in patients with VAP.7

Estimates of the economic impact of an individual case of VAP range from $11897 to $150841.8-11
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ing the nursing and physician staffs of the MICU,
nurse educators, anesthesiologists, and staff from
the emergency, materials management, and per-
formance improvement departments. Information
gathered during the interview and observation ses-
sions was shared with the members of the VAP Pre-
vention Task Force. This information, coupled with
a review of policies and products available for
patient care, led to the formulation of a list of
needs for oral and dental care: the need for staff to
understand the nature and severity of the problem;
a uniform education program for nurses, physicians,
and respiratory therapy staff; an assessment tool
for newly intubated patients; reduction of environ-
mental exposure after the use of Yankauer catheters;
the need to maintain a true closed suction system;
the need for frequent and adequate removal of
oropharyngeal secretions; the provision of effective
removal of dental plaque; the provision of solutions
that maintain the integrity of oral tissues; and the
establishment of protocols for documentation of
interventions on each nursing shift. A master plan
was developed by the infection control department
and was subsequently approved by the infection
control and performance improvement committees
of the institution.

The education portion of the plan was conducted
by infection control professionals during November
and December 2002. These initial learning sessions
targeted medical residents (94% trained), surgical
residents (98%), anesthesiologists (100%), respira-
tory therapists (98%), and all nurses involved in oral
care procedures (93%). Topics included morbidity,
mortality, and costs associated with VAP; MICU
rates vs national benchmarks; procedure and timing
of hand washing; intubation procedures; review of
protocols for ventilator circuits, closed suction devices,
and changes of heat moisture exchange filters; med-
ication administration; care of equipment; review
of weaning protocols; and review of policies address-
ing elevating the head of the bed. The questions
addressed in the principal education handout are
outlined in Table 1.

Study Group (During the Intervention)

The 24-month period from January 1, 2003,
through December 31, 2004, was defined as the
intervention period. The infection control commit-
tee and the products evaluation and standardization
committee approved for use a comprehensive oral
and dental care system (Q-Care Suction Oral System,
Sage Products, Inc, Cary, Illinois) that incorporated
several novel advances directed at reducing secre-
tions that accumulate in the oral cavity after the

MICU if still receiving mechanical ventilation, or
until they died. The standards of care for all patients
during the 48-month study period included changes
in the ventilator circuit every 7 days, replacement of
the heat moisture exchange filter every 24 hours,
closed suction catheter changes every 24 hours (suc-
tioning performed every 2 hours or as needed), use
of a 30º semirecumbent positioning protocol when
medically feasible, administration of stress ulcer pro-
phylaxis, and use of an active weaning protocol.
Compliance with these interventions for the full
study period ranged from 90% to 100%. Neither
continuous drainage of subglottic secretions nor
selective digestive decontamination was used for any
patient. Decisions on the use and mode of enteral
feeding were made by the MICU’s attending physi-
cian. Oral chlorhexidine was not used in this study.

Control Group (Before the Intervention)

The 24-month period from January 1, 2001, to
December 31, 2002, was defined as the preinterven-
tion period. During this period, 2 experienced infec-
tion control professionals used staff interviews and
observations of practice to identify barriers to best
practice in VAP prevention. Respiratory therapists,
nurses, and physicians were included in the review.
No pervasive breaks in aseptic technique or proce-
dure protocols were identified. However, several prac-
tices relating to mouth and dental care were infection
control concerns: the lack of a daily assessment of
oral tissues and teeth, disconnection of the closed
suction tubing to suction secretions in the mouth,
placement of uncovered Yankauer suctioning devices
after use on environmental surfaces, inadequate suc-
tioning of secretions accumulating in the oral cavity,
inadequate dental care, poor practices relating to care
of oral tissues and gums, no standardization of oral

care solutions, and lack of policy
addressing intervals between suction-
ing and dental care.

During the preintervention
period, MICU protocols required
“standard” oral care, which included
suctioning of the oral cavity with suc-
tion catheters or Yankauer suctioning
devices and glycerin swabs for tissue
and lip care. No specific time frames

for using these items was established. Sections of tub-
ing used for suctioning through the endotracheal tube
via a closed suction device were disconnected before
oropharyngeal suctioning. Dental care products were
not used for patients receiving mechanical ventilation.

The infection control department organized a
series of meetings with key representatives, includ-

The most common
reason for 

admission to the 
ICU was acute

respiratory failure.
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introduction of an endotracheal tube and reducing
plaque on the surface of the teeth. The principal
system components include a Y-connector that when
placed on a suction cannister port provides the
capability to attach 2 suctioning tubings, one for
oral care and the other for the closed suction device;
a universal handle that accommodates a variety of
suctioning and cleansing devices; a covered Yankauer
catheter to reduce the risk of contaminating the
patient’s environment; a suctioning dental brush
with the antiseptic agent 0.05% cetylpyridinium
chloride17 designed for mechanical reduction of the
quantity of dental plaque; a suction oral swab with
1.5% hydrogen peroxide18 for cleansing the oral
cavity and surrounding tissues; an applicator swab
with moisturizers to promote mucosal integrity;
and a suctioning catheter for removal of secretions
that form in the oral cavity. The protocol for use of
the system components included oropharyngeal
suctioning every 6 hours, oral cleaning of the tis-
sues and gums every 4 hours or as needed, and
toothbrushing twice per day. Nursing knowledge of
the protocol details was tested twice per year as part
of the nursing education competency requirements.

Confirmatory Period

The 12-month period from January 1, 2005,
through December 31, 2005, is considered the con-
firmatory period. This additional period was included
to test the ability of MICU personnel to implement
the established protocol consistently over time and
ensure that lower VAP rates were sustainable for
long periods. The sole outcome measured during
this period was VAP. Statistical analysis was not con-
ducted for data from the confirmatory period.

Primary Outcome Measure

The rate of VAP was the primary outcome
measure. Secondary outcomes assessed were LOS
in the ICU, duration of mechanical ventilation, and
ICU mortality.

Data Collection

Demographic patient data were recorded at the
time of admission to the MICU and included sex,
age, Acute Physiology and Chronic Health Evaluation
(APACHE) II score, and reason for ICU admission.
Information for calculating LOS data was recorded
in an MICU log. Surveillance for VAP was conducted
by an experienced infection control professional.
Surveillance information was recorded on a form
and included intubation date; extubation date; date
of MICU admission, transfer, or death; chest radi-
ographic results; temperature; leukocytosis; and

results of sputum culture. Determination of ventila-
tor days was based on information provided by the
respiratory therapy department. Three tiers of
review on all patients receiving mechanical ventila-
tion were held: initial review by the
surveillance infection control profes-
sional, review by the assistant direc-
tor of infection control, and, finally,
review by 4 pulmonary specialists,
each an MICU attending physician
(2 specialists were physician authors
of the study). The profiles reviewed
by the physicians did not contain
information about whether the
patient was in the control group or the study group,
nor did the profiles contain data from the confirma-
tory period. Graphs depicting monthly VAP rates
were distributed to the staff and posted in the
MICU. 

Definition

A VAP case was defined according to definitions
published by the Centers for Disease Control and
Prevention.19 VAP was defined as occurring when the
patient had a chest radiograph showing new or pro-
gressive infiltrate, consolidation, cavitation, or pleu-
ral effusion in conjunction with either new onset of
purulent sputum or change in character of sputum,
an organism isolated from blood, or the isolation of
an etiologic agent from a specimen obtained via suc-
tion aspiration through the endotracheal or 

Table 1  
Questions addressed in the primary
education handout on the prevention
of ventilator-associated pneumonia

1. Why is prevention of ventilator-associated pneumonia important?

2. What is the hospital’s current rate of infection (by unit)?

3. How does this rate compare with national benchmarks?

4. What major interventions to prevent ventilator-associated pneumonia   
have been implemented to this point?

5. How does bacterial colonization of the mouth, oropharynx, and teeth
affect the occurrence of respiratory infection in patients receiving
mechanical ventilation?

6. Is there evidence in the scientific literature that oral and dental colo-
nization may lead to respiratory infection?

7. What interventions are available that limit the accumulation of bacteria-
laden secretions in the mouth and oropharynx and reduce the incidence
of dental plaque?

8. How do you set up the new oral and dental care system?

9. What is the institution’s protocol regarding the frequency of using 
each component in the oral and dental care system?

10. How shall the nurse document the use of the new oral and dental 
care practices?

During the
intervention period,
VAP rates
decreased 
significantly.
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standard oral care and patients receiving compre-
hensive oral-dental interventions, with patients’
characteristics controlled for. Potential confounding
variables were deemed acceptable or unacceptable
at .05. All results of logistic regression analysis are
stated as adjusted odds ratios with 95% confidence
intervals. Reported P values of .05 or less were con-
sidered statistically significant. 

Results
Inclusion of Patients

Of 1616 eligible patients, 32 patients (3.9%) in
the control group and 46 (5.7%) from the study
group were eliminated because they had not been
receiving mechanical ventilation for 48 hours. A total
of 1538 patients were included in the study (779 in
the control group and 759 in the study group).

Demographic and Baseline Physiological 

Characteristics

No statistically significant differences were found
between the 2 treatment groups with respect to age,
sex, mean APACHE II scores, or admission diagno-
sis (Table 2). The most common reasons for admis-
sion to the ICU were acute respiratory failure and
cardiovascular disease. 

Staff Compliance With Intervention Protocol

The infection control professionals reviewed
the MICU’s critical care flow sheets 55 times during
the 24-month intervention period to determine
nurses’ compliance with 4 protocol components:
(1) daily oral assessment, (2) deep suctioning, 
(3) toothbrushing, and (4) oral cleansing of tissues
and lips. Compliance with the established protocol

tracheostomy tube. Specimens in this study were not
obtained by bronchoscopy or biopsy. An infiltrate
was considered to be a new occurrence if it occurred
more than 48 hours after the start of mechanical
ventilation or within 48 hours of extubation.

Statistical Analysis

Given the fact that one of the primary focuses
of the study was measuring the effectiveness of an
oral-dental care protocol over a sustained period,
the length of the study period was used in the study
design rather than the specific number of patients
needed to detect a 15% difference in the rate of VAP
occurrence between the 2 groups. Approximately
250 patients in each group would have been suffi-
cient to provide 80% power; a considerably higher
number of patients was required to be observed for
a 4-year period.

Comparisons used in the study were unpaired,
and all tests of significance were 2-
tailed. All variables with normal
Gaussian distribution were evaluated
with the Student t test, and variables
with non-Gaussian distribution were
analyzed by using Mann-Whitney
analysis. Mann-Whitney analysis was
used on the categorical variable of
age. The APACHE scores and the
remaining variables were evaluated

with the Student t test. Mortality analysis was done
by using a 2 x 2 contingency table to compare
deaths in patients who had VAP with all deaths. A
commercial statistical analysis package (SAS/STAT,
SAS Institute Inc, Cary, North Carolina) was used to
compare VAP incidence between patients receiving

Table 2  
Demographic characteristics and baseline measurements

.74

.79

.70

.76

.60

.63

.44

.83

.96

61   (8)

471
288

29   (5)

412 (54)
126 (17)

74 (10)
66   (9)
47   (6)
19   (3)

7   (1)
8   (1)

60 (11)

477
302

28   (7)

428 (55)
135 (17)
70   (9)
62   (8)
53   (7)
15   (2)

8   (1)
8   (1)

Age, mean (SD), y

Sex, No. of patients
Male
Female

APACHE II score

Reason for ICU admission, No. (%)
Acute respiratory failure
Cardiovascular disease
Gastrointestinal disease
Renal disease
Sepsis
Trauma
Neurological disease
Other

Abbreviations: APACHE, Acute Physiologic and Chronic Health Evaluation; ICU, intensive care unit.

Characteristic During intervention (n = 759)Before intervention (n = 779) P

Patients had shorter
ICU stays and

decreased mortality
rates after the

intervention.
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increased during the intervention period and
reached at least 80% for all 6 monitored standards
(Figure 1), which included requirements for bed-
side setup of the oral care kit and use of a Y-connec-
tor to create a 2-line system.

Outcome Measures

VAP occurred in 8.6% (67/779) of patients in the
control group and 4.1% (31/759) of patients in the
study group (Table 3). During the intervention
period, VAP rates decreased by 33.3%, although the
result was only marginally significant (12 vs 8 cases
per 1000 ventilator days, P= .06). After review of these
results, the critical care committee approved continu-
ing the intervention as an integral part of MICU care.
VAP rates in the MICU for 2005 (defined as the con-
firmatory period) were 0 cases per 1000 ventilator
days for the first and fourth quarters, 5.7 cases per
1000 ventilator days in the second quarter, and 3.5
cases per 1000 days in the third quarter (Figure 2).
During the confirmatory period, no cases of VAP were
seen in 8 of 12 months. Both duration of mechanical
ventilation and length of MICU stay decreased signifi-
cantly after implementation of the intervention (Table
3). The mean time to VAP was 2.9 days before the
intervention and 4.7 days during the intervention (P<
.001). Mortality was reduced significantly in the inter-
vention period from 19.4% to 14.6% (P= .01).

This study did not address oral bacterial burden
or colonization; however, implementation of an oral
care regimen in addition to the ventilator bundle
did reduce VAP rates. The patient population had a
reduced ICU LOS, but no decrease in mortality,

Figure 1 Compliance with components of the oral-dental protocol, by quarter (Q).

Daily assessment

Deep suctioning every 4 hours

Toothbrushing twice a day

Oral tissue cleansing every 6 hours

Kits at bedside

2-line connector used
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100
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80
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60

50

40

30

20

10

Q1
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Q2
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Q3
2004

Q4
2004

Q2
2003

Q3
2003

Q4
2003

Table 3  
Outcome measures

Ventilator days (VD)

VAP, No. (%) of patients

VAP rate (per 1000 VD)

MICU patient days (PD, all
patients)

Utilization ratio (VD/PD)

Duration of ventilation,
mean, days

Days in MICU (ventilator
patients), mean

Time to VAP, mean, days

Mortality (ventilator
patients), No. (%)

3856

31 (4.1)

8.0

7087

0.54

5.1

6.4

4.7

111 (14.6)

<.001

.06

.54

<.001

<.05

<.05

<.001

.01

5581

67 (8.6)

12.0

7222

0.77

7.2

8.7

2.9

151 (19.4)

Measure P

During
intervention

(n = 759)

Before 
intervention

(n = 779)

Abbreviations: MICU, medical intensive care unit; VAP, ventilator-associated pneumonia.
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trial we know of that shows these improvements in
adult ICU patients with similar demo graphic charac-
teristics and at similar risk for VAP.

Targeting of bacterial organisms that colonize
the oropharynx is not typical but is emerging as a
practical intervention.20-23 The results of our study
add further weight to the theory that oropharyngeal
colonization is central in the etiology of VAP. Pre-
vention of bacterial colonization of these anatomic
sites as a means of reducing the occurrence of respi-
ratory infection in adult patients is based on exten-
sive and varied research conducted in the past 20
years. Efforts to prevent bacterial colonization are
particularly important, given that oral care is often
considered difficult and does not always include
toothbrushing for patients in the ICU.24

Oropharyngeal and Stomach Colonization

Early research into the principal link between
bacterial colonization and eventual respiratory
infection indicated that the stomach was the key
source in this pathway.25-28 Further studies29-31 using
advanced diagnostic techniques, however, strongly

possibly because of an overall low mortality rate in
the study population.

Discussion
This 48-month study of adult ICU patients

yielded 4 important findings: (1) risk and incidence
of VAP are significantly reduced by implementation of
a multifaceted protocol that includes daily oral assess-
ment combined with procedures and tools specifically
designated for bacterial reduction in the oral cavity,
subglottic space, and on teeth, and conducted on an
established daily schedule; (2) infection avoidance
can be sustained for considerable periods, in this case
for 36 months (24-month intervention period plus
12-month confirmatory period); (3) despite the
establishment of other evidence-based interventions
such as elevation of the head of the bed and prophy-
laxis of stress ulcers, VAP rates of zero did not occur
until the new protocol was instituted; (4) a compre-
hensive oral-dental care program has profound effects
on reducing the duration of mechanical ventilation
(from 7.2 days to 5.1 days) and ICU LOS (from 8.7
days to 6.4 days). This study is also the first published

Figure 2 Ventilator-associated pneumonia rates in the medical intensive care unit, 2001-2005, by quarter (Q). Blue line
connects data points (diamonds) indicating mean annual rate of ventilator-associated pneumonia during preinterven-
tion period, intervention period, and confirmatory period.

C
as

es
 p

er
 1

00
0 

ve
n

ti
la

to
r 

d
ay

s

20
01

 Q
1

20
01

 Q
2

20
01

 Q
3

20
01

 Q
4

20
02

 Q
1

20
02

 Q
2

20
02

 Q
3

20
02

 Q
4

20
03

 Q
1

20
03

 Q
2

20
03

 Q
3

20
03

 Q
4

20
04

 Q
1

20
04

 Q
2

20
04

 Q
3

20
04

 Q
4

20
05

 Q
1

20
05

 Q
2

20
05

 Q
3

20
05

 Q
4

0

18

16

14

12

10

8

6

4

2

AJCC AMERICAN JOURNAL OF CRITICAL CARE, OnlineFirst www.ajcconline.org

 by guest on July 25, 2012ajcc.aacnjournals.orgDownloaded from 

http://ajcc.aacnjournals.org/


supported the contention that colonization of the
oropharyngeal tissues is primarily responsible for
colonization of the stomach or gut. Extensive research
has been conducted on procedures that directly or
indirectly attempt to control bacterial colonization
of gastric fluid32-34; however, none of these interven-
tions have been proven definitively to reduce VAP
incidence. Elevating the head of the bed also has
been advocated as a means of decreasing aspiration
in patients receiving mechanical ventilation. In a
recent randomized trial, however, elevation of the
head of the bed as a singular intervention did not
reduce the incidence of pneumonia.35

Researchers in the United States and Europe
have taken a more direct approach in controlling
colonization by studying the effects of oral deconta-
mination on pulmonary infection. These methods
involved the administration of antibiotic pastes or
solutions into the oropharynx or trachea of patients
receiving mechanical ventilation.36-38

Antiseptic solutions such as chlorhexidine glu-
conate also have been used as decolonizing agents.
Results from a prospective, randomized, double-
blind, placebo-controlled clinical trial of 353 patients
undergoing open heart surgical procedures in which
0.12% chlorhexidine gluconate oral rinse was applied
to the oropharyngeal region did not show reduced
rates of wound, blood, or urinary tract infections.39

However, treatment of bacterial colonization in the
oral tract resulted in a 69% reduction in respiratory
infections. More recent studies achieved decreased
rates of colonization and infection with the use of
either 2% chlorhexidine gluconate/colistin40 or
povidone iodine.41

Colonization of Dental Plaque

Dental plaque is a highly complex mass that
grows by the continuous layering of aerobic, anaer-
obic, and filamentous bacteria on the surface of teeth
and the surrounding soft tissues.42 Several published
studies42-46 strongly suggest that colonized dental
plaque serves as a contributory factor in developing
respiratory infections and VAP.

The Oropharynx Colonization–Pneumonia 

Pathway

We did not address oral bacterial burden or
colonization because the evidence reviewed pro-
vided strong scientific evidence substantiating a link
between oropharyngeal colonization and the devel-
opment of respiratory infection. Multiple bacteria,
including gram-negative bacterial strains, that colo-
nize the tissues and recesses of the mouth, gums,
tongue, and teeth are often carried by oral secretions

to the subglottic area above the endotracheal cuff in
patients receiving mechanical ventilation—the first
step of a possible pathway leading to pneumonia.47

Buildup of subglottic secretions can occur within
several hours after initial intubation.48 Patients often
aspirate bacteria-laden fluid continuously through
microspaces formed between tra-
cheal tissue and the plastic surface
of the inflated endotracheal cuff.49,50

Inadequate cuff pressures and move-
ment of the endotracheal tube fur-
ther complicate the need to
maintain uniform contact between
tissue and cuff.51 Immunological
responses may not be sufficient to penetrate biofilms
that have formed at this point on the endotracheal
tube and may not be able to counter the high num-
ber of organisms present. This scenario increases
the risk of colonization of the bronchus and even-
tual aspiration into the lungs. 

Comparative Studies

In the present study, the VAP rate was initially
reduced 33.3% during the intervention period. Sev-
eral other researchers have reported the results of
implementing comprehensive oral-dental care pro-
tocols.52-58 The OSF Saint Francis Medical Center in
Peoria, Illinois, conducted a program to determine
whether a bundle approach would affect VAP out-
comes,52 and they were able to decrease the VAP
rate 67% in the surgical ICU and 48% in the other
adult ICUs.

Shay and O’Malley53 implemented a bundle
protocol that included maintaining the head of the
bed at 30º, advanced oral care
(toothbrushing, subglottic suction-
ing, and oral cleansing), and checks
of endotracheal cuff pressure. That
protocol was based on the premise
that control of oral colonization,
plaque removal, prevention of aspi-
ration, and removal of subglottic
secretions may reduce VAP. Multiple
regression analyses showed the oral
care components and monitoring of
endotracheal cuff pressure did not
independently affect VAP rates signif-
icantly; however, the combined
interventions explained 46.28% of
the variance in VAP rates. VAP decreased by 68%
during the study period of 2 years.

To our knowledge, 2 studies54,55 have been con-
ducted with a design and methods similar to the
study reported here. Schleder et al54 conducted a

Infection avoid-
ance can be 
sustained for con-
siderable periods.

A comprehensive
oral-dental care
program has pro-
found effects on
reducing the dura-
tion of mechanical
ventilation and ICU
length of stay.
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