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Reduction in the Incidence of Ventilator-Associated Pneumonia:
A Multidisciplinary Approach

Alejandro C Arroliga MD, Claire L Pollard NPC, Callie D Wilde RN, Shad J Pellizzari RRT NPS,

Ahmad Chebbo MD, Juhee Song PhD, Joann Ordner, Stacy Cormier RRT,
and Tricia Meyer Pharm D

BACKGROUND: We report the process implemented in our institution by a task force focused on
the reduction of ventilator-associated pneumonia (VAP). METHODS: Retrospective cohort study of
all adults admitted to one of our 4 adult ICUs, intubated on invasive mechanical ventilation. We
implemented a ventilator bundle in April of 2007; we report the incidence of VAP in 2008, and, after
adjustment in the process (oral care performed by respiratory therapists), the incidence in 2009.
The primary outcome was reduction of the microbiologically confirmed VAP rate over a 2 year
period. Other outcomes were duration of mechanical ventilation, antibiotic days, ICU and hospital
stay, and mortality. RESULTS: During the study period, 2,588 patients received invasive mechan-
ical ventilation in the adult ICUs. The VAP rate during 2008 was 4.3/1,000 ventilator days, and the
2009 rate was 1.2/1,000 ventilator days. The 2008 to 2009 VAP rate ratio was significantly greater
than 1 (rate ratio 3.6, 95% CI 1.8-8.0, P < .001). Antibiotic days were less in 2009 versus 2008
(Hodges-Lehmann estimate of difference between 2008 and 2009, 1.0, 95% CI 0.0-1.0, P = .002).
The median stay in the ICU was unchanged, and in the hospital was decreased in 2009 (Hodges-
Lehmann estimate of difference between 2008 and 2009, 1.0, 95% CI 0.0-1.0, P < .001). The
hospital mortality was 26.1%, and there was no difference between the 2 years. Adherence with the
ventilator bundle was above 92% during the study period, but the oral care adherence improved
from 33% to 97% after respiratory therapists assumed oral care. CONCLUSIONS: Reduction of
the incidence of VAP occurred with an intervention that included respiratory therapists doing oral
care in patients receiving invasive mechanical ventilation. Oral care done by respiratory therapists
may be associated with reduction of VAP. Key words: incidence; ventilator-associated pneumonia;

mechanical ventilation. [Respir Care 2012;57(5):688—-696. © 2012 Daedalus Enterprises]

Introduction

Ventilator-associated pneumonia (VAP) is an infection
that occurs in patients in the ICU receiving invasive me-
chanical ventilation, and is associated with increased stay
in the ICU and in the hospital, increased cost, and may be
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associated with an increased mortality.!-3 The incidence of
VAP may be declining in the United States,>* probably
due to the implementation of ventilator bundles, a set of
practices that, if performed collectively and reliably, may
improve patient outcomes.* The components of the venti-
lator bundle are: elevation of the head of the bed, daily

SEE THE RELATED EDITORIAL ON PAGE 811

sedation “holidays” and assessment of the readiness to
extubate, and prophylaxis for peptic ulcer disease and for
deep venous thrombosis.>¢ Daily care of the oral cavity
with chlorhexidine is used as well to try to reduce the rate
of VAP.67
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As part of a quality improvement process in our insti-
tution, the administrative leadership created a multidisci-
plinary VAP task force to implement evidence-based prac-
tices, including the ventilator bundle.? The task force was
led by an intensivist (ACA) and included a multidisci-
plinary group of registered nurses (RNs), respiratory ther-
apists (RTs), and infection control practitioners. The ob-
jective of this task force was to reduce the incidence of
VAP. We report the process that the task force imple-
mented since April of 2007 and compare the rates of VAP
in the adult population in the years 2008 and 2009, after
adjustments in the program were made.

Methods

A retrospective single center observational cohort study
was done at Scott and White Hospital, Temple, Texas, for
all patients who received invasive mechanical ventilation
in the adult ICUs between January 1, 2008, and Decem-
ber 31, 2009 (institutional review board study number
100506, exempt).

Setting and Organization of the ICUs

Scott and White Memorial is a 636-bed teaching, refer-
ral hospital in central Texas. The hospital has 55 adult ICU
beds distributed in 4 units, including medical, surgical-
trauma, cardiac, and cardiothoracic. The ratio of RNs to
patients is 1:2, and the ratio of RTs to patients is 1:5. All
of the units are closed and are staffed by board certified
intensivists. All of the units are staffed by residents, and
the medical and cardiac ICUs are staffed as well with
fellows in pulmonary and critical care medicine and car-
diology, respectively.

Implementation of a Pathway for Diagnosis and
Prevention of VAP

In April of 2007 an integrated care pathway was intro-
duced for the diagnosis and prevention of VAP. The initial
step was standardization of the diagnostic criteria in all of
the ICUs. We used the standard definition for VAP from
the Centers for Disease Control and Prevention.® After the
patient was identified by clinical and radiological criteria,
the case was reviewed by an infection control practitioner
as well as an intensivist who was not involved in the care
of the patient and adjudicated the case based on the clin-
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QUICK LOOK

Current knowledge

A ventilator-associated pneumonia (VAP) bundle is a
set of procedures accomplished by a multi-disciplinary
team, to decrease the incidence of VAP.

What this paper contributes to our knowledge

Tasking oral care to respiratory therapists increased ad-
herence to the VAP bundle from 33% to 97%.

ical information provided. All suspected cases of VAP
underwent a non-bronchoscopic protected catheter lavage
(mini bronchoalveolar lavage) (Kimberley-Clark, Roswell,
Georgia).? The quantitative culture was positive if 10*
colony-forming units/mL or greater grew in the specimens
of patients intubated for at least 48 hours.'?

Education was an important component of the pathway
and included a lecture for RNs, RTs, residents, and fellows
as part of the curriculum, which was given as well in local
symposiums. In October of 2007 all clinicians participat-
ing in the care of patients in the ICUs had to watch a video
that was produced and posted on the intranet, addressing
the major components of the ventilator bundle. The video
was based on the report by Babcock et al'! and had general
information regarding VAP, including the definition, epi-
demiology, risk factors, bacterial etiology in our institu-
tion, clinical presentation, diagnostic methods, treatment,
and outcomes, including mortality rate and cost. In-ser-
vices were continued in 2008 and 2009 and were part of
the yearly competency of RNs and RTs. Bulletin boards
were posted in the ICUs, and discussion with emphasis on
prevention of VAP was encouraged during daily rounds.

Epidemiologic surveillance was done by infection con-
trol practitioners. In June 2007, surveillance and adher-
ence to the ventilator bundle was done by review of the
daily ventilator report and review of the electronic medical
records. In March 2008, daily rounding by the infection
control practitioner was implemented to observe bundle
adherence, for one month. In July 2007 the RTs started
checking the position of the head of the bed and entering
in their ventilator data sheet every 4 hours. They were
instructed that if the head of the bed was < 30° they
should ask the bedside RN for a reason, and if there was
not a specific reason (ie, hypotension) then the head of the
bed would be elevated to at least 30°. As part of our
practice, supervisors randomly confirm the accuracy of the
data entered into the ventilator sheet at least twice a week.

The care of the oral cavity was implemented by RN’ in
November 2007, with hydrogen peroxide solution every
4 hours, using oral swabs and a toothbrush. In July 2008,
low adherence with oral care was observed and we imple-
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Fig. 1. Timeline for the implementation process for the prevention of ventilator-associated pneumonia.

mented a new round of educational activities. In Novem-
ber 2008 we changed the process and the task force charged
the RTs to do the oral care, because of their familiarity
with suctioning of the oral cavity and the daily change of
the endotracheal tube from side to side of the mouth. From
November 2008 to January 2009 the oral care was done
together by RTs and RNs. From February 1, 2009, the oral
care was done entirely by the RTs. Finally, on March 1,
2009, we changed the oral care to chlorhexidine 2% so-
lution, done by RTs every 12 hours.” The timeline for the
implementation of the process is shown in Figure 1.
Local practices that may affect the rate of VAP, such as
administration of proton-pump inhibitors,'>!3 feeding via
the enteral route, nurse-led sedation protocol,'# and wean-
ing protocol,'s have been the usual practice in these units
for several years, and were not changed during the obser-
vational period. Selective digestive tract decontamination
and endotracheal tube with subglottic suction were not
used. Restrictive use of red blood cell transfusion has been
an established practice in the ICUs for several years.'®
Silver-coated endotracheal tubes'” were used only sporad-
ically since June 2008. There were no important changes
in the heated humidification system used in 2008 and 2009
or in the frequency of changes of ventilator circuits and
closed suction system; in general the ventilator circuits
and the suction system were changed when visibly soiled.

Outcomes Measures

A database was constructed from our medical infor-
matics system, based on claims data, clinical data in our
electronic medical records, and the database kept by the
department of infection control. The primary outcome was
the reduction of the microbiologically confirmed VAP
rate over a 2 year period. Other outcomes were duration of
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mechanical ventilation (ventilator days), antibiotic days
(number of antibiotics multiplied by the duration of treat-
ment in days),'® ICU and hospital stay, and mortality.

Statistical Analysis

Characteristics of ventilation cases during the January-
December 2008 and the January-December 2009 periods
were summarized and compared utilizing a 2 sample 7 test
or Wilcoxon rank-sum test for continuous variables, and
Chi-square test or the Fisher exact test for categorical vari-
ables. Median differences between 2008 and 2009 and CIs
were reported using Hodges-Lehmann estimates, along with
the respective Wilcoxon rank-sum test P values. Monthly
VAP rates/1,000 ventilator days were estimated at each
month from January-December 2008 and January-Decem-
ber 2009.

The median of monthly VAP rates of 2008 and the
median of monthly VAP rates of 2009 were compared
using the Wilcoxon rank sum test. The 2008 to 2009 VAP
rate ratio was tested using the Z test.!® Univariate and
multivariable logistic regression analyses were performed
to investigate factors associated with higher incidence of
VAP. A 2-sided test was used for P value calculation. A
P value of < .05 indicated statistical significance. Soft-
ware (SAS 9.2; SAS Institute, Cary, North Carolina) was
used for data analysis.

Results

During the study period, 2,588 patients received inva-
sive mechanical ventilation in one of the adult ICUs, and
194 patients were admitted more than once (2,782 cases).
One patient who was transferred from another hospital and
did not have specified ventilator days was excluded from
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Table 1.  Descriptive Statistics of Ventilation Cases According to Ventilator Year (2008 vs 2009)
2008 (n = 1,357) 2009 (n = 1,424) P
Age
Mean = SD y 59 =19 58 = 18 32
Median (min-max) 62 (18-97) 61 (18-100)
Sex, no. (%)
Female 588 (43) 622 (44) .85
Male 769 (57) 802 (56)
Race, no. (%)
Black 182 (13) 202 (14) 15
Hispanic 105 (8) 143 (10)
Other* 171 (13) 173 (12)
White 899 (66) 906 (64)
Diagnosis, no. (%)
Sepsis, fever, and soft tissue infection 131 (10) 122 (9) 12
Malignancy 80 (6) 65 (5)
Metabolic and endocrine disease 26 (2) 19 (1)
Hematological disorder 12 (1) 15 (1)
Neurology and musculoskeletal disease, including stroke 215 (16) 228 (16)
Cardiovascular disease, including shock 191 (14) 263 (18)
Respiratory disease 333 (25) 337 (24)
Gastrointestinal disease 126 (9) 130 (9)
Genito-urinary disease 25(2) 30 (2)
Trauma 218 (16) 214 (15)
Ventilator Days
Mean * SD 6.9 = 8.0 59*+62 <.001
Median (min-max) 4 (1-147) 4 (1-78)
VAP, no. (%) 40 (3.0) 10 (0.7) <.001
Total ventilator days, no. 9,377 8,329
VAP rate/1,000 ventilator days 43 1.2
Antibiotic Days
Mean * SD 12.7 = 12.8 11.0 = 10.3 .002
Median (min-max) 10 (1-124) 8 (1-94)
P.o/Fio,
Mean = SD 306.3 = 835.3 287.9 £ 152.2 49
Median (min-max) 271.2 (1.9-30,000) 276 (31-2,320)
= 200 mm Hg, no. (%) 888 (67.6) 953 (69.1) .39
< 200 mm Hg, no. (%) 426 (32.4) 426 (30.9)

* American Indian, Asian, not specified, white Hispanic, and other were pooled.
VAP = ventilator-associated pneumonia

the analysis. Therefore, 2,781 cases of 2,587 patients were
included for further analysis, and 2,781 cases were con-
sidered as independent events. One hundred twenty-six
patients had 2 ventilation cases, 27 patients had 3 venti-
lation cases, 2 patients had 4 ventilation cases, and 2 pa-
tients had 5 ventilation cases.

There were 1,357 cases in 2008, and 1,424 cases in
2009. The ages of the patients were similar in both years
(Table 1). Other demographic information is also presented
in Table 1.

The VAP rate during 2008 was 4.3/1,000 ventilator days,
and the 2009 rate was 1.2/1,000 ventilator days, and the
2008 to 2009 VAP rate ratio was significantly greater than
1 (rate ratio 3.6, 95% CI 1.8-8.0, P < .001, Table 2). A
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significant difference was detected in the median of monthly
VAP rates between 2008 and 2009, based on Wilcoxon
rank-sum test (Hodges-Lehmann estimate 3.3,95% CI 1.9—
4.7, P < .001). Figure 2 presents a plot of monthly VAP
rates over time, along with the median of monthly VAP for
each year. The number of antibiotic days was reduced in
2009 (median 8 d, minimum 1 d, maximum 94 d) versus
2008 (median 10 d, minimum 1 d, maximum 124 d)
(Hodges-Lehmann estimate 1.0, 95% CI10.0-1.0, P = .002)
(see Table 1).

The bacteria more commonly isolated from the patients
with VAP were methicillin-resistant (22%) and methicil-
lin-sensitive Staphylococcus aureus (18%) and Pseudomo-
nas aeruginosa (12%) (Table 3). The most common anti-
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Table 2. VAP Rates/1,000 Ventilator Days and Quarterly VAP Rates
2008 2009 Comparison
Time VAP Total VAP VAP Total VAP P
Cases Ventilator Days Rate/1,000 Days Cases Ventilator Days Rate/1,000 Days

Ist quarter 12 2,789 43 1 2,314 0.4 .006
2nd quarter 5 2,190 23 3 1,844 1.6 .64
3rd quarter 10 1,966 5.1 1 1,737 0.6 .01
4th quarter 13 2,432 53 5 2,434 2.1 .06
1st—4th quarters 40 9,377 4.3 10 8,329 1.2 < .001

VAP = ventilator-associated pneumonia

VAP Rate/1000 Ventilator Days
9 T

01 02 03 04 05 06 07 08 09 10 11
2008

01 02 03 04 05 06 07 08 09 10 11 12

Fig. 2. Monthly ventilator-associated pneumonia (VAP) rates and median for 2008 and 2009.

biotics used were vancomycin, piperacillin/tazobactam,
ciprofloxacin, and cefepime (see Table 3).

The median (min-max) stay in the ICU was 5 (1-92)
days in 2008, and 5 (1-49) days in 2009 (Hodges-Leh-
mann estimate 0.0, 95% CI 0.0-0.0, P = .60). The median
(min-max) stay in the hospital was 10 (1-211) days in
2008, and 9 (0—83) days in 2009 (Hodges-Lehmann esti-
mate 1.0, 95% CI 0.0-1.0, P < .001, Table 4). The hos-
pital mortality for the whole cohort was 26.1%, and there
was no difference between the 2 years (27.5% vs 24.8%
for 2008 vs 2009, difference between 2008 and 2009 in
proportions [2.7%, 95% CI —0.6 to 6.0%, P = .10]). The
mortality values for patients diagnosed with VAP were
similar in both years (see Table 4).

The adherence with the ventilator bundle was high for
all of the ICUs when it was measured by an infection
control practitioner for the whole month of March 2008.
The adherence was 98% with sedation “holidays,” keeping
the head of the bed elevated, and prophylaxis for deep vein
thrombosis and stress ulcer. A trial of weaning was at-
tempted in 92% of patients eligible. After November 2008,
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RTs kept and documented elevation of the head of the bed
every 4 hours, sedation holiday, and daily weaning trials
as indicated, with an adherence rate of 97% in all compo-
nents. The adherence rate for oral care was 33% in May
2008 and 100% in November 2008, and remained above
97% during the study period.

The univariate analysis (Table 5) showed that being
admitted to the ICU in 2008, compared to 2009, younger
age, more ventilator days, more antibiotic days, longer
ICU and hospital stay, and having P, /F o, of <200 mm Hg
were significantly associated with increased incidence of
VAP (see Table 5). In the multivariable logistic regression
model (Table 6) the year admitted to the ICU, age, and
ventilator days remained significant.

Discussion
The important findings of this study are that the rate of
VAP significantly decreased in 2009 and remained low for

the whole year, and that the length of hospital stay and
antibiotic days were reduced in 2009, when compared with
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Table 3.  Ten Most Common Pathogens and Antibiotics

Pathogen*
Methicillin-resistant Staphylococcus aureus 22
Methicillin-sensitive Staphylococcus aureus 18
Pseudomonas aeruginosa 12
Haemophilus influenzae 8
Klebsiella pneumoniae 8
Enterococcus cloacae 6
Serratia marcescens 6
Stenotrophomonas maltophilia 6
Acinetobacter baumannii 4

Antibiotic
Vancomycin 25
Piperacillin/tazobactam 20
Ciprofloxacin 14
Cefepime 1
Cefazolin
Linezolid
Ceftriaxone
Imipenem
Doripenem

— W NN O

* Some patients had more than one pathogen isolated.

2008. The hospital mortality did not change in the 2 year
period.

In this study we chose to measure an outcome, VAP
rate, because we had a strong process anchored in a well
accepted definition of VAP; adjudication of the diagnosis
of VAP was done by clinical experts who were not in-
volved in the clinical management and bacteriologic diag-
nosis. The adherence to key measures of the ventilator
bundle during the whole period of the study was very high.
Although we had very high adherence to the bundle, it has
been suggested that self reported adherence may overes-
timate performance.?® Some authorities* have suggested
that documentation of adherence with the ventilator bun-
dle is not a viable quality measure. The use of the venti-
lator bundle by trained staff was already in place months

before the study period and was associated with adherence
above 97%; therefore, the finding of a reduction of VAP
rate was probably not related to adherence with the ventilator
bundle, but to other changes in the process of care.

In November 2008 the RTs started performing oral care
together with the bedside nurses, and in February 2009 we
started using chlorhexidine gluconate done by the RTs.”
After the RTs started performing the oral care in every
intubated patient admitted to the ICUs, the adherence rate
for oral care improved dramatically, from 33% to 100%,
and remained 97% for the study period. It was our clinical
observation that RTs were comfortable doing oral care
because they are used to dealing with the oral endotracheal
tube, and our hypothesis was that it will be easier to per-
form consistent comprehensive oral care when it is done
by RTs. We capitalized on that clinical observation, and
although this study cannot establish causality, the signifi-
cant reduction in the rate of VAP occurred at the period of
time when oral care was done by the RTs, raising the
possibility that RT oral care may be associated with de-
creased rate of VAP.

It is difficult, due to our study design, to pinpoint the
exact reason for the reduction in the VAP rate. We believe
that the increased adherence in oral care achieved after the
RTs were involved may have played an important role in
addition to the high adherence with the measures of the
ventilator bundle.* Our study differs from other studies
reported in the literature in several aspects: the most im-
portant is that the RTs in this study not only played a role
in the weaning process?'-22 but did the oral care and were
accountable because they were supervised closely. An-
other important difference is that, contrary to most studies
that assess physician adherence to evidence-based guide-
lines for the prevention of infections,?? this study empha-
sizes the fact that it takes a team to reduce the VAP rate in
these complex patients. We believe that we improved the
care because we developed a new organization of the work;
were more interested in how a task (oral care) was done;
engaged a team of RNs, RTs, infection control practitio-
ners, and MDs who assumed ownership of the project; had

Table 4.  Hospital Stay and Mortality
Overall
(2008 and 2009) 2008 2009 P

Hospital Stay

Mean = SD d 1211 1312 11+9 <.001

Median (min-max) d 10 (0-211) 10 (1-211) 9 (0-83)
ICU stay

Mean = SD d 7+6 7+7 6+6 .60

Median (min-max) d 5(1-92) 5(1-92) 5 (1-49)
Mortality, no (%) 726 (26.1) 373 (27.5) 353 (24.8) .10
Mortality in those with ventilator-associated pneumonia, no. (%) 8 (16.3) 7 (18.0) 1 (10.0) > .99
RESPIRATORY CARE * MAY 2012 VoL 57 No 5 693
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Table 5. Univariate Logistic Regression Analysis According to Presence/Absence of VAP (n = 2,781)

No VAP (n = 2,731) VAP (n = 50) Odds Ratio (95% CI) P

Ventilation Year, no. (%)

2008 1,317 (97.1) 40 (3.0) Reference

2009 1,414 (99.3) 10 (0.7) 0.23 (0.12-0.47) <.001
Age

Mean = SD y 59 £ 18 49 = 19 0.97 (0.96-0.99) <.001

Median (min-max) y 61 (18-100) 46 (19-84)

18-50 y, no. (%) 814 (96.7) 28 (3.3) Reference

51-65, no. (%) 790 (98.4) 13 (1.6) 0.48 (0.25-0.93) .03

= 66y, no. (%) 1,127 (99.2) 9(0.8) 0.23 (0.11-0.50) <.001
Sex, no. (%)

Female 1,193 (98.60) 17 (1.40) Reference

Male 1,538 (97.90) 33 (2.10) 1.51 (0.84-2.72) 17
Race, no. (%)

Black 376 (97.92) 8 (2.08) 1.46 (0.65-3.24 .36

Hispanic 242 (97.58) 6(2.42) 1.70 (0.69-4.16) 25

Other 334 (97.09) 10 (2.91) 2.05 (0.98-4.29) .06

White 1,779 (98.56) 26 (1.44) Reference
Ventilator Days

Mean = SD d 6.1 £6.2 239 £222 1.12 (1.09-1.14) <.001

Median (min-max) d 4 (1-59) 18.5 (7-147)

1-7 d, no. (%) 2,031 (99.9) 2(0.1) Reference

8-14 d, no. (%) 494 (97.1) 15 (3.0) 30.84 (7.03-135.28) <.001

= 15 d, no. (%) 206 (86.2) 33 (13.8) 162.68 (38.76-682.82) <.001
Antibiotic Days

Mean = SD d 11.5 £ 11.1 28.5 £21.8 1.05 (1.04-1.07) <.001

Median (min-max) d 9 (1-119) 23.5 (3-124)

1-7 d, no. (%) 1,408 (99.9) 2(0.1) Reference

8-14 d, no. (%) 685 (98.7) 9(1.3) 9.25 (1.99-42.90) .005

= 15 d, no. (%) 638 (94.2) 39 (5.8) 43.02 (10.36-178.63) <.001
Stay (hospital)

Mean = SD d 11.8 £10.3 28.6 = 24.6 1.05 (1.04-1.07) <.001

Median (min-max) d 9 (0-211) 21 (6-146)

1-7 d, no. (%) 1,020 (99.9) 1(0.1) Reference

8-14 d, no. (%) 987 (99.2) 8 (0.8) 8.27 (1.03-66.22) .05

= 15 d, no. (%) 724 (94.6) 41 (5.4) 57.76 (7.93-420.88) <.001
Stay (ICU)

Mean = SD d 6.4 +57 203 =154 1.14 (1.11-1.17) <.001

Median (min-max) d 5 (1-54) 17 (1-92)

1-7, no. (%) 1,933 (99.7) 5(0.3) Reference

8-14, no. (%) 576 (97.5) 15(2.5) 10.07 (3.64-27.82) <.001

= 15, no. (%) 222 (88.1) 30 (11.9) 52.24 (20.07-136.02) <.001
Mortality, no. (%)

Survived 2,013 (98.0) 41 (2.0)

Expired 718 (98.9) 8 (1.1) 0.55(0.26-1.17) 12
P.0,/Fio,> no. (%)

= 200 mm Hg 1,814 (98.5) 27 (1.5)

< 200 mm Hg 830 (97.4) 22 (2.6) 1.78 (1.01-3.15) .05

VAP = ventilator-associated pneumonia

the support of the leadership of the institution; and created
a collaborative culture within the ICUs.2°

Another important observation of this study was that the
number of antibiotic days was reduced in 2009 (see Ta-

694

ble 1). We reported antibiotic days as a proxy for the use
of antibiotics. If a patient received vancomycin for 7 days
and ciprofloxacin for 6 days, then the number of antibiotic
days was 13 days.'” In 2008 the median duration of anti-
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Table 6. Reduced Multivariable Logistic Regression Analysis According to Presence/Absence of VAP
No VAP (n = 2,731) VAP (n = 50) Odds Ratio (95% CI) P

Ventilation Year

2008 1,317 (97.1) 40 (3.0 Reference

2009 1,414 (99.3) 10 (0.7) 0.27 (0.13-0.56) <.001
Age (y)

18-50 814 (96.7) 28 (3.3) Reference

51-65 790 (98.4) 13 (1.6) 0.47 (0.23-0.95) .04

= 66 1,127 (99.2) 9(0.8) 0.21 (0.09-0.46) <.001
Ventilator Days

1-7 2,031 (99.9) 2(0.1) Reference

8-14 494 (97.1) 15 (3.0) 30.18 (6.86-132.85) <.001

=15 206 (86.2) 33 (13.8) 146.20 (34.65-616.84) <.001

Values are number and percent.
VAP = ventilator-associated pneumonia

biotic days was 10 days (minimum 1, maximum 124 d),
and in 2009 the median was 8 days (minimum 1 d, max-
imum 94 d): a reduction of 2 days (Hodges-Lehmann es-
timate 1.0, 95% CI 0.0-1.0, P = .002). Again, although
this study cannot establish causality, the observation is
important and may possibly be associated with the reduc-
tion of the number of VAPs.

The most important limitations of the study were its
retrospective nature and the fact that it is a single center
study. Another important limitation was that our database
does not have metrics for severity, such as Acute Physi-
ology and Chronic Health Evaluation (APACHE) score;
however, we believe that P, /Fio will provide the clini-
cian a measure of the hypoxemia present in the patients at
the time of intubation.23 However, within its limitations,
this study reports a strong process of implementation driven
by a multidisciplinary group, over a specific period of
time, with measurable and clinically important outcomes.

Conclusions

In this single center study, the use of the ventilator
bundle was high. Significant reduction of the rate of VAP
occurred after the oral care was done by RTs in patients
receiving invasive mechanical ventilation.
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