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Preintubation Application of Oral Chlorhexidine
Does Not Provide Additional Benefit in Prevention of
Early-Onset Ventilator- Associated Pneumonia
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BACKGROUND: Daily application of oral chlorhexidine gluconate (CHX) following intubation
to reduce the risk of ventilator-associated pneumonia (VAP) is now the standard of care in
many ICUs. This randomized clinical trial evaluated the benefit of adding a preintubation
CHX dose to the known benefit of postintubation CHX to reduce the risk of early-onset VAP.
A secondary aim was to test the effect of a preintubation oral application of CHX on early
endotracheal tube (ETT) colonization.

METHODS: Subjects (N = 314) were recruited from two teaching hospitals and were randomly
assigned to oral application of 5 mL CHX 0.12% solution before intubation (intervention
group, n = 157), or to a control group (n = 157) who received no CHX before intubation. All
subjects received CHX bid after intubation. Groups were compared using a repeated-measures
model with Clinical Pulmonary Infection Score (CPIS) as the response variable. In a planned
subset of subjects, ETTs were cultured at extubation.

RESULTS: Application of a preintubation dose of CHX did not provide benefit over the inter-
vention period beyond that afforded by daily oral CHX following intubation. ETT coloniza-
tion at extubation was <<20% in both groups (no statistically significant difference). Mean
CPIS remained below 6 (VAP threshold score) in both groups.

CONCLUSIONS: Although it is feasible to deliver CHX prior to intubation (including emergent
or urgent intubation), the results suggest that preintubation CHX may be inconsequential
when the ventilator bundle, including daily oral CHX, is in place. During the preintubation
period, providers should focus their attention on other critical activities.

TRIAL REGISTRY: ClinicalTrials.gov; No.: NCT00893763; URL: www.clinicaltrials.gov

CHEST 2015; 147(2):328-334

Manuscript received March 21, 2014; revision accepted September 8,
2014; originally published Online First October 9, 2014.
ABBREVIATIONS: APACHE = Acute Physiology and Chronic Health
Evaluation; CHX = chlorhexidine gluconate; CPIS = Clinical Pulmonary
Infection Score; ET = endotracheal; ETT = endotracheal tube; THI =
Institute for Healthcare Improvement; IRB = institutional review
board; USF = University of South Florida; VAP = ventilator-associated
pneumonia; VCU = Virginia Commonwealth University
AFFILIATIONS: From the University of South Florida (Dr Munro and
Ms Cairns), Tampa, FL; Virginia Commonwealth University (Drs Grap,
Sessler, and Elswick), Richmond, VA; and Tampa General Hospital and
Florida Gulf to Bay Anesthesiology (Drs Mangar and Karlnoski-Everall),
Tampa, FL.

328 Original Research

FUNDING/SUPPORT: This study was supported by the National Institutes
of Health National Institute of Nursing Research [Grant RO1 NR07652].
CORRESPONDENCE TO: Cindy L. Munro, PhD, RN, ANP, University of
South Florida College of Nursing, 12901 Bruce B. Downs Blvd, MDC22,
Tampa, FL 33612-4766; e-mail: cmunro2@health.usf.edu

© 2015 AMERICAN COLLEGE OF CHEST PHYSICIANS. Reproduction of
this article is prohibited without written permission from the American
College of Chest Physicians. See online for more details.

DOTI: 10.1378/chest.14-0692

| 147#2 CHEST FEBRUARY 2015 |


www.clinicaltrials.gov

Hospital-acquired infections in critically ill adults are
associated with increased morbidity, mortality, and cost.
Reduction of ventilator-associated pneumonia (VAP)
has been a target for quality improvement. Over the
past decade, multiple interventions have been tested to
reduce the risk of VAP. The Institute for Healthcare
Improvement (IHI)! has published guidelines for the
care of patients who are mechanically ventilated; the
ventilator bundle incorporates interventions with evi-
dence of effectiveness in reducing VAP risk, including
30° to 45° elevation of the head of the bed to reduce

the risk of aspiration, and daily oral care with an anti-
septic agent such as chlorhexidine gluconate (CHX).
Many institutions have reported drastic reductions in
VAP rates following implementation of a ventilator
bundle.2 However, VAP has not been eliminated, and
additional interventions to further prevent risk would
be beneficial.

CHX is a broad-spectrum antibacterial agent that is widely
used as an oral rinse in outpatient dental care for the
prevention and treatment of oral diseases such as gingi-
vitis and periodontitis. Evidence supporting the inclu-
sion of CHX in the daily oral care of patients who are
mechanically ventilated to reduce the risk of VAP was
reported in our initial investigations® and was confirmed
by others in subsequent clinical trials and meta-analyses.*5
We also found that early application of a single dose

of CHX (immediately after intubation) reduced early-
onset VAP.6 A Cochrane review concluded that
chlorhexidine, either as a mouthwash or as a gel, is asso-
ciated with a 40% reduction in the odds of developing
VAP in critically ill adults.” However, studies have failed
to show that oral CHX is associated with a difference in
patient outcomes such as mortality, duration of mechan-
ical ventilation, or duration of ICU stay.*” Daily oral
CHX was added to IHI guidelines for the care of the
patient who is mechanically ventilated in 2010 and is
now the standard of care in many ICUs. In contrast, a
recent meta-analysis by Klompas et al® indicated that
although patients undergoing cardiac surgery derived
benefit from CHX, other types of critically ill patients

did not; it is interesting to note that CHX is generally
begun prior to intubation in patients undergoing elec-
tive cardiac surgery, but is begun following intubation
in other critically ill patients.

During intubation, the endotracheal tube (ETT) must
pass through the microbially rich environment of the
oropharynx. In other clinical procedures in which a
tube is inserted (for example, a urinary or IV catheter),
decontamination procedures are performed at the inser-
tion site to reduce the risk of subsequent colonization
or infection. Endotracheal (ET) intubation generally
proceeds without any preparation of the mouth other
than suctioning of secretions and removal of dentures;
loose teeth may be incidentally removed. Earlier studies
in subjects undergoing elective cardiac surgery demon-
strated a reduction in infections (including respiratory
and surgical) in subjects who used CHX as an oral rinse
before hospital admission,*!! but preintubation admin-
istration of CHX, including emergent or urgent intu-
bations, has not been well studied in other patient
populations. It is plausible that during urgent or emergent
ET intubation, microbes in the pharynx may be dragged
into the trachea and lower respiratory tract, potentially
predisposing to pneumonia. Preintubation chlorhexidine,
but not postintubation chlorhexidine, could potentially
mitigate this. We reasoned that reducing the number

of microorganisms in the mouth before intubation by
application of CHX, added to continual microbial sup-
pression by CHX applied after intubation, would reduce
the risk of early-onset VAP in critically ill adults.

This project focused on evaluating the benefit of adding
a preintubation CHX dose to the known benefit of post-
intubation CHX to reduce the risk of VAP. The primary
aim was to test the effect of a preintubation oral applica-
tion of CHX on the development of VAP in a variety of
critically ill adults who were mechanically ventilated.
Because colonization of the ETT provides a habitat for
microorganisms and may contribute to the development
of VAP, a secondary aim was to test the effect of a prein-
tubation oral application of CHX on early ET
colonization.

Materials and Methods

Subjects (N =314) (Fig 1, Table 1) were enrolled from two large
urban teaching medical centers in the Southeast (214 subjects at Virginia
Commonwealth University Health System, an affiliate of Virginia
Commonwealth University [VCU] in Richmond, Virginia, and 100 subjects
at Tampa General Hospital, an affiliate of the University of South Florida
[USF] in Tampa, Florida). The biostatistician investigator conducted an
a priori power analysis to determine the sample size required to detect
a difference in Clinical Pulmonary Infection Score (CPIS) of 1 between
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the two groups (intervention and control). Subjects were recruited
in multiple clinical areas just prior to intubation, including critical
care units, EDs, preoperative areas, procedural areas, and medical-
surgical units during rapid response or code calls. Standard ETTs were
selected by the clinical providers at each site. Neither site used subglot-
tic suction tubes nor antimicrobial (eg, silver-coated) tubes. Patients
with a clinical diagnosis of pneumonia at the time of intubation were
excluded, because the determination of nosocomial pneumonia was
confounded in subjects with preexisting pneumonia. Approval for
involvement of human subjects was obtained from institutional review
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Figure 1 - CONSORT (Consolidated Standards of Reporting Trials) 2010 flow diagram. CPIS = Clinical Pulmonary Infection Score; ET = endotracheal.

boards (IRBs) at both study sites (VCU IRB No. HM 11519, USF IRB
No. CR2_Pro00003622).

The two settings differed in procedures related to informed consent.
The VCU IRB approved a waiver of prospective consent and a waiver
of written documentation of consent; legally authorized representatives
and subjects were provided with a written study information sheet and
verbal explanation of the study and were advised that they could with-
draw from the study at any time. The USF IRB approved a waiver of
prospective consent but required written documentation of consent
(including information about voluntary withdrawal) from the subjects’
legally authorized representatives at the earliest opportunity following
study enrollment. Subjects remained in the study for a maximum of
6 days; for subjects who were extubated prior to 6 days, the subject’s
participation ended on the day of extubation.

Subjects were randomly assigned prior to intubation to one of two
groups; the intervention group (n=157) received oral application of
5 mL CHX 0.12% solution before intubation by swab to the oral cavity
administered by study personnel, whereas the control group (n=157)
received no preintubation intervention. All subjects (both groups)
received CHX bid after intubation. The bid postintubation doses of CHX
were supplied as individual single application doses by the investiga-
tional pharmacies in both settings and were administered by the
clinical nurse responsible for the patient’s medications. We monitored
medication records for documentation of delivery. The IHI ventilator
bundle was standard of care in both institutions; bundle compliance,
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including head-of bed elevation, was monitored for each subject.
Descriptive data (demographics, clinical characteristics) and APACHE
(Acute Physiology and Chronic Health Evaluation) III data were col-
lected on enrollment.

The CPIS'? was used to evaluate the risk of early-onset VAP; we
selected the CPIS because it permitted serial prospective evaluation of
VAP risk in every subject, whereas BAL could not be repeated daily
in subjects without clinical indication for the procedure without sub-
stantially increasing risks to human subjects. The six elements of CPIS
(tracheal secretions, temperature, WBC count, oxygenation, chest
radiograph, and tracheal aspirate culture) were collected every study
day. Tracheal secretions and most abnormal (high or low) values for
temperature, WBC count, and oxygenation (calculated by Pao,/F10,)
were obtained from the medical record by study personnel. Digital
images of morning chest radiographs performed for clinical care were
obtained and blinded prior to interpretation and scoring by the pul-
monologist coinvestigator (C. N. S.). The scoring system originally
described by Pugin et al'> was used. To facilitate scoring of changes
over time, all chest radiographs for a single subject were displayed
simultaneously in chronologic order and were scored in a single view-
ing. Tracheal aspirate cultures were obtained daily by study personnel
and were analyzed by the microbiology laboratories at the data collec-
tion sites. Potentially pathogenic species were identified by semiquan-
titative culture, and results were reported on a 0 to 4 scale (corresponding
to no, few, moderate, or many organisms). The clinical providers were
blinded to study group assignment, as were the clinical laboratory
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TABLE 1 | Demographic and Clinical Characteristics

Subjects by Collection Site Subjects by Group Subjects in Analysis
Variable Total (314) VCU (214) TGH (100) CHX (157) Control (157) CHX (47) Control (47)
Age, mean (SD), y 58.12 (16) 55.5(16.7) | 63.6 (12.7) | 58.1 (15.9) | 58.2 (16.2) | 59.5 (11.5) | 56.4 (16.5)
Ethnicity
Hispanic 2.9 (9) 3 (5) 4 (4) 3 (5) 3 (4) 2 (1) 2 (1)
Non-Hispanic 97.1 (305) 97 (167) 96 (96) 97 (152) 97 (153) 98 (46) 98 (46)
Sex
Male 60.2 (189) 59 (127) 62 (62) 58 (91) 62 (98) 55 (26) 60 (28)
Female 39.8 (125) 41 (87) 38 (38) 42 (66) 38 (59) 45 (21) 40 (19)
Race
White 64.3 (202) 51 (109) 93 (93) 68 (106) 61 (96) 64 (30) 46 (21)
Black 32.2 (101) 46 (98) 5(5) 29 (45) 36 (56) 34 (16) 54 (25)
Other 3.5 (11) 4 (9) 2 (2) 4 (6) 3 (5) 2 (1) 0
Location of
enrollment
ED 27.7 (87) 41 (87) 0 31 (49) 24 (38) 17 (8) 34 (16)
MICU 9.9 (31) 14 (30) 1 (1) 9 (14) 11 (17) 23 (11) 13 (6)
SICU 8.3 (26) 12 (26) 0 9 (14) 8 (12) 17 (8) 15 (7)
ccu 7.7 (24) 11 (24) 0 9 (14) 6 (10) 15 (7) 2 (1)
CsIcuU 1.9 (6) 2 (4) 2 (2) 11 (2) 3 (4) 0 4 (2)
NSICU 4.1 (13) 6 (13) 0 4 (6) 4(7) 6 (3) 11 (5)
Preop 28.3 (89) 1(3) 85 (85) 30 (47) 27 (42) 13 (6) 9 (4)
Other 12.4 (39) 13 (27) 12 (12) 8 (12) 17 (27) 9 (4) 13 (6)
Reason for intubation
Airway control 63.1 (198) 47 (100) 98 (98) 68 (106) 59 (92) 51 (24) 51 (24)
Hypoxemic 10.5 (33) 14 (31) 2 (2) 10 (16) 11 (17) 17 (8) 11 (5)
respiratory
Respiratory arrest 6.7 (21) 10 (21) 0 3 (4) 11 (17) 2 (1) 6 (3)
Ventilatory failure 1.6 (5) 2 (5) 0 2 (3) 1(2) 2 (1) 4 (2)
Respiratory distress | 18.2 (57) 27 (57) 0 18 (28) 18 (29) 28 (13) 28 (13)
APACHE score, 67.1(29.3)| 79.1 (28.4) | 48.6 (19.1) | 69.1 (28.0) | 65.4 (30.4) | 81.2 (25.2) | 73.3 (26.3)
mean (SD)

Data are presented as No. (%) unless indicated otherwise. APACHE = Acute Physiology and Chronic Health Evaluation; CCU = coronary care unit; CHX =
chlorhexidine gluconate; CSICU = cardiac surgery ICU; MICU = medical ICU; NSICU = neuroscience ICU; Preop = preoperative area; SICU = surgical
ICU; TGH = Tampa General Hospital; VCU = Virginia Commonwealth University.

personnel who performed microbial analyses and the coinvestigator
who evaluated the chest radiographs.

To test the effect of the preintubation oral application of CHX on
early ET colonization (secondary aim), a sample was taken by sterile
culture swab from the distal end of the interior lumen of the ETTs
in a planned subset of 83 subjects (43 in the CHX group and 40 in the
control group) from whom the ETT could be obtained at extubation
(selected separately from the analysis sample for the primary out-
come variable of CPIS). We swabbed from the distal end of the inte-
rior lumen to avoid contamination of the tube with oropharyngeal
organisms during extubation. Potentially pathogenic species were iden-
tified by semiquantitative culture, and results were collapsed into
two categories: colonization (moderate or many organisms) or no
colonization.

For the primary aim of investigating the effect of a preintubation oral
application of CHX on the development of early-onset VAP, we compared
groups in a single analytical model using a mixed-effects linear model
with CPIS as the response variable. For this model, group (CHX, control),
day, group-by-day interaction, APACHE III score, and hospital (VCU,
USF) were modeled as fixed effects and subject was modeled as a random
effect. We did not conduct independent analyses of subsets of subjects for
each outcome day. Subjects who had complete CPIS data on admission
to the study (day 0) and subsequent complete CPIS data from day 2, 3, 4,
or 5 (47 in the CHX group and 47 in the control group; 438 observations)
were included in the analysis in accordance with intent-to-treat analysis
principles. A logistic regression analysis was performed using the binary
response variable of colonization or no colonization and dependent vari-
ables for group, length of intubation, and group-by-length-of-intubation
interaction. The probability of a type 1 error («) was set to 0.05.
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Results

A description of subjects by data collection site and by
study group (combined sites) is presented in Table 1.
Data collected at the two hospital sites were combined
for final analysis because the analytical model showed
no medical center fixed effects (F = 0.3935).

There was no statistically significant improvement in
CPISs from the CHX group over the control group
during the intervention period. The P values from com-
paring each group’s change from baseline with study days
2, 3,4, and 5 were .4217, .9930, .1484, and .1763, respec-
tively. Importantly, the mean CPISs from both groups
remained below 6 (Table 2). Finally, the CPISs were

not statistically different between the hospital sites
(P=.3935), and the APACHE III score was not a statis-
tically significant covariate (P =.1372). Figure 2 depicts
changes from study admission in CPIS for each group
by day, illustrating the lack of significant differences.

The majority of ETTs in both study groups were not
colonized at the time of extubation (81.4% in the CHX
group and 82.5% in the control group). There was no
statistically significant difference in ETT colonization
between the groups (P = .8656).

Discussion

To our knowledge, the effect of preintubation applica-
tion of CHX has not been reported outside of elective
intubation in adult patients undergoing cardiac surgery
nor has the effect of CHX on ETT colonization been
reported previously. This study demonstrated that it is
feasible to deliver a single dose of CHX prior to intuba-
tion in a variety of critically ill adults, including in cases
of emergent or urgent intubation. However, application
of a preintubation dose of CHX did not provide benefit
beyond that afforded by daily oral CHX initiated fol-
lowing intubation.

TABLE 2 | CPISs Over Time by Group

Our results differ from those obtained in classic studies
of CHX rinse administered preoperatively to adult
patients undergoing elective cardiac surgery that found
reductions in respiratory and other infections.>!! How-
ever, the classic studies were conducted prior to the
widespread implementation of bundled strategies to
reduce VAP, including head-of-bed elevation and daily
CHX, with a resultant decrease in reported cases of
VAP over time.

In the classic studies,*!! as well as in our previous
work,*¢ the control groups received no CHX post-
operatively, whereas the experimental groups continued
to receive CHX postoperatively. These prior studies
demonstrated the value of CHX begun prior to admis-
sion and continued throughout the hospital stay, but
the contribution of the preintubation dose of CHX to
the reduction in nosocomial infections was not deter-
mined. Because the ventilator bundle is now standard
of care, we did not withhold daily CHX from control
subjects. All subjects in our study, including control
subjects, received daily oral CHX and head-of-bed ele-
vation, and these subjects had substantially lower mean
CPISs over the first 5 days of intubation than did the
subjects in our previously published work,? which was
conducted prior to ventilator bundle implementation.
The contribution of preintubation CHX may be incon-
sequential when the ventilator bundle, including daily
oral CHX, is in place.

The 0.12% concentration of CHX is the only oral topical
concentration with US Food and Drug Administration
approval in the United States (where our study was
conducted), and it is the only commercially available
oral solution in the United States. Although higher
concentrations of CHX have been used in some studies
outside the United States, to our knowledge, there
have been no head-to-head comparisons of different

Group
CHX Control Total
Day Mean + SE No. Mean = SE No. Mean + SE No.
0 4.53+0.313 47 4.79+0.339 47 4.66+0.230 94
1 4.41+0.276 46 3.96+0.240 45 4.19x0.184 91
2 4.35+0.278 46 4.18+0.292 45 4.26=+0.201 91
3 4.29=0.344 33 4.18+0.312 33 4.24+0.231 67
4 4.46 +0.369 29 5.07+0.441 29 4.78+0.291 55
5 4.73+0.417 22 5.78+0.468 18 5.20+0.319 40

CPIS = Clinical Pulmonary Infection Score. See Table 1 legend for expansion of other abbreviation.
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Figure 2 - Change in CPIS from baseline over time. CHX = chlorhexidine
gluconate. See Figure 1 legend for expansion of other abbreviation.

concentrations of CHX to assess clinical superiority or
relative safety in critically ill patients. The 0.12% CHX
concentration has been used in many postintubation
studies conducted in the United States and other coun-
tries and is a component of commercially available post-
intubation oral care kits in the United States.

We were surprised by the low frequency of ETT coloni-
zation at the time of extubation in both the preintuba-
tion CHX group and the group who received CHX
beginning 12 h after intubation. This could be related
to the ongoing trend toward shorter durations of intu-
bation, or to ongoing oral microbial suppression from
daily CHX. Although the ETT used did not have sub-
glottic secretion removal capability, limited aspiration
of secretions is an alternative explanation for limited
colonization.

The trend toward shorter length of intubation and
shorter length of stay is a positive development in crit-
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ical care, but it resulted in unavoidable attrition over the
course of the study. A majority of subjects were extu-
bated prior to the full 5-day intervention period.

Diagnostic certainty in the determination of VAP has
been an ongoing problem for critical care research,!>1
and there is still no gold standard. We chose the CPIS
to quantify the risk of development of VAP because we
could obtain reproducible prospective serial data with
minimal risk to subjects and without the bias intro-
duced by a clinical provider’s suspicions or diagnosis of
VAP. Recent changes in the Centers for Disease Control
and Prevention surveillance definitions for ventilator-
associated complications (including VAP)'> add further
complexity to selecting appropriate outcome measures
for future research in this area.

Conclusions

We conclude that preintubation application of CHX did
not provide additional benefit in reducing the risk of
development of early-onset VAP when compared with
daily administration of CHX begun after intubation.
Preintubation application of CHX also did not provide
additional benefit in reducing ETT colonization when
compared with postintubation CHX.

The results of the current project suggest that it is not
essential to deliver the first dose of CHX prior to intuba-
tion to reduce the risk of early-onset VAP. Importantly,
omitting the preintubation CHX application simplifies
the preintubation procedures and enables providers to
focus their attention on other critical preintubation
activities. Initiation of CHX as early as possible fol-
lowing intubation, and implementation of the ventilator
bundle, are important considerations in the suppression
of VAP.
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