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V entilator-associated pneumo-
nia (VAP) is the most frequent
nosocomial infection in the
intensive care unit (ICU) (1);

between 10% and 20% of patients receiv-
ing �48 hrs of mechanical ventilation
will develop VAP (1, 2). VAP is associated
with prolonged hospital stay (3–5), in-
creased cost (6), and a two-fold excess
risk of mortality (2).

Prevention of VAP is essential. Numer-
ous studies have shown that for most

endemic VAPs, the most important
mechanism of infection is aspiration of
oropharyngeal organisms into the distal
bronchi, followed by bacterial prolifera-
tion and parenchymal invasion (7–9). In-
flammation of the bronchiole wall in-
volves the alveolar septi and air spaces
leading to bronchopneumonia. The nor-
mal flora of the oropharynx in the non-
intubated patient without critical illness
is composed predominantly of viridans
streptococci, Haemophilus species, and
anaerobes. Salivary flow and content (im-
munoglobulin, fibronectin) are the major
host factors maintaining the normal flora
of the mouth (and dental plaque). Aerobic
Gram-negative bacilli are rarely recov-
ered from the oral secretions of healthy
patients (10). However, during critical ill-
ness, especially in ICU patients, the oral
flora shifts dramatically to a predomi-
nance of aerobic Gram-negative bacilli
and Staphylococcus aureus (11).

Understanding this sequence of patho-
physiologic events, it would seem logical
that reducing concentrations of oral
pathogenic microorganisms should have

a beneficial effect for prevention of VAP.
Selective digestive decontamination us-
ing antibiotics has been shown to be ef-
fective in preventing VAP (12–14); how-
ever, concern regarding the risk of
emergence of antibiotic-resistant micro-
organisms has dampened enthusiasm for
this approach (15).

More recently, topical application of
an antiseptic, chlorhexidine, to the oral
mucosa for prevention of VAP has been
studied in randomized, controlled trials,
which have reported mixed results: some
showed little effect on the prevention of
VAP (16), whereas others found a reduc-
tion in the incidence of VAP (17, 18).
None of these trials was adequately pow-
ered to demonstrate potential benefits in
other important outcome measures re-
lated to VAP such as ICU or hospital
length of stay, duration of mechanical
ventilation, and mortality. Recent review
articles focusing on methods of prevent-
ing VAP have concluded that topical chlo-
rhexidine for prevention of VAP is a
promising but unproven method (19, 20).
We undertook a meta-analysis to system-
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Objective: To assess the efficacy of topical chlorhexidine for
prevention of ventilator-associated pneumonia (VAP) in a meta-
analysis.

Data Source: Computerized PubMed and MEDLINE search sup-
plemented by manual searches for relevant articles.

Study Selection: Randomized controlled trials evaluating effi-
cacy of topical chlorhexidine applied to the oropharynx vs. pla-
cebo or standard care for prevention of VAP.

Data Extraction: Data were extracted on patient population,
inclusion and exclusion criteria, diagnostic criteria for VAP, form
and concentration of topical chlorhexidine used, incidence of VAP,
and overall mortality.

Data Synthesis: Data on incidence of VAP and mortality were
abstracted as dichotomous variables. Pooled estimates of the
relative risk and 95% confidence intervals were obtained using
the DerSimonian and Laird random effects model and the Mantel-
Haenszel fixed effects model. Heterogeneity was assessed using
the Cochran Q statistic and I2. Subgroup analyses were used to
explore heterogeneity.

Results: Seven randomized controlled trials met the inclusion
criteria. Topical chlorhexidine resulted in a reduced incidence of
VAP (relative risk, 0.74; 95% confidence interval, 0.56–0.96; p � .02)
using a fixed effects model. Using the more conservative random
effects model, the point estimate was similar (relative risk, 0.70;
95% confidence interval, 0.47–1.04; p � .07), but the results failed
to achieve statistical significance. The I2 test showed moderate
heterogeneity. Subgroup analysis showed that the benefit of chlo-
rhexidine was most marked in cardiac surgery patients (relative
risk, 0.41; 95% confidence interval, 0.17–0.98; p � .04). There
was no mortality benefit with chlorhexidine although the sample
size was small.

Conclusions: Our analysis showed that topical chlorhexidine is
beneficial in preventing VAP; the benefit is most marked in
cardiac surgery patients. A large randomized trial is needed to
determine the impact of topical chlorhexidine on mortality. (Crit
Care Med 2007; 35:595–602)
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atically review the published randomized
clinical trials evaluating the use of topical
chlorhexidine for prevention of VAP.

METHODS

We performed a computerized search of
PubMed (including MEDLINE), Current Con-
tents, CINAHL, DARE, and the Cochrane Net-
work from inception until April 15, 2006, us-
ing the following keywords combined with
chlorhexidine: intensive care units, critical
care, critical illness, ventilators, mechanical,
respiratory tract infections, ventilator-
associated pneumonia, pneumonia. In addi-
tion we searched the following conference ab-
stract databases: Conference Papers Index and
BIOSIS RRM. Abstracts of meetings of the
InterScience Conference on Antimicrobial
Agents and Chemotherapy, the Infectious Dis-
eases Society of America, and European Soci-
ety of Intensive Care Medicine (1998–2005)
were also reviewed.

We repeated the search with the same key-
words using Google search engine (http://
www.google.com). We reviewed National In-
stitutes of Health Web site listings of ongoing
trials (http://www.clinicaltrials.gov) and con-
tacted authorities in the field for identification
of additional unpublished studies. Reference
lists of articles were searched to identify addi-
tional articles. No language restrictions were
placed on the search.

Articles were included in our review if they
met the following criteria: randomized con-
trolled trials that compared topical oropharyn-
geal chlorhexidine with placebo or standard
care and reported VAP as an outcome. We
excluded case reports, review articles, letters,
and editorials.

Both authors independently reviewed each
report identified by the search strategy. Dis-
agreements among abstracters regarding val-
ues or analysis assignments were resolved by
discussion.

The Quality of Reporting of Meta-Analyses
(QUOROM) checklist was followed for study
selection, data abstraction, data synthesis, and
reporting of results (21).

Data Abstraction and Statistical Analysis.
Data were extracted using a standard form for
each relevant study and included the total
number of patients in the study, those ran-
domized to chlorhexidine and the comparator,
details regarding the randomization scheme,
concentration and method of application of
chlorhexidine, patient population, duration of
mechanical ventilation, adverse effects of chlo-
rhexidine, assessment of resistance to chlorhexi-
dine, method of diagnosis, and incidence of VAP.
Data on mortality and length of ICU stay were
also extracted.

Data on incidence of ventilator-associated
pneumonia and mortality were abstracted as
dichotomous variables. We used the patient as

the unit of analysis for the incidence of VAP
and mortality. Other outcomes of interest
were the incidence rate of VAP (reported as
cases per 1000 mechanically ventilated pa-
tient-days), ICU length of stay, hospital length
of stay, duration of mechanical ventilation,
and the time from intubation to VAP occur-
rence. Whenever necessary, authors of in-
cluded articles were contacted to obtain addi-
tional information required for the statistical
analysis. In all situations, we used the bacte-
riologic diagnosis made by the authors as the
etiology of the VAP. Colonization was defined
as isolation of microorganisms without evi-
dence of clinical infection.

Pooled estimates of the relative risk (RR) and
95% confidence intervals (CI) were obtained us-
ing the DerSimonian and Laird random effects
model (22) and the Mantel-Haenszel fixed effects
model (23). Heterogeneity was assessed using
the Cochran Q statistic and I2 (100% � [Q �
df]/Q), where Q is Cochran’s Q statistic and df is
degrees of freedom (24). Degrees of freedom are
equal to k � 1 where k is the number of studies.
Negative values of I2 are put equal to 0% so I2

values can range between 0% and 100%. Zero
percent indicates no observed heterogeneity;
larger values indicate increasing heterogeneity.
Subgroup analyses were used to explore the
reasons for heterogeneity. Publication bias
was assessed using a funnel plot and Eggers
statistical test (25, 26). All statistical analy-
ses were performed using Stats Direct Soft-
ware (Cheshire, UK).

Sensitivity Analyses. We specified sub-
group analyses a priori. One was to evaluate
whether the effect of chlorhexidine differed by
the patient population in which it was used.
Thus, we performed analyses separately for
cardiac surgery patients and all other patients.
We also repeated the analyses including only
the five published larger randomized con-
trolled trials.

RESULTS

Study Selection. The database search
retrieved 20 citations, of which six met
our inclusion criteria (Fig. 1) (16–18,
27–29). Manual search identified one ad-
ditional trial presented in abstract form
(30). The remaining studies fell into one
or more of the following exclusionary cat-
egories: nonrandomized trial (n � 1),
nonoral chlorhexidine (n � 2), review
article (n � 8), editorial or letter (n � 2),
duplicate (n � 1).

All studies were in the English lan-
guage. The interobserver agreement was
high among the two data abstractors (�
score 0.80).

Study Characteristics. The seven trials
enrolled 1,650 patients; 812 patients re-
ceived a preparation of topical chlorhexi-
dine applied to the oral mucosa and 838
patients received the comparator. Of the
838 patients not receiving chlorhexidine,
512 patients received placebo (16, 17, 29,
30); 35 patients received standard oral
care (18, 28), and in one study (27), the
control group (291 patients) received a
phenolic oral rinse (Listerine). Two stud-
ies, conducted in cardiothoracic ICUs (17,
27), accounted for 55.4% of all the pa-
tients forming our population for the
meta-analysis (443 in treatment groups
and 471 as controls). The remaining five
studies were conducted in medical or
medical-surgical ICUs (16, 18, 28–30).

The study conducted by Koeman et al.
(29) had three arms, and the arm using a
combination of topical chlorhexidine and
colistin (128 patients) was excluded from

Figure 1. Literature search leading to selection of articles.
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the analyses. The characteristics of the
seven randomized controlled trials are
summarized in Table 1. In the two trials
conducted in cardiothoracic ICU patients
(17, 27), the intervention was implemented
before elective endotracheal intubation and

continued until extubation, discharge from
the ICU, or death; in the remainder it was
continued until extubation (28–30) or for
the entire ICU stay (16, 18).

In two trials (17, 27) the investigators
used 15 mL of 0.12% chlorhexidine rinse

that was applied to the buccal pharyn-
geal, gingival, tongue, and tooth surfaces
for 30 secs twice daily (Table 1). Fourrier
et al. (16, 18) used a 0.2% gel applied
three times a day to the dental and gin-
gival surfaces. MacNaughton et al. (30)

Table 1. Characteristics of included studies

Author, Year
(Ref. No.)

Setting and
Inclusion Criteria Exclusion Criteria Definition of VAP

Time of Assessment
of Mortality

Chlorhexidine Dosing
Schedule Comparator Agent

De Riso et al.
1996 (17)

Cardiothoracic ICU,
open heart
surgery

Death during surgery,
preoperative
infection or
intubation,
pregnancy, heart or
lung transplant
recipients,
hypersensitivity to
chlorhexidine

Clinical features. New or
progressive pulmonary
infiltrate, fever, leukocytosis,
and purulent
tracheobronchial secretions

In-hospital
mortality

15 mL of 0.12%
oropharyngeal rinse
applied twice daily
for 30 secs

Placebo

Houston et al.
2002 (27)

Cardiothoracic ICU,
open heart
surgery

Death during surgery,
pregnancy,
preoperative
infection

Clinical features Not specified 15 mL of 0.12%
oropharyngeal rinse
applied for 30 secs
preoperatively and
twice daily for 10
days postoperatively,
or until extubation,
tracheostomy, death,
or diagnosis of
pneumonia

Listerine

Fourrier et al.
2000 (18)

Medicosurgical ICU,
�18 yrs old,
anticipated stay
in ICU 5 days,
mechanical
ventilation
condition
suggesting an
ICU stay of 5
days

Edentulous patients Temperature �38°C or �36°C,
presence of infiltrates on
chest radiography,
leukocytosis or leukopenia,
positive culture from
tracheal aspirate (106 CFU/
mL) and/or BAL (104 CFU/
mL)

Not specified 0.2% gel three times
daily

Mouth rinsing
with isotonic
sodium
bicarbonate
and
oropharyngeal
sterile
aspiration four
times daily

Fourrier et al.
2005 (16)

As above; in
addition, only
patients
hospitalized for
48 hrs before
admission to the
ICU included

Edentulous patients
and patients with
tracheostomy tube
before admission

As above Number of deaths
from day 0 to
day 28

0.2% gel three times a
day during the entire
ICU stay, until day 28

Placebo

Koeman et al.
2006 (29)

Medical ICU;
consecutive
patients needing
mechanical
ventilation �48
hrs

Not mentioned Not mentioned Not specified 2% in white petrolatum
vehicle, applied every
6 hrs by swabbing
onto the buccal
cavity

Placebo

MacNaughton
et al. 2004
(30)

Medicosurgical ICU,
consecutive
patients needing
mechanical
ventilation �48
hrs

Treatment of
infection on
admission to ICU,
chlorhexidine
hypersensitivity

1. Leucocytosis
2. Fever �38°C
3. Deterioration in

oxygenation/chest signs, new
consolidation on chest
radiograph

4. Significant bacterial growth
on BAL 3 of 4 probable VAP
4 of 4 definite VAP

Data on both in-
hospital and ICU
mortality
provided; in-
hospital
mortality used
for statistical
analysis

0.2% oral rinse twice
daily

Placebo

Grap et al.
2004 (28)

All trauma victims
and surgical
patients �18 yrs
old who required
endotracheal
intubation and
mechanical
ventilation

Edentulous patients Clinical Pulmonary Infection
Score �6

Mortality not an
endpoint in this
study

2 mL of 0.12% spray
(20 sprays) or swab,
single application in
early postintubation
period

Standard oral care

VAP, ventilator-associated pneumonia; ICU, intensive care unit; CFU, colony-forming units; BAL, bronchoalveolar lavage.
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also used a 0.2% oral rinse but the fre-
quency of use was not specified. Koeman
et al. (29) used a higher concentration of
chlorhexidine 2.0% applied every 6 hrs to
the buccal cavity, and Grap et al. (28)
used a single oral application of 0.12%
chlorhexidine spray or swab.

Selective digestive decontamination
was not used or was not mentioned in the
included trials. DeRiso et al. (17) used H2
blocking agents for stress ulcer prophy-
laxis. Only one trial explicitly reported
that head of bed elevation to 30° was
routinely done and that subglottic suc-
tioning was not used (29). In the studies
including cardiac surgery patients, pa-
tients received cefuroxime or vancomycin
perioperatively (17, 27). In the remaining
studies, a large proportion of patients in
the ICU received systemic antibiotic
treatment of varying type and duration.

Details of Randomization. Block ran-
domization was used in two trials (16,
28); in another two randomization was
achieved using a computer-generated bal-
anced randomization table (18, 29) or com-
puter-driven random number generator
(17). Houston et al. (27) reported that pa-
tients were consecutively randomized ac-
cording to the medical record numbers.
Details of randomization were not provided
in the study by MacNaughton et al (30).

Two studies were conducted in a dou-
ble-blind manner (16, 29), in three, in-
vestigators and healthcare providers were
not aware of the treatment given (18, 28,
30), and in one, investigators reported
that double-blind design was used but no
details were provided (17). Finally, it ap-
pears that in the study by Houston et al.
(27), neither patients nor investigators
were blinded to the treatment used.

Mortality data were reported in six trials.
Intention to treat analysis was per-

formed in five trials (16–18, 27, 29).

Diagnosis of VAP. The authors used
various definitions of VAP in their stud-
ies. The combination of clinical features
and positive respiratory culture was used
in four studies (16, 18, 29, 30) and clin-
ical assessment alone in two studies (17,
27). Grap et al. (28) used Clinical Pulmo-
nary Infection Score �6 to diagnose VAP.

One study (16) reported only the num-
ber of episodes of VAP and not the number
of infected patients. We therefore used the
number of VAPs for our analyses.

Effect of Chlorhexidine on Oral Flora.
Five trials attempted to evaluate the im-
pact of chlorhexidine on colonization of
saliva, dental plaque, or endotracheal sur-
faces. Fourrier et al. (18) sampled dental
plaque for bacterial cultures on days 0,
5–7, and 10–12 and every week. Nasal
and tracheal aspirates were obtained on
admission and every fifth day. The au-
thors found that more dental plaque sam-
ples were colonized in the comparator
group (27%) than the treatment group
(13%, p not significant). However, after
day 10, the frequency of dental plaque
colonization was similar. The results of
tracheal aspirate cultures during the in-
tervention were not reported. In a more
recent study by the same group of inves-
tigators, similar results were noted with
regard to dental plaque bacterial coloni-
zation; 29% of cultures were positive in
the treatment group compared with 37%
in the placebo group in a subgroup of 66
patients who underwent sampling on
days 0, 5, and 10 (16). Two studies did not
report changes in oropharyngeal flora in
their study (17, 30), and Houston et al.
(27) used quantitative sputum bacterial
cultures to assess respiratory tract colo-
nization. In the study by Koeman et al.
(29), oropharyngeal swabs were obtained
daily and quantitatively analyzed for
Gram-positive and Gram-negative micro-

organisms. Endotracheal colonization
was monitored twice weekly and was re-
duced in the chlorhexidine group com-
pared with placebo. Grap et al. (28) also
found reduced oral colonization in the
treatment group compared with placebo.

Incidence of VAP. Table 2 shows the
incidence of VAP in the included trials.
The incidence of VAP in the control
groups of both studies conducted in car-
diothoracic ICUs was markedly lower
than in the trials conducted in general
medicosurgical ICUs (18 of 471, 3.82%
for both studies, compared with 22.07%
in the remainder). In two trials, oropha-
ryngeal chlorhexidine did not result in a
reduced incidence of VAP (16, 30). In five
trials, chlorhexidine was associated with
a beneficial effect for prevention of VAP
(17, 18, 27–29); in two trials, however,
this decrease was not statistically signifi-
cant (17, 27). The trial by DeRiso et al.
(17) showed a significant decline in over-
all nosocomial infection rate, and the
trial by Houston et al. (27) found a sta-
tistically significant reduction in VAP
only in patients intubated for �24 hrs.

Overall, 9.11% (7 of 812) of patients de-
veloped VAP in the treatment group com-
pared with 11.81% (99 of 838) of patients in
the comparator group. The Mantel-Haenszel
pooled estimate of relative risk was 0.74
(95% CI, 0.56–0.96; p � .03) (Fig. 2),
indicating a beneficial effect with chlo-
rhexidine for prevention of VAP. The
Cochran Q statistic for heterogeneity was
not significant (p � .10), but I2 showed
moderate heterogeneity. Using the random
effects model, the DerSimonian-Laird
pooled relative risk was 0.70 (95% CI,
0.48–1.04; p � .08) (Fig. 3); whereas the
point estimate reflects a 30% relative risk
reduction in VAP, the 95% CI includes 1.
Only two studies reported the rate of VAP
using patient-days as a denominator (16,

Table 2. The incidence of ventilator-associated pneumonia and mortality with chlorhexidine

Author, Year (Ref. No.)

No. of Patients Mortality, No. (%)
Ventilator-Associated Pneumonia,

No. (%)

Chlorhexidine Comparator Chlorhexidine Comparator Chlorhexidine Comparator

DeRiso et al. 1996 (17) 173 180 2 (1.16) 10 (5.56) 3a (1.73) 9a (5.00)
Houston et al. 2002 (27) 270 291 6 (2.22) 3 (3.30) 4a (1.48) 9a (9.89)
Fourrier et al. 2000 (18) 30 30 3 (10) 7 (23.33) 5a (16.67) 15a (50.00)
Fourrier et al. 2005 (16) 114 114 31 (27.19) 24 (21.05) 13b (11.40) 12b (10.53)
Koeman et al. 2006 (29) 127 130 49 (38.58) 39 (30.00) 13a (10.24) 23a (17.69)
MacNaughton et al. 2004 (30) 91 88 36 (39.56) 33 (37.50) 32a,c (35.16) 28a,c (32.82)
Grap et al. 2004 (28) 7d 5d NR NR 4a (57.14) 3a (60.00)

NR, not reported.
aNumber of patients with ventilator-associated pneumonia; bnumber of episodes of ventilator-associated pneumonia; conly definite pneumonia; dpatients

for whom data was available at 48 hrs.
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18), and we were unable to calculate a
combined rate ratio.

Publication Bias. Given the small
number of studies that met our inclusion
criteria, publication bias was of concern.
Publication bias was assessed using a fun-

nel plot and Eggers test (Fig. 4). The shape
of the funnel plot was symmetrical, indicat-
ing no publication bias, and Eggers test was
not statistically significant (p � .10).

Assessment of Heterogeneity. There
was substantial clinical heterogeneity in

the included studies, with differing patient
populations, concentration, and frequency
of application of chlorhexidine and defini-
tion of VAP. Using the Q statistic, we did
not find statistical heterogeneity. However,
an alternate test for heterogeneity, I2, was
43%, indicating moderate heterogeneity.

Subgroup Analysis. To explore the
reasons for the heterogeneity, we re-
peated the analysis limited to studies as-
sessing the efficacy of chlorhexidine for
prevention of VAP in cardiac surgery pa-
tients. We found that use of chlorhexi-
dine was associated with a relative risk of
0.41 (95% CI, 0.17–0.98; p � .04), indi-
cating a 59% relative risk reduction for
VAP for that patient population. We also
redid the analyses a) including only the
five published randomized trials and b)
excluding the study by Grap et al (28),
because of its different diagnostic criteria
for VAP. The efficacy of chlorhexidine in
the five published randomized trials was
RR, 0.57; 95% CI, 0.39–0.83 (fixed ef-
fects) and RR, 0.57; 95% CI, 0.37–0.87
(random effects model). Including the
five published randomized trials and one
study in abstract form but excluding Grap
et al., we found that RR was 0.73; 95% CI,
0.55–0.96 (fixed effects) and RR, 0.66;
95% CI, 0.42–1.04 (random effects).

Mortality. Data on mortality were
available for six of the seven included
studies. Overall 15.64% (127 of 812) of
patients died in the treatment group, and
13.84% (116 of 838) died in the compar-
ator group (Table 2). The relative risk for
mortality was 1.07 (95% CI, 0.76–1.51,
p � .69), using the random effects model
(Fig. 5), indicating no statistically signif-
icant beneficial effect of chlorhexidine on
mortality; however, the number of pa-
tients was too small to adequately assess
this important outcome.

Other Outcomes. Five studies evalu-
ated other outcomes, such as ICU or hos-
pital length of stay, duration of mechan-
ical ventilation, and reintubation rate.
Fourrier et al. (18) found a shorter length
of stay in the ICU (24 � 19 vs. 18 � 16,
p not significant) and shorter duration of
mechanical ventilation in the treated
group (18 � 20 vs. 13 � 12, p not sig-
nificant), although the results were not
statistically significant. Five other studies
did not find any differences in duration of
mechanical ventilation or ICU length of
stay (16, 17, 27, 29, 30).

Cost of Chlorhexidine. Only three
studies estimated the costs of chlorhexi-
dine (17, 27, 29). Houston et al. (27)
estimated that the yearly cost of using

Figure 2. Relative risk of ventilator-associated pneumonia with chlorhexidine and comparator using a
fixed effects model. The relative risk was 0.74 (95% confidence interval, 0.56, 0.96), indicating a 26%
relative risk reduction in ventilator-associated pneumonia with the use of chlorhexidine.

Figure 3. Relative risk of ventilator-associated pneumonia with chlorhexidine and comparator using a
random effects model. The relative risk was 0.70 (95% confidence interval, 0.48, 1.04), indicating a
30% relative risk reduction in ventilator-associated pneumonia with the use of chlorhexidine. The
results were not statistically significant.

Figure 4. Assessment of publication bias using a funnel plot. The plot does not show publication bias.
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chlorhexidine for all cardiac surgery pa-
tients was $700. DeRiso et al. (17) esti-
mated $40,000 savings during their study
due to reduction in antimicrobial use in
the treatment group. Koeman et al. (29)
calculated that 8 days of treatment with
chlorhexidine (including nursing time,
gloves, and cost of chlorhexidine) cost
�$100. No formal cost-effectiveness
analysis was undertaken in any study.

Resistance to Chlorhexidine. In six of
the seven studies, investigators did not
report data on resistance to chlorhexidine
among bacterial isolates recovered from
study patients. Only Grap et al. (28) men-
tioned that in one case application of
chlorhexidine did not eliminate growth of
P. aeruginosa on agar plates. However,
they attributed it to a high colony count
of organisms rather than to true resis-
tance.

Adverse Effects of Chlorhexidine. Ad-
verse effects of chlorhexidine, such as
mouth dryness, staining of teeth, or un-
pleasant taste, were not reported in any of
the included studies. This issue was not
explicitly addressed, however, and it is
possible that side effects of chlorhexidine
were not observed, were not sought, or
were so minor that investigators did not
think that they were clinically significant.

DISCUSSION

Recent studies have found that aspira-
tion of oropharyngeal flora in mechani-
cally ventilated patients is a major mech-
anism of developing VAP. In a prospective
cohort study in 57 ICU patients, Fourrier
et al. (31) demonstrated an association
between colonization of dental plaque by
aerobic pathogens, which occurred in
46% of patients by day 10 of ICU stay, and
subsequent development of nosocomial
pneumonia. Emerging evidence has

linked oral health to aspiration pneumo-
nia in the elderly (32–34). Attention has
therefore focused on whether improve-
ment in oral hygiene may lead to a re-
duced incidence of VAP. Among the strat-
egies that have been studied, application
of chlorhexidine to the oropharyngeal
mucosa has had promising results in
some but not all clinical trials.

Our analysis combining the results of
seven randomized controlled trials found
that chlorhexidine is associated with a
30% relative reduction in the risk of VAP.
Although the statistical significance was
retained only in the fixed effects model
and not in the random effects model, the
point estimates were very similar for both
analyses. The random effects model pro-
vides a more conservative estimate of the
95% confidence interval, taking hetero-
geneity into account. Exploring hetero-
geneity by subgroup analyses, we found
that the beneficial effect of chlorhexidine
was most apparent in the two trials that
were limited to cardiac surgery patients
(17, 27). Coronary artery bypass surgery
is usually an elective procedure, patients
deemed to be fit for such surgery are
usually in better general health than
those admitted to medical ICUs, and in-
tubation is performed under optimal con-
ditions by the anesthesiologist, all of
which may influence baseline risk of VAP.

It is difficult to tell whether topical
chlorhexidine is more effective for pre-
vention of early rather than late VAP. In
both studies by Fourrier et al. (16, 18),
there was no difference between chlo-
rhexidine and control groups in the time
to development of nosocomial infection.
On the other hand, topical chlorhexidine
was effective in preventing VAP in pa-
tients who underwent cardiothoracic sur-
gery and who were intubated only for a

short period of time. It is likely that top-
ical chlorohexidine may delay rather than
prevent the development of VAP. Such
delay in oropharyngeal colonization
would mainly benefit patients who re-
quire only short period of ventilatory sup-
port (e.g., patients after open heart sur-
gery). In critically ill medical patients
who require prolonged period of ventila-
tory support, such delay would have only
limited effect on overall incidence of VAP.

A large recent trial by Fourrier et al.
(16) included in our analysis failed to find
a benefit of chlorhexidine for prevention
of VAP. The baseline characteristics and
risk of nosocomial infections were signif-
icantly different for patients enrolled in
this trial than in the other included stud-
ies. The mean Simplified Acute Physiol-
ogy Score II on admission was 45, under-
scoring the fact that enrolled patients
were critically ill. The majority of these
patients underwent emergency intuba-
tion, and half of them were intubated
before they were admitted to ICU.

The varying concentration of the chlo-
rhexidine solutions used in the included
studies may have affected the results of
the trials. In the study by Koeman et al.
(29), a 2% solution of chlorhexidine was
used, a much higher concentration than
in the other published studies, most of
which used a 0.12% or 0.2% solution;
this may partially explain the benefit of
chlorhexidine for reducing VAP in this
study.

The main limitation of our meta-
analysis is the heterogeneity stemming
from the design of the original studies.
Differing patient populations, definitions
of VAP, and concentration of chlorhexi-
dine used contributed to the heterogene-
ity. We attempted to address this by un-
dertaking subgroup analyses. In the
subgroup analyses, chlorhexidine was
most beneficial for prevention of VAP for
cardiac surgery patients.

Adverse effects of the topical prepara-
tion of chlorhexidine were not explicitly
addressed in the published clinical trials
included in our meta-analysis. Reported
adverse effects of oral use of chlorhexi-
dine include staining of the teeth, which
is reversible with professional cleaning
(35), and a transient abnormality of taste
(35, 36). Although in general, chlorhexi-
dine topical preparations for prevention
of VAP appear to be safe and well toler-
ated, future clinical trials using chlo-
rhexidine should endeavor to document
the presence or absence of adverse
events.

Figure 5. The impact of chlorhexidine on mortality. No statistically significant reduction in mortality
was found.
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In our analysis, no effect of chlorhexi-
dine on reduction of mortality was found.
None of the individual trials were pow-
ered to detect mortality differences, and
it must be acknowledged that despite
combining the studies, the sample size
was inadequate to detect a survival advan-
tage with chlorhexidine.

A potential concern with the pro-
longed use of antiseptic agents is the
emergence of microbial resistance (37).
Frequent exposure of the oropharyngeal
flora to topically applied chlorhexidine
may result in development of resistance
to biocides. In clinical trials of chlorhexi-
dine-impregnated vascular devices, resis-
tance to chlorhexidine was not detected.
In a recent well-designed trial comparing
a second-generation venous catheter im-
pregnated with chlorhexidine and silver
sulfadiazine to a standard uncoated cath-
eter for prevention of intravascular de-
vice-related bacteremia, the investigators
made a rigorous attempt to detect anti-
septic resistance (38). They found that
the zones of inhibition to chlorhexidine
were similar for organisms recovered
from antiseptic and control catheters.
However, in vitro studies of Pseudomo-
nas stutzeri exposed to slowly increasing
concentrations of chlorhexidine found
emergence of resistance to chlorhexidine
and several classes of therapeutic antimi-
crobial agents (39). None of the published
clinical trials included in our analysis ad-
equately assessed emergence of resis-
tance to chlorhexidine among isolates re-
covered from sputum or bronchoalveolar
lavage. Serial cultures of oropharyngeal
and lower respiratory specimens should
be obtained, inoculated on selective me-
dia, and tested for susceptibility to chlo-
rhexidine to determine an increase in
minimum inhibitory concentration indi-
cating resistance.

CONCLUSIONS

Topical application of chlorhexidine is
useful for preventing VAP in mechani-
cally ventilated patients. The optimal
concentration, frequency of application,
effect on promoting resistance among
oropharyngeal flora, and cost-effective-
ness of chlorhexidine should be addressed
in future studies.

REFERENCES

1. Chastre J, Fagon JY: Ventilator-associated
pneumonia. Am J Respir Crit Care Med 2002;
165:867–903

2. Safdar N, Dezfulian C, Collard HR, et al:
Clinical and economic consequences of ven-
tilator-associated pneumonia: A systematic
review. Crit Care Med 2005; 33:2184–2193

3. Rello J, Ollendorf DA, Oster G, et al: Epide-
miology and outcomes of ventilator-associ-
ated pneumonia in a large US database.
Chest 2002; 122:2115–2121

4. Bercault N, Boulain T: Mortality rate attrib-
utable to ventilator-associated nosocomial
pneumonia in an adult intensive care unit: A
prospective case-control study. Crit Care
Med 2001; 29:2303–2309

5. Heyland DK, Cook DJ, Griffith L, et al: The
attributable morbidity and mortality of ven-
tilator-associated pneumonia in the critically
ill patient. The Canadian Critical Trials
Group. Am J Respir Crit Care Med 1999;
159:1249–1256

6. Warren DK, Shukla SJ, Olsen MA, et al: Out-
come and attributable cost of ventilator-
associated pneumonia among intensive care
unit patients in a suburban medical center.
Crit Care Med 2003; 31:1312–1317

7. Safdar N, Crnich CJ, Maki DG: The patho-
genesis of ventilator-associated pneumonia:
Its relevance to developing effective strate-
gies for prevention. Respir Care 2005; 50:
725–739

8. Ewig S, Torres A, El-Ebiary M, et al: Bacterial
colonization patterns in mechanically venti-
lated patients with traumatic and medical
head injury. Incidence, risk factors, and as-
sociation with ventilator-associated pneumo-
nia. Am J Respir Crit Care Med 1999; 159:
188–198

9. George DL, Falk PS, Wunderink RG, et al:
Epidemiology of ventilator-acquired pneu-
monia based on protected bronchoscopic
sampling. Am J Respir Crit Care Med 1998;
158:1839–1847

10. Meduri GU, Estes RJ: The pathogenesis of
ventilator-associated pneumonia: II. The
lower respiratory tract. Intensive Care Med
1995; 21:452–461

11. Scannapieco FA, Stewart EM, Mylotte JM:
Colonization of dental plaque by respiratory
pathogens in medical intensive care patients.
Crit Care Med 1992; 20:740–745

12. D’Amico R, Pifferi S, Leonetti C, et al: Effec-
tiveness of antibiotic prophylaxis in critically
ill adult patients: Systematic review of ran-
domised controlled trials. BMJ 1998; 316:
1275–1285

13. Kollef MH: The role of selective digestive
tract decontamination on mortality and re-
spiratory tract infections. A meta-analysis.
Chest 1994; 105:1101–1108

14. Meta-analysis of randomised controlled trials
of selective decontamination of the digestive
tract. Selective Decontamination of the Di-
gestive Tract Trialists’ Collaborative Group.
BMJ 1993; 307:525–532

15. Bonten MJ: Strategies for prevention of hos-
pital-acquired pneumonia: Oral and selective
decontamination of the gastrointestinal
tract. Semin Respir Crit Care Med 2002; 23:
481–488

16. Fourrier F, Dubois D, Pronnier P, et al: Effect
of gingival and dental plaque antiseptic de-
contamination on nosocomial infections ac-
quired in the intensive care unit: A double-
blind placebo-controlled multicenter study.
Crit Care Med 2005; 33:1728–1735

17. DeRiso AJ, Ladowski JS, Dillon TA, et al:
Chlorhexidine gluconate 0.12% oral rinse re-
duces the incidence of total nosocomial re-
spiratory infection and nonprophylactic sys-
temic antibiotic use in patients undergoing
heart surgery. Chest 1996; 109:1556–1561

18. Fourrier F, Cau-Pottier E, Boutigny H, et al:
Effects of dental plaque antiseptic decontam-
ination on bacterial colonization and noso-
comial infections in critically ill patients. In-
tensive Care Med 2000; 26:1239–1247

19. Collard HR, Saint S, Matthay MA: Prevention
of ventilator-associated pneumonia: An evi-
dence-based systematic review. Ann Intern
Med 2003; 138:494–501

20. Garcia R: A review of the possible role of oral
and dental colonization on the occurrence of
health care-associated pneumonia: Underap-
preciated risk and a call for interventions.
Am J Infect Control 2005; 33:527–541

21. Clarke M: The QUORUM statement. Lancet
2000; 355:756–757

22. DerSimonian R, Laird N: Meta-analysis in
clinical trials. Control Clin Trials 1986;
7:177–188

23. Mantel N, Haenszel W: Statistical aspects of
the analysis of data from retrospective stud-
ies of disease. J Natl Cancer Inst 1959; 22:
719–748

24. Higgins JP, Thompson SG, Deeks JJ, et al:
Measuring inconsistency in meta-analyses.
BMJ 2003; 327:557–560

25. Egger M, Davey Smith G, Schneider M, et al:
Bias in meta-analysis detected by a simple,
graphical test. BMJ 1997; 315:629–634

26. Sterne JA, Egger M: Funnel plots for detect-
ing bias in meta-analysis: Guidelines on
choice of axis. J Clin Epidemiol 2001; 54:
1046–1055

27. Houston S, Hougland P, Anderson JJ, et al:
Effectiveness of 0.12% chlorhexidine gluconate
oral rinse in reducing prevalence of nosoco-
mial pneumonia in patients undergoing heart
surgery. Am J Crit Care 2002; 11:567–570

28. Grap MJ, Munro CL, Elswick RK Jr, et al:
Duration of action of a single, early oral
application of chlorhexidine on oral micro-
bial flora in mechanically ventilated patients:
A pilot study. Heart Lung 2004; 33:83–91

29. Koeman M, van der Ven AJ, Hak E, et al: Oral
decontamination with chlorhexidine reduces
incidence of ventilator-associated pneumo-
nia. Am J Respir Crit Care Med 2006; 173:
1348–1355

30. MacNaughton P, Bailey J, Donlin N, et al: A
randomized controlled trial assessing effi-
cacy of oral chlorhexidine in ventilated pa-
tients. European Society of Intensive Care
Medicine, 17th Annual Congress, Berlin,
Germany. Intensive Care Med 2004;
30(Suppl 1):S5–S18

31. Fourrier F, Duvivier B, Boutigny H, et al:

601Crit Care Med 2007 Vol. 35, No. 2



Colonization of dental plaque: A source of
nosocomial infections in intensive care unit
patients. Crit Care Med 1998; 26:301–308

32. Terpenning MS, Taylor GW, Lopatin DE, et
al: Aspiration pneumonia: Dental and oral
risk factors in an older veteran population.
J Am Geriatr Soc 2001; 49:557–563

33. Yamaya M, Yanai M, Ohrui T, et al: Interven-
tions to prevent pneumonia among older
adults. J Am Geriatr Soc 2001; 49:85–90

34. Yoneyama T, Yoshida M, Matsui T, et al: Oral
care and pneumonia. Oral Care Working
Group. Lancet 1999; 354:515

35. Yates R, Jenkins S, Newcombe R, et al: A
6-month home usage trial of a 1% chlorhexi-
dine toothpaste (1). Effects on plaque, gingi-
vitis, calculus and toothstaining. J Clin Peri-
odontol 1993; 20:130–138

36. Quirynen M, Soers C, Desnyder M, et al: A
0.05% cetyl pyridinium chloride/0.05% chlo-
rhexidine mouth rinse during maintenance
phase after initial periodontal therapy. J Clin
Periodontol 2005; 32:390–400

37. Tambe SM, Sampath L, Modak SM: In vitro
evaluation of the risk of developing bacterial
resistance to antiseptics and antibiotics used

in medical devices. J Antimicrob Chemother
2001; 47:589–598

38. Rupp ME, Lisco SJ, Lipsett PA, et al: Effect of
a second-generation venous catheter impreg-
nated with chlorhexidine and silver sulfadia-
zine on central catheter-related infections: A
randomized, controlled trial. Ann Intern Med
2005; 143:570–580

39. Tattawasart U, Maillard JY, Furr JR, et al: De-
velopment of resistance to chlorhexidine diac-
etate and cetylpyridinium chloride in Pseudo-
monas stutzeri and changes in antibiotic
susceptibility. J Hosp Infect 1999; 42:219–229

602 Crit Care Med 2007 Vol. 35, No. 2


