
Copyright 2014 American Medical Association. All rights reserved.

Reappraisal of Routine Oral Care With Chlorhexidine
Gluconate for Patients Receiving Mechanical Ventilation
Systematic Review and Meta-Analysis
Michael Klompas, MD; Kathleen Speck, MPH; Michael D. Howell, MD;
Linda R. Greene, RN; Sean M. Berenholtz, MD

IMPORTANCE Regular oral care with chlorhexidine gluconate is standard of care for patients
receiving mechanical ventilation in most hospitals. This policy is predicated on meta-analyses
suggesting decreased risk of ventilator-associated pneumonia, but these meta-analyses may
be misleading because of lack of distinction between cardiac surgery and non–cardiac surgery
studies, conflation of open-label vs double-blind investigations, and insufficient emphasis on
patient-centered outcomes such as duration of mechanical ventilation, length of stay, and
mortality.

OBJECTIVE To evaluate the impact of routine oral care with chlorhexidine on patient-centered
outcomes in patients receiving mechanical ventilation.

DATA SOURCES PubMed, Embase, CINAHL, and Web of Science from inception until July 2013
without limits on date or language.

STUDY SELECTION Randomized clinical trials comparing chlorhexidine vs placebo in adults
receiving mechanical ventilation. Of 171 unique citations, 16 studies including 3630 patients
met inclusion criteria.

DATA EXTRACTION AND SYNTHESIS Eligible trials were independently identified, evaluated for
risk of bias, and extracted by 2 investigators. Differences were resolved by consensus. We
stratified studies into cardiac surgery vs non–cardiac surgery and open-label vs double-blind
investigations. Eligible studies were pooled using random-effects meta-analysis.

MAIN OUTCOMES AND MEASURES Ventilator-associated pneumonia, mortality, duration of
mechanical ventilation, intensive care unit and hospital length of stay, antibiotic prescribing.

RESULTS There were fewer lower respiratory tract infections in cardiac surgery patients
randomized to chlorhexidine (relative risk [RR], 0.56 [95% CI, 0.41-0.77]) but no significant
difference in ventilator-associated pneumonia risk in double-blind studies of non–cardiac
surgery patients (RR, 0.88 [95% CI, 0.66-1.16]). There was no significant mortality difference
between chlorhexidine and placebo in cardiac surgery studies (RR, 0.88 [95% CI, 0.25-2.14])
and nonsignificantly increased mortality in non–cardiac surgery studies (RR, 1.13 [95% CI,
0.99-1.29]). There were no significant differences in mean duration of mechanical ventilation
or intensive care length of stay. Data on hospital length of stay and antibiotic prescribing were
limited.

CONCLUSIONS AND RELEVANCE Routine oral care with chlorhexidine prevents nosocomial
pneumonia in cardiac surgery patients but may not decrease ventilator-associated
pneumonia risk in non–cardiac surgery patients. Chlorhexidine use does not affect
patient-centered outcomes in either population. Policies encouraging routine oral care with
chlorhexidine for non–cardiac surgery patients merit reevaluation.
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R egular oral care with chlorhexidine gluconate has be-
come standard practice for the prevention of ventilator-
associated pneumonia (VAP). Surveys suggest that 60%

to 70% of intensive care units in Europe and North America
provide oral care with chlorhexidine at least once a day to all
patients receiving mechanical ventilation.1-5 Near-universal
penetration of this practice is likely the result of 2 high-
profile meta-analyses suggesting that oral care with chlorhexi-
dine can reduce VAP rates by 30% to 40%, guideline publica-
tions recommending this practice, and the inclusion of regular
oral care with chlorhexidine in the widely adopted ventilator
care bundle of the Institute for Healthcare Improvement.6-9

Despite near-universal penetration of routine daily oral
care with chlorhexidine, there are 3 major limitations to the
current evidence base that necessitate a reappraisal. First, ex-
isting meta-analyses are heavily influenced by 3 large studies
in cardiac surgery patients that accounted for 40% to 60% of
patients in prior analyses.10-12 Including these studies is prob-
lematic because the majority of patients who undergo car-
diac surgery are extubated within 1 day. The pulmonary out-
come in these studies is respiratory tract infections, not VAP.
Second, prior meta-analyses have made little distinction be-
tween open-label vs double-blind investigations. This is criti-
cal because the diagnosis of VAP is notoriously subjective and
inaccurate.13,14 Lack of blinding introduces risk of bias in fa-
vor of chlorhexidine use.15 Third, prior analyses designated VAP
as the primary outcome. Rates of VAP are difficult to inter-
pret because of their subjectivity, lack of specificity, and high
interobserver variability.14,16 Duration of mechanical ventila-
tion, length of stay, and mortality are more objective and more
patient-centered outcomes.

In light of these limitations, we undertook a reappraisal of
the evidence base supporting routine oral care with chlorhexi-
dine for patients receiving mechanical ventilation. We evalu-
ated the impact of oral care with chlorhexidine on nosoco-
mial pneumonia, mortality, duration of mechanical ventilation,
intensive care length of stay, hospital length of stay, and an-
tibiotic use. We grouped studies into cardiac surgery vs non–
cardiac surgery investigations and then stratified both groups
into open-label vs double-blind investigations to assess the po-
tential impact of study design on reported outcomes.

Methods
We sought randomized clinical trials evaluating daily oral care
with chlorhexidine (any preparation) vs inert comparators for
routine care in adult patients receiving mechanical ventila-
tion. We searched PubMed, Embase, Web of Science, and the
Cumulative Index to Nursing and Allied Health Literature
(CINAHL) for studies on chlorhexidine and oral care in pa-
tients receiving mechanical ventilation (full search strategies
for each database are available in the eAppendix in the Supple-
ment; search date range, inception to July 2013). There were
no date or language restrictions. We also reviewed the inclu-
sion lists of previously published meta-analyses and the ref-
erence lists of all suggestive articles retrieved by our searches.
We included all trials that provided data on 1 or more of our

prespecified outcomes for both the treatment and control
groups: pneumonia, mortality, duration of mechanical venti-
lation, intensive care length of stay, hospital length of stay, and
antibiotic dispensing. We excluded trials that provided out-
come data on fewer than 80% of randomized patients. Two in-
vestigators (M.K., K.S.) independently reviewed potential stud-
ies for inclusion. Disagreements were resolved by consensus.
The same 2 investigators independently abstracted data from
all included studies and rated each trial for quality on the ba-
sis of randomization strategy, allocation concealment, blind-
ing, and completeness of follow-up. We attempted to contact
the corresponding authors of selected papers to provide clari-
fications and missing data where needed.

We then conducted meta-analyses for all outcomes using
Mantel-Haenszel random-effects models. We constructed for-
est plots for all outcomes in which 2 or more studies provided
analyzable data. We first stratified all studies into cardiac sur-
gery vs non–cardiac surgery studies. Within each group, we
then compared open-label vs double-blind investigations. We
calculated relative risks (RRs) and weighted mean differ-
ences for dichotomous and continuous outcomes, respec-
tively. We summarized results across all studies and within each
stratum. We assessed for heterogeneity using the I2 statistic.
We constructed funnel plots to look for evidence of publica-
tion bias. All analyses were executed using RevMan, version
5.2 (Cochrane Collaborative). This study was conducted and
reported in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) statement.17

Results
The search strategies yielded 446 citations including 275 du-
plicates. Of 171 unique citations, 16 met inclusion criteria
(Figure 1). Two articles were only available in abstract form.18,19

Included studies are summarized in the Table. Of the 16 eli-
gible articles, 3 were set in cardiac surgery units and 13 in non–
cardiac surgery units (7 in medical-surgical units, 1 each in sur-
gery, trauma, respiratory, and medical neuroscience units, and
2 in unspecified units). Many studies limited enrollment to pa-
tients expected to require at least 48 hours,18,23,25,30 at least 72
hours,29 or at least 5 days20,21 of mechanical ventilation. Stud-
ies were conducted around the world: 4 in the United States,
2 in France, 2 in the Netherlands, 2 in Brazil, and 1 each in Aus-
tralia, India, Iran, Thailand, Turkey, and the United King-
dom. Enrollment varied between 5 and 954 patients. Of the 3
cardiac surgery studies, 2 were double blind and 1 was open
label. Of the 13 non–cardiac surgery studies, 7 were double blind
and 6 had incomplete or absent blinding.

Study quality was closely aligned with blinding policy (see
Table). The 2 double-blind cardiac surgery studies had ad-
equate random sequence generation and adequate allocation
concealment and provided outcome data for 96% to 100% of
randomized patients, whereas the 1 nonblinded study ran-
domized patients on the basis of medical record numbers and
did not conceal allocation assignments. Likewise, 6 of the 7
double-blind non–cardiac surgery studies used adequate ran-
dom sequence generation and allocation concealment and pro-
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vided VAP outcome data for 96% to 100% of patients. One of
these 6 studies provided VAP outcome data for all 175 pa-
tients but mortality outcome data for only 146 of the 175 pa-
tients (83%).27 The seventh double-blind study was only pub-
lished in abstract form and did not comment on randomization
or allocation concealment strategy.18 By contrast, 3 of the 6 un-
blinded studies did not describe their randomization strat-
egy and by definition did not conceal allocations. Of the 12 stud-
ies with mortality outcome data, 2 reported intensive care unit
mortality,23,27 2 reported hospital mortality,12,26 1 reported 28-
day mortality,21 and 7 did not specify.

The 16 included studies provided data on 3630 patients.
Cardiac surgery studies accounted for 1868 patients (51%), 1307
(70%) in 2 double-blind studies and 561 (30%) in 1 open-label
investigation. The non–cardiac surgery investigations in-
cluded 1762 patients (49%), 1090 (62%) in 7 double-blind stud-
ies and 672 (38%) in 6 open-label studies. Only 3 of the 16 stud-
ies observed a significant decrease in the incidence of lower
respiratory tract infections on intention-to-treat analysis (1 of
the 3 cardiac surgery studies, 2 of the 13 non–cardiac surgery
studies).12,20,30 A fourth study found no difference in the RR
of VAP but a decreased hazard of VAP using a proportional haz-
ards model.23 Six additional studies found no differences in
overall respiratory tract infection rates but nonetheless sug-
gested that chlorhexidine may still be beneficial by evaluat-
ing a composite outcome,10 focusing on a high-risk subset of
patients,11 noting a longer interval to infection onset,25 em-
phasizing decreased rates of oropharyngeal colonization,21,27

or combining their results with prior investigations.24

Studies in Cardiac Surgery vs Other Populations
The studies of cardiac surgery patients differed substantially
from the studies of other populations. The pulmonary out-

comes in the cardiac surgery studies were specified as “noso-
comial pneumonia,”11 “upper respiratory tract infections,”10

“lower respiratory tract infections,”12 or “total respiratory
tract infections,”10 whereas the pulmonary outcome in all
non–cardiac surgery studies was specified as “ventilator-
associated pneumonia.” The time to extubation in the 2 car-
diac surgery studies that provided data on this outcome was
brief. Segers et al12 reported mean (SD) durations of 0.5 (0.5)
and 0.6 (0.8) days in the chlorhexidine and placebo groups, re-
spectively. Houston et al11 reported that 87% of patients were
extubated within 24 hours. The 7 non–cardiac surgery stud-
ies with data on duration of mechanical ventilation, by con-
trast, reported mean durations of mechanical ventilation rang-
ing from 4 to 18 days.20-25,27 The overall incidence of nosocomial
pneumonia or lower respiratory tract infections in the car-
diac surgery studies was 7.7%, whereas the incidence of VAP
in the non–cardiac surgery studies was 17%.

Nosocomial Pneumonia
Forest plots for RRs of nosocomial pneumonia are shown in
Figure 2. All 16 studies in this meta-analysis provided data on
pneumonia, but only the 13 non–cardiac surgery studies spe-
cifically focused on VAP. There were significantly fewer lower
respiratory tract infections among cardiac surgery patients ran-
domized to chlorhexidine (RR, 0.56 [95% CI, 0.41-0.77]). There
was a nonsignificant finding of fewer VAP cases in non–cardiac
surgery studies (RR, 0.78 [95% CI, 0.60-1.02]; I2 = 44%). The point
estimate for the RR of VAP was lower in open-label studies (RR,
0.61 [95% CI, 0.35-1.04]; I2 = 40%) than in double-blind stud-
ies (RR, 0.88 [95% CI, 0.66-1.16]; I2 = 42%). Results were simi-
lar when the 1 double-blind study published in abstract form
alone18 was excluded: RR, 0.83 (95% CI, 0.59-1.15; I2 = 44%). On
sensitivity analysis among the non–cardiac surgery studies, RR

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Study Flowchart

18 Articles excluded following full-text review
3 Active agent in control arm
1 Not studying chlorhexidine gluconate
1 Duplicate publication
4 No outcome data or incomplete outcome data
1 Not all patients receiving mechanical ventilation
2 Not an interventional trial
6 Studied pediatric patients

137 Records excluded on the basis of title or abstract

16 Studies included in quantitative
synthesis (meta-analysis)

16 Studies included in qualitative
synthesis

34 Articles assessed for eligibility

171 Records screened

171 Records after duplicates removed

445 Records identified through
database searching

1 Additional record identified
through other sources
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estimates were not significant, highly heterogeneous, and simi-
lar for all concentrations of chlorhexidine: a 0.12% solution was
associated with an RR of 0.80 (95% CI, 0.51-1.25; I2 = 0%), a 0.2%
solution was associated with an RR of 0.76 (95% CI, 0.47-1.20;
I2 = 61%), and a 2% solution was associated with an RR of 0.75
(95% CI, 0.35-1.63; I2 = 73%). There was no significant differ-
ence in VAP RR for gel vs solution preparations. On funnel plot
inspection, there was no obvious evidence of publication bias
(see eFigure in Supplement).

Mortality
Forest plots for the RR of mortality in patients randomized to
chlorhexidine vs control preparations are presented in Figure 3.
There were sufficient data on this outcome for meta-analysis
of 12 studies, 3 in cardiac surgery patients and 9 in non–
cardiac surgery patients. Among cardiac surgery patients, there
was substantial heterogeneity and broad confidence inter-
vals but no apparent association between chlorhexidine use
and mortality (RR, 0.88 [95% CI, 0.25-3.14]; I2 = 65%). Among

non–cardiac surgery patients, there was a nonsignificant find-
ing of increased mortality in patients randomized to chlorhexi-
dine use (RR, 1.13 [95% CI, 0.99-1.29]; I2 = 0%). The point es-
timate for mortality was higher in double-blind studies (RR,
1.15 [95% CI, 0.96-1.38]; I2 = 0%) than in open-label studies (RR,
1.06 [95% CI, 0.80-1.41]; I2 = 36%). When all studies were com-
bined, the mortality point estimate remained elevated in pa-
tients randomized to chlorhexidine, with a lower 95% confi-
dence interval very close to 1 (RR, 1.13 [95% CI, 0.99-1.28];
I2 = 0%). We reanalyzed the non–cardiac surgery studies using
a Mantel-Haenszel random-effects model with odds ratios
rather than RRs because RR methods can assign dispropor-
tionate weights to small studies with high event rates. The point
estimate for mortality remained elevated (OR, 1.20 [95% CI,
0.95-1.50]; I2 = 0%). This finding was still evident when all stud-
ies with possible methodological concerns were excluded (all
the open-label studies, Macnaughton et al18 because it was only
published in abstract form, Scannapieco et al27 because it pro-
vided incomplete outcome data for mortality): RR, 1.20 (95%

Table. Randomized Clinical Trials of Chlorhexidine Gluconate vs Placebo for Oral Care of Patients Receiving Mechanical Ventilation

Source N
ICU Type
(Country)

Chlorhexidine
Preparation
and Frequency Comparator

Random
Sequence
Generation

Allocation
Concealment Blinding

Completeness
of Outcome Data,

Proportiona

Cardiac surgery

DeRiso et al,10

1996
353 Cardiac surgery

(US)
0.12% solution BID Identical

placebo
Yes Yes Double 353/353

Houston et al,11

2002
561 Cardiac surgery

(US)
0.12% solution BID Listerine Based

on MRN
No None 561/561

Segers et al,12

2006
954 Cardiac surgery

(Netherlands)
0.12% oral rinse QID
+ 0.12% nasal gel

Identical
placebo

Yes Yes Double 954/991

Non–cardiac surgery

Fourrier et al,20

2000
60 Medical-surgical

(France)
0.2% gel TID Placebo gel Yes Yes Single 60/60

Macnaughton
et al,18 2004b

179 Medical-surgical
(UK)

0.2% solution BID Identical
placebo

Not
described

Not
described

Double 179/179

Fourrier et al,21

2005
228 Medical-surgical

(France)
0.2% gel TID Placebo gel Yes Yes Double 228/228

Bopp et al,22

2006
5 Critical care

(US)
0.12% solution BID Half-strength

hydrogen
peroxide

Yes Yes None 5/5

Koeman et al,23

2006
257 Medical-surgical

(Netherlands)
2% in petroleum jelly QID Vaseline Yes Yes Double 257/257

Jafari et al,19

2007b
80 Not specified

(Iran)
0.2% solution BID Normal saline Not

described
Not
described

None 80/80

Tantipong
et al,24 2008

207 Medical-surgical
(Thailand)

2% solution QID Normal saline Not
described

Not
described

None 207/207

Bellissimo-Rodrigues
et al,25 2009

133 Medical-surgical
(Brazil)

0.12% solution TID Identical
placebo

Yes Yes Double 133/133

Panchabhai
et al,26 2009

171 Medical-
neurological
(India)

0.2% solution BID 0.01% potassium
permanganate

Not
described

Not
described

None 171/171

Scannapieco
et al,27 2009

175 Trauma
(US)

0.12% solution
group 1: QID
group 2: BID

Identical
placebo

Yes Yes Double 175/175 for VAP,
146/175 for
mortality

Berry et al,28

2011
149 Medical-surgical

(Australia)
0.2% solution BID Sterile water Yes Yes Single 149/149

Meinberg et al,29

2012
52 Surgical

(Brazil)
2% gel QID Placebo gel Yes Yes Double 52/52

Ozcaka et al,30

2012
66 Respiratory

(Turkey)
0.2% solution QID Normal saline Yes Yes Double 66/66

Abbreviations: BID, twice daily; MRN, medical record number; QID, 4 times
daily; TID, 3 times daily; UK, United Kingdom; US, United States;
VAP, ventilator-associated pneumonia.
a Completeness of outcome data reported as number of patients with

outcomes reported divided by number of patients randomized. Unless
otherwise stated, outcomes data were available for the same number of
patients for each outcome included in the article.

b Only abstracts were available for review.
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CI, 0.97-1.48; I2 = 0%). We conducted several sensitivity analy-
ses among the non–cardiac surgery studies. We found a step-
wise increase in mortality RR point estimates with increasing
concentrations of chlorhexidine (although all associations were
statistically insignificant and had broad confidence inter-
vals): 0.12% preparations were associated with an RR of 1.01
(95% CI, 0.46-2.20; I2 = 0%), 0.2% preparations were associ-
ated with an RR of 1.13 (95% CI, 0.96-1.32; I2 = 0%), and 2%
preparations were associated with a RR of 1.16 (95% CI, 0.92-
1.46; I2 = 0%). Effect estimates were slightly higher for gel
preparations (RR, 1.23 [95% CI, 0.96-1.57]; I2 = 0%) vs liquid

preparations (RR, 1.10 [95% CI, 0.95-1.28]; I2 = 0%). On funnel
plot inspection, there was no obvious evidence of publica-
tion bias (see eFigure in Supplement).

Duration of Mechanical Ventilation
Forest plots for weighted mean differences in ventilator days
between patients randomized to chlorhexidine vs control
preparations are presented in Figure 4. Data were available for
meta-analysis from 1 cardiac surgery and 5 non–cardiac sur-
gery studies. There were significant differences in mean du-
ration of mechanical ventilation neither within the single car-

Figure 2. Impact of Chlorhexidine Gluconate Use vs Comparators on Nosocomial Pneumonia in Cardiac Surgery Patients and Ventilator-Associated
Pneumonia in Non–Cardiac Surgery Patients

Weight,
%

Favors
Chlorhexidine

Favors
Control

101.00.1
Risk Ratio (95% CI)

Study or Subgroup

Chlorhexidine

Events Patients

Control

Events Patients
Risk Ratio
(95% CI)

Cardiac Surgery Studies
Open-label Studies

4 270 9 291Houston et al,11 2002 7.70.48 (0.15-1.54)
4 270 9 291 7.7Subtotal 0.48 (0.15-1.54)

Double-blind Studies
3 173 9 180De Riso et al,10 1996 6.30.35 (0.10-1.26)

45 485 74 469Segers et al,12 2006 86.10.59 (0.42-0.83)
48 658 83 649 92.3Subtotal 0.57 (0.41-0.79)

52 928 92 940 100.0Total 0.56 (0.41-0.77)

Non–Cardiac Surgery Studies
Open-label Studies

5 30 18 30Fourrier et al,20 2000 6.40.28 (0.12-0.65)
0 2 1 3Bopp et al,22 2006 0.80.44 (0.03-7.52)
9 40 13 40Jafari et al,19 2007 7.80.69 (0.33-1.43)
5 102 12 105Tantipong et al,24 2008 5.10.43 (0.16-1.17)

14 88 15 83Panchabhai et al,26 2009 8.70.88 (0.45-1.71)
4 71 1 78Berry et al,28 2011 1.44.39 (0.50-38.39)

37 333 60 339 30.2Subtotal 0.61 (0.35-1.04)

Double-blind Studies
32 91 28 88Macnaughton et al,18 2004 13.01.11 (0.73-1.67)
13 114 12 114Fourrier et al,21 2005 7.61.08 (0.52-2.27)
13 127 23 130Koeman et al,23 2006 9.10.58 (0.31-1.09)
16 64 17 69Bellissimo-Rodrigues et al,25 2009 9.81.01 (0.56-1.83)
14 116 12 59Scannapieco et al,27 2009 8.10.59 (0.29-1.20)
12 32 22 34Ozcaka et al,30 2012 11.10.58 (0.35-0.97)
18 28 11 24Meinberg et al,23 2012 11.11.40 (0.84-2.35)

118 572 125 518 69.8Subtotal 0.88 (0.66-1.16)

155 905 185 857 100.0Total 0.78 (0.60-1.02)

All Studies
207 1833 277 1797 100.0Total 0.73 (0.58-0.92)

Size of the data marker corresponds to the relative weight assigned in the
pooled analysis using the Mantel-Haenszel random-effects model. For
open-label cardiac surgery studies, heterogeneity was not applicable; test for
overall effect, z = 1.24 (P = .22). For double-blind cardiac surgery studies,
heterogeneity, τ2 = 0.00; χ2 = 0.60, df = 1 (P = .44); I2 = 0%; test for overall
effect, z = 3.31 (P < .001). For all cardiac surgery studies, heterogeneity,
τ2 = 0.00; χ2 = 0.68, df = 2 (P = .71); I2 = 0%; test for overall effect, z = 3.52
(P < .001); test for subgroup differences, χ2 = 0.07, df = 1 (P = .78); I2 = 0%. For
open-label non–cardiac surgery studies, heterogeneity, τ2 = 0.17; χ2 = 8.27,

df = 5 (P = .14); I2 = 40%; test for overall effect, z = 1.80 (P = .07). For
double-blind non–cardiac surgery studies, heterogeneity, τ2 = 0.06; χ2 = 10.29,
df = 6 (P = .11); I2 = 42%; test for overall effect, z = 0.91 (P = .36). For all
non–cardiac surgery studies, heterogeneity, τ2 = 0.10; χ2 = 21.61, df = 12
(P = .04); I2 = 44%; test for overall effect, z = 1.82 (P = .07); test for subgroup
differences, χ2 = 1.39, df = 1 (P = .24); I2 = 28%. For all studies, heterogeneity,
τ2 = 0.09; χ2 = 26.51, df = 15 (P = .03); I2 = 43%; test for overall effect, z = 2.66
(P = .008); test for subgroup differences, χ2 = 4.56, df = 2 (P = .10); I2 = 56%.
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diac surgery study (mean difference, −0.05 days [95% CI, −0.14
to 0.04 days]), the 5 non–cardiac surgery studies (mean dif-
ference, −0.15 days [95% CI, −2.18 to 1.89 days]; I2 = 51%), nor
among all studies combined (mean difference, 0.01 days [95%
CI, −1.12 to 1.14 days]; I2 = 40%).

Intensive Care Unit Length of Stay
Forest plots for the weighted mean difference in intensive care
unit length of stay are presented in Figure 5. Data were avail-
able for meta-analysis from 1 cardiac surgery and 5 non–
cardiac surgery studies. There were significant differences in
intensive care unit length of stay within neither the single car-
diac surgery study (mean difference, −0.10 days [95% CI, −0.25
to 0.05 days]), the 5 non–cardiac surgery studies (mean dif-
ference, 0.08 days [95% CI, −1.41 to 1.57 days]; I2 = 0%), nor

among all studies combined (mean difference, −0.10 days [95%
CI, −0.25 to 0.05 days]; I2 = 0%).

Hospital Length of Stay
One cardiac surgery and 2 double-blind non–cardiac surgery
studies reported on hospital length of stay.12,25,29 None of the
3 investigations found a significant difference between pa-
tients who received chlorhexidine oral care and controls.

Antibiotic Exposures
Four studies reported on antibiotic exposures. Each used dif-
ferent metrics, however, therefore precluding meta-analysis.
DeRiso et al,10 reporting on a cardiac surgery population, noted
a 43% decrease in nonprophylactic intravenous antibiotics dis-
pensed to patients randomized to chlorhexidine oral care but

Figure 3. Impact of Chlorhexidine Gluconate Use vs Comparators on Mortality

Weight,
%

Favors
Chlorhexidine

Favors
Control

101.00.1
Risk Ratio (95% CI)

Study or Subgroup

Chlorhexidine

Events Patients

Control

Events Patients
Risk Ratio
(95% CI)

Cardiac Surgery Studies
Open-label Studies

6 270 3 291Houston et al,11 2002 32.12.16 (0.54-8.53)
6 270 3 291 32.1Subtotal 2.16 (0.54-8.53)

Double-blind Studies
2 173 10 180De Riso et al,10 1996 29.90.21 (0.05-0.94)
8 485 6 469Segers et al,12 2006 38.11.29 (0.45-3.69)

10 658 16 649 67.9Subtotal 0.56 (0.09-3.40)

16 928 19 940 100.0Total 0.88 (0.25-3.14)

Non–Cardiac Surgery Studies
Open-label Studies

3 30 7 30Fourrier et al,20 2000 1.00.43 (0.12-1.50)
36 102 37 105Tantipong et al,24 2008 12.11.00 (0.69-1.45)
64 88 51 83Panchabhai et al,26 2009 36.31.18 (0.96-1.46)

103 220 95 218 49.5Subtotal 1.06 (0.80-1.41)

Double-blind Studies
36 91 33 88Macnaughton et al,18 2004 12.01.05 (0.73-1.53)
31 114 24 114Fourrier et al,21 2005 7.61.29 (0.81-2.06)
49 127 39 130Koeman et al,23 2006 14.11.29 (0.91-1.81)
16 97 8 49Scannapieco et al,27 2009 2.71.01 (0.46-2.20)
19 32 20 34Ozcaka et al,30 2012 10.21.01 (0.68-1.51)
13 28 9 24Meinberg et al,29 2012 3.91.24 (0.65-2.38)

164 489 133 439 50.5Subtotal 1.15 (0.96-1.38)

267 709 228 657 100.0Total 1.13 (0.99-1.29)

All Studies
283 1637 247 1597 100.0Total 1.13 (0.99-1.28)

Size of the data marker corresponds to the relative weight assigned in the
pooled analysis using the Mantel-Haenszel random-effects model. For
open-label cardiac surgery studies, heterogeneity was not applicable; test for
overall effect, z = 1.09 (P = .27). For double-blind cardiac surgery studies,
heterogeneity, τ2 = 1.26; χ2 = 3.88, df = 1 (P = .05); I2 = 74%; test for overall
effect, z = 0.63 (P = .53). For all cardiac surgery studies, heterogeneity,
τ2 = 0.81; χ2 = 5.71, df = 2 (P = .06); I2 = 65%; test for overall effect, z = 0.19
(P = .85); test for subgroup differences, χ2 = 1.35, df = 1 (P = .24); I2 = 26%. For
open-label non–cardiac surgery studies, heterogeneity, τ2 = 0.02; χ2 = 3.13,

df = 2 (P = .21); I2 = 36%; test for overall effect, z = .40 (P = .69). For
double-blind non–cardiac surgery studies, heterogeneity, τ2 = 0.00; χ2 = 1.44,
df = 5 (P = .92); I2 = 0%; test for overall effect, z = 1.52 (P = .13). For all
non–cardiac surgery studies, heterogeneity, τ2 = 0.00; χ2 = 4.36, df = 8
(P = .82); I2 = 0%; test for overall effect, z = 1.88 (P = .06); test for subgroup
differences, χ2 = 0.22, df = 1 (P = .64); I2 = 0%. For all studies, heterogeneity,
τ2 = 0.00; χ2 = 10.23, df = 11 (P = .51); I2 = 0%; test for overall effect, z = 1.84
(P = .07); test for subgroup differences, χ2 = 1.65, df = 3 (P = .65); I2 = 0%.
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did not report on total antibiotic exposures. Among the 3 stud-
ies that provided data for non–cardiac surgery patients, there
were no significant differences in antibiotic exposures between
patients randomized to chlorhexidine use vs placebo.18,23,27

Discussion
Regular oral care with chlorhexidine is standard of practice for
patients receiving mechanical ventilation in many hospitals.
Our updated review of the evidence, however, suggests that
caution is warranted. Although chlorhexidine does seem to pro-
tect against postoperative lower respiratory tract infections in
cardiac surgery patients, it may not prevent VAP according to
double-blind investigations of non–cardiac surgery patients.
We found no significant difference between chlorhexidine and
placebo with regard to mean duration of mechanical ventila-
tion or intensive care length of stay in either cardiac surgery
or non–cardiac surgery studies. We found a nonsignificant re-
sult of increased mortality with chlorhexidine among non–
cardiac surgery studies.

Possible explanations for the discrepant findings be-
tween cardiac surgery vs non–cardiac surgery studies in-
clude differences in patient populations and differences in the
outcomes tracked by these different studies. Most cardiac sur-
gery patients are extubated in less than 1 day, whereas the mean
duration of mechanical ventilation was 1 to 2 weeks among
non–cardiac surgery patients. Moreover, the pneumonia out-
come in cardiac surgery studies is lower respiratory tract in-
fection, not VAP. Preventing VAP in persistently intubated pa-
tients may be more difficult than preventing postoperative
infections in extubated patients. The endotracheal tube acts
as an ongoing reservoir and conduit for microorganisms into
the lungs and disrupts patients’ normal mechanisms for clear-
ing secretions. It is possible that chlorhexidine oral care may
provide sufficient oral decontamination in extubated pa-
tients but is inadequate to overcome the infectious hazard of
an endotracheal tube.

The possible association between chlorhexidine use and
increased mortality in non–cardiac surgery studies is surpris-
ing. This observation is guarded given that the result is statis-
tically nonsignificant. Nonetheless, given the magnitude of the

Figure 4. Impact of Chlorhexidine Gluconate Use vs Comparators on Mean Duration of Mechanical Ventilation

Weight,
%

Favors
Chlorhexidine

Favors
ControlStudy or Subgroup

Chlorhexidine Control

Mean (SD) Total Mean (SD) Total
Mean Difference

(95% CI)
Cardiac Surgery Studies

Open-label Studies
Subtotal 0 0 Not estimable

Double-blind Studies
Segers et al,12 2006 100.0

100.0Subtotal
0.51 (0.55) 485

485
0.56 (0.78) 469

469
–0.05 (–0.14 to 0.04)
–0.05 (–0.14 to 0.04)

100.0Total 485 469 –0.05 (–0.14 to 0.04)

Non–Cardiac Surgery Studies
Open-label Studies

Fourrier et al,20 2000 5.2
5.2Subtotal

13 (12) 30
30

18 (20) 30
30

–5.00 (–13.35 to 3.35)
–5.00 (–13.35 to 3.35)

100.0Total 353 357 –0.15 (–2.18 to 1.89)

All Studies
838 826 100.0Total 0.01 (–1.12 to 1.14)

–10 5 100
Mean Difference (95% CI)

–5

Double-blind Studies
Fourrier et al,21 2005 28.3
Koeman et al,23 2006 26.1
Scannapieco et al,27 2009 28.1
Ozcaka et al,30 2012 12.3

94.8Subtotal

11.7 (8.7)
9.2 (12)
8.4 (5.2)

9 (8.3)

114
127

50
32

323

10.6 (8.7)
7 (8.1)

9.7 (6.3)
12.3 (11.9)

114
130

49
34

327

1.10 (–1.16 to 3.36)
2.20 (–0.31 to 4.71)

–1.30 (–3.58 to 0.98)
–3.30 (–8.23 to 1.63)

0.13 (–1.90 to 2.17)

Size of the data marker corresponds to the relative weight assigned in the
pooled analysis using inverse variance random-effects model. Because no
open-label cardiac surgery studies measured this outcome, heterogeneity and
test for overall effect were not applicable to this subgroup. For double-blind
cardiac surgery studies, heterogeneity was not applicable; test for overall effect,
z = 1.14 (P = .25). For all cardiac surgery studies, heterogeneity was not
applicable; test for overall effect, z = 1.14 (P = .25); test for subgroup
differences, heterogeneity was not applicable. For open-label non–cardiac
surgery studies, heterogeneity was not applicable; test for overall effect, z = 1.17

(P = .24). For double-blind non–cardiac surgery studies, heterogeneity,
τ2 = 2.28; χ2 = 6.63, df = 3 (P = .08); I2 = 55%; test for overall effect, z = 0.13
(P = .90). For all non–cardiac surgery studies, heterogeneity, τ2 = 2.49;
χ2 = 8.15, df = 4 (P = .09); I2 = 51%; test for overall effect, z = 0.14 (P = .89); test
for subgroup differences, χ2 = 1.37, df = 1 (P = .24); I2 = 27%. For all studies,
heterogeneity, τ2 = 0.71; χ2 = 8.26, df = 5 (P = .14); I2 = 40%; test for overall
effect, z = 0.02 (P = .98); test for subgroup differences, χ2 = 1.38, df = 2
(P = .50); I2 = 0%.
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signal (RR, 1.13), the proximity of the lower limit of the confi-
dence interval to 1 (95% CI, 0.99-1.29), the stepwise increase
in RR estimates with increasing chlorhexidine concentra-
tions, and the potential public health importance of this ob-
servation, we believe that this finding merits careful consid-
eration and further evaluation. One potential explanation is
the possibility that some patients may aspirate small amounts
of chlorhexidine, leading to acute lung injury.31-33 The stud-
ies in our review did not include acute respiratory distress syn-
drome as an outcome, so we have no specific data to confirm
or refute this hypothesis. Of note, however, other investiga-
tors have raised the possibility that microaspiration of oral an-
tiseptics can cause acute respiratory distress syndrome. Seguin
and colleagues,34 for example, observed a 6% rate of acute re-
spiratory distress syndrome among patients randomized to oral
care with povidone-iodine solution vs 0% in patients random-
ized to placebo. Another possible explanation is that chlorhexi-
dine use may interfere with VAP diagnosis by contaminating
respiratory tract specimens and inhibiting pathogen recov-
ery in the laboratory. False-negative VAP diagnoses may lead
to withholding antibiotics. Notably, some investigators have

found that culture-negative VAP is associated with higher mor-
tality rates than culture-positive VAP.35

The lack of clear evidence that adding chlorhexidine to rou-
tine oral care benefits non–cardiac surgery patients should
prompt reexamination of hospital policies mandating its use.
Nursing time for critically ill patients is scarce and precious.
One hospital estimated that nurses spend up to 2 hours per day
per patient providing oral care, including a median (interquar-
tile range) of 20 (10-30) minutes per patient for chlorhexidine
rinses.36 If oral care with chlorhexidine has less impact than
imagined, it might paradoxically be hurting patients by de-
creasing the time, resources, and organizational focus avail-
able for more robust interventions that are more likely to speed
extubation, decrease length of stay, and decrease mortality. In
the case of patients receiving mechanical ventilation, these in-
clude strategies such as minimizing the use of sedatives, co-
ordinating spontaneous breathing trials with spontaneous
awakening trials, early mobilization, conservative fluid man-
agement, conservative red blood cell transfusion strategies, and
low tidal volume ventilation.37-42 Settling agitated patients
using nonpharmacologic means and early mobilization in par-

Figure 5. Impact of Chlorhexidine Gluconate Use vs Comparators on Intensive Care Length of Stay

Weight,
%

Favors
Chlorhexidine

Favors
ControlStudy or Subgroup

Chlorhexidine Control

Mean (SD) Total Mean (SD) Total
Mean Difference

(95% CI)
Cardiac Surgery Studies

Open-label Studies
Subtotal 0 0 Not estimable

Double-blind Studies
Segers et al,12 2006 100.0

100.0Subtotal
1.2 (1.1) 485

485
1.3 (1.3) 469

469
–0.10 (–0.25 to 0.05)
–0.10 (–0.25 to 0.05)

100.0Total 485 469 –0.10 (–0.25 to 0.05)

Non–Cardiac Surgery Studies
Open-label Studies

Fourrier et al,20 2000 2.8
2.8Subtotal

18 (16) 30
30

24 (19) 30
30

–6.00 (–14.89 to 2.89)
–6.00 (–14.89 to 2.89)

100.0Total 353 357 0.08 (–1.41 to 1.57)

All Studies
838 826 100.0Total –0.10 (–0.25 to 0.05)

–10 5 100
Mean Difference (95% CI)

–5

Double-blind Studies
Fourrier et al,21 2005 43.9
Koeman et al,23 2006 15.7
Scannapieco et al,27 2009 31.3
Ozcaka et al,30 2012 6.2

97.2Subtotal

14 (8.5)
13.8 (17.4)

11 (6.8)
12.7 (11.3)

114
127

50
32

323

13.3 (8.8)
12.5 (12.9)
11.3 (6.7)
15.4 (13.5)

114
130

49
34

327

0.70 (–1.55 to 2.95)
1.30 (–2.45 to 5.05)

–0.30 (–2.96 to 2.36)
–2.70 (–8.69 to 3.29)

0.26 (–1.25 to 1.77)

Size of the data marker corresponds to the relative weight assigned in the
pooled analysis using inverse variance random-effects model. Because no
open-label cardiac surgery studies measured this outcome, heterogeneity and
test for overall effect were not applicable to this subgroup. For double-blind
cardiac surgery studies, heterogeneity was not applicable; test for overall effect,
z = 1.28 (P = .20). For all cardiac surgery studies, heterogeneity was not
applicable; test for overall effect, z = 1.28 (P = .20); test for subgroup
differences, heterogeneity was not applicable. For open-label non–cardiac
surgery studies, heterogeneity was not applicable; test for overall effect,

z = 1.32 (P = .19). For double-blind non–cardiac surgery studies, heterogeneity,
τ2 = 0.00; χ2 = 1.55, df = 3 (P = .67); I2 = 0%; test for overall effect, z = 0.34
(P = .74). For all non–cardiac surgery studies, heterogeneity, τ2 = 0.00;
χ2 = 3.40, df = 4 (P = .49); I2 = 0%; test for overall effect, z = 0.11 (P = .91); test
for subgroup differences, χ2 = 1.85, df = 1 (P = .17); I2 = 46%. For all studies,
heterogeneity, τ2 = 0.00; χ2 = 3.46, df = 5 (P = .63); I2 = 0%; test for overall
effect, z = 1.26 (P = .21); test for subgroup differences, χ2 = 1.91, df = 2 (P = .39);
I2 = 0%.
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ticular can require substantial nursing time and effort.
Chlorhexidine also incurs costs, can stain patients’ teeth, and
requires formal procedures for storage and administration be-
cause the US Food and Drug Administration classifies it as a
drug.

It is to be noted that our analysis only pertains to the spe-
cific question of whether adding chlorhexidine to routine oral
care confers additional benefits beyond routine oral care alone.
The studies included in our analysis did not compare oral care
with no oral care. A small number of observational studies sug-
gest that routine oral care may decrease VAP rates compared
with no oral care, but there are few data on its impact on more
objective outcomes.26,43 Nonetheless, there are independent
compelling reasons to provide routine oral care to patients re-
ceiving mechanical ventilation, such as maintaining periodon-
tal health and enhancing patient comfort. Our analysis only sug-
gests that adding chlorhexidine to routine oral care confers little
or no additional benefit in non–cardiac surgery patients.

The discrepancy between chlorhexidine’s possible im-
pact on VAP in open-label studies and lack of impact on VAP
in double-blind trials (and lack of impact on patient-centered
outcomes in either set of trials) serves as a reminder that VAP
is an unreliable outcome for assessing quality of care for pa-
tients receiving mechanical ventilation.44-46 The diagnosis of
VAP is subjective and prone to both false-positive and false-
negative assignments.47 Open-label studies of interventions
to prevent VAP are vulnerable to bias given the broad range of
subjective signs included in VAP definitions and the substan-
tial room permitted by VAP definitions for observer discre-
tion. Alternative metrics such as the US Centers for Disease Con-
trol and Prevention’s new ventilator-associated events
definitions, mean duration of mechanical ventilation, length
of stay, and mortality rates may be more useful outcomes to
follow because they are less prone to bias and help broaden
the focus of prevention activities beyond pneumonia alone.

The findings of this investigation need to be tempered by
limitations of the source data and our analysis. The possible
association between chlorhexidine use and increased mortal-
ity is not statistically significant. Many of the studies in-
cluded in this analysis provided data on only a subset of our
target outcomes. The analyses of chlorhexidine use and du-
ration of mechanical ventilation, intensive care length of stay,

and antibiotic dispensing in particular included data from only
a small fraction of investigations and had wide confidence in-
tervals. There were also broad differences between studies in
country of evaluation, inclusion criteria for enrolling pa-
tients, nursing care protocols for applying chlorhexidine,
chlorhexidine preparation and strength, the use of corollary
measures such as toothbrushing, the time point at which mor-
tality was measured, and methods of seeking and defining
pneumonia that may have increased the heterogeneity of re-
sults and dampened some signals favoring chlorhexidine using
selected strategies in selected patients. Nonetheless, we found
that the raw signals from each study were broadly consistent
with each other, particularly with regard to mortality.

Our findings differ from those of prior meta-analyses.6,7,48

Reasons for discrepancies include the distinctions that we
made between cardiac surgery vs non–cardiac surgery stud-
ies and between open-label vs double-blind investigations, the
restriction of our analysis to studies in adult populations, the
exclusion of studies with outcome data on fewer than 80% of
enrolled patients, and the addition of studies published after
prior meta-analyses were closed. We believe that these dis-
tinctions and additions create a more nuanced picture of the
potential benefits, risks, and limitations of chlorhexidine oral
care.

Conclusions
Routine oral care with chlorhexidine may prevent lower re-
spiratory tract infections in cardiac surgery patients but seems
to be of limited benefit for non–cardiac surgery patients. Meta-
analysis of double-blind investigations suggests that chlorhexi-
dine’s capacity to prevent VAP and improve outcomes is ques-
tionable. Large randomized clinical trials powered to detect a
10% or greater difference in mortality rates are needed to de-
finitively evaluate the safety and benefits of routine oral care
with chlorhexidine. In addition, we suggest that future trials
include acute respiratory distress syndrome as an outcome.
While our findings are not conclusive, they are sufficiently con-
cerning to prompt a reevaluation of policies and initiatives that
encourage or compel hospitals to include chlorhexidine in rou-
tine oral care for non–cardiac surgery patients.
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Invited Commentary

Chlorhexidine-Based Oral Care
and Ventilator-Associated Pneumonia
The Devil in Disguise?
Marc J. M. Bonten, MD, PhD

Ventilator-associated pneumonia (VAP) is among the most fre-
quently occurring infections among critically ill patients, and
its development is associated with poor patient prognosis. As
such, VAP has been an important topic of clinical research in
intensive care medicine, pulmonology, infectious diseases, and
clinical microbiology. Yet, after more than 30 years of clinical
studies on diagnosis, treatment, and prevention, a myriad of
uncertainties remain.

Among the many challenges that confront our efforts to
effectively treat VAP is that there is currently no reliable gold
standard for diagnosis. Diagnosis is essentially based on a com-
bination of clinical symptoms, microbiological test results, and

radiological interpretations.
These criteria, even in com-
bination, are highly subjec-
tive and have suboptimal

specificity. Subjective diagnosis of VAP hampers unbiased
evaluation of the efficacy of preventive measures in un-
blinded studies and increases the risk of assessment bias when
VAP rates are used as a quality metric. Poor specificity of the
diagnosis leads to unnecessary antibiotic use and its associ-
ated harms. Of note, the diagnostic approach with better speci-
ficity, ie, bronchoscopic procedures combined with quantita-
tive microbiological cultures, is hardly used because it is
invasive and expensive.

The other sizable challenge in VAP management is that
the evidence for preventive strategies is less robust than it
appears on first examination. For instance, most guidelines
recommend semirecumbent patient positioning. However,
this recommendation is based on a prematurely interrupted
controlled trial of 87 patients, in which the beneficial effects
of the semirecumbent position could not be separated from
the detrimental effects of continuous gastric feeding in con-
trol patients randomized to a complete supine position.1

The only other randomized trial of this intervention in
intensive care unit (ICU) patients questioned the feasibility
of the 45° position and failed to demonstrate a benefit from
the 30° position.2

Some guidelines also recommend topical antimicrobial
prophylaxis, such as selective decontamination of the diges-
tive tract and selective oropharyngeal decontamination. These
treatments have been associated with statistically significant
reductions in the incidence of VAP in many randomized trials
and with improved patient outcome in settings with low lev-
els of antibiotic resistance.3 Yet, absence of evidence of ben-
efit in settings with higher levels of antibiotic resistance and
fear of selection for antibiotic resistance have prevented wide-
spread adoption of these measures.

There is greater consensus for the use of chlorhexidine glu-
conate oropharyngeal care as a strategy for VAP prevention,
in part because of its perceived safety, both for individual pa-
tients and with respect to avoiding antibiotic resistance. How-
ever, although chlorhexidine is widely used and has been iden-
tified as an important process of high-quality care by the
Institute for Healthcare Improvement, the evidence that it pre-
vents VAP or improves patient outcome is weaker than for se-
lective decontamination.

In this issue of JAMA Internal Medicine, Klompas and
coworkers4 question the effectiveness and safety of chlorhexi-
dine oral care in patients receiving mechanical ventilation in the
ICU. This conclusion is based on the results of a new meta-
analysis of 16 randomized trials evaluating this intervention in
1868 cardiosurgical patients (3 studies) and 1762 intensive care
patients (13 studies). This stratified meta-analysis suggests that
chlorhexidine oral care is effective in cardiosurgery patients,
who generally undergo intubation and ventilation only for short
periods after surgery, but not among intensive care patients, who
generally undergo intubation for a longer period. In the inten-
sive care patients, the authors found only statistically nonsig-
nificant effects on the prevention of VAP; in open-label trials the
summary risk ratio (RR) was 0.61 (95% CI, 0.35-1.04) and in
double-blind trials the RR was 0.88 (95% CI, 0.66-1.16). Fur-
thermore, there was a statistically nonsignificant result of in-
creased mortality among intensive care patients randomized to
receive chlorhexidine oral care (RR, 1.13 [95% CI, 0.99-1.29]), with
some evidence of a dose-response effect.
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