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M ILLIONS of patients undergo mechanical ventilation 
in intensive care units throughout the world yearly. 

Recent estimates suggest that these numbers will only increase.1 
These patients are exposed, among other risks, to the one of 
ventilator-associated pneumonia, the most frequent life-threat-
ening nosocomial infection.2,3 Bacterial oropharyngeal coloni-
zation is the first recognized step toward tracheal colonization, 
which subsequently leads to ventilator-associated pneumonia. 
This has stemmed from many studies evidencing the tempo-
ral and microbiologic relationship between oropharyngeal and 
tracheal colonization and ventilator-associated pneumonia.4–6

Editor’s Perspective

What We Already Know about This Topic

• Chlorhexidine is frequently used to reduce oropharyngeal 
bacterial colonization in mechanically ventilated patients. How 
effective the drug is remains unclear.

What This Article Tells Us That Is New

• Bacterial colonization was evaluated in 30 mechanically ventilated 
patients before and after application of 0.12% chlorhexidine.

• Chlorhexidine did not reduce colonization and may, therefore, 
be less effective than previously assumed.
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ABSTRACT

Background: Oropharyngeal care with chlorhexidine to prevent ventilator-associated pneumonia is currently questioned, and 
exhaustive microbiologic data assessing its efficacy are lacking. The authors therefore aimed to study the effect of chlorhexidine 
mouthwash on oropharyngeal bacterial growth, to determine chlorhexidine susceptibility of these bacteria, and to measure 
chlorhexidine salivary concentration after an oropharyngeal care.
Methods: This observational, prospective, single-center study enrolled 30 critically ill patients under mechanical ventilation 
for over 48 h. Oropharyngeal contamination was assessed by swabbing the gingivobuccal sulcus immediately before apply-
ing 0.12% chlorhexidine with soaked swabs, and subsequently at 15, 60, 120, 240, and 360 min after. Bacterial growth and 
identification were performed, and chlorhexidine minimal inhibitory concentration of recovered pathogens was determined. 
Saliva was collected in 10 patients, at every timepoint, with an additional timepoint after 30 min, to measure chlorhexidine 
concentration.
Results: Two hundred fifty bacterial samples were analyzed and identified 48 pathogens including Streptococci (27.1%) 
and Enterobacteriaceae (20.8%). Oropharyngeal contamination before chlorhexidine mouthwash ranged from 103 to 
107 colony-forming units (CFU)/ml in the 30 patients (median contamination level: 2.5·106 CFU/ml), and remained 
between 8·105 (lowest) and 3·106 CFU/ml (highest count) after chlorhexidine exposure. These bacterial counts did 
not decrease overtime after chlorhexidine mouthwash (each minute increase in time resulted in a multiplication of 
bacterial count by a coefficient of 1.001, P = 0.83). Viridans group streptococci isolates had the lowest chlorhexidine 
minimal inhibitory concentration (4 [4 to 8] mg/l); Enterobacteriaceae isolates had the highest ones (32 [16 to 32] 
mg/l). Chlorhexidine salivary concentration rapidly decreased, reaching 7.6 [1.8 to 31] mg/l as early as 60 min after 
mouthwash.
Conclusions: Chlorhexidine oropharyngeal care does not seem to reduce bacterial oropharyngeal colonization in critically 
ill ventilated patients. Variable chlorhexidine minimal inhibitory concentrations along with low chlorhexidine salivary con-
centrations after mouthwash could explain this ineffectiveness, and thus question the use of chlorhexidine for ventilator-
associated pneumonia prevention. (Anesthesiology 2018; 129:1140-8)
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This universal understanding of the pathophysiology of 
ventilator-associated pneumonia has formed the basis of oro-
pharyngeal decontamination. Three distinct classes of agents 
including nonabsorbable antibiotics,7–10 antiseptics (mainly 
chlorhexidine),11–20 and natural antimicrobial peptides21 have 
been evaluated in several studies, providing very heterogeneous 
results. Factors that explain this variability include patient 
case mix (with a greater efficacy of oropharyngeal decon-
tamination in surgical patients14,17), differences in classes of 
agents, and for each class, parameters such as concentration 
(for chlorhexidine), frequency and method of administra-
tion, and the potential combination with systemic antibiot-
ics (for selective oropharyngeal decontamination). Although 
oropharyngeal decontamination with antibiotics seems more 
effective than with antiseptics, the development of antibiotic 
resistance has limited its widespread use.8 Hence, in a major-
ity of countries, chlorhexidine is the most commonly used 
agent,22,23 and its effect on ventilator-associated pneumonia 
prevention has been evaluated in many studies.11–20 Several 
meta-analyses of these studies have been published with con-
flicting results. Some recent ones14,17 indicate that chlorhexi-
dine reduces incidence of nosocomial pneumonia in cardiac 
surgery patients, but does not in others. This has led some to 
question the use of chlorhexidine in this patient population.17 
Paradoxically, direct microbiologic assessment of chlorhexi-
dine on oropharyngeal bacterial colonization, at the patient’s 
bedside, is lacking.24 Thus, we aimed to study chlorhexidine 
oral care effects on oropharyngeal bacterial microbiota, as well 
as the susceptibility of oropharyngeal strains to chlorhexidine, 
and measure residual chlorhexidine salivary concentration 
in a subset of patients. We hypothesized that oropharyngeal 
bacterial inoculums might not be affected by chlorhexidine 
exposure, and that chlorhexidine salivary concentration would 
rapidly decrease after its administration.

Materials and Methods

Study Design
This observational, single-center study was conducted in a 
12-bed university hospital, medicosurgical intensive care 
unit. Consecutive critically ill patients admitted to the inten-
sive care unit, receiving invasive mechanical ventilation for 
more than 48 h were included. For technical and organiza-
tional reasons, screening was only possible during weekdays. 
Noninclusion criteria were the following: cervical or mouth 

surgery in the last 15 days; history of oropharyngeal neo-
plasm, or of cervical or oropharyngeal radiation therapy; 
tracheotomy; and age less than 18 yr. In order to be able 
to detect a significant decrease in bacterial growth, patients 
whose samples retrieved less than 103 CFU/ml bacteria 
before chlorhexidine care were secondarily excluded, as were 
those who had two or more missing microbiologic samples. 
Demographic and clinical data were recorded.

Chlorhexidine Oral Care
All patients under invasive mechanical ventilation had 
protocol-driven full oral care with 0.12% chlorhexidine 
solution (Paroex, chlorhexidine digluconate 0.12%; Lich-
tenheldt GMBH, Germany) every 6 h.15,25 The procedure 
included a first oropharyngeal swab (dry swab; DaklaPack, 
the Netherlands) in the lower gingivobuccal sulcus, to detect 
and quantify initial bacterial inoculum. This first swab was 
always performed after the night shift’s last oral care and 
just before the day shift performed its first oral care so as to 
assess the maximal level of bacterial colonization. Once the 
swabbing was completed and immediately delivered to the 
microbiology laboratory for analysis, the oral care consisted 
of applying 15 ml chlorhexidine with soaked compresses on 
the teeth, gums, gingival mucosa, palate, and tongue, with a 
movement from back to front. No rinsing of the mouth was 
performed after the oral care.

Subsequent swabs were sampled immediately, and at 15, 
60, 120, 240, and 360 min after the oral care. For the last 10 
patients, 0.5 ml of saliva was collected with a syringe in the 
lower gingivobuccal sulcus, at 15, 30, 60, 120, 240, and 360 
min after the oral care. These samples were then stored at 
–20°C in conical centrifuge tubes (Nunc; Thermo Scientific, 
France) for subsequent chlorhexidine-concentration mea-
surement. Every single oral care was reported on the daily 
patient chart.

Microbiologic Study
Upon reception, swabs were discharged into 0.5 ml of sterile 
water. Then, samples were diluted to 1/1,000, and 100 μl of 
this dilution was plated with a rake onto three agar plates: 
chromogenic agar (UriSelect; Biorad, France), Drigalski 
agar (Sigma-Aldrich, France), and chocolate agar + PolyViteX 
(BioMérieux, France). All plates were incubated aerobically at 
37°C, with an additional 5% CO2 for the chocolate agar. After 
24 h of incubation, the total bacterial count of a sample was 
counted from the nonselective chocolate agar plate. Quantifi-
cation of Gram-negative and Gram-positive bacteria was also 
performed from the three agar plates. Only the two dominant 
pathogens were stored at –80°C in glycerol media.

Chlorhexidine minimal inhibitory concentrations of dom-
inant pathogens of each patient were determined using the 
broth microdilution method recommended by the Clinical 
and Laboratory Standards Institute (Wayne, Pennsylvania).26 
Strains were cultured in 10 ml of brain heart infusion broth 
(Sigma-Aldrich, France) in conical centrifuge tubes (Nunc; 

France (B.L.C., A.-C.M., J.M., T.B.-P., C.B., L.L., D.D., L.M., J.-D.R.); 
Assistance Publique Hôpitaux de Paris, Louis Mourier Hospital, 
Microbiology Laboratory, Colombes, France (A.-C.M., T.B.-P., C.B., 
L.L.,); Assistance Publique Hôpitaux de Paris, Hôpital Bichat, Clini-
cal Research Unit Paris Nord, Paris, France (F.D.); National Institute 
of Health and Medical Research, Clinical Epidemiology and Eco-
nomic Evaluation Applied to Vulnerable Populations, Joint Research 
Unit 1123, Paris, France (F.D.); Université Paris Diderot, Clinical Epi-
demiology and Economic Evaluation Applied to Vulnerable Popula-
tions, Joint Research Unit 1123, Sorbonne Paris Cité, Paris, France 
(F.D.); and Assistance Publique Hôpitaux de Paris, Hôpital Bichat, 
Clinical Pharmacology and Toxicology, Paris, France (L.M.).
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Thermo Scientific, France), and incubated for 18 h at 37°C 
under agitation (200 rotations per min). Streptococcus and 
Haemophilus strains were cultured using Haemophilus Test 
Medium supplement (Oxoid S.A., France) in a carbon diox-
ide humidified incubator. After 18 h incubation, each culture 
was diluted to 1/1,000 in blood heart infusion broth (with 
addition of Haemophilus Test Medium supplement for Strep-
tococcus and Haemophilus strains). Then, 90 μl of each diluted 
culture was added to 10 μl of chlorhexidine solution, at differ-
ent concentrations (0.25 to 256 mg/l), in 96-well microplates 
(Corning Inc., USA). The microplates were incubated at 37°C 
aerobically (in a carbon dioxide humidified incubator for 
Streptococcus strains). Minimal inhibitory concentration was 
read at 24 h. The experiment was repeated three times.

Chlorhexidine Salivary Concentration Study
We determined salivary chlorhexidine concentration for the 
last 10 patients (February to April 2016). The samples were 
analyzed by high-pressure liquid chromatography.27 Sputasol 
(Oxoid S.A.) was used at the extraction phase to optimize the 
saliva fluidization: 100 μl of Sputasol was added to 200 μl of 
saliva. Then, 300 μl of 4.5 M sodium hydroxide and 400 μl 
of acetonitrile were added. The obtained sample was vortex-
mixed and centrifuged for 1 min at 14,000 rpm. Then, 200 
μl of the organic phase was transferred into a dry tube and 
mixed with 370 μl of the mobile phase buffer component. 
A 20-μl aliquot was injected into the high-pressure liquid 
chromatography system. A Nova-Pak C18 column (4 μm, 
3.9 mm × 150 mm; Waters, France) was used, with a flow rate 
of 0.8 ml/min. Chlorhexidine was detected at 260 nm. The 
chromatographic chain was piloted and the peaks determined 
using the Empower 2 software (Waters). Calibration range 
and quality controls were prepared in saliva (Saliva, Artificial 
Oral Fluid, OraFlex; LGC, England). The range was between 
0.5 and 50 mg/l (0.5, 1, 2, 5, 10, 20, 30, 50). Any sample 
concentration greater than the range was diluted in order to 
allow for chlorhexidine concentration measurement.

Ethics
The Ethics Committee of the French Intensive Care Soci-
ety (Paris, France) approved the study (n°13-41). Informed 
consent was not requested due to the purely observational 
design of our study leading to a waiver of informed consent. 
Patients and/or family were, however, informed of the study, 
its purpose and objectives. The study was registered at clini-
caltrial.gov (NCT03290105).

Statistical Analysis
The prespecified and a priori defined primary outcome was 
the reduction in total colony-forming units (CFU) over time 
after chlorhexidine exposure. An a priori effect size was dif-
ficult to define due to lack of sufficiently precise previous data 
in the literature on which to base the calculation. We had no 
same or largely overlapping data sets previously examined for 
similar outcome measures by our group. Descriptive statistics 

were analyzed with GraphPad Prism 7 (GraphPad Software, 
USA), and the mixed model analysis was carried out using 
SAS version 9.3 (SAS Institute, USA). Results are presented as 
the median and range for quantitative variables, or frequency 
and proportion for categorical variables. We investigated 
temporal changes in total colony-forming unit per milliliter 
values, using a linear mixed model to take into account that 
multiple samples came from individual patients.28 As colony-
forming unit per milliliter data were not normally distributed, 
they were transformed using the natural logarithmic trans-
formation model. A model with time (baseline, 15, 30, 60, 
120, 240, and 360 min), as the repeated-measures factor was 
constructed. Subjects’ identification was included as a ran-
dom effect to account for the variability due to individual 
differences between subjects. The interaction of time with 
(1) mono- or polymicrobial status and (2) isolates’ genus was 
also assessed to test whether time courses of the CFU differed 
between mono- and polymicrobial samples and between types 
of isolates, respectively. We selected the unstructured covari-
ance based on the Akaike information criterion. Normality 
and homoscedasticity of the residuals were examined using 
graphical methods. Secondary outcomes were the microbio-
logic analysis of patients’ oropharyngeal colonization, mini-
mal inhibitory concentrations of oropharyngeal bacteria to 
chlorhexidine, and chlorhexidine salivary concentration. 
Hypothesis testing was two-tailed. There was no post hoc test-
ing. A P value < 0.05 was considered statistically significant.

Results

Patients
One hundred sixty-eight consecutive patients were admitted 
to our intensive care unit during the 16-week study period 
(January to March 2014, and February to April 2016; see 
patient flow chart, fig. 1 in the Supplemental Digital Con-
tent, http://links.lww.com/ALN/B787). Of these, 44 were 

Fig. 1. Evolution of the total inoculum of oropharyngeal isolates, 
for each patient, at the different timepoints. Results are ex-
pressed as means and range. There was no significant change 
in the total inoculum of oropharyngeal isolates over time. CFU, 
colony-forming units; T, timepoints, followed by the elapsed 
minutes since the beginning of the oropharyngeal care.
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ventilated for more than 48 h, and 34 patients were included. 
Four patients had at least one exclusion criterion. Character-
istics of the remaining 30 patients are displayed in table 1. 
Median age was 63 yr [52 to 71], with a median Simpli-
fied Acute Physiology Score II of 52 [45 to 73]. Twenty-six 
patients (86.7%) had antibiotics at time of inclusion. These 
mainly included a third-generation cephalosporin (nine 
patients), or amoxicillin (either alone [five patients], or in 
combination with clavulanic acid [three patients]). Eight 
patients ultimately developed ventilator-associated pneumo-
nia (including five with diverse Enterobacteriaceae and three 
with Pseudomonas aeruginosa pneumonia). For each patient, 
bacteria responsible for ventilator-associated pneumonia 
were those documented in the oropharyngeal samples.

Microbiology of Oropharyngeal Colonization
Two hundred fifty samples were collected from the 30 patients. 
Forty-eight oropharyngeal isolates were identified. These were 
mainly streptococci (27.1%) and Enterobacteriaceae (20.8%; 
table 2). Twelve oropharyngeal samples were monomicrobial 

(six viridans group streptococci, three P. aeruginosa, one Staph-
ylococcus haemolyticus, one Escherichia coli, one Achromobacter 
xylosoxidans), and 18 were polymicrobial.

Changes over Time of Oropharyngeal Bacterial Growth 
before and after Chlorhexidine Exposure
There were no significant differences in bacterial inoculum 
per patient over time (fig. 1). Indeed, bacterial counts before 
chlorhexidine mouthwash did not decrease over time (each 
minute increase in time resulted in a multiplication of bacterial 
count by a coefficient of 1.001, P = 0.83). Median count before 
chlorhexidine exposure was 2.5·106 CFU/ml and remained 
between 8·105 and 3·106 CFU/ml after chlorhexidine expo-
sure (figs. 1 and 2 in the Supplemental Digital Content, http://
links.lww.com/ALN/B787). The median inoculum of the 12 
monomicrobial samples (2·106 to 5·105 CFU/ml, with a nadir 
of 4·105 CFU/ml 240 min after oral care) showed no signifi-
cant variations versus that of the 18 polymicrobial ones (2·106 
to 1·106 CFU/ml with a nadir of 1·106 CFU/ml 60 min after 
oral care, P = 0.7). No significant changes in bacterial growth 
were observed for any of the different genera of isolated strains 
(fig. 2). Regarding the species or strains for which oral care led 
to an initial bacterial count (albeit statistically nonsignificant) 
decrease, this decrease did not exceed one log, and bacterial 
regrowth was observed very rapidly afterward.

Minimal Inhibitory Concentrations of Oropharyngeal 
Bacterial to Chlorhexidine
Enterobacteriaceae had the highest chlorhexidine minimal 
inhibitory concentration (32 [16 to 32] mg/l, table  2). 
Of note, even the bacteria exhibiting the lowest minimal 

Table 1. Patient Characteristics

Characteristics Total, n = 30

Age (yr) 63 [52–71]
Male sex, n (%) 23 (76.7)
Comorbid conditions, n (%)  
  Neoplastic disease 4 (13.3)
  Cirrhosis 2 (6.7)
  Chronic kidney disease 4 (13.3)
  Dialysis 1 (3.3)
  COPD 6 (20)
  HIV 2 (6.7)
  Chronic heart failure 7 (23.3)
  Chronic alcohol consumption 9 (30)
Reason for ICU admission, n (%)  
  Acute respiratory failure 15 (50)
  Coma 6 (20)
  Septic shock 7 (23.3)
  Cardiogenic shock 2 (6.7)
SAPSII 52 [45–73]
Ongoing exposure to antibiotic therapy, n (%) 26 (86.7)
  Amoxicillin, n 5
  Amoxicillin-clavulanate, n 3
  Piperacillin, n 2
  Piperacillin-tazobactam, n 2
  Third generation cephalosporin, n 9
  Azole, n 3
  Aminoglycoside, n 6
  Carbapenem, n 3
Median time between intubation and inclusion, days 4 [3–7]
Median duration of ventilation, days 11 [8–20]
Median length of ICU stay, days 12 [9–23]
ICU mortality, n (%) 5 (16.7)

Data are presented as n (%) or median [interquartile range], unless other-
wise stated. 
COPD, chronic obstructive pulmonary disease; HIV, human immunodefi-
ciency virus; ICU, intensive care unit; SAPSII, Simplified Acute Physiology 
Score II. 

Table 2. Oropharyngeal Isolates Characteristics

Oropharyngeal Isolates
Isolates,  
n = 48

CHX MIC  
(mg/l)

Viridans group streptococci 13 (27.1) 4 [4–8]
Staphylococci 8 (16.7) 24 [14–32]
  Staphylococcus haemolyticus 7 32 [12–32]
  Staphylococcus aureus 1 16
Enterococci 8 (16.7) 16 [7–20]
  Enterococcus faecalis 7 16 [12–24]
 Enteroccoccus  faecium 1 4
Enterobacteriaceae 10 (20.8) 32 [16–32]
  Escherichia coli 4 24 [12–32]
 Enterobacter  cloacae 2 16 [16-16]
 Proteus  mirabilis 2 48 [40–56]
 Proteus  vulgaris 1 32
 Hafnia  alvei 1 32
Nonfermenting Gram-negative  

pathogens
7 (14.6) 16 [12–24]

  Pseudomonas aeruginosa 6 16 [10–16]
  Achromobacter xylosoxidans 1 32
Haemophilus influenzae 1 (2.1) 16
Branhamella catarrhalis 1 (2.1) 16

Data regarding isolates are presented as n (%) and data regarding CHX 
MIC as median [interquartile range].
CHX, chlorhexidine; MIC, minimal inhibitory concentration.
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inhibitory concentration to chlorhexidine (4 [4 to 8] mg/l) 
were not affected by chlorhexidine exposure: inoculum of 
viridans group streptococci isolates varied from 1·106 to 
5·105 CFU/ml at the minimum and again reached 1·106 
CFU/ml 240 min after the oral care.

Chlorhexidine Salivary Concentration
For the 10 patients whose salivary chlorhexidine concen-
tration were measured, the median salivary chlorhexidine 
concentration reached a maximum of 47 [19 to 61] mg/l, 
15 min after administration, and then dropped to 7.6 [1.8 
to 31] mg/l as early as 60 min after the oropharyngeal 
chlorhexidine care. It gradually decreased thereafter, reaching 
2.95 mg/l 360 min after the mouth rinse (fig. 3, P < 0.0001). 
This was associated with the persistence of a strong oropha-
ryngeal bacterial inoculum, between 105 and 107 CFU/ml.

discussion
Although a few studies have dealt with chlorhexidine effect 
on oropharyngeal colonization,29–34 this study included an 

evaluation of the kinetics of oropharyngeal bacterial coloni-
zation minutes and hours following chlorhexidine admin-
istration, and measuring chlorhexidine oral concentration 
in critically ill patients. More precisely, most of the studies 
dealing with chlorhexidine effect on oropharyngeal coloni-
zation did not quantify oropharyngeal inoculums,30,33,34 or 
controlled them only once, several hours or days after the 
oral care.29,31,32

Results can be summarized as follows: (1) there was no 
significant change in median bacterial counts after a stan-
dard 0.12% chlorhexidine oropharyngeal care; (2) this result 
was found irrespective of the bacterial genus involved; (3) 
even strains with a low minimal inhibitory concentration to 
chlorhexidine, such as viridans group streptococci, were not 
affected by 0.12% chlorhexidine; and (4) the chlorhexidine 
salivary concentration rapidly decreased after its adminis-
tration during oropharyngeal care. Taken together, these 
results suggest that 0.12% chlorhexidine may have almost 
no efficacy in vivo on oropharyngeal colonization. These 
results question the use of chlorhexidine to prevent ventila-
tor-associated pneumonia and provide some explanation for 
the negative results of chlorhexidine on ventilator-associated 
pneumonia prevention.14,17

Chlorhexidine oral care is widely used to prevent ventila-
tor-associated pneumonia.22 Yet meta-analyses have yielded 
discordant results on its effectiveness.11–20 The major prob-
lem of these analyses is that studies included heterogeneous 
categories of patients and very heterogeneous practices in 
terms of frequencies of oral care, chlorhexidine concentra-
tions (from 0.12 to 2%), and modes of antiseptic adminis-
tration (mouthwash, dental paste, swabbing of the mucous 
membranes), that together question the reliability of the 
findings. Moreover, chlorhexidine seems to be effective to 
prevent nosocomial pneumonia only among cardiac sur-
gery patients.17 In addition, the vast majority of patients 
included in the three studies after cardiac surgery were intu-
bated less than 48 h. Therefore, one cannot make conclu-
sions about the long-term effect of chlorhexidine in patients 
ventilated for longer periods. Interestingly, the analysis of 

Fig. 2. Bacterial growth of the different genus of isolated strains, at the different timepoints. Timepoints are expressed as T, fol-
lowed by the elapsed minutes since the beginning of the oropharyngeal care. Results are expressed as means and range. There 
was no significant change in bacterial growth of the different genera of isolated strains over time. CFU, colony-forming units.

Fig. 3. Chlorhexidine (CHX) salivary concentration at the dif-
ferent timepoints. Timepoints are expressed as T, followed 
by the elapsed minutes after the oropharyngeal care. Results 
are expressed as means and range. There was a significant 
change in chlorhexidine over time.
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the 13 studies focusing on medical patients only did not 
find any effect of chlorhexidine on prevention of ventila-
tor-associated pneumonia.17 This suggests that the positive 
effect of chlorhexidine reported by some studies is biased 
by the short duration of ventilation. Importantly, a non-
significant trend toward an increased mortality in patients 
randomized to chlorhexidine use was noted (risk ratio, 
1.13 [95% CI, 0.99 to 1.28]).17 Another meta-analysis 
reported a significant increased mortality in patients ran-
domized to chlorhexidine use (odds ratio, 1.25 [95% CI, 
1.05 to 1.50]), possibly related to microaspirations of small 
amounts of chlorhexidine, leading to acute lung injury.16 
Finally, a very recent study also found that exposure to 
chlorhexidine oral care was associated with increased risk of 
death (odds ratio, 2.61 [95% CI, 2.32 to 2.92]).35 Thus, the 
use of chlorhexidine remains debated, with some societies 
having withdrawn chlorhexidine use from their recommen-
dations,36–38 while others have funded a large international 
multicenter study to evaluate the benefits of chlorhexidine 
2% oral care.39

Surprisingly, chlorhexidine has been broadly used for 
decades in the intensive care unit without prior evaluation 
of its antibacterial efficacy and its persistence in significant 
concentrations in the oropharynx of critically ill patients. 
Most of the only available data can be found for odonto-
logical outpatients,40 who are obviously very different from 
mechanically ventilated intensive care unit patients.41 Our 
results clearly indicate the persistence of a high oropharyn-
geal bacterial inoculum in intubated patients, despite well-
conducted chlorhexidine oral care. This raises the question: 
Why could chlorhexidine be ineffective? Reported minimal 
inhibitory concentration levels of chlorhexidine for Entero-
bacteriaceae and staphylococci were respectively around 4 
and 1 to 2 mg/l.42,43 These figures are considerably lower 
than those measured in our study (respectively, 32 [16 to 
32] and 24 [14 to 32] mg/l). Two non–mutually exclusive 
explanations may be brought forward for our observations: 
decreased bacterial susceptibility to chlorhexidine and insuf-
ficient concentrations at the site of interest. At the indi-
vidual level, oropharyngeal isolates, repetitively exposed 
to chlorhexidine, develop resistance to chlorhexidine. This 
phenomenon has been suggested to occur at least in vitro: 
Kitagawa et al. described an increase of Enterococcus faeca-
lis chlorhexidine minimal inhibitory concentration after 
repeated exposure to chlorhexidine, due to a change in pro-
tein expression profiles.44 After repeated passages in media 
containing increasing chlorhexidine concentrations, Braou-
daki and Hilton observed an increase of E. coli O157’s mini-
mal inhibitory concentration from 4 to 512 μg/ml.45 At the 
population level, one may hypothesize that over the years, 
E. coli’s susceptibility to chlorhexidine has changed, with 
bacteria becoming more resistant. We indeed have recently 
described very different chlorhexidine susceptibility patterns 
in E. coli isolates responsible for pneumonia in ventilated 
patients.46 Decreasing chlorhexidine susceptibility has also 

been described for Staphylococcus aureus isolates, after an 
increase in the use of chlorhexidine in oncology and cardiac 
surgery pediatric patients between 2001 and 2011.47,48

The conflicting results on chlorhexidine efficacy reported 
in the different meta-analyses obviously question the sali-
vary availability of chlorhexidine. Surprisingly, we found 
no data reporting values for chlorhexidine salivary concen-
trations in critically ill ventilated patients. To address this 
point, we measured salivary chlorhexidine concentration in 
the last 10 patients. The reason chlorhexidine concentra-
tions were not measured in all patients relates to the delay 
in establishing the appropriate high-pressure liquid chro-
matography setup. Our measurements are consistent with 
those performed in healthy volunteers and nonventilated 
patients, which reported very low chlorhexidine concen-
trations early after chlorhexidine oral care.49,50 Our results 
indicate a very rapid drop in chlorhexidine salivary con-
centration as early as 60 min after the oral care (reaching a 
low of 7.6 mg/l), which is lower than most of the bacteria 
minimal inhibitory concentration we found. A possible 
explanation for the rapid decrease could be chlorhexidine 
absorption to mucin, and partly to albumin in saliva.51 
Hence, a too rapid a drop in chlorhexidine oropharyn-
geal concentrations may explain its antimicrobial ineffec-
tiveness. Moreover, as previously discussed, subinhibitory 
chlorhexidine concentrations may contribute to the devel-
opment of chlorhexidine resistance in oropharyngeal 
pathogens.

We recognize our study has a few limitations. First, it was 
not controlled. However, the main objective was to assess 
chlorhexidine oral care effects on oropharyngeal bacterial 
microbiota, and to try to unravel its reported ineffective-
ness rather than to compare it to another agent. Second, the 
number of included patients could be regarded as small, in a 
single-center study. Thus, results might not be generalizable, 
reflecting the habits and bacterial ecology of this intensive 
care unit. The results do, however, represent 250 bacterial 
samples that consistently showed high persistent oropharyn-
geal bacterial inoculum, despite well-conducted chlorhexi-
dine oral care. It is thus highly unlikely that a larger number 
of patients would have yielded very different results. We 
deliberately chose to include only those patients ventilated 
for more than 48 h because we wished to assess chlorhexidine 
efficacy in established oropharyngeal colonization. Whether 
or not oral care with chlorhexidine prevents oropharyngeal 
colonization from occurring was not directly assessed in the 
present study. It could be hypothesized that initial bacte-
rial inoculums were much higher than those we measured, 
and that chlorhexidine just maintained the level of bacteria. 
However, all our patients received chlorhexidine oral care 
from the beginning of  their intensive care unit admission. 
The fact that all 30 patients had a very high level of oro-
pharyngeal colonization by day 3 suggests that chlorhexi-
dine was indeed not able to prevent colonization from 
occurring. Moreover, had chlorhexidine been effective, one 
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would have expected significant changes in bacterial levels, 
in parallel with variations in chlorhexidine concentrations. 
We believe that the stability of bacterial counts suggests 
that chlorhexidine exposure was ineffective. Third, we used 
0.12% chlorhexidine, which is not the highest chlorhexidine 
concentration available, but the highest in France at the time 
of the study.15,17 One might conclude that our results might 
not be generalizable for other chlorhexidine concentrations. 
However, stronger solutions of chlorhexidine are not avail-
able worldwide, and they are known to be poorly tolerated, 
causing oral mucosa lesions, because of cytotoxicity.39,52,53

Providing exhaustive, longitudinal, fully quantitative 
(and not semiquantitative as in most studies) bacterial cul-
tures in parallel with assays of chlorhexidine salivary concen-
tration is a definite strength of our study. What alternatives 
can be proposed to clinicians that would envisage aban-
doning chlorhexidine? Unfortunately, evidence regarding 
the efficacy of existing alternatives to chlorhexidine mouth 
rinse is insufficient.20 Hence, new approaches need to be 
developed. We have recently shown that proanthocyanidins 
extracted from cranberry had the ability to decrease bacterial 
adhesion to fresh human buccal epithelial cells and that in 
an animal model, they decreased the virulence of pathogens 
responsible for ventilator-associated pneumonia.54 They may 
be an interesting alternative that obviously requires clinical 
demonstration of their potential benefit.

Conclusions
To summarize, we showed that, despite its broad use, 0.12% 
chlorhexidine has almost no effect on oropharyngeal bacterial 
microbiota in patients requiring invasive mechanical ventila-
tion for more than 48 h, even on strains exhibiting low mini-
mal inhibitory concentrations. High oropharyngeal bacterial 
inoculums persist, and chlorhexidine salivary concentration 
rapidly decreases below bacteria minimal inhibitory concen-
trations to chlorhexidine. These results may partly explain 
why ventilator-associated pneumonia rates remain above 10 
to 15% in intensive care unit patients, despite application 
of dedicated bundles.25,55 Given the number of patients that 
routinely receive oral care with chlorhexidine, our results 
have major and immediate clinical and economical reper-
cussions since they directly question the pertinence of using 
chlorhexidine in this indication, and provide some explana-
tions for the divergent results of studies on ventilator-associ-
ated pneumonia prevention with chlorhexidine.

Acknowledgments
The authors wish to thank Annie Auclerc, laboratory tech-
nician, Assistance Publique Hôpitaux de Paris, Louis Mouri-
er Hospital, Microbiology Unit, Colombes, France; Noémie 
Zucman, M.D., Florian Chevillon, M.D., and Louise Bonnin 
M.D., Assistance Publique Hôpitaux de Paris, Louis Mou-
rier Hospital, Medico-surgical Intensive Care Unit; and all 
the technicians of the microbiology laboratory at Assistance 
Publique Hôpitaux de Paris, Louis Mourier Hospital, Micro-
biology Laboratory, for their help and technical assistance.

Research Support
Support was provided solely from institutional and/or de-
partmental sources.

Competing Interests
The authors declare no competing interests.

Correspondence
Address correspondence to Prof. Ricard: Service de Réani-
mation Médico-Chirurgicale, 178 rue des Renouillers, 92700, 
Colombes, France. jean-damien.ricard@aphp.fr. Information 
on purchasing reprints may be found at www.anesthesiol-
ogy.org or on the masthead page at the beginning of this 
issue. ANESTHESIOLOGY’s articles are made freely accessible to 
all readers, for personal use only, 6 months from the cover 
date of the issue.

References
 1. Zilberberg MD, Wit M de, Shorr AF: Accuracy of previous 

estimates for adult prolonged acute mechanical ventilation 
volume in 2020: Update using 2000–2008 data. Crit Care Med 
2012; 40:18–20

 2. Hunter JD: Ventilator associated pneumonia. BMJ 2012; 
344:e3325

 3. Melsen WG, Rovers MM, Groenwold RH, Bergmans DC, 
Camus C, Bauer TT, Hanisch EW, Klarin B, Koeman M, 
Krueger WA, Lacherade JC, Lorente L, Memish ZA, Morrow 
LE, Nardi G, van Nieuwenhoven CA, O’Keefe GE, Nakos G, 
Scannapieco FA, Seguin P, Staudinger T, Topeli A, Ferrer M, 
Bonten MJ: Attributable mortality of ventilator-associated 
pneumonia: A meta-analysis of individual patient data from 
randomised prevention studies. Lancet Infect Dis 2013; 
13:665–71

 4. Johanson WG, Pierce AK, Sanford JP: Changing pharyngeal 
bacterial flora of hospitalized patients. Emergence of gram-
negative bacilli. N Engl J Med 1969; 281:1137–40

 5. Johanson WG Jr, Pierce AK, Sanford JP, Thomas GD: 
Nosocomial respiratory infections with gram-negative bacilli. 
The significance of colonization of the respiratory tract. Ann 
Intern Med 1972; 77:701–6

 6. Dreyfuss D, Djedaïni K, Gros I, Mier L, Le Bourdellés G, 
Cohen Y, Estagnasié P, Coste F, Boussougant Y: Mechanical 
ventilation with heated humidifiers or heat and moisture 
exchangers: Effects on patient colonization and incidence of 
nosocomial pneumonia. Am J Respir Crit Care Med 1995; 
151:986–92

 7. Rodríguez-Roldán JM, Altuna-Cuesta A, López A, Carrillo A, 
Garcia J, León J, Martínez-Pellús AJ: Prevention of nosoco-
mial lung infection in ventilated patients: Use of an antimi-
crobial pharyngeal nonabsorbable paste. Crit Care Med 1990; 
18:1239–42

 8. Abele-Horn M, Dauber A, Bauernfeind A, Russwurm W, 
Seyfarth-Metzger I, Gleich P, Ruckdeschel G: Decrease in 
nosocomial pneumonia in ventilated patients by selective 
oropharyngeal decontamination (SOD). Intensive Care Med 
1997; 23:187–95

 9. Bergmans DC, Bonten MJ, Gaillard CA, Paling JC, van der 
Geest S, van Tiel FH, Beysens AJ, de Leeuw PW, Stobberingh 
EE: Prevention of ventilator-associated pneumonia by oral 
decontamination: A prospective, randomized, double-blind, 
placebo-controlled study. Am J Respir Crit Care Med 2001; 
164:382–8

 10. Oostdijk EA, de Smet AM, Blok HE, Thieme Groen ES, 
van Asselt GJ, Benus RF, Bernards SA, Frénay IH, Jansz 
AR, de Jongh BM, Kaan JA, Leverstein-van Hall MA, 
Mascini EM, Pauw W, Sturm PD, Thijsen SF, Kluytmans JA,  

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/129/6/1140/520793/20181200_0-00020.pdf by guest on 10 April 2024



Copyright © 2018, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

Anesthesiology 2018; 129:1140-8 1147 La Combe et al.

CRITICAl CARE MEdICINE

Bonten MJ: Ecological effects of selective decontamina-
tion on resistant gram-negative bacterial colonization. Am J 
Respir Crit Care Med 2010; 181:452–7

 11. Pineda LA, Saliba RG, El Solh AA: Effect of oral decontami-
nation with chlorhexidine on the incidence of nosocomial 
pneumonia: A meta-analysis. Crit Care 2006; 10:R35

 12. Chan EY, Ruest A, Meade MO, Cook DJ: Oral decontami-
nation for prevention of pneumonia in mechanically venti-
lated adults: Systematic review and meta-analysis. BMJ 2007; 
334:889

 13. Chlebicki MP, Safdar N: Topical chlorhexidine for preven-
tion of ventilator-associated pneumonia: A meta-analysis. Crit 
Care Med 2007; 35:595–602

 14. Labeau SO, Van de Vyver K, Brusselaers N, Vogelaers D, Blot 
SI: Prevention of ventilator-associated pneumonia with oral 
antiseptics: A systematic review and meta-analysis. Lancet 
Infect Dis 2011; 11:845–54

 15. Li J, Xie D, Li A, Yue J: Oral topical decontamination for 
preventing ventilator-associated pneumonia: A systematic 
review and meta-analysis of randomized controlled trials. J 
Hosp Infect 2013; 84:283–93

 16. Price R, MacLennan G, Glen J; SuDDICU Collaboration: 
Selective digestive or oropharyngeal decontamination and 
topical oropharyngeal chlorhexidine for prevention of death 
in general intensive care: Systematic review and network 
meta-analysis. BMJ 2014; 348:g2197

 17. Klompas M, Speck K, Howell MD, Greene LR, Berenholtz SM: 
Reappraisal of routine oral care with chlorhexidine gluco-
nate for patients receiving mechanical ventilation: Systematic 
review and meta-analysis. JAMA Intern Med 2014; 174:751–61

 18. Zhang TT, Tang SS, Fu LJ: The effectiveness of different con-
centrations of chlorhexidine for prevention of ventilator-
associated pneumonia: A meta-analysis. J Clin Nurs 2014; 
23:1461–75

 19. Villar CC, Pannuti CM, Nery DM, Morillo CM, Carmona MJ, 
Romito GA: Effectiveness of intraoral chlorhexidine proto-
cols in the prevention of ventilator-associated pneumonia: 
Meta-analysis and systematic review. Respir Care 2016; 
61:1245–59

 20. Hua F, Xie H, Worthington HV, Furness S, Zhang Q, Li C: Oral 
hygiene care for critically ill patients to prevent ventilator-
associated pneumonia. Cochrane Database Syst Rev 2016; 
10:CD008367

 21. Kollef M, Pittet D, Sánchez García M, Chastre J, Fagon JY, 
Bonten M, Hyzy R, Fleming TR, Fuchs H, Bellm L, Mercat 
A, Mañez R, Martínez A, Eggimann P, Daguerre M, Luyt CE; 
Prevention of Pneumonia Study (POPS-1) Trial Group: A 
randomized double-blind trial of iseganan in prevention of 
ventilator-associated pneumonia. Am J Respir Crit Care Med 
2006; 173:91–7

 22. Rello J, Koulenti D, Blot S, Sierra R, Diaz E, De Waele JJ, 
Macor A, Agbaht K, Rodriguez A: Oral care practices in inten-
sive care units: A survey of 59 European ICUs. Intensive Care 
Med 2007; 33:1066–70

 23. Feider LL, Mitchell P, Bridges E: Oral care practices for orally 
intubated critically ill adults. Am J Crit Care 2010; 19:175–83

 24. Ricard J-D, Lisboa T: Caution for chlorhexidine gluconate 
use for oral care: Insufficient data. Intensive Care Med 2018;  
44:1162–4

 25. Bouadma L, Mourvillier B, Deiler V, Le Corre B, Lolom I, 
Régnier B, Wolff M, Lucet JC: A multifaceted program to pre-
vent ventilator-associated pneumonia: impact on compliance 
with preventive measures. Crit Care Med 2010; 38:789–96

 26. Clinical Laboratory Standards Institute: Methods for Dilution 
Antimicrobial Susceptibility Tests for Bacteria that Grow 
Aerobically; Approved Standard—Ninth Edition. Wayne, 
Pennsylvania, 2012, M07–A9

 27. Pesonen T, Holmalahti J, Pohjola J: Determination of 
chlorhexidine in saliva using high-performance liquid chro-
matography. J Chromatogr B Biomed Appl 1995; 665:222–5

 28. Fitzmaurice GM, Laird NM, Ware JH: Applied Longitudinal 
Analysis, Second Edition. Hoboken, New Jersey, Wiley, 2013

 29. Zand F, Zahed L, Mansouri P, Dehghanrad F, Bahrani M, 
Ghorbani M: The effects of oral rinse with 0.2% and 2% 
chlorhexidine on oropharyngeal colonization and ventilator 
associated pneumonia in adults’ intensive care units. J Crit 
Care 2017; 40:318–22

 30. Azimi M, Jouybari L, Moghadam S, Ghaemi E, Behnampoor 
N, Sanagoo A, Hesam M: Antimicrobial effects of chlorhexi-
dine, matrica drop mouthwash (chamomile extract), and nor-
mal saline on hospitalized patients with endotracheal tubes. 
Iran J Nurs Midwifery Res 2016; 21:458–63

 31. Rezaei S, Rezaei K, Mahboubi M, Jarahzadeh MH, Momeni E, 
Bagherinasab M, Targhi MG, Memarzadeh MR: Comparison 
the efficacy of herbal mouthwash with chlorhexidine on 
gingival index of intubated patients in intensive care unit. J 
Indian Soc Periodontol 2016; 20:404–8

 32. Safarabadi M, Ghaznavi-Rad E, Pakniyat A, Rezaie K, Jadidi A: 
Comparing the effect of echinacea and chlorhexidine mouth-
wash on the microbial flora of intubated patients admitted 
to the intensive care unit. Iran J Nurs Midwifery Res 2017; 
22:481–5

 33. Kusahara DM, Friedlander LT, Peterlini MA, Pedreira ML: 
Oral care and oropharyngeal and tracheal colonization by 
Gram-negative pathogens in children. Nurs Crit Care 2012; 
17:115–22

 34. Grap MJ, Munro CL, Elswick RK Jr, Sessler CN, Ward KR: 
Duration of action of a single, early oral application of 
chlorhexidine on oral microbial flora in mechanically venti-
lated patients: A pilot study. Heart Lung 2004; 33:83–91

 35. Deschepper M, Waegeman W, Eeckloo K, Vogelaers D, Blot S: 
Effects of chlorhexidine gluconate oral care on hospital mor-
tality: a hospital-wide, observational cohort study. Intensive 
Care Med 2018; 44:1017–26

 36. Hellyer TP, Ewan V, Wilson P, Simpson AJ: The Intensive Care 
Society recommended bundle of interventions for the pre-
vention of ventilator-associated pneumonia. J Intensive Care 
Soc 2016; 17:238–43

 37. Torres A, Niederman MS, Chastre J, Ewig S, Fernandez-
Vandellos P, Hanberger H, Kollef M, Li Bassi G, Luna CM, 
Martin-Loeches I, Paiva JA, Read RC, Rigau D, Timsit JF, 
Welte T, Wunderink R: International ERS/ESICM/ESCMID/
ALAT guidelines for the management of hospital-acquired 
pneumonia and ventilator-associated pneumonia: Guidelines 
for the management of hospital-acquired pneumonia (HAP)/
ventilator-associated pneumonia (VAP) of the European 
Respiratory Society (ERS), European Society of Intensive Care 
Medicine (ESICM), European Society of Clinical Microbio-
logy and Infectious Diseases (ESCMID) and Asociación 
Latinoamericana del Tórax (ALAT). Eur Respir J 2017; 50:1–26

 38. Klompas M, Branson R, Eichenwald EC, Greene LR, Howell 
MD, Lee G, Magill SS, Maragakis LL, Priebe GP, Speck K, Yokoe 
DS, Berenholtz SM; Society for Healthcare Epidemiology of 
America (SHEA): Strategies to prevent ventilator-associated 
pneumonia in acute care hospitals: 2014 update. Infect 
Control Hosp Epidemiol 2014; 35:915–36

 39. Plantinga NL, Wittekamp BHJ, Leleu K, Depuydt P, Van den 
Abeele AM, Brun-Buisson C, Bonten MJM: Oral mucosal 
adverse events with chlorhexidine 2% mouthwash in ICU. 
Intensive Care Med 2016; 42:620–1

 40. Veksler AE, Kayrouz GA, Newman MG: Reduction of salivary 
bacteria by pre-procedural rinses with chlorhexidine 0.12%. 
J Periodontol 1991; 62:649–51

 41. Dennesen P, van der Ven A, Vlasveld M, Lokker L, Ramsay 
G, Kessels A, van den Keijbus P, van Nieuw Amerongen A, 
Veerman E: Inadequate salivary flow and poor oral mucosal 
status in intubated intensive care unit patients. Crit Care Med 
2003; 31:781–6

 42. Kõljalg S, Naaber P, Mikelsaar M: Antibiotic resistance as an 
indicator of bacterial chlorhexidine susceptibility. J Hosp 
Infect 2002; 51:106–13

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/129/6/1140/520793/20181200_0-00020.pdf by guest on 10 April 2024



Copyright © 2018, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

Anesthesiology 2018; 129:1140-8 1148 La Combe et al.

Chlorhexidine Inefficacy in Ventilated Patients

 43. Grare M, Dibama HM, Lafosse S, Ribon A, Mourer M, Regnouf-
de-Vains JB, Finance C, Duval RE: Cationic compounds with 
activity against multidrug-resistant bacteria: Interest of a new 
compound compared with two older antiseptics, hexamidine 
and chlorhexidine. Clin Microbiol Infect 2010; 16:432–8

 44. Kitagawa H, Izutani N, Kitagawa R, Maezono H, Yamaguchi 
M, Imazato S: Evolution of resistance to cationic biocides 
in Streptococcus mutans and Enterococcus faecalis. J Dent 
2016; 47:18–22

 45. Braoudaki M, Hilton AC: Adaptive resistance to biocides in 
Salmonella enterica and Escherichia coli O157 and cross-
resistance to antimicrobial agents. J Clin Microbiol 2004; 
42:73–8

 46. La Combe B, Bleibtreu A, Messika J, Fernandes R, Clermont 
O, Branger C, Billard-Pomares T, Barnaud G, Magdoud F, 
Eveillard M, Kouatchet A, Lasocki S, Asfar P, Corvec S, Lakhal 
K, Armand-Lefevre L, Wolff M, Timsit JF, Bourdon S, Reignier 
J, Martin S, Fihman V, de Prost N, Bador J, Charles PE, Goret 
J, Boyer A, Wallet F, Jaillette E, Nseir S, Landraud L, Ruimy 
R, Danin PE, Dellamonica J, Cremniter J, Frat JP, Jauréguy F, 
Clec’h C, Decré D, Maury E, Dreyfuss D, Denamur E, Ricard 
JD: Decreased susceptibility to chlorhexidine affects a quar-
ter of Escherichia coli isolates responsible for pneumonia in 
ICU patients. Intensive Care Med 2018; 44:531–3

 47. McNeil JC, Hulten KG, Kaplan SL, Mahoney DH, Mason 
EO: Staphylococcus aureus infections in pediatric oncology 
patients: High rates of antimicrobial resistance, antisep-
tic tolerance and complications. Pediatr Infect Dis J 2013; 
32:124–8

 48. McNeil JC, Ligon JA, Hulten KG, Dreyer WJ, Heinle JS, Mason 
EO, Kaplan SL: Staphylococcus aureus infections in children 
with congenital heart disease. J Pediatric Infect Dis Soc 2013; 
2:337–44

 49. Musteata FM, Pawliszyn J: Assay of stability, free and total 
concentration of chlorhexidine in saliva by solid phase 
microextraction. J Pharm Biomed Anal 2005; 37:1015–24

 50. Below H, Assadian O, Baguhl R, Hildebrandt U, Jäger B, 
Meissner K, Leaper DJ, Kramer A: Measurements of chlorhexi-
dine, p-chloroaniline, and p-chloronitrobenzene in saliva after 
mouth wash before and after operation with 0.2% chlorhexi-
dine digluconate in maxillofacial surgery: A randomised con-
trolled trial. Br J Oral Maxillofac Surg 2017; 55:150–5

 51. Tsuchiya H, Miyazaki T, Ohmoto S: High-performance liq-
uid chromatographic analysis of chlorhexidine in saliva after 
mouthrinsing. Caries Res 1999; 33:156–63

 52. Balloni S, Locci P, Lumare A, Marinucci L: Cytotoxicity of 
three commercial mouthrinses on extracellular matrix 
metabolism and human gingival cell behaviour. Toxicol In 
Vitro 2016; 34:88–96

 53. Tantipong H, Morkchareonpong C, Jaiyindee S, Thamlikitkul 
V: Randomized controlled trial and meta-analysis of oral 
decontamination with 2% chlorhexidine solution for the pre-
vention of ventilator-associated pneumonia. Infect Control 
Hosp Epidemiol 2008; 29:131–6

 54. Margetis D, Roux D, Gaudry S, Messika J, Bouvet O, Branger 
C, Ponnuswamy P, Oufella HA, Dreyfuss D, Denamur E, 
Ricard JD: Effects of proanthocyanidins on adhesion, growth, 
and virulence of highly virulent extraintestinal pathogenic 
escherichia coli argue for its use to treat oropharyngeal colo-
nization and prevent ventilator-associated pneumonia. Crit 
Care Med 2015; 43:e170–8

 55. Bouadma L, Mourvillier B, Deiler V, Derennes N, Le Corre 
B, Lolom I, Régnier B, Wolff M, Lucet JC: Changes in knowl-
edge, beliefs, and perceptions throughout a multifaceted 
behavioral program aimed at preventing ventilator-associ-
ated pneumonia. Intensive Care Med 2010; 36:1341–7

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/129/6/1140/520793/20181200_0-00020.pdf by guest on 10 April 2024


