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ABSTRACT
Background:_care with*to prevent ventilator-associated pneumonia is currently- 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_
for over 48h. Oropharyngeal contamination was assessed by swabbing the gingivobuccal sulcus immediately before apply-
in# 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 includingm
and_). Oropharyngeal contamination- chlorhexidine mouthwash ranged from 10° to
107 colony-forming units (CFU)/ml in the 30 patients contamination level: an

between 8:10° (lowest) and 3-10° CFU/ml (highest count)

F mouthwash (each minute increase in time resulted in a multiplication of
act

— overtime

erial count by a coefficient of 1.001, P = 0.83). Viridans group streptococci isolates had the lowest chlorhexidine

oncentration (4 [4 to 8] mg/l); Enterobacteriaceae isolates had the highest ones (32 [16 to 32
seem to

apidly reaching 7.6 [1.8 to 31] mg/l as early as
qoropharyngeal care does ! in criticall
ill ventilated patients. Variable chlorhexidine minimal inhibitory concentrations along wit i
and thus question the use of chlorhexidine for ventilator-

after mouthwash could this
associated pneumonia prevention. (ANESTHESIOLOGY 2018; 129:1140-8)
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ILLIONS of patients undergo mechanical ventilation

Editor’s Perspective
in intensive care units throughout the world yearly. g

Recent estimates suggest that these numbers will only increase.! What We Already Know about This Topic

These patients are exposed, among other risks, to the one of e Chlorhexidine is frequently used to reduce oropharyngeal
the most frequent life-threat- bacterial colonization in mechanically ventilated patients. How
effective the drug is remains unclear.

ventilator-associated pneumonia,
23

ening nosocomial infection.
“is the.recoinized What This Article Tells Us That Is New

which subsequently

e Bacterial colonization was evaluated in ically ventilated
patients before and after application o

and may, therefore,
than previously
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CRITICAL CARE MEDICINE

This universal understanding of the pathophysiology of
ventilator-associated pneumonia has formed the basis of oro-
pharyngeal decontamination. distinct classes of

een 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 patients'®!”), 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

the development of

its widespread use.® Hence, in a major-

ity of countries,
223 and its effect on ventilator-associated pneumonia

prevention has been evaluated in many studies.!'™° Several
meta-analyses of these studies have been published with-
— Some recent ones'*!” indicate that chlorhexi-
dine reduces incidence of nosocomial pneumonia in cardiac

atients, but does not in others. This has led some to
7

in this patient population.!

ﬁ of chlorhexi-
bacterial colonization, at the patient’s
Thus, we aimed to study chlorhexidine

bedside, is
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

France (B.L.C., A.-C.M., .M., T.B.-P., C.B,, LL., D.D., LM, J.-D.R.);
Assistance Publique Hopitaux de Paris, Louis Mourier Hospital,
Microbiology Laboratory, Colombes, France (A.-C.M., T.B.-P., C.B.,
L.L.); Assistance Publique Hopitaux de Paris, Hopital 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
(ED.); and Assistance Publique Hopitaux de Paris, Hopital Bichat,
Clinical Pharmacology and Toxicology, Paris, France (L.M.).
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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 10° 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
rotocol-driven full
(Paroex, chlorhexidine digluconate 0.12%; Lich-
tenhelde GMBH, Germany) 1525 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
laboratory for analysis, the

movement from back to front. 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, 0.5ml 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 pl of
this dilution was plated with a rake onto
agar (UriSelect; Biorad, France),
(Sigma-Aldrich, France), and
(BioMérieux, France). All plates were incubate
37°C, with an additional
24h of incubation, the tot
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).?®
Strains were cultured in 10 ml of brain heart infusion broth
(Sigma-Aldrich, France) in conical centrifuge tubes (Nunc;
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Thermo Scientific, France), and incubated for 18h 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 pl of each diluted
culture was added to 10 pl 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
Streptococeus 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.?” Sputasol
(Oxoid S.A.) was used at the extraction phase to optimize the
saliva fluidization: 100 pl of Sputasol was added to 200 pl of
saliva. Then, 300 pl of 4.5 M sodium hydroxide and 400 pl
of acetonitrile were added. The obtained sample was vortex-
mixed and centrifuged for 1 min at 14,000 rpm. Then, 200
pl of the organic phase was transferred into a dry tube and
mixed with 370 pl of the mobile phase buffer component.
A 20-pl aliquot was injected into the high-pressure liquid
chromatography system. A Nova-Pak C18 column (4 pm,
3.9 mm x 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 50mg/1 (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 @ 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

Anesthesiology 2018; 129:1140-8 1142
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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.?® 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 Pvalue < 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, htep://links.lww.com/ALN/B787). Of these, 44 were
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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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Table 2. Oropharyngeal Isolates Characteristics

Table 1. Patient Characteristics
Characteristics Total, n = 30
Age (yr) 63 [562-71]
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 Il

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 IT 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

Anesthesiology 2018; 129:1140-8
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Isolates, CHX MIC
Oropharyngeal Isolates n=48 (mg/l)
Viridans group sstreptococci 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 7 (14.6) 16 [12-24]
pathogens
Pseudomonas| aeruginosa 6 16 [10-16]
Achromobacter xylosoxidans 1 32
Haemophilus influenzae 1(2.1) 16
Branhamella catarrhalis 2 16

Data regarding isolates are presented as n (%) and data regarding CHX
MIC as median [interquartile range].

CHX, chlorhexidine; MIC, minimal inhibitory concentration.

(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 2.5-10° CFU/ml and remained
between 8:10° and 3-10° CFU/ml after chlorhexidine expo-
sure (figs. 1 and 2 in the Supplemental Digital Content, http://
links.Iww.com/ALN/B787). The median inoculum of the 12
monomicrobial samples (2-10° to 5-10° CFU/ml, with a nadir
of 4-10° CFU/ml 240 min after oral care) showed no signifi-
cant variations versus that of the 18 polymicrobial ones (2-10°
to 1:10° CFU/ml with a nadir of 1-10° 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

La Combe et al.
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Non-fermenting Gram negative
pathogens, p=0.08
Streptococci, p=0.2
Enterococci, p=0.6
Staphylococci, p=0.7
Enterobacteriaceae, p=0.1
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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.

inhibitory concentration to chlorhexidine (4 [4 to 8] mg/l)
were not affected by chlorhexidine exposure: inoculum of
viridans group streptococci isolates varied from 1-10° to
5-10°> CFU/ml at the minimum and again reached 1-10°
CFU/ml 240 min after the oral care.

Chlorhexidine Salivary Goncentration

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 60min after the oropharyngeal
chlorhexidine care. It gradually decreased thereafter, reaching
2.95 mg/l 360 min after the mouth rinse (fig. 3, 2 < 0.0001).
This was associated with the persistence of a strong oropha-
ryngeal bacterial inoculum, between 10° and 107 CFU/ml.

Discussion

Although a few studies have dealt with chlorhexidine effect
on oropharyngeal colonization,?* this study included an

100~
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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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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,?*3*3* or
controlled them only once, several hours or days after the

oral care.?3132

Results can be summarized as follows: (1) there was

after a stan-
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
the chlorhexidine
after its adminis-
tration during oropharyngeal care. Taken together, these
results suggest that

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.'*!

Chlorhexidine oral care is widely used to prevent ventila-

on its effectiveness.!'2° The major prob-
lem of these analyses is that studies included heterogeneous

tor-associated ineumonia.22 Yet meta-analyses have yielded

categories of patients and very

terms of frequencies of oral care,
tions (from_)

tration (mouthwash, dental
membranes), that together question the reliability of the

findings. Moreover, chlorhexidine seems to be effective to
prevent nosocomial pneumonia only among cardiac sur-

of antiseptic adminis-
of the mucous

gery patients.”” In addition, the vast majority of patients
included in the three studies after cardiac surgery were
Therefore, one cannot make conclu-
sions about the long-term effect of chlorhexidine in patients

ventilated for longer periods. Interestingly, the analysis of

La Combe et al.

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


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel



CRITIC ARE MEDICINE

patients only did .

on prevention of ventila-
tor-associated pneumonia.'” This suggests that the positive
effect of chlorhexidine reported b

focusing on

some studies is
Importantly, a
in patients
risk ratio,

toward an
to chlorhexidine use was note
.7 Another
in patients ran-

95% ClI,

randomize
1.13 [95% CI, 0.99 to 1.28
reported a significant
domized to
1.05 to 1.50
amounts of

of
i 2]). us, the
use of chlorhexidine remains debated, with

hlorhexidine use from their recommen-

dations,’®® while others have funded a large-

multicenter’to evaluate the benefits of chlorhexidine
.oral care.

Surprisingly, chlorhexidine has been broadl
in the intensive care unit
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,*® who are obviously very different from

g y very

i1 0
ur

use (odds ratio,

mechanically ventilated intensive care unit patients.
indicate the
in intubated patients,
conducted oral care. This raises the question:
could chlorhexidine be ineffective? Reported
levels of chlorhexidine for Entero-
bacteriaceae and staphylococci were respectively around 4
and 1 to 2mg/l.2% 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
may be brought forward for our observations:
to chlorhexidine and
at the site of interest. At the indi-
vidual level, oropharyngeal isolates,
to chlorhexidine, develop
phenomenon has been suggested to occur at least in vitro:
Kitagawa er 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.* After repeated passages in media
containing increasing chlorhexidine concentrations, Braou-
daki and Hilton observed an 0157’s mini-
mal
opulation level, one may hypothesize that
to chlorhexidine has
bacteria becoming We indeed have recently
described very different chlorhexidine susceptibility patterns
in E. coli isolates responsible for pneumonia in ventilated
patients.® Decreasing chlorhexidine susceptibility has also

results clearl

to

concentration from
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been described for Staphylococcus aureus isolates, after an
increase in the use of chlorhexidine in oncology and cardiac
surgery pediatric patients between 2001 and 2011.4748

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.*”° Our results
indicate a

the oral care (reaching a
than most of the bacteria

as early as
low of 7.6 mg/1

minimal

explanation for the rapid decrease could be chlorhexidine
absorprion 10 i . oy o g o v
Hence, a too rapid a drop in chlorhexidine oropharyn-
geal concentrations may explain its antimicrobial ineffec-
tiveness. Moreover, as previously discussed,
chlorhexidine concentrations ma
opment of chlorhexidine
pathogens.

We recognize our study has a few limitations. First, it was
not controlled. However, the main objective was to assess

concentration we found. A possible

in oropharyngeal

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
chlorhexidine, which is the chlorhexidine
concentration available, but the in
of the study."!” One might conclude that our results

at the time

However, of chlorhexidine are not avail-

rldwide, and they are known to be

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

able wo
causing

rinse is insufficient.?® Hence, new approaches need to be
developed. We have recently shown that
extracted from

and that in

an animal model, they
responsible for ventilator-associated
be an interesting alternative that obviously requires clinical
demonstration of their potential benefit.

ey may

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

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.
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