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Chlorhexidine decreases the
risk of ventilator-associated
pneumonia in intensive care
unit patients: a randomized
clinical trial
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Background and Objective: The aim was to evaluate whether oral swabbing with
0.2% chlorhexidine gluconate (CHX) decreases the risk of ventilator-associated
pneumonia (VAP) in intensive care unit (ICU) patients.

Material and Methods. Sixty-one dentate patients scheduled for invasive
mechanical ventilation for at least 48 h were included in this randomized, double-
blind, controlled study. As these patients were variably incapacitated, oral care
was provided by swabbing the oral mucosa four times/d with CHX in the CHX
group (29 patients) and with saline in the control group (32 patients). Clinical
periodontal measurements were recorded, and lower-respiratory-tract specimens
were obtained for microbiological analysis on admission and when VAP was
suspected. Pathogens were identified by quantifying colonies using standard cul-
ture techniques.

Results: Ventilator-associated pneumonia developed in 34/61 patients (55.7%)
within 6.8 d. The VAP development rate was significantly higher in the control
group than in the CHX group (68.8% vs. 41.4%, respectively; p = 0.03) with an
odds ratio of 3.12 (95% confidence interval = 1.09-8.91). Acinetobacter bau-
mannii was the most common pathogen (64.7%) of all species identified. There
were no significant differences between the two groups in clinical periodontal
measurements, VAP development time, pathogens detected or mortality rate.

Conclusion: The finding of the present study, that oral care with CHX swabbing
reduces the risk of VAP development in mechanically ventilated patients, strongly
supports its use in ICUs and indeed the importance of adequate oral hygiene in
preventing medical complications.

© 2012 John Wiley & Sons A|S
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Ventilator-associated pneumonia (VAP)
continues to be one of the major
causes of morbidity and mortality
among patients hospitalized in inten-

sive care units (ICUs) (1). VAP
develops in at least 48 h endotracheal
intubation. VAP is defined as early
onset when it develops in the first 4 d

of mechanical ventilation and as late
onset when it develops later (2). The
pathogenesis of VAP involves aspira-
tion of bacteria from the oropharynx



into the lung and subsequent failure
of the host defence systems to clear
the bacteria, resulting in the develop-
ment of lung infection (1,3). In
mechanically ventilated ICU (MV-ICU)
patients, the major potential respiratory
bacterial pathogens include Staphylo-
coccus aureus, Pseudomonas aeruginosa,
Acinetobacter species and enteric spe-
cies. Previous studies have shown that
dental plaque and oral mucosa are of-
ten colonized by pulmonary respiratory
pathogens (PRPs) (4,5). These findings
suggest that dental plaque may be an
important reservoir of the PRPs that
cause VAP. On the other hand, dental
status may be a risk factor for pneu-
monia and respiratory tract infections,
and dentate patients develop aspiration
pneumonia more often than edentulous
subjects (6,7). Thus, improving oral
hygiene in MV-ICU patients to reduce
dental plaque has the potential to
reduce the risk of VAP.

Different antimicrobial agents have
been studied for their plaque-inhibitory
effects and antiplaque efficacy (8,9).
From these studies, chlorhexidine dig-
luconate (CHX) has become regarded
as the gold standard for oral antiseptics
as a result of its superior clinical and
microbiological effects (10-14). The
ability of topical oral applications of
CHX to prevent VAP has been evalu-
ated. CHX is of particular interest as an
oral disinfectant in MV-ICU patients
because of its substantivity. Several
recently published clinical trials of intra-
oral disinfection with topical CHX
(15-22) or povidone-iodine gargle and
toothbrushing (23) and meta-analyses
(24-26) have demonstrated a reduction
in the prevalence of oropharyngeal col-
onization by PRPs, as well as a reduc-
tion in the rate of VAP in MV-ICU
patients. Based on these results,
improvement of oral hygiene in MV-
ICU patients was recommended to
prevent VAP (27,28). However, some
studies investigating the utility of CHX
failed to show a reduction in the inci-
dence of pneumonia (26,29,30). We
hypothesized that lack of adequate oral
care may be related to a higher risk of
VAP in ICU patients and that oral care
involving swabbing with 0.2% CHX
four times a day can reduce the risk of
VAP development in this patient pop-

ulation. Therefore, the aim of the pres-
ent study was to compare the incidence
of VAP between CHX-treated and
control MV-ICU patients.

Material and methods

Patient population

The study was designed as a random-
ized, double-blind, controlled clinical
trial. Eligible patients were enrolled
in the study between November 2007
and November 2009 in Ege University,
School of Medicine, Department of
Chest Diseases, Respiratory ICU
(Izmir/Turkey). The average length of
stay in this unit in the year before the
start of the study was approximately
10 d. Incidence density of VAP in the
last 3 years ranged from 30 to 60 per
thousand ventilator-days. The study
was approved by the local Ethics
Committee, and the study protocol was
conducted in full accordance with the
Declaration of Helsinki. Once partici-
pant eligibility had been established,
written informed consent was obtained
from each patient’s next of kin or
healthcare proxy.

Inclusion/exclusion criteria

Eligible dentate patients were those
admitted to the respiratory ICU and
expected to be intubated and mechani-
cally ventilated for at least 48 h after
admission. The exclusion criteria were
as follows: a witnessed aspiration (to
eliminate patients with chemical pneu-
monitis); confirmed diagnosis of post-
obstructive pneumonia (e.g. advanced
lung cancer); known hypersensitivity to
CHX; absence of consent; a diagnosed
thrombocytopenia (platelet count < 25
x 10°/mm® and/or an international
normalized ratio of > 1.8 or other co-
agulopathies); a ““do not intubate” or-
der; age under 18 years; pregnancy;
presence of oral mucositis; and read-
mission to the same ICU. Secondary
exclusion criteria were survival expec-
tation < 1 wk and edentulism.

Study design

Eligible patients randomly
assigned to either the CHX group or the

were
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control group (Fig. 1). Oral care was
provided by swabbing the oral mucosa
with either CHX or saline on sponge
pellets, four times a day (at 6 am,
12 AM, 6 pMm and 12 pm). Applications
lasted for 1 min, and approximately
30 mL of 0.2% CHX or saline was
used. The control group received the
routine oral care provided by saline
applications in this ICU. The ICU staff
nurses performed all applications. All
teeth present, and the intra-oral soft
tissues (including buccal mucosa, ves-
tibule, gingiva, and the floor of the
mouth and tongue dorsum) were
swabbed. Excess rinse was suctioned
out of the subject’s mouth after 1 min.
In addition, deep suctioning was per-
formed every 6 h and following posi-
tion changes, to assist in the removal of
oropharyngeal secretions pooled on top
of the cuff of the endotracheal tube.

The study nurses trained all ICU
staff nurses to perform the standard-
ized technique for application of the
rinse. Only experienced nurses (i.e.
those with at least 5 years of ICU
experience) were included in the study,
and all were trained in a similar man-
ner. The head nurse periodically
checked that ICU staff nurses were
adhering to the study protocol. All
patients were followed for up to 14 d
or until discharge from the ICU,
extubation or death.

Randomization

The randomization prepared a set of
subject identification numbers (SIDs)
that identified individual treatment
assignments. The study nurse obtained
the SID number based on the
randomization when the patient was
enrolled. The SID number was sent to
the head nurse of the ICU who then
assigned the appropriate treatment.
Assignment of treatment was blinded to
patients and to all investigators,
including the periodontist recording the
clinical periodontal measurements, the
respiratory ICU physicians involved in
the study and outcome statisticians.

Airway sampling

Lower respiratory tract specimens were
obtainedateachsamplingtime-point—on
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Assessed for eligibility:

Patientsadmitted to the respiratory intensive care unit

n=200

Potentially eligible for inclusions:
Mechanically ventilated patients

n=70
Randomized
n=66
|
Allocatedto control group Allocated to chlorhexidine group
n=34 n=32
‘ 1 secondary exclusion ‘ ‘ 1 secondary exclusion ‘
Evaluable Evaluable
n=33 n=31
1 death within12 h 2 deaths within 12 h
Clinical data available at baseline Clinical data available at baseline
n=32 n=29
Study population
n=61

Fig. 1. Flow chart of the study.

admission and on day 7 of intubation,
or when suspected VAP occurred —
using a minibronchoalveolar lavage
(mini-BAL) technique (rather than
bronchoscopy) that involves sample
collection through placement of a
sterile suction catheter in the endotra-
cheal tube (Combicathm; Plastimed,
Saint-Leu-La Foret, France). Briefly,
this technique involves insertion of a
catheter through the endotracheal tube
and its advancement until resistance is
encountered (31). The catheter is then
withdrawn by 1 cm, the inner portion
of the co-axial catheter advanced to
dislodge the poly-ethylene glycol plug
and then 20 mL of normal saline is
instilled through the catheter. After
30 s, the specimen is withdrawn and
sent for quantitative bacteriology. The
presence of > 10* colony-forming
units/mL of a target PRP in mini-BAL

fluid, or a positive pleural fluid culture
in the absence of previous pleural
instrumentation, was considered as
positive evidence for the diagnosis of
pneumonia (32).

Outcome variables and potential
confounding variables

The selected primary outcome variables
were incidence of VAP and mortality.
Secondary outcomes assessed were
length of mechanical ventilation, length
of stay in the ICU and the presence in
mini-BAL of potential respiratory
pathogens (S. aureus, P. aeruginosa,
Acinetobacter species, and the enteric
species  Klebsiella pneumoniae, ~Serra-
tia marcescens,  Escherichia  species,
Proteus mirabilis and Escherichia coli)
determined by quantifying colonies
using standard culture at each evaluation

time-point. Clinical periodontal status,
age, gender, diagnosis on admission and
co-morbid diseases were recorded as
explanatory or confounder variables.

The severity of illness score utilizing
the Acute Physiology and Chronic
Health Evaluation (APACHE) II sys-
tem was determined for each patient at
baseline (33). This index utilizes infor-
mation present in the patient’s hospital
records, including physiologic infor-
mation (temperature, mean arterial
pressure, heart rate, respiratory rate,
oxygenation, arterial pH, serum levels
of sodium, potassium and creatinine,
hematocrit and white blood cell count)
and age.

Clinical periodontal measurements

Intra-oral examination was carried out
with the subject lying flat on the bed, to



facilitate a reproducible examination
position for the clinician. Clinical
examination of all participating subjects
was carried out using mouth mirrors, a
head light, and dental and periodontal
probes. Clinical periodontal recordings
comprising dichotomous plaque index
(present or absent), probing depth and
bleeding on probing (present or absent
within 15 s after periodontal probing)
were performed at six sites (mesio-buc-
cal, mid-buccal, disto-buccal, mesio-
lingual, mid-lingual and disto-lingual)
on each tooth present, except for third
molars, using a Williams periodontal
probe. All measurements were per-
formed by a single calibrated examiner
(O0). Theintra-examiner reliability was
high, as revealed by intraclass correla-
tion coefficients of 0.87 and 0.85 for
probing depth and clinical attachment
level measurements, respectively. The
hard palate, soft palate, buccal mucosa,
tongue and gingiva were examined for
abnormalities, including inflammation,
ulceration or other signs of inflamma-
tory irritation that might be expected to
be secondary to exposure to CHX. All
patients were monitored for potential
intra-oral (mucositis, thrush, tooth
staining, alterations in taste and tooth
hypersensitivity) and systemic (mortal-
ity) adverse events.

Statistical analysis

Based on the incidence of VAP during
thelast 5 yearsin the respiratory ICU, it
was conservatively estimated that
approximately 70% of all subjects
admitted to the ICU would develop
VAP. Inorder to have a power of §1% to
detect a difference of 0.40 between the
null hypothesis (that both CHX and
control group proportions are 0.70) and
the alternative hypothesis (that the pro-
portion in the CHX groupis 0.30), using
a two-sided chi-square test with conti-
nuity correction and with a significance
level of 0.05, it was determined that a
minimum group size of 28 participants
per treatment group was required.
Baseline between-group compari-
sons were performed using the chi-
square test. The Mann—Whitney U-test
was performed to analyze clinical and
demographic data of the study groups.
Logistic regression analysis was per-

formed and the odds ratio of VAP
occurring in the CHX group vs. the
control group was calculated. All tests
were performed at a significance level
of o = 0.05. All statistical calculations
were performed using the SPSS version
17.0 statistical software package.

Results

A total of 200 patients were admitted
to the ICU during the recruitment
period. Seventy of these patients were
mechanically ventilated and therefore
potentially eligible for inclusion in the
present study. Of the 66 patients who
gave informed consent and were ran-
domly assigned to the CHX or control
groups, two were excluded before
sampling for secondary reasons (topi-
cal antibiotic usage). Another three
patients were excluded from the study
because they died within 12 h after
placement of mechanical ventilation,
leaving 61 patients for whom baseline
clinical data were available (n = 29 in
the CHX group and n = 32 in the
control group). Thus, analysis of the
primary outcomes (incidence of VAP
and mortality) was performed on the
data from 61 subjects (Fig. 1). No
significant differences were found for
demographic, clinical and laboratory
characteristics between the CHX and
control groups on admission Table 1.
The most frequent co-morbid disease
was cardiac diseases (48.9%) followed
by endocrine (19.2%) and renal
(10.63%) disorders. No significant
correlations were observed between
co-morbidities and group assignment.

ICU stay (12.17 &+ 11.3d in the
CHX group and 15.44 £+ 13.5 d in the
control group) and number of days of
invasive mechanical ventilation (IMV)
(9.00 £ 8.3 d in the CHX group and
12.28 + 11.9 d in the control group)
were similar in the CHX and control
groups.

The clinical periodontal measure-
ments and the numbers of teeth present
were similar in the study groups
(p > 0.05) (Tables 2 and 3). No intra-
oral adverse events, such as mucositis
or tooth staining, were noted during
the study period. The distribution of
probing depth thresholds was similar
in the study groups (p > 0.05).
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The study groups were subdivided as
VAP positive [VAP (+)] or VAP neg-
ative [VAP (-)] and the clinical peri-
odontal measurements of these groups
are given in Table 4. Twenty-two
patients (68.8%) in the control group
and 12 patients (41.4%) in the CHX
group were diagnosed with VAP. The
rate of VAP occurrence in the control
group was significantly higher than in
the CHX group with an odds ratio of
3.12 (95% confidence interval = 1.09—
8.91, p = 0.03). Most cases of VAP
(27 out of 34) were defined as late
onset. Acinetobacter baumannii was the
most common (64.7%) pathogen
isolated in the 34 cases of VAP in the
two groups. The APACHE II score was
not significantly different between the
VAP (+) and VAP (-) control groups
(p = 0.14). The APACHE II score of
the VAP (-) CHX group was signifi-
cantly lower than that of the VAP (+)
CHX patients (p = 0.039) (Table 4).

There were no significant differences
with regards to duration of VAP
development between the CHX and
control groups. Significantly shorter
ICU stay was found for VAP (-)
patients in both control and CHX
groups than in the VAP (+) patients of
the same groups (p < 0.0001 and
p = 0.013, respectively). The duration
of mechanical ventilation was signifi-
cantly longer in the VAP (+) CHX and
control  groups (p = 0.002 and
p < 0.0001, respectively). The VAP
(+) control group had a significantly
longer hospitalization period than the
VAP (-) counterparts (p = 0.03)
(Table 4). The mortality rates were
similar in the CHX (17/29) and control
(19/32) groups (p > 0.05).

Crude logistic regression analysis
indicated that the odds ratio of VAP
development in the control group was
3.12 (Table 5). Age itself increased this
odds ratio of VAP development to 5.05
with adjusted logistic regression anal-
ysis. When assessed together with the
APACHE II score, the odds ratio was
7.98 in the control group.

Discussion

As VAP continues to be a common
complication of critical care, develop-
ment of preventive approaches are
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Table 1. Baseline characteristics of the chlorhexidine gluconate (CHX) and control groups

CHX group Control group
(n = 29) (n = 32) p-value
Clinical or biochemical variable
Age (years) 60.5 £ 14.7 56.0 = 18.2 0.301
Co-morbidities (1) (%) 21 (72.2) 26 (81.25) 0.545
APACHE 11 239 + 5.7 247 + 6.2 0.693
Pa0,/FiO, 157.4 + 82.6 166.4 + 74.1 0.995
Leucocytes (mm?) 14,444 + 7660 14,430 + 11,664 0.312
PCT (ng/dL) 83 £ 11.9 7.6 + 189 0.592
Albumin (g/dL) 3.0 £ 0.8 3.1 +£ 0.7 0.592
Antibiotic usage before admission 11 18 0.116
Secondary outcome variables
Hospitalization (d) 16.7 £ 11.9 17.7 £ 13.3 0.638
ICU stay (d) 122 + 11.3 154 + 13.5 0.279
IMV (d) 9.0 + 8.3 12.3 + 11.9 0.363

Data are presented as n, n (%) or mean + standard deviation.
APACHE, Acute Physiology and Chronic Health Evaluation; ICU, intensive care unit; IMV, invasive mechanical ventilation; PCT, pro-
calcitonin; VAP, ventilator-associated pneumonia.

Table 2. Clinical periodontal measurements of the chlorhexidine gluconate (CHX) and control groups

CHX group Control group
Variable (n =29) (n = 32) p-value
Teeth present (1) 134 £ 7.8 13.9 + 8.7 0.881
Probing depth (mm) 38 £ 1.1 3.7 £ 1.0 0.92
Plaque index (%) 86.6 £ 21.6 84.7 £ 19.3 0.692
Bleeding on probing (%) 48.4 £ 29.2 48.9 £+ 30.2 0.916

Data are presented as mean + standard deviation.

Table 3. Clinical periodontal measurements of the chlorhexidine gluconate (CHX) and

ventilator-associated pneumonia (VAP) positive [VAP (+)] or VAP negative [VAP (-)]

control groups according to the state of being

CHX group Control group

(n = 29) (n = 32)

VAP (+) VAP (-) p-value VAP (+) VAP (-)

(n = 12) n=17) (n = 22) (n = 10) p-value
Teeth present (1) 13.6 £ 74 13.2 £ 8.8 0.807 14.5 £ 8.7 12.9 + 89 0.60
Probing depth (mm) 3.6 + 1.1 39 +£ 09 0.773 3.7 £ 1.1 3.6 £ 1.0 0.919
Plaque index (%) 86.8 + 24.4 83.2 + 15.5 0.212 82.1 £ 15.2 96.5 £ 7.9 0.067
Bleeding on probing (%) 51.1 + 33.2 473 + 28.7 0.807 453 + 30.1 55.7 + 26.9 0.186

Data are given as mean + standard deviation.

essential to reduce the incidence of this
costly infection. The present study was
performed (i) to evaluate whether oral
care with swabbing four times daily with
CHX reduces VAP development in in-
tubated MV-ICU patients admitted to
the respiratory ICU and (ii) to determine
whether worse clinical periodontal sta-
tus is related to a higher VAP develop-
ment risk in this particular patient
group. The rate of pneumonia develop-
ment was 68.8% and 41.4%, respec-
tively in the control and CHX groups.
More importantly, there was no signifi-

cant difference in mortality between the
study groups. The odds ratio of VAP
development in the control group was
3.12-fold higher than in the CHX group.
The present findings indicated no sig-
nificant differences in clinical periodon-
tal measurements comprising number of
teeth present, probing depth, plaque in-
dex and bleeding on probing between
patients developing and not developing
VAP. The probing-depth thresholds
were also similar in the study groups,
suggesting no significant relationship
between clinical periodontal status and

VAP development risk in ICU patients.
One may expect that age and/or
APACHE 1I score, which are known
risk factors for VAP development,
caused this odds ratio. However, the
present study groups were similar with
regard toagedistributionand APACHE
II score. This fact provides further sup-
port for the hypothesis that oral care
with CHX decreases the risk of VAP
development in ICU patients.

The average length of stay in this unit
in the year before the start of the study
was approximately 10 d. Incidence
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Table 4. Baseline characteristics and secondary outcome variables of the chlorhexidine gluconate (CHX) and control groups according to the
state of being ventilator-associated pneumonia (VAP) positive [VAP (+)] or VAP negative [VAP (-)]

CHX group Control group
(n = 29) (n = 32)
VAP (+) VAP (-) VAP (+) VAP (-)
(n = 12) (n=17) p-value (n = 22) (n = 10) p-value
Clinical or biochemical parameter
Age (years) 67.5 (47-86) 55.0 (23-77) 0.088 65.0 (26-83) 46.5 (20-68) 0.016
APACHE II 29.0 (21-36) 22.0 (14-35) 0.039 24.0 (11-35) 26.5 (20-39) 0.142
PaO,/FiO, 130.0 (51-318) 164.0 (60-310) 0.654 177.0 (48-300) 140.0 (45 -304) 0.389
Leucocytes (n/mm°) 11,675 (1220-20,720) 12,430 (7700-32,210)  0.223 12,130 (6630-60,300) 10,245 (60-42,000) 0.655
PCT (ng/dL) 3.5(0.4-15.3) 1.01 (0.14-32.39)  1.00 1.1 (0.1-10.8) 1.4 (0.6-64.1) 0.307
Albumin (g/dL) 2.9 (2.0-3.7) 2.90 (1.8-5.0) 0.690 3.1 (1.4-4.7) 3.3(1.8-3.8) 0.822
Secondary outcome variables
Hospitalization (d) 19.0 + 14.8 151 £ 9.5 0.399 21.4 + 13.9 94 + 6.9 0.003
ICU stay (d) 17.6 + 152 8.4 + 5.1 0.013 19.7 + 142 6.0 £ 3.2 < 0.0001
IMV (d) 14.1 + 10.7 54 £ 3.1 0.02 15.5 + 13.1 52 + 3.1 < 0.0001
VAP development (d) 64 + 34 - - 7.0 £ 2.7 - -
Antibiotic usage after 12 17 - 22 10 -
admission (n)
Mortality (n) (%) 10 (83.3) 7 (41.2) 0.422 12 (54.5) 7 (70) 0.467

Data are given as median (range).

APACHE, Acute Physiology and Chronic Health Evaluation; ICU, intensive care unit; IMV, invasive mechanical ventilation; PCT, pro-

calcitonin.

Table 5. Crude and adjusted odds ratios
and 95% confidence interval (95% CI) of

ventilator-associated pneumonia (VAP)
development
95% CI
Odds

Groups ratio  Lower  Upper
Crude

CHX - - -

(reference)

Control 3.12 1.09 8.91
Adjusted

Control 7.98 2.04 31.21

Age 1.07 1.02 1.12

APACHEII  0.96 0.86 1.08

APACHE, Acute Physiology and Chronic
Health Evaluation; CHX, chlorhexidine
gluconate.

density of VAP in the last 3 years ran-
ged from 30 to 60 per thousand venti-
lator-days. The rate of infection with
VAP in the respiratory ICU was
reported to be 28-85% in Turkey and
the incidence of pneumonia among
residents of ICUs ranges from 16.4 to
26.5 per 1000 patient-days (34).

The previously published studies
(15,16,35) investigating the effect of oral
antiseptics on prevention of nosocomial
infections have been carried out in gen-
eral ICUs. In contrast, our study was

carried out in the respiratory ICU of a
Chest Disease Department. In the
present study, CHX was applied by
means of swabbing. This was mainly
because none of the patients was con-
scious and also to make sure that CHX
was applied directly onto each and every
tooth surface. Therefore, swabbing was
the most effective way of consistently
applying CHX to all of the study pop-
ulation and indeed swabbing in this way
is a useful addition to the application of
antiseptics by the periodontal commu-
nity, particularly to very ill and hospi-
talized patients (36). In the present
study, oral care was provided by trained
nurses with atleast 5 years of experience
in ICU and those nurses were periodi-
cally checked by the head nurse to
ensure that they were adhering to the
study protocol. Nurse effectiveness may
be regarded as a confounder, and assur-
ing consistency by means of a numerical
evaluation would increase the reliability.
Recording plaque index on a daily basis
could be a way of numerical evaluation
of nurse consistency and these may be
considered as limitations of the present
study. However, the difficulty of such
clinical work in mechanically ventilated
unconscious patients in the ICU should
be borne in mind.

Previous studies analyzed BAL sam-
ples, whereas our study evaluated mini-
BAL samples. Analysis of BAL material
is well known to be highly sensitive
and specific in terms of VAP diagnosis.
However the invasive nature of BAL
sampling and high risk of complications
need to be weighed against the high
sensitivity and specificity of the data. On
the other hand, mini-BAL is as reliable
as BAL in terms of sensitivity and
specificity of the data and the sampling
technique has the advantages of being
less invasive and having a lower risk of
complications (31,37). Therefore, the
present study is based on analysis of
mini-BAL samples rather than BAL
samples. To the best of our knowledge,
this is the first study correlating mini-
BAL data and clinical periodontal
findings. The difference in methodology
may explain the differences between our
findings and those of previous studies,
and the present study suggests that
analysis of mini-BAL may be appro-
priate in future studies.

Topical application of CHX two to
four times a day was suggested to
reduce the risk of development of
VAP (17-21,35). Scannapieco et al.
(38). reported that there were no sig-
nificant differences between one or two
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applications of 0.12% CHX rinse with
regard to the reduction of VAP devel-
opment. Furthermore, genetic similar-
ities between bacteria isolated from the
lung and dental plaque have been
demonstrated and it was suggested that
dental biofilms are important reser-
voirs for these respiratory pathogens
(39,40). Thus, mechanisms other than
reduction of PRPs in dental biofilm
must be considered to help explain the
apparent efficacy of CHX in preventing
VAP. One possible explanation is that
CHX inhibits the viability of the
planktonic bacteria in the oral secre-
tions. The subsequent reduction in the
number of viable PRPs in the secre-
tions eventually reduces the number of
viable organisms aspirated into the
lower airway and therefore prevents
subsequent infection. Alternatively, the
virulence potential of the bacteria
may be reduced by CHX. Recently,
it was suggested that CHX is able to
bind to bacterial components such
as lipopolysaccharide and proteases
(25,41).

A recent meta-analysis of trials con-
cluded that CHX is effective in pre-
venting VAP (25). These analyses
revealed, however, that there was a
great variation in the populations stud-
ied as well as in the concentration,
preparation and dosing schedule of
CHX. Clinical trials of CHX have tested
concentrations of 0.12% and 0.2%
applied two to four times a day, in the
form of a rinse or gel. Topical applica-
tion of CHX to the oral cavity of
MV-ICU patients in some cases appears
to prevent VAP, but neither the optimal
concentration nor the frequency of
application of this agent has been clari-
fied so far. Studies validating the utility
of CHX on reducing pneumonia are
not unanimous. Fourrier et al. (35).
reported that gingival decontamination
with 0.2% CHX gel significantly
decreased the oropharyngeal coloniza-
tion by bacteria in ventilated patients
but was not sufficient to reduce the
incidence of respiratory infections. Pre-
viously, Houston et al. (18). obtained a
greater reduction in pneumonia devel-
opment with 0.12% CHX rinse than
with an essential oils rinse in ICU
patients. Scannapieco et al. (38). com-
pared the effect of once-daily vs. twice-

daily application of 0.12% CHX and
reported no significant difference in
terms of reducing oral colonization by
PRPs. Although CHX usage either once
daily or twice daily reduced the oral
colonization of PRPs by a similar
extent, the number of patients with VAP
was not significantly different between
the once-daily and twice-daily CHX
usage groups. In the present study,
swabbing four times daily with 0.2%
CHX reduced significantly the number
of patients with VAP compared with the
control (41.4% and 68.8%, respec-
tively). The significant difference
between the CHX and control groups in
the present study might be explained by
the use of not only a higher concentra-
tion of CHX but also the treatment
schedule (four times daily) compared
with the previous studies (30,35,38).
Chanet al. (24). stated that unpublished
small studies with negative findings
exist, which suggests the possibility of
publication bias. Scannapieco et al. (38)
stated that the standardized oral-care
regime used in the ICU reduced the
number of organisms in dental plaque to
a level where additional reductions by
CHX were not detectable or suctioning
excess fluid at the time of application
could have reduced the effect of CHX.
Our present findings are promising in
that the addition of oral swabbing with
0.2% CHX, four times a day, to the
standard oral-care regime may be more
effective in reducing pathogenic bacte-
ria in oral biofilms, eventually signifi-
cantly reducing VAP development.
Although oral swabbing with 0.2%
CHX reduced the risk of VAP devel-
opment in mechanically ventilated
patients, no significant differences
could be demonstrated in the length of
ICU stay, duration of hospitalization
and mechanical ventilation between
the CHX and control groups. The
VAP (+) CHX group presented
slightly better results than the VAP
(+) control group. One possible
limitation of the present study is the
rather low patient numbers in the study
groups. The present study was con-
ducted in a respiratory ICU and most
of the patients had severe respiratory
deficiencies such as acute respiratory
distress syndrome, and many were suf-
fering from other co-morbid diseases,

eventually increasing the VAP rate in
spite of the active surveillance. This fact
may be regarded as another limitation
of the present study.

Adverse events have rarely been
reported in clinical trials using CHX in
ICU patients. A meta-analysis of seven
clinical trials indicated that no adverse
effects were reported in any of these
studies (25). However, Tantipong et al.
(22) reported that 9.8% of patients
who received 0.2% CHX developed
irritation of the oral mucosa. Our
present findings are in line with that of
the meta-analysis (25) as 0.2% CHX
resulted in no adverse effects such as
mucosal irritation or tooth staining.

Oral colonization with potential
respiratory pathogens appears to con-
tribute to pulmonary infections. The
relationship between periodontitis and
risk of pneumonia is presently
unknown. The limited access to the
oral cavity of ICU patients and the
rather short stay of these patients in
hospital present logistical challenges to
research in this field. Therefore, it is
rather difficult to determine whether
periodontitis is related to pneumonia
in MV-ICU subjects.

In conclusion, within the limits of
the present study, it may be suggested
that oral care in ICU patients, of
application of 0.2% CHX four times a
day, reduces the risk of VAP develop-
ment. The present study did not reveal
significant differences in clinical peri-
odontal measurements between the
study groups, suggesting no evidence
of a significant effect of clinical peri-
odontal status on VAP development
risk. Oral hygiene practices seem to be
needed before intubation of patients in
ICUs and the existing clinical peri-
odontal condition does not seem to be
closely related to the risk of pneumo-
nia. This means that the association
between nosocomial pneumonia may
be practical in terms of oral hygiene
and not related to periodontal systemic
disease interactions. However, larger-
scale intervention studies are required
to address this issue in greater detail.
Therefore, adoption of adequate oral
hygiene measures, which may include
supplementation  with oral CHX
swabbing, is warranted to reduce the
VAP development rate.
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