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Prevention of ventilator-associated pneumonia with oral 
antiseptics: a systematic review and meta-analysis
*Sonia O Labeau, *Katrien Van de Vyver, Nele Brusselaers, Dirk Vogelaers, Stijn I Blot

Summary
Background We did a systematic review and random eff ects meta-analysis of randomised trials to assess the eff ect of 
oral care with chlorhexidine or povidone-iodine on the prevalence of ventilator-associated pneumonia versus oral care 
without these antiseptics in adults.

Methods Studies were identifi ed through PubMed, CINAHL, Web of Science, CENTRAL, and complementary manual 
searches. Eligible studies were randomised trials of mechanically ventilated adult patients receiving oral care with 
chlorhexidine or povidone-iodine. Relative risks (RR) and 95% CIs were calculated with the Mantel-Haenszel model 
and heterogeneity was assessed with the I² test.

Findings 14 studies were included (2481 patients), 12 investigating the eff ect of chlorhexidine (2341 patients) and two 
of povidone-iodine (140 patients). Overall, antiseptic use resulted in a signifi cant risk reduction of ventilator-associated 
pneumonia (RR 0·67; 95% CI 0·50–0·88; p=0·004). Chlorhexidine application was shown to be eff ective (RR 0·72; 
95% CI 0·55–0·94; p=0·02), whereas the eff ect resulting from povidone-iodine remains unclear (RR 0·39; 95% CI 
0·11–1·36; p=0·14). Heterogeneity was moderate (I²=29%; p=0·16) for the trials using chlorhexidine and high 
(I²=67%; p=0·08) for those assessing povidone-iodine use. Favourable eff ects were more pronounced in subgroup 
analyses for 2% chlorhexidine (RR 0·53, 95% CI 0·31–0·91), and in cardiosurgical studies (RR 0·41, 95% CI 
0·17–0·98).

Interpretation This analysis showed a benefi cial eff ect of oral antiseptic use in prevention of ventilator-associated 
pneumonia. Clinicians should take these fi ndings into account when providing oral care to intubated patients.

Funding None. 

Introduction
Ventilator-associated pneumonia is defi ned as pneumonia 
in people who have a device to continuously assist or 
control respiration through a tracheostomy or by 
endotracheal intubation within 48 h before the onset of 
infection, inclusive of the weaning period.1 Aff ecting 
10–30% of mechanically ventilated patients, this type of 
pneumonia is one of the most frequent nosocomial 
infections in intensive care units.2,3 Depending on the 
casemix, disease severity, microorganisms involved, and 
adequacy of anti-infective management, the attributable 
mortality (mortality in exposed patients in excess to 
mortality in matched unexposed patients) can exceed 50%.4 
Moreover, ventilator-associated pneumonia is an important 
cause of morbidity, increased use of health-care resources, 
and excess cost.3 As such, prevention of this disease is a 
priority in quality improvement programmes in intensive 
care units5,6 and plenty of eff orts have been taken to 
elucidate the eff ect of distinct preventive measures.7–9

The most important mechanism for development of 
ventilator-associated pneumonia is aspiration of colonised 
oropharyngeal secretions into the lower respiratory 
tract.10 Oral bacterial colonisation results from 
accumulation of debris in the oral cavity. Adequate 
salivary fl ow is an important factor for maintainance of 
oral health through its antimicrobial, lubricating, and 
buff ering properties. In intubated patients, however, a 

constantly open mouth and the use of drugs such as 
antihypertensives, anticholinergics, antipsychotics, and 
diuretics predispose for xerostomia and subsequent 
reduction in salivary immune factors. Additionally, an 
endotracheal tube can hamper thorough inspection of 
the oral cavity and limit access for oral care.11,12

Reduction of the number of oral microorganisms might 
hold a potential for prevention of ventilator-associated 
pneumonia.13,14 Both chlorhexidine and povidone-iodine 
have been proposed as powerful antiseptic drugs against 
oral bacteria, but studies aiming to determine the most 
eff ective product, its optimum concentration, and 
frequency of use have yielded inconclusive results. We did 
a systematic review and subsequent meta-analysis 
postulating that oral care with chlorhexidine or povidone-
iodine reduced the occurrence of ventilator-associated 
pneumonia in mechanically ventilated adults compared 
with absence of oral care or oral care with a placebo, saline 
0·9%, or another active product.

Methods
Search strategy
Our systemic search for relevant publications included the 
electronic databases PubMed, CINAHL, Web of Science, 
and The Cochrane Central Register of Controlled 
Trials (CENTRAL). We searched combinations of the 
keywords “oral care”, “oral health”, “oral hygiene”, “oral 
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decontamination”, “antiseptics”, “intubation”, “(mechanical) 
ventilation”, “ventilator-associated pneumonia”, “prevention”, 
“reduction”, “pneumonia”, “respiratory (tract) infection”, 
“chlorhexidine”, “iodine”, “betadine”, “povidone”, and 
“nosocomial pneumonia”. We included articles in English, 
French, or Dutch published from January, 1975 to 
February, 2011. We identifi ed unpublished studies in 
conference abstracts or in registers of clinical trials 
(ClinicalTrials.gov and Current Controlled trials). We also 
consulted bibliographies of relevant articles, science citation 
index, and Google Scholar.

Study selection
We narrowed the list of publications obtained to studies 
meeting our predetermined inclusion criteria. Thereby, 
we included only randomised controlled trials of 
mechanically ventilated adult patients receiving oral care 
with chlorhexidine or povidone-iodine. We excluded 
studies in which antibiotics were used as experimental 
intervention for oral decontamination. We included 
standard oral care, use of a placebo, or another product 
for oral care as control interventions. We retained only 
studies reporting rates of ventilator-associated pneumonia 
as outcome. Two investigators (NB and KVdV) did a fi rst 
broad selection based on study title, under close 
supervision of the principal investigator (SB) who is a 
content expert. To allow further narrowing, four 
independent reviewers (KVdV, SB, SL, NB) screened the 
selected abstracts, each masked to the results of the 

others’ selection. Mostly, all reviewers decided 
unanimously. In one case of disagreement, assessment 
of eligibility was done by mutual consideration.

Data extraction
Categories of extracted data included author and year of 
publication, settings and study populations, inclusion 
and exclusion criteria, defi nitions and diagnosis of 
ventilator-associated pneumonia, intervention in the 
study and the control group, and prevalence of the 
disease. The concentration of the antiseptic used and the 
application method were also extracted from the studies 
if available. Prevalence was registered as the proportion 
of patients with ventilator-associated pneumonia to the 
total number of patients, in both study and control 
groups. When important data were missing, the author 
was contacted. Secondary outcome variables were 
extracted for the systematic review, but not included in 
the meta-analysis.

Quality assessment
The quality of the included randomised trials was 
assessed by two reviewers (NB and KVdV) with a validated 
checklist of the Dutch Cochrane Centre, and subsequently 
appraised by another reviewer (SL).15 Criteria for quality 
assessment included the use of (blinded) randomisation 
and masking of patient, practitioner, or assessor. 
Applicability was assessed in terms of comparability of 
the groups at baseline, loss-to-follow-up, intention-to-
treat analysis, comparability of treatment, and overall 
assessment of the quality of the study. An additional 
quality check included assessment of the sample size, 
defi nition of inclusion and exclusion criteria, and clear 
defi nition of outcomes.

Statistical analysis
We did a random-eff ects meta-analysis using Review 
Manager 5.0 (Cochrane Collaboration, 2008) following 
the Mantel-Haenszel model to obtain relative risks (RR) 
and 95% CIs. We assessed clinical heterogeneity by 
comparing protocol, populations, and methodology of 
the studies included. We assessed statistical heterogeneity 
using the I² statistic that measures the degree of 
inconsistency across studies; it results in a 0–100% range 
quantifying the proportion of variation in the eff ect, 
which is due to inter-study variation. We predefi ned 
heterogeneity (I²≤25% for low, 25%<I²<50% for 
moderate, and I²≥50% for high). We constructed a funnel 
plot to assess publication bias and did sensitivity analysis 
by diff erent subgroup analyses. A p value of less than 0·05 
was used to denote statistical signifi cance.

Role of the funding source
There was no funding source for this study. The 
corresponding author had full access to all the data in 
the study and had fi nal responsibility for the decision to 
submit for publication. 

1721 records identified
           1720 through database search
                   1 through manual search

1605 duplicates removed

115 records screened

64 records excluded:
       18 involved not-intubated patients
       29 did not involve use of an antiseptic as 
              intervention
       17 did not have VAP as outcome

51 full-text articles assessed for 
      eligibility and screened

37 full-text articles excluded:
      16 were editorials, letters, or comments
        9 were reviews or meta-analyses
      10 were not randomised trials
        2 had incomplete outcome data

14 studies included in meta-analysis

Figure 1: Summary of literature search and study selection
VAP=ventilator-associated pneumonia.
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Setting Inclusion Exclusion Diagnosis VAP Intervention Control Blinded

De Riso et al 
(1996)18

Cardiothoracic 
(open heart 
surgery)

CABG, valve surgery, 
septal surgery, 
cardiac-tumour excision, 
or combinations

Intraoperative death, 
preoperative infection or 
intubation, pregnancy, heart 
and lung transplant recipients, 
hypersensitivity to CHX

New or progressing pulmonary 
infi ltrate, fever, leucocytosis, and 
purulent tracheobronchial 
secretions

CHX 0·12% 15 mL oral rinse 
twice a day, start 
preoperatively and 
continue postoperatively 
until discharge from ICU or 
death (n=173)

Placebo (n=180) Yes

Fourrier et al 
(2000)13

Medico-surgical 
ICU

Age >18 years, medical 
condition suggesting ICU 
stay ≥5 days, 
mechanically ventilated 
by orotracheal or 
nasotracheal intubation 
or tracheostomy

Edentulous patients Temperature >38°C or <36°C, 
infi ltrates on chest radiographs, 
leucocytosis (>10×10³ cells per μL) 
or leucopenia (<3×10³ cells per μL), 
positive culture from tracheal 
aspirate or positive culture of BAL, 
or both

CHX 0·2% gel three times a 
day during ICU stay (n=30)

Standard oral care: 
mouth rinsing with 
bicarbonate isotonic 
serum, 
oropharyngeal sterile 
application four 
times a day (n=30)

Yes

Houston et al 
(2002)20

Cardiothoracic 
(open heart 
surgery)

Patients after CABG or 
valve surgery requiring 
cardiopulmonary bypass, 
or both

Intraoperative death, 
pregnancy, preoperative 
documented respiratory 
infection

New or progressing pulmonary 
infi ltrate, fever, leucocytosis, 
positive microbial culture results

CHX 0·12% 15 mL oral rinse 
twice a day, start 
preoperatively until 10 days 
postoperative or until 
extubation, tracheostomy, 
death, or diagnosis 
pneumonia (n=270)

Listerine (phenolic 
mixture) 15 mL oral 
rinse twice a day 
(n=291)

No

Chua et al 
(2004)27

Medical, surgical, 
neurological, 
neurosurgical and 
central ICU

Mechanically ventilated 
adults (>18 years), seen 
within 24 h of intubation

Nosocomial pneumonia, 
hyperthyroidism, 
hypersensitivity to povidone-
iodine

As defi ned by CDC28 PVP-I 1% three times a day 
and teeth cleaning once a 
day (n=22)

Placebo and teeth 
cleaning once a day 
(n=20)

Yes

Grap et al 
(2004)14

Surgical trauma 
ICU, neuroscience 
ICU, emergency 
department

Age >18 years, 
endotracheally intubated 
and mechanically 
ventilated

Edentulous patients CPIS >6 CHX 0·12% 2 mL single 
application (n=7)

Standard oral care 
(n=5)

Yes

Macnaughton 
et al (2004)22

Mixed 
surgical-medical 
ICU

Patients requiring 
ventilatory support for at 
least 48 h

Treatment for infections at 
admission of ICU, 
hypersensitivity to CHX

Leukocytosis, fever >38°C, 
deterioration in oxygenation or 
chest signs, new consolidation on 
chest radiograph, substantial 
bacterial growth on BAL, CPIS >6

CHX 0·2% twice a day 
(n=91)

Placebo (n=88) Yes

Fourrier et al 
(2005)19

ICUs Age >18 years, medical 
condition suggesting ICU 
stay ≥5 days, 
mechanically ventilated 
by orotracheal or 
nasotracheal intubation

Patients with tracheostomy, or 
hospitalised for >48 h before 
ICU admission, edentulous 
patients, facial trauma, 
postsurgical and requiring 
specifi c oropharyngeal care, 
allergy to CHX

Temperature >38°C or <36°C, new 
infi ltrates on chest radiographs, 
leucocytosis (>10×10³ cells per μL) 
or leucopenia (<3×10³ cells per μL), 
positive quantitative culture from 
tracheal aspirate or BAL, or both

CHX 0·2% gel three times a 
day until day 28; 
toothbrushing was not 
allowed (n=114)

Placebo (n=114) Yes

Bopp et al 
(2006)17

Critical-care unit Orally or nasally 
intubated patients

Patients on metronidazole, 
allergy to CHX, sensitivity to 
alcohol, risk for infective 
endocarditis, history or presence 
of various comorbidities; or 
admitted to hospital with 
pneumonia and subsequently 
intubated

VAP was diagnosed by a physician, 
criteria are not specifi ed

CHX 0·12% twice a day until 
extubation, toothbrushing 
with CHX (n=2)

Standard oral care 
twice a day with 
foam swab, 
hydrogen peroxide 
and oral lubricant 
(n=3)

No

Koeman et al 
(2006)21

Mixed and 
surgical ICUs

Age >18 years, requiring 
mechanical ventilation 
for ≥48 h

Pre-admission 
immunocompromised status, 
pregnancy, physical condition 
not allowing oral application of 
study medication

New, persistent or progressive 
infi ltrate on chest radiograph and 
at least three of four criteria: fever 
>38°C or <35·5°C, leucocytosis 
(>10×10³ cells per μL) or 
leucopenia (<3×10³ cells per μL), 
purulent aspect of tracheal 
aspirate, positive semiquantitative 
culture from tracheal aspirate

CHX 2% paste four times a 
day until diagnosis VAP, 
death, extubation, or 
withdrawal of consent 
(n=127)

Placebo (n=130) Yes

Seguin et al 
(2006)16

Surgical ICU Adult patients >18 years, 
severe closed head 
trauma, expected to 
need mechanical 
ventilation for >2 days

Admitted to ICU >12 h after 
initial trauma with facial, 
thoracic, abdominal, or spinal 
injuries, reaction to iodine, 
respiratory disease, infi ltrates on 
chest radiograph, need for 
curative antibiotics

New, pulmonary infi ltrate on chest 
radiograph and two of the 
following: fever >38°C or <36°C, 
purulent endotracheal aspirate, 
leucocytosis (>10×10³ cells per μL) 
or leucopenia (<3×10³ cells per μL), 
bacterological culture growth BAL

Povidone-iodine 10% six 
times a day (n=36)

Standard care 
without instillation 
but with aspiration 
of secretions six 
times a day (n=31) or 
nasopharynx and 
oropharynx rinsing 
with 60 mL of saline 
solution six times a 
day (n=31)

No

(Conrinues on next page)
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Results
Our broad search strategy yielded 1720 abstracts (873 in 
PubMed, 502 in Web of Science, 78 in CINAHL, and 267 in 
CENTRAL). After elimination of identical publications 
and studies that did not meet inclusion criteria, 
13 studies13,14,16–26 were selected. Scanning of reference lists 
yielded one additional study.27 As a result, 14 studies 
published in English between January, 1996 and 
February, 2011 consisting of 2481 patients were included 

in the systematic review (fi gure 1). Construction of funnel 
plot did not show publication bias (webappendix p 1).

All studies included were randomised trials, nine of 
which used a blinded design.13,14,18,19,21,22,24,26,27 12 trials 
including 2341 patients assessed the eff ectiveness of oral 
chlorhexidine,13,14,17–26 two trials comprising 140 patients 
involved the use of povidone-iodine.16,27 Most studies 
included patients in mixed intensive-care units.13,14,17,19,21–25,27 
Two reports,18,20 however, accounting for 36·8% (914 of 2481) 

Setting Inclusion Exclusion Diagnosis VAP Intervention Control Blinded

(Continued from previous page)

Tantipong et 
al (2008)23

ICU Adult patients >18 years, 
mechanically ventilated

Pneumonia, allergy to CHX New, persistant, or progressive 
infi ltrate on chest radiograph and 
at least three of four criteria: fever 
>38°C or <35·5°C, leucocytosis 
(>10×10³ cells per μL) or 
leucopenia (<3×10³ cells per μL), 
purulent tracheal aspirate, positive 
semiquantitative culture from 
tracheal aspirate

CHX 2% 15 mL solution 
four times a day with 
toothbrushing (n=102)

Saline, with the same 
oral care procedure 
(n=105)

No

Scannapieco 
et al (2009)26

Trauma ICU Adult patients >18 years, 
intubated and 
mechanically ventilated 
within
48 h of admission

Witnessed aspiration, confi rmed 
diagnosis of postobstructive 
pneumonia, known 
hypersensitivity to CHX, absence 
of consent, diagnosed 
thrombocytopenia 
(<40×103 platelets per μL or an 
INR >2, or both, or other 
coagulopathy), do not intubate 
order, pregnancy, legal 
incarceration, transfer from 
another ICU, oral mucositis, 
immunosuppression (either-HIV 
or drug induced), and 
re-admission to the ICU

Upon suspicion of pneumonia, 
lung secretions analysis by bqBAL 
by use of a mini-BAL technique 
with >10⁴ CFU/mL of a target PRP 
in bqBAL fl uid or a positive pleural 
fl uid culture in the absence of 
previous pleural instrumentation 
regarded as positive evidence for 
diagnosis of pneumonia

CHX 0·12% once a day plus 
placebo (n=58)
or CHX 0·12% twice a day 
(n=58)

Placebo twice a day 
(n=59)

Yes 
(double-
blind)

Panchabhai 
et al (2009)25

Mixed ICU All patients admitted to 
the ICU during the 
8-month study period

Pregnancy, pneumonia on 
hospital admission, patients in 
whom oral care was 
contraindicated or with history 
of allergy to CHX

Nosocomial pneumonia was 
defi ned by two independent, 
masked reviewers: development of 
new persistent alveolar infi ltrates 
on chest radiograph; >38°C; 
leucocytosis (>12×10³ WBCs 
per μL), and purulent sputum 
developing >48 h after ICU 
admission with worsening of 
hypoxaemia on arterial blood gas 
analysis; all parameters were 
essential for the diagnosis; 
semiquantitative cultures 
obtained by the protected 
non-bronchoscopic mini-BAL 
technique were considered 
positive with >10³ CFU per mL. A 
positive culture was not essential 
for the diagnosis of pneumonia

10 mL CHX 0·2% twice a 
day (n=88)

10 mL 0·01% 
potassium 
permanganate twice 
a day (n=82)

No

Bellissimo-
Roderigues et 
al (2009)24

Mixed ICU All patients admitted to 
the ICU with a 
prospective length of 
stay >48 h, regardless of 
whether they received 
mechanical ventilation

Previous CHX hypersensitivity, 
pregnancy, formal indication for 
CHX use or prescription of 
another oral topical medication.

As defi ned by CDC28 CHX 0·12% 15 mL after 
mechanical cleaning three 
times a day (n=64)

Placebo 15 mL after 
mechanical cleaning 
three times a day 
(n=69)

Yes 
(double-
blind)

VAP=ventilator-associated pneumonia. CABG=coronary artery bypass grafting. CHX=chlorhexidine. ICU=intensive care unit. BAL=bronchoalveolar lavage. CDC=US Centers for Disease Control and Prevention. 
PVP-I=povidone-iodine. CPIS=clinical pulmonary infection score. INR=international normalised ratio. bqBAL= blind quantitative bronchoalveolar lavage. CFU=colony forming units. PRP=potential respiratory 
bacterial pathogen. WBC=white blood cell.

Table: Study characteristics of subpopulations included

See Online for webappendix
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of the population for the meta-analysis, exclusively 
included cardiosurgical patients, and two others pertained 
to patients from a trauma or surgical intensive-care unit.16,26 
Sample sizes varied considerably (table).

With regard to interventions, Seguin and colleagues16 
randomly assigned patients in the intervention group to 
receive oral care with either povidone-iodine or saline. 
For the present meta-analysis, the patients treated with 
povidone-iodine were considered the intervention group, 
and were compared with the joint saline and standard 
regimen groups (controls). Also, a study group combining 
the use of chlorhexidine and colistin (Koeman and 
colleagues)21 was excluded from the present analysis. 
Scannapieco and colleagues26 randomly assigned their 
study patients to (1) a control group with placebo 
administration twice daily; (2) an experimental group 
with 0·12% chlorhexidine once daily and placebo 
application once daily; and (3) an additional experimental 
group with 0·12% chlorhexidine administration twice 
daily. For the present analysis, both groups in which 
patients were given chlorhexidine 0·12% were considered 
as experimental groups.

Interventions varied considerably between studies. 
Teeth were brushed before application of antiseptics,17,23,27 
oral rinse with 15 mL chlorhexidine was applied with a 
sponge swab for 30 s,18,20 chlorhexidine gel was given after 
rinse of the mouth and oropharyngeal aspiration,13,19 
chlorhexidine was used as a spray or swab,11 or multiple 
interventions were combined.23 Koeman and colleagues21 
applied chlorhexidine paste 2 cm bilaterally in the mouth 
after removal of remnants of the previous dose with a 
gauze moistened with saline 0·9%. In the study by 
Panchabhai and colleagues,25 application of chlorhexidine 
0·12% was preceded by oral and pharyngeal suction of 
pooled secretions, and by swabbing of the oral cavity, 
teeth, palate, buccal spaces, posterior pharyngeal wall, 
and hypopharynx with normal saline solution. Nurses 
trained in the study protocol gave 15 mL chlorhexidine 
0·12% after mechanical cleaning of the mouth.24 
Chlorhexidine was also applied with a rinse-saturated 
oral foam applicator.26

Seguin and colleagues16 rinsed the nasopharynx and 
oropharynx with 20 mL povidone-iodine 10% reconstituted 
in a 60 mL solution with sterile water, followed by 

Povidone iodine
Chua et al (2004)27 6 22 8 20 6·8% 0·68 (0·29–1·62)
Seguin et al (2006)16 3 36 25 62 4·7% 0·21 (0·07–0·64)
Subtotal (95% CI)  58  82 11·5% 0·39 (0·11–1·36)
Total events 9  33
Heterogeneity: τ2=0·54, χ2=3·05, df=1 (p=0·08); I2=67% 
Test for overall effect: Z=1·47 (p=0·14)

Chlorhexidine
De Riso et al (1996)18 3 173 9 180 3·8% 0·35 (0·10–1·26)
Fourrier et al (2000)13 5 30 18 30 7·0% 0·28 (0·12–0·65)
Houston et al (2002)20 4 270 9 291 4·4% 0·48 (0·15–1·54)
MacNaughton et al (2004)22 32 91 28 88 14·1% 1·11 (0·73–1·67)
Grap et al (2004)14 4 7 3 5 5·9% 0·95 (0·36–2·49)
Fourrier et al (2005)19 13 114 12 114 8·3% 1·08 (0·52–2·27)
Bopp et al (2006)17 0 2 1 3 0·9% 0·44 (0·03–7·52)
Koeman et al (2006)21 13 127 23 130 9·9% 0·58 (0·31–1·09)
Tantipong et al (2008)23 5 102 12 105 5·5% 0·43 (0·16–1·17)
Scannapieco et al (2009)26 14 116 12 59 8·8% 0·59 (0·29–1·20)
Bellisimo-Rodriguez et al (2009)24 16 64 17 69 10·6% 1·01 (0·56–1·83)
Panchabhai et al (2009)25 14 88 15 83 9·4% 0·88 (0·45–1·71)
Subtotal (95% CI)  1184  1157 88·5% 0·72 (0·55–0·94)
Total events 123  159
Heterogeneity: τ2=0·06, χ2=15·54, df=11 (p=0·16); I2=29% 
Test for overall effect: Z=2·40 (p=0·02)

Total (95% CI)  1242  1239 100·0% 0·67 (0·50–0·88)
Total events 132  192
Heterogeneity: τ2=0·10, χ2=20·96, df=13 (p=0·07); I2=38% 
Test for overall effect: Z=2·89 (p=0·004)
Test for subgroup differences: χ2=0·86, df=1 (p=0·35); I2=0%

 Events Total Events Total         
 Antiseptic Control Weight  Risk ratio M-H, random (95% CI)  

0·005 1010·1 200
Favours antiseptic Favours control

Figure 2: Overall eff ect of oral antiseptic use on the prevalence of ventilator-associated pneumonia, and subanalysis of chlorhexidine versus povidone-iodine use
M-H=Mantel-Haenszel test.
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aspiration of oropharyngeal secretions. Chua and 
colleagues27 rinsed the oropharyngeal area with cotton 
pledgets soaked in 15–20 mL sterile water, then swabbed 
the entire oropharyngeal mucosa and part of the 
endotracheal tube with cotton pledgets soaked in 
povidone-iodine 1%.

Chlorhexidine was used at concentrations of 
0·12%,14,17,18,20,24,26 0·2%,13,19,22,25 and 2%,21 and povidone-
iodine at 1%27 and 10%.16 Frequency of antiseptic 
application varied from once14,26 or twice a day,17,18,20,22,25,26 
over three13,19,24,27 and four21,23 to six times a day.16 
Chlorhexidine was applied as oral rinse, foam, gel, or 
paste and povidone-iodine as oral rinse only. Duration of 
oral care varied greatly between studies and was not 
always reported.

In the chlorhexidine studies, patients in the control 
group were given a placebo (n=640),18,19,21,22,24,26 standard 
oral care (n=38),13,14,17 saline 0·9% (n=105),23 potassium 
permanganate 0·01% (n=82),25 or the phenolic oral rinse 

Listerine (Johnson & Johnson Limited; n=291; table 1).20 
In the povidone-iodine studies, patients in the control 
group were given a placebo (n=20),27 saline,16 or ‘standard’ 
oral care (n=62).16 The defi nition of standard oral care 
varied noticeably between trials.

Age older than 18 years was specifi ed as inclusion 
criterion in eight studies (table 1).13,14,16,19,21,23,26,27 All 
others17,18,20,22,24,25 also included adults only but did not 
specify the lower age limit for inclusion. Exclusion 
criteria varied widely. With regard to diagnostic criteria, 
Grap and colleagues14 used the Clinical Pulmonary 
Infection Score (CPIS) for defi nition of ventilator-
associated pneumonia. The other studies applied the US 
Centers for Disease Control and Prevention (CDC) 
defi nitions for nosocomial pneumonia18,20,24,27 or similar 
defi nitions.13,16,19,21–23 Bopp and colleagues17 reported no 
diagnostic criteria. Nosocomial pneumonia was defi ned 
by two independent, masked reviewers in the study by 
Panchabhai and colleagues.25 Scannapieco and 

Figure 3: Subanalysis of 2%, 0·2%, and 0·12% chlorhexidine concentrations

Chlorhexidine 0·12%
De Riso et al (1996)18 3 173 9 180 3·8% 0·35 (0·10–1·26)
Houston et al (2002)20 4 270 9 291 4·5% 0·48 (0·15–1·54)
Grap et al (2004)14 4 7 3 5 6·2% 0·95 (0·36–2·49)
Bopp et al (2006)17 0 2 1 3 0·9% 0·44 (0·03–7·52)
Scannapieco et al (2009)26 14 116 12 59 9·9% 0·59 (0·29–1·20)
Bellisimo-Rodriguez et al (2009)24 16 64 17 69 12·3% 1·01 (0·56–1·83)
Subtotal (95% CI)  632  607 37·7% 0·73 (0·51–1·05)
Total events 41  51
Heterogeneity: τ2=0, χ2=3·85, df=5 (p=0·57); I2=0% 
Test for overall effect: Z=1·69 (p=0·09)

Chlorhexidine 0·2%
Fourrier et al (2000)13 5 30 18 30 7·5% 0·28 (0·12–0·65)
MacNaughton et al (2004)22 32 91 28 88 17·8% 1·11 (0·73–1·67)
Fourrier et al (2005)19 13 114 12 114 9·2% 1·08 (0·52–2·27)
Panchabhai et al (2009)25 14 88 15 83 10·7% 0·88 (0·45–1·71)
Subtotal (95% CI)  323  315 45·2% 0·79 (0·46–1·36)
Total events 64  73
Heterogeneity: τ2=0·20, χ2=8·58, df=3 (p=0·04); I2=65% 
Test for overall effect: Z=0·86 (p=0·39)

Chlorhexidine 2%
Koeman et al (2006)21 13 127 23 130 11·3% 0·58 (0·31–1·09)
Tantipong et al (2008)23 5 102 12 105 5·8% 0·43 (0·16–1·17)
Subtotal (95% CI)  229  235 17·1% 0·53 (0·31–0·91)
Total events 18  35
Heterogeneity: τ2=0, χ2=0·24, df=1 (p=0·62); I2=0% 
Test for overall effect: Z=2·31 (p=0·02)

Total (95% CI)  1184  1157 100·0% 0·72 (0·55–0·94)
Total events 123  159
Heterogeneity: τ2=0·06, χ2=15·54, df=11 (p=0·16); I2=29% 
Test for overall effect: Z=2·40 (p=0·02)
Test for subgroup differences: χ2=1·22, df=2 (p=0·54); I2=0%

 Events Total Events Total         
 Antiseptic Control Weight  Risk ratio M-H, random (95% CI)  

0·005 1010·1 200
Favours antiseptic Favours control
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colleagues26 based their diagnosis on microbiological 
assessment of lung secretions.

Two studies18,20 done in cardiothoracic intensive-care 
units reported antibiotic administration perioperatively 
and until 48 h postoperatively. Stress ulcer prophylaxis,18,25 
semirecumbent body position with head of bed elevation 
of 30°,16,21,23,25 daily assessment for readiness for 
extubation,25 deep vein thromboprophylaxis,25 and regular 
emptying of condensate from ventilator tubing25 were 
also reported. Although, even if not mentioned, these are 
components of standard care and, as such, were probably 
applied as part of routine practice.

In a medico-surgical intensive-care unit, Fourrier and 
colleagues13 reported prevalences of ventilator-associated 
pneumonia of 17% (fi ve of 30 patients) in the 
interventional group and 60% (18 of 30 patients) in the 
control group, accounting for 10·7 and 32·3 episodes of 
ventilor-associated pneumonia per 1000 ventilator-days, 

respectively (p<0·05; relative risk [RR] reduction 53%). 
In the study by Koeman and colleagues21 52 patients 
were diagnosed with ventilator-associated pneumonia 
(13 [10%] of 127 patients in the chlorhexidine group and 
23 [18%] of 130 in the control group; the remaining 
16 [13%] patients were given a combination of 
chlorhexidine 2% and colistin 2% as part of an 
intervention group. This group was not included in our 
study). Tantipong and colleagues23 reported fi ve (4·9%) 
of 102 patients with the disease in the chlorhexidine 
group and 12 (11·4%) of 105 patients in the control group 
(RR 0·43, 95% CI 0·16–1·17; p=0·08) with a mean 
number of seven cases per 1000 ventilator-days in the 
intervention group and 21 per 1000 ventilator-days in the 
control group (p=0·04).

In the povidone-iodine study by Seguin and colleagues16 
a signifi cant decrease (p=0·001) in the rate of pneumonia 
in surgical patients was shown in the intervention group 

 Events Total Events Total         
 Antiseptic Control Weight  Risk ratio M-H, random (95% CI)  

0·005 1010·1 200
Favours antiseptic Favours control

Only cardiac surgery intensive care populations
De Riso et al (1996)18 3 173 9 180 3·8% 0·35 (0·10–1·26)
Houston et al (2002)20 4 270 9 291 4·4% 0·48 (0·15–1·54)
Subtotal (95% CI)  443  471 8·2% 0·41 (0·17–0·98)
Total events 7  18
Heterogeneity: τ2=0, χ2=0·13, df=1 (p=0·72); I2=0% 
Test for overall effect: Z=2·00 (p=0·05)

Mixed intensive-care populations
Fourrier et al (2000)13 5 30 18 30 7·0% 0·28 (0·12–0·65)
Grap et al (2004)14 4 7 3 5 5·9% 0·95 (0·36–2·49)
MacNaughton et al (2004)22 32 91 28 88 14·1% 1·11 (0·73–1·67)
Chua et al (2004)27 6 22 8 20 6·8% 0·68 (0·29–1·62)
Fourrier et al (2005)19 13 114 12 114 8·3% 1·08 (0·52–2·27)
Koeman et al (2006)21 13 127 23 130 9·9% 0·58 (0·31–1·09)
Bopp et al (2006)17 0 2 1 3 0·9% 0·44 (0·03–7·52)
Tantipong et al (2008)23 5 102 12 105 5·5% 0·43 (0·16–1·17)
Panchabhai et al (2009)25 14 88 15 83 9·4% 0·88 (0·45–1·71)
Bellisimo-Rodriguez et al (2009)24 16 64 17 69 10·6% 1·01 (0·56–1·83)
Subtotal (95% CI)  647  647 78·4% 0·77 (0·58–1·02)
Total events 108  137
Heterogeneity: τ2=0·06, χ2=12·63, df=9 (p=0·18); I2=29% 
Test for overall effect: Z=1·80 (p=0·07)

Surgery or trauma intensive-care populations
Seguin et al (2006)16 3 36 25 62 4·7% 0·21 (0·07–0·64)
Scannapieco et al (2009)26 14 116 12 59 8·8% 0·59 (0·29–1·20)
Subtotal (95% CI)  152  121 13·5% 0·38 (0·13–1·10)
Total events 17  37
Heterogeneity: τ2=0·37, χ2=2·61, df=1 (p=0·11); I2=62% 
Test for overall effect: Z=1·78 (p=0·07)

Total (95% CI)  1242  1239 100·0% 0·67 (0·50–0·88)
Total events 132  192
Heterogeneity: τ2=0·10, χ2=20·96, df=13 (p=0·07); I2=38% 
Test for overall effect: Z=2·89 (p=0·004)
Test for subgroup differences: χ2=3·15, df=2 (p=0·21); I2=36·5%

Figure 4: Subanalysis following type of intensive-care unit
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(three [8%] of 36 patients [95% CI 0–17] versus 12 [39%] of 
31 patients [95% CI 22–56] in the control group [p=0·003] 
and 13 [42%] of 31 patients [95% CI 25–59] in the saline 
and the standard regimen groups [p=0·001]).16 In the 
povidone-iodine study by Chua and colleagues27 in a 
mixed intensive-care unit, the rates of pneumonia did not 
diff er between both groups (p=0·58).

We did a meta-analysis of all 14 retrieved studies13,14,16–27 to 
assess the pooled eff ect of oral care with topical 
chlorhexidine or povidone-iodine on the occurrence of 
ventilator-associated pneumonia. This analysis showed 
an important reduction of the disease (p=0·004; fi gure 2), 
with a moderate statistical heterogeneity. Subgroup 
analysis based on type of antiseptic showed a signifi cant 
reduction in cases of ventilator-associated pneumonia in 
the chlorhexidine studies, but the eff ect resulting from 
povidone-iodine remains unclear (fi gure 2). The povidone-
iodine subanalysis was based on fewer studies, and also 
showed a larger heterogeneity and broader CIs (fi gure 2).

To determine the most eff ective chlorhexidine 
concentration, subgroup analyses included chlorhexidine 
2%,21,23 0·2%13,19,22,25 and 0·12%.14,17,18,20,24,26 Chlorhexidine 2% 
was to be associated with a signifi cant risk reduction with a 
low heterogeneity (fi gure 3). This protective eff ect of 
chlorhexidine was less strong at lower concentrations, with 
an RR of 0·79 chlorhexidine 0·2% and 0·73 for 
chlorhexidine 0·12%, and with broad 95% CIs enclosing 
RR 1 (nil eff ect; fi gure 3). Results from the studies assessing 
the use of chlorhexidine 0·12%, however, showed true 
homogeneity.

Given their specifi c profi le in terms of infection control, 
the use of chlorhexidine in all concentrations was compared 
between cardiosurgical,18,20 mixed,13,14,17,19,21–25 and surgical or 
trauma intensive-care unit populations.16,26 This analysis 
showed a signifi cant risk reduction associated with the 
intervention in cardiosurgical patients (fi gure 4). The two 
cardiosurgical studies18,20 were homogeneous. In both 
groups of non-cardiosurgical patients, the risk reduction 
was not signifi cant (fi gure 4). Subanalyses considering 
blinded13,14,18,19,21,22,24,26,27 studies showed a RR of 0·73 (95% CI 
0·54–1·00) and those considering non-blinded16,17,20,23,25 
studies a RR of 0·50 (95% CI 0·29–0·87; data not shown).

Discussion
This meta-analysis of 14 randomised trials providesstrong 
evidence that oral care with chlorhexidine or povidone-
iodine eff ectively reduces rates of ventilator-associated 
pneumonia when compared with oral care without these 
antiseptics. This eff ect was most prominent for 
chlorhexidine 2%. For chlorhexidine 0·12%, which is 
currently the recommended dosage by the CDC for 
cardiosurgical patients,29 the risk reduction was not 
signifi cant. With regard to povidone-iodine application, 
only two rather small studies with higher statistical 
heterogeneity could be assessed. Although the evidence 
was not statistically convincing, the risk reduction 
associated with povidone-iodine use was substantial. As 

such, povidone-iodine might become a worthy alternative 
for chlorhexidine, which is currently regarded as the gold 
standard,30 without the disadvantage of brown-staining 
teeth in chronic use.31 Larger and standardised comparative 
studies are necessary to obtain more conclusive results 
for the use of povidone-iodine in oral care.

The strengths of this analysis include the 
comprehensive search for relevant randomised trials, 
four-fold screening, assessment of methodological 
quality, and use of the random-eff ects model. This study 
is limited, however, by the clinical and statistical 
heterogeneity between the trials included. Although this 
lack of homogeneity was clinically perceived as 
substantial, statistically it was moderate in the overall 
meta-analysis (I²=38%), and no evidence of heterogeneity 
(I²=0%) was reported in the subanalyses of studies on 
cardiosurgical patients (fi gure 4), and those assessing 
chlorhexidine at concentrations of 0·12% and 2% 
(fi gure 3). Heterogeneity is an inherent problem in 
systematic reviews and meta-analyses.32 It results from 
variation in sample sizes, baseline characteristics of the 
populations, study protocols and defi nitions used, 
diagnostic criteria, and study outcomes (positive or 
negative). Furthermore, substantial clinical heterogeneity 
can be expected with regard to associated prevention 
measures. In the selected studies, information about 
prevention of ventilator-associated pneumonia—other 
than oral care—was rather scarce or absent. Besides, 
heterogeneity was also identifi ed within studies, since 
diff erent frequencies of care or combinations of 
interventions were applied.17,19 Although various 
subgroup analyses were done to elucidate the 
heterogeneity, insuffi  cient data were available to analyse 
the eff ect of frequency of antiseptic application, its form, 
or whether teeth were brushed in combination with the 
intervention. Although it can be assumed that 
combination of diff erent interventions for oral care 
might act synergetically, further research is needed to 
identify their specifi c attributable benefi t on the 
prevention of the disease.

During our literature search, we identifi ed other 
studies33–36 assessing the eff ect of chlorhexidine on 
occurrence of ventilator-associated pneumonia. These 
studies, however, did not meet our inclusion criteria, or 
the provided data were incomplete. Because we were 
unable to obtain the necessary data, these studies could 
not be included. Although eff ects are unlikely to be less 
explicit in blinded studies, our subanalysis of these trials 
still showed a 27% risk reduction, which proved to be 
very close to statistical signifi cance.

Cardiosurgical patients benefi ted considerably from 
topical antiseptic use. In both studies including this 
category of patients,18,20 the intervention consisted of 
application of chlorhexidine 0·12%. Cardiosurgical 
patients have nevertheless a specifi c profi le in terms of 
infection control, which hampers comparison with 
critically ill patients in general. Most often, cardiac 
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surgery is an elective procedure. As such, cardiosurgical 
patients are usually in better physical condition than are 
general patients in intensive-care units. Those requiring 
valve surgery are moreover submitted to a thorough 
preoperative dental and oral control, and to tooth 
extraction if required. Also, cardiosurgical patients are 
intubated in the operating theatre under optimum and 
controlled conditions, whereas critically ill patients are 
more often emergently intubated, in less optimum 
circumstances. Considering all the above, it is not 
surprising that the benefi cial eff ects from oral care on 
occurrence of ventilator-associated pneumonia in 
cardiosurgical patients (RR 0·41) largely exceed those in 
mixed intensive-care-unit patients (RR 0·77). Finally, 
cardiosurgical patients generally have less confounders 
and experience a shorter period of mechanical ventilation 
than do medical or trauma patients. Thereby, oral 
antiseptics could be assumed to be more successful in 
the prevention of early onset compared with late onset 
ventilator-associated pneumonia, occurring 5 days or 
more after endotracheal intubation. Due to a lack of 
available data, however, the present review remains 
inconclusive on this issue.

Our meta-analysis is the fi rst to include studies 
assessing povidone-iodine. Moreover, it includes fi ve 
studies that have not been included in any previous 
meta-analysis.23–27 Previous meta-analyses assessing the 
eff ect of oral antiseptics on rates of ventilator-associated 
pneumonia37–40 had diff erent scopes. Chan and 
colleagues37 assessed, besides antiseptics, the eff ect of 
oral antibiotics on rates of ventilator-associated 
pneumonia. Chlebicki and Safdar,38 Kola and Gastmeier,39 
and Pineda and colleagues40 focused on oral care with 
chlorhexidine only. In conclusion, this meta-analysis 
provides strong evidence of the benefi cial eff ect of oral 
antiseptics in the prevention of ventilator-associated 
pneumonia, especially in cardiosurgical patients and 
with use of 2% chlorhexidine.
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