Oral care in intubated patients:
necessities and controversies
Sonia Labeau, PhD1, Stijn Blot, PhD1,2
1 Faculty of Education, Health and Social Work, University College Ghent, Ghent, Belgium

2 Dept. of Internal Medicine, Faculty of Medicine and Health Sciences, Ghent University, Ghent, Belgium

Sonia Labeau, Faculty of Education, Health and Social Work, University College Ghent, campus Vesalius, Keramiekstraat 80, 9000 Ghent, Belgium

Tel. +32 9 321 21 38; sonia.labeau@hogent.be
Stijn Blot, General Internal Medicine and Infectious Diseases, Ghent University Hospital, De Pintepark, De Pintelaan 185, 9000 Ghent, Belgium

Tel +32 9 332 62 16; stijn.blot@ugent.be 
Introduction
Healthcare professionals in both the community and hospital settings have the responsibility of maintaining oral health of patients who are not able to perform this simple activity themselves.  Cancer patients receiving chemotherapy or radiotherapy, institutionalized elders, and patients in a critical care environment (ICU) are undeniably among the most vulnerable patients whose oral status deserves adequate attention as they may suffer from poor oral health 1[, 2]
.

Oral health deteriorates following admission to hospital, and in the critical care setting in particular 3[]
. Especially patients who are intubated and mechanically ventilated are most prone to bad oral health, as a result of various physiological, pathological, mechanical and immunological factors 
 ADDIN EN.CITE 
[2, 4, 5]
. 

In addition to issues relating to patient comfort, a lack of oral hygiene is associated with increased morbidity 
 ADDIN EN.CITE 
[6, 7]
. Poor oral health may lead to the development of caries, thus causing permanent damage to teeth. But also potentially lethal complications such as ventilator-associated pneumonia (VAP) may result from inadequate oral care. The added cost due to complications is exponentially higher than the expenses associated with thorough prevention. Thereby, complications due to inadequate oral hygiene may carry a substantial health-economic burden 8[]
.

In spite of the ostensible advantages of providing adequate oral care to critically ill intubated patients, oral care practices among critical care nurses today remain inconsistent, and mouth care is often still perceived as a comfort measure. Hence there is an urgent need for precise oral care procedures which are well supported by scientific evidence. 

The current non-formal review provides a non-extensive overview of the growing interest in oral care, problem statement, impact of bad oral health, and oral care practice.

A growing interest in oral care

Both healthcare professionals’ and investigators’ interest for oral care has long been limited. Only in recent years, the number of studies related to this important topic has considerably increased. As a consequence of this delay, evidence-based recommendations for oral care are not yet available today, and several questions remain unanswered at this time. The current lack of evidence pertains to various aspects of oral care, such as the best method, the best frequency, the best product and the best product’s best concentration 9[]
. 

The growing interest in oral care is well illustrated by Dale et al. who explored the evolution of nursing discourse in oral hygiene for intubated and mechanically ventilated patients by searching the online databases CINAHL and MEDLINE for nurse-authored English language articles published between 1960 and 2011 in peer-reviewed journals, and that discussed oral problems or related care for intubated adult patients 10[]
. Their review resulted in the identification of 84 publications that met the inclusion criteria. The early literature, defined as published between 1960 and 1985, revealed six publications only, three of these being descriptive evaluative studies and three had a narrative review design. Of the remaining 78 publications, 63 were issued in or later than the year 2000. Among these, only six, however, are randomized controlled trials, with the youngest indicating 2006 as year of publication 10[]
. 
This evolution in nursing interest for an efficient and effective means to deliver oral care to intubated patients clearly demonstrates the growing awareness of their responsibility in a professional domain that is still extensively to be mapped. 
Problem statement

Several, often interrelated, mechanisms are involved in the deterioration of oral health in critically ill intubated patients. 

Oral flora

In healthy persons, the oropharynx is mainly colonized by gram-positive streptococci and dental microorganisms. Within 48 hours of hospital admission, however, dramatic changes in this flora take place. Critical illness induces an increased vulnerability for colonization with exogenous microbes, leading to a shift of commensal oral flora into a predominance of gram-negative organisms and Staphylococcus aureus 1[, 5]
. Critically ill patients have increased levels of proteases in their oral secretions, which cause a depletion of fibronectin, a glycoprotein that interferes with binding of Gram-negative bacteria to epithelial cells and that acts as a reticuloendothelial mediated host defense system 11[]
. As a result, organisms such as Pseudomonas aeruginosa easily attach to the buccal and pharyngeal epithelial cell receptors 12[]
. Increased activity of proteolytic enzymes, such as elastases and proteases, and loss of fibronectin, followed by adherence of gram-negative bacteria have been shown to be associated 
 ADDIN EN.CITE 
[13-15]
. The length of stay in the ICU is moreover an important contributing factor as the degree of colonization of the oral cavity with respiratory pathogens such as Staphylococcus aureus, Streptococcus pneumoniae, Haemophilus influenza, and Acinetobacter baumannii rises to over 70% with increasing severity of illness and length of stay in a critical care environment 16[]
. 
Dental plaque 
Dental plaque results from colonization and growth of aerobic, anaerobic and filamentous microorganisms on the surface of teeth and soft tissues 12[]
. It is a dynamic and complex system connecting microorganisms embedded in an extracellular matrix, which builds upon teeth within 72 hours after cessation of an adequate oral hygiene regimen 17[]
 and is not easily removed. Biofilm formation enhances bacterial replication and the ability of bacteria to overcome host defence mechanisms 18[]
. 

A recent systematic review demonstrated that hospitalisation is associated with increased dental plaque accumulation leading to increased risk of inflammatory conditions in the mouth such as periodontal disease 3[]
. A study comparing the colonization of dental plaque by respiratory pathogens in medical ICU patients with age-matched, untreated control subjects found higher dental plaque levels in the ICU patients 2[]
. More recently, a prospective, longitudinal observational study collected dental plaque samples of ICU patients from up to six sites per patient in order to determine microbiological change from baseline to seven days 19[]
. For patients who were still admitted at the ICU at day 14 additional analysis was conducted. Of 50 patients recruited, 36 were available for review at one week. A statistically significant (p<0.01) increase of total viable microbe counts by a median of 2.26 x 106 CFU/ml from baseline to week one (95% CI: 3.19 x 106, 1.24 x 107) was identified 19[]
.

Dental plaque may be an important reservoir for pathogens, and dental plaque of ICU patients can be colonized by potential respiratory pathogens 
 ADDIN EN.CITE 
[2, 5, 19]
.
Drugs

Various drugs that are frequently used in the ICU negatively influence oral health. Exposure to antibiotics may promote colonization of the oral cavity by opportunistic pathogens 1[, 2]
, while several medications cause xerostomia, which has a damaging impact on oral health 20[]
. The latter include antihypertensives, anticholinergics, antihistamines, antipsychotics, anorectics, anticonvulsants, antineoplastics, sympathicomimetics, antidepressants, and diuretics 20[]
. 

Endotracheal tube (ETT)
The presence of an oral ETT in combination with the use of sedative drugs, inhibits or hampers swallowing. As a result, accumulated debris in the oral cavity creates a perfect environment for the multiplication of microorganisms. As the most important mechanism in the development of VAP is aspiration of oropharyngeal secretions into the lower respiratory tract, the presence of an ETT provides a direct pathway for translocation of micro-organisms from the oropharynx to the lower respiratory tract, through an open glottis 21[]
. 

Evidence-based guidelines recommend the oral route of intubation with regard to the prevention of VAP 22[]
. However, oral intubation simultaneously causes the patient’s mouth continuously to be open, resulting in xerostomia that induces drying of the mucous membranes, accumulation of dental plaque and reduction of the distribution of salivary immune factors 5[]
. Contrarily, ETTs may cause hypersalivation by inducing a hyperactive gag reflex 1[, 23]
.

Also, ETTs are mechanical barriers that may hamper adequate examination and evaluation of the oral cavity and limit access for oral care 1[, 24]
. 
Finally, endotracheal intubation facilitates bacterial adherence to the mucosa by a reduced mucosal immunoglobulin A, an increased protease production, damaged mucous membranes, elevated airway pH, and increased numbers of airway receptors for bacteria due to acute illness and antimicrobial use 
 ADDIN EN.CITE 
[2, 4, 16, 21]
.

Salivary flow

Saliva contains natural antimicrobial proteins, including lysozyme, lactoferrin, lactoperoxidase, immunoglobulins, proline-rich proteins, cystatins, histatins, Von Ebner glands protein, secretory leucocyte proteinase inhibitor, and chromogranin A 
 ADDIN EN.CITE 
[25, 26]
. Thereby, salivary flow considerably contributes to maintaining oral health through its antimicrobial, lubricating and buffering properties 
 ADDIN EN.CITE 
[5, 27]
. Its buffering capacity plays an important role in limiting deleterious effects of acid-producing bacteria on the teeth 11[]
. In critically ill patients, the production and distribution of saliva is threatened by several factors including fever, diarrhoea, extensive burn injury, and reduced or insufficient fluid intake 27[]
. As mentioned above, xerostomia can additionally result from drug administration 
 ADDIN EN.CITE 
[1, 2, 5, 20, 24, 27]
 and from orally inserted ETTs 
 ADDIN EN.CITE 
[1, 5, 20, 24]
.  Importantly, stress and anxiety may in turn induce xerostomia 5[]
.

Xerostomia may facilitate oropharyngeal colonization with gram-negative bacteria, the development of mucositis 27[]
, and the accumulation of dental plaque. It also reduces the distribution of salivary immune factors such as salivary immunoglobulin A that protects against respiratory pathogens, and lactoferrin, which is bactericidal against several major pathogens, including Staphylococcus aureus, Pseudomonas aeruginosa and Haemophilus influenzae 5[]
. 
Impact of poor oral health
Reduced salivary flow has been directly positively related to caries development 17[]
. Stomatitis increases the risk of bacterial translocation and may result in sepsis and subsequent multiple organ failure 28[]
. Bacterial plaque development may be followed by gingivitis, inducing a shift at the gingival surface from predominantly Streptococcus and Actinomyces spp. to aerobic gram-negative bacilli. In case of dental plaque accumulation, subgingival inflammation may progress to periodontitis, which, in turn, has been associated with systemic diseases such as bacteremia, rheumatoid arthritis or cardiovascular diseases 17[, 28]
. 

Substantial evidence supports the relationship between poor oral health, the oral microflora and VAP 2[]
. Nosocomial pneumonia is responsible for up to 50% attributable mortality and considerable morbidity in the ICU 29[]
. Micro-aspiration of contaminated upper airway secretions along leaks and defects of the tracheal seal of the cuff is assumed to play a pivotal role in VAP development, with oropharyngeal colonization among the most critical risk factors 
 ADDIN EN.CITE 
[4, 5, 21, 30]
.

Oral care practice

Nurses’ attitudes towards oral care
In the past decade, ICU nurses’ attitude towards oral care appears to be subject to some positive change. An American 2003 survey of 77 nursing care providers found that oral hygiene was generally directed towards patients’ comfort rather than towards preventing infection. Additionally, oral care priority was rated 54 only on a 100-point scale 31[]
.

A 2004 survey among nurses in two ICUs in a London hospital found that 62% of 103 participants had received some training in oral needs assessments and 74% in oral care methods; 58% requested initial or further training in oral care. On a 10-point Lickert scale, 13,5% of the nurses rated oral care as a low priority (grades 4-6) 24[]
. 

Also in 2004, a survey by Furr et al. aimed to determine the factors that affect quality of care. It was completed by 556 respondents in 102 American ICUs. The oral care education nurses had received, along with having sufficient time to provide care, prioritizing oral care, and not viewing oral care as unpleasant was found to have direct effects on the quality of the oral care provided 32[]
.

In 2007, a survey in 59 European ICUs revealed oral care to be considered of high priority by most of the respondents (88%) 33[]
.  Although 77% indicated that they had received adequate training on this issue, a vast majority (93%) stated that they would like additional oral care education. Importantly, 32% of participants considered cleaning the oral cavity as a difficult and unpleasant task, while 68% considered it difficult. Moreover, 37% of respondents felt that, despite their efforts, oral hygiene worsens over time in intubated patients.  The authors conclude that it is an important challenge to train and educate nurses in such a way that their attitude becomes more positive 33[]
.

Education

The positive effect of oral care education on ICU nurses’ knowledge and practice is well illustrated by a study using a quasi-experimental design to evaluate the effectiveness of an evidence-based practice education program, incorporating oral care with 0.12% chlorhexidine (CHX) oral rinse solution. A convenience sample of 44 registered nurses demonstrated a statistically significant difference in the total oral care educational level (p=0.009) as well as an increased frequency of providing oral care (p=0.001) after a 30’ educational program 34[]
.
Current practice

A recent Turkish study found a wide variety of type and frequency of oral care measures among 101 ICU nurses.  Surprisingly, the most commonly used solution for oral care was sodium bicarbonate (79.2%), and the most frequently used equipment were foam swabs (82.2%). Oral care was carried out less than every 4 h per day by 44.5% of the nurses. Oral care products and solutions were reported to be different in almost every unit 35[]
. 

Also in Swiss ICUs, a large variety in oral care practices was identified. A survey yielding completed questionnaires from 21 ICUs revealed that all performed mechanical tooth cleaning with toothbrushes, with 90% of these also applying toothpaste; 75% of the centers surveyed additionally used oral antiseptics with CHX as preferred product in 67% of the cases. Iodine use was not reported. Remarkably, 29% reported using other mouth wash solutions, most of which not possessing any pronounced or proven antiseptic properties. Oral hygiene measures were performed 3 times per day by 75% and twice a day by the remaining 25%. Saliva substitute was additionally administered by 1/3 of the centers. Oral hygiene was exclusively administered by the nursing staff 
 ADDIN EN.CITE 
[36]
.

Oral care practices in Europe appear to differ from those in the United States. In European ICUs, the use of foam swabs and moisturizers is rather rare 33[]
, while in the US these are used very frequently (at least every 12 hours in more than 90% of the respondents) 37[]
. The beneficial effect of foam swabs, however, remains unconfirmed 38[, 39]
. Electric toothbrushes are very rarely used in both European and American ICUs 37[]
.

The accent of oral care practice in Europe is clearly on mouthwashes, mostly with CHX. Indeed, CHX mouthwashes have been associated with a decrease in dental plaque 40[]
, incidence of respiratory infections 41[]
, VAP 
 ADDIN EN.CITE 
[40, 42]
 and in nosocomial infections in general 41[]
. A systematic review and random effects meta-analysis of randomized trials assessing the effect of oral care with CHX or povidone-iodine on the prevalence of VAP versus oral care without these antiseptics in adult mechanically ventilated patients included 14 studies with 2481 patients; 12 investigated the effect of chlorhexidine (2341 patients) and two of povidone-iodine (140 patients). Overall, antiseptic use resulted in a significant risk reduction of VAP  (RR 0·67; 95% CI 0·50–0·88; p=0·004). CHX application was shown to be effective (RR 0·72; 95% CI 0·55–0·94; p=0·02), whereas the effect resulting from povidone-iodine remains unclear (RR 0·39; 95% CI 0·11–1·36; p=0·14). Favorable effects 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) 9[]
.
Chemical and / or mechanical cleaning

The oral cavity can be cleaned either mechanically, chemically, or by combining both methods. Chemical cleaning can be performed with mouthwashes, of which chlorhexidine appears to be the most effective product with respect to VAP prevention (cfr. supra; 9[]
). 

Mouthwashes alone will nevertheless not eliminate dental plaque, while the formation of a biofilm protects potentially deleterious bacteria against chemical agents. Foam swabs and toothettes are frequently used in the United States, but their value in removing plaque formation is unproven and highly questionable 
 ADDIN EN.CITE 
[1, 33, 37-39]
.  A toothbrush is a more adequate tool when it comes to thorough mechanical cleaning of the oral cavity 38[, 39]
. Although not always easy to perform in ICUs, this practice leads to improved oral health, decreased gingival inflammation , and cost savings through the elimination of toothettes 43[]
. Although the size of the toothbrush itself does not seem to influence its ability to remove dental plaque, a small-headed or pediatric toothbrush may be more beneficial for use in intubated patients 1[]
.
Recently, there has been a growing interest in assessing the effect of oral care involving toothbrushing on the development of VAP. Quite simultaneously Alhazzani et al. 44[]
 and  Gu et al. 45[]
 conducted a systematic review and meta-analysis exploring this issue. Due to variations in inclusion criteria between both research groups, six 44[]
 and four 45[]
 randomized controlled trials were identified for analysis, respectively (Table 1).  Both meta-analyses yielded identical results, namely that toothbrushing does not to significantly reduce VAP incidence (risk ratio 0.77, 95% confidence interval 0.50-1.21). Besides some methodological concerns related to the fact that VAP diagnosis was exclusively based on a Clinical Pulmonary Infection Score ≥6 in two studies 
 ADDIN EN.CITE 
[46, 47]
 in both meta-analyses, their results should not lead to the conclusion that there is no need for toothbrusing in oral care. Toothbrushing is essential to remove dental plaque and maintain oral health in any individual, and helps alleviating oral discomfort intubated patients are particularly prone to 
 ADDIN EN.CITE 
[48, 49]
. For all the above, providing oral care not involving toothbrushing today should be considered as no less than truly bad practice and cannot be listed among current controversies in the prevention of VAP as it primary goal is not the avoidance of pneumonia 
 ADDIN EN.CITE 
[50, 51]
.  
Today, oral tool kits are available that contain all materials needed to provide oral care for 24 hours. It was demonstrated that availability of such kits at the bedside succeeded in increasing the frequency and comprehensiveness of the oral care provided 52[]
.
Frequency of oral care

The optimal frequency to administer oral care is another controversial issue for which evidence-based recommendations are still lacking at this moment. 

Grap et al. compared ICU nurses’ self-reported frequencies of oral care interventions with the frequencies documented in patients’ medical records 31[]
. Although a majority of 170 nurses surveyed reported providing oral care 2 or 3 times daily for non-intubated patients, and 5 times daily or even more for intubated patients, the authors identified a mean of only 1.2 times daily per patient based on the units’ flow sheets. In a replication study with a sample of 181 nurses findings generally were comparable to those of the original study, with participants self-reporting more oral care than actually documented in writing: the overall documented frequency of oral care for non-intubated patients was 1.8 for the previous 24 hours, while the self-reported frequency was 3; in intubated patients the main documented frequency was 3.3, while the self-reported frequency was 4.2 53[]
. The results of the surveys by Grap et al. 31[]
 and Hanneman and Gusick 53[]
 support Cutler’s statement that “the disparity between what nurses think they do and what is actually documented raises questions about the reliability of documentation and the consistency of practice” 52[]
. 

It has been suggested that oral care be provided based upon an “at risk” calculator score, or anywhere between two and four hours, depending on the patient’s condition 54[]
. Cutler et al. propose swabbing every two hours or as needed while limiting deep endotracheal suctioning to every six hours 52[]
. Another protocol proposes toothbrushing every two hours combined with oral moistening every two hours while the patient remains intubated 54[]
. It has also been advised to use oral assessment scores to determine mouth care regimes 12[]
. 
Assessment of the oral cavity
Oral care can only be effective if preceded by an adequate and thorough assessment of the oral cavity. Despite the fact that assessment tools are available, they seem not to be used often in daily nursing practice 1[, 24]
. This might be due to a lack of time or knowledge, or because they do not assist the bedside nurses in identifying specific problems such as Candida or Herpes simplex 1[]
. Collaborative interactions with a dental hygienist have been proposed, but have not routinely been employed either in the care of the critically ill or to advise nursing staff in practical oral care 54[]
.

In their survey on oral care practices, Jones et al. found that 98% of respondents reported performing an oral needs assessment routinely, but only 26% appeared to use a written assessment tool 24[]
. Binkley et al. consider the use of an oral health assessment tool to be a substantial advantage as it stimulates awareness and allows them to monitor the value of their interventions 37[]
. Jones et al. recommend the use of an oral assessment tool to be made a priority in ICUs 24[]
 Again, as nurses feel that-despite their efforts-oral hygiene worsens over time in intubated patients 
 ADDIN EN.CITE 
[33, 37]
, the use of an assessment tool might support countering this perception 37[]
. 

The BRUSHED Assessment Model was apprehended by Hayes and Jones to encourage nurses to look for particular signs during oral care by means of a simple mnemonic 23[]
. Routine inspection of the elements in the model may sharpen nurses’ awareness of the different problems that may arise, and may result in systematic and vigilant cleaning of the oral cavity. 

Protocols
In a non-randomized trial with use of a historical control group, Mori and colleagues demonstrated a significant decrease in the relative risk for VAP (relative risk: 0.37, 95% confidence interval: 0.277 to 0.62) after introduction of an oral care protocol in a medical-surgical ICU of a university hospital 42[]
. The VAP incidence decreased from 10.4 to 3.9 per 1000 ventilator days 42[]
. Also Koeman et al. found a significantly decreased risk for VAP when using either a CHX (hazard ratio: 0.35, 95% confidence interval: 0.16 to 0.79; p=0.012) or a CHX/colistin solution (hazard ratio: 0.45, 95% confidence interval: 0.22 to 0.93; p=0.030) in comparison with a placebo solution 30[]
. These studies indicate that investments in an oral care protocol may be beneficial.
While awaiting solid evidence, we recommend a thorough mechanical cleaning with use of a toothbrush twice daily with additional chemical decontamination using a CHX 2% oral care solution, preferably every 6 hours. For patients with a tendency to develop mouth dryness, repeated administration of ice chips may help to enhance patient comfort. In such patients, application of moisturizers can be recommended as well. As micro-aspiration of subglottic secretions is the principal mechanism in the pathogenesis of ventilator-associated pneumonia, we recommend performing deep oropharyngeal aspiration of subglottic secretions at least every two hours. We propose this approach as a ‘best practice’ model, acknowledging a lack of validation of this protocol. Yet, therefore we stress the need for well-designed randomized trials on this issue.
Conclusion

Although strong evidence-based recommendations are lacking, it is clear that preserving oral health is crucial to avoid the development of mouth and respiratory infections in intubated patients. This can be achieved by combining mechanical and chemical cleaning / decontamination of the oral cavity, several times per day, along with an adequate oral assessment. Based on the literature currently available, we have proposed a non-validated best practice protocol.

Yet, oral care in the intubated patient is often perceived as a difficult and unpleasant task. Moreover, efforts to preserve adequate hygiene are often not perceived as beneficial. Thus, implementation of a protocol with the aim to improve oral care should be accompanied by substantial efforts to increase the awareness of the problem, investments in a more positive attitude, and adequate in-service training. 
Table 1 – Results of randomized controlled trials comparing an oral care protocol that includes toothbrushing with an oral care protocol without toothbrushing.

	Author
	Setting
	Ventilator-associated pneumonia occurrence rate
	Risk ratio (95% confidence interval)

	
	
	Toothbrush group
	Control group
	

	Munro, 2009 
 ADDIN EN.CITE 
[46]

	Medical, surgical and trauma ICU
	48/97 (47.4%)
	45/95 (47.4%)
	1.04 (0.78 – 1.40)

	Pobo, 2009 
 ADDIN EN.CITE 
[55]

	Medical, surgical and trauma ICU
	15/74 (20.3%)
	18/73 (24.7%)
	0.82 (0.45 – 1.50)

	Yao, 2011 47[]

	Neurosurgical ICU
	4/28 (14.3%)
	14/25 (56.0%)
	0.26 (0.10 – 0.67)

	Lorente, 2012 
 ADDIN EN.CITE 
[56]

	Medical, surgical and trauma ICU
	21/217 (9.7%)
	24.219 (11.0%)
	0.88 (0.51 – 1.54)
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