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Abstract: The objective of the present study is toassess risk factors" at 

the stage of proofs, including oral health status, with the development of 

VAP in perioperative patients, with the final aim of the establishing oral 

health management systems in acute care hospitals. Of the patients who 

were admitted to the Intensive Care Unit (ICU) of our university hospital 

from January to December 2011 and who underwent oral intubation, 11 

patients who received a diagnosis of VAP (nine men and two women) and 

11 control patients (eight men and three women) were selected as 

subjects for the present study. We first investigated the disease names 

listed in the medical records of subjects in the VAP group and then 

selected patients who had the same diseases as the control group subjects. 

Within one day after admission to the ICU, a dentist evaluated the oral 

health status of the patients and the lips, teeth, oral mucosa, gingiva, 

tongue and xerostomia were scored (0-12) based on the criteria of the 

Revised Oral Assessment Guide (ROAG). Furthermore, six items 

(operative duration, BMI, length of ICU stay, Acute Physiology and 

Chronic Health Evaluation (APACHE II) score and length of ventilator 

used) were extracted from patient medical records and investigated. The 

items were used as independent variables and their relationship with the 

development of VAP was examined by regression analysis. Oral health 

care was performed by a nurse four times per day, using a standard 

toothbrush or sponge brush. Moreover, this study was approved by the 

Ethics Committee of the Department of Dentistry in our university. When 

each factor was compared in the VAP group and the control group, the 

VAP group showed significantly higher scores for oral health status, 

length of ICU stay and length of ventilator used. Furthermore, when the 

development of VAP and the relationships with each factor were 

examined by regression analysis, a significant relationship with oral 

health status, operative duration, BMI and length of ventilator use was 

seen. The results of the present study suggest the possibility of various 

factors being involved in the development of VAP in orally intubated 

patients, such as the oral health status of the patient. Appropriate oral 

health care can aid the prevention of perioperative pulmonary infections. 
 
Keywords: Ventilator, Pneumonia, Oral Intubation, Pulmonary 
Infections 
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Introduction 

In recent years, oral care has been shown to be 
effective in the prevention of pulmonary infections, 
including aspiration pneumonia (Segers et al., 2008; Of 
these cases, because contamination of the oral cavity or 
pharynx in patients receiving artificial respiration can 
lead to Ventilator-Associated Pneumonia (VAP), a 
serious form of pneumonia, the importance of oral 
care during the acute phase has become widely known 
(Feider et al., 2010; Hutchins et al., 2009; Mori et al., 
2006). Because perioperative artificial respiration is a 
commonly performed procedure, prevention of VAP is 
a major issue for the general care of patients. VAP is 
due to the invasion of the trachea and lungs by normal 
oral and pharyngeal microbial flora via oral intubation 
tube. In addition, risk factors such as patient bed 
positioning, level of sedation and gastroesophageal reflux 
are thought to increase the risk of development of VAP, 
indicating that many factors are involved (Parker et al., 
2008; Akça et al., 2000). For this reason, various bundles 
are used as prophylaxis and general care and 
management of oral hygiene are performed (Rello et al., 
2010). However, because multiple factors are involved in 
the development of VAP, no gold standard for 
prophylactic treatment has been established. 

The objective of the present study is to elucidate risk 

factors for the development of VAP in patients in our 

university hospital and to examine the relationship of 

VAP development in perioperative patients with oral 

health status and the preoperative and postoperative 

status of the patients. 

Materials and Methods 

Of patients who were admitted to our university 

hospital from April 2010 to March 2012 and received 

artificial respiration via oral intubation, 17 patients who 

received a diagnosis of VAP (VAP group) and 17 patients 

in whom pneumonia did not develop (control group) 

were selected as subjects for the present study. Both the 

VAP group and the control group comprised 11 men and 

six women. We investigated the diseases responsible for 

ICU admission (principal disease) and age of patients. 

We selected control subjects who had the same diseases 

and were as near in age to the VAP subjects as possible. 

The disease names of the control subjects were extracted 

from the hospital medical records. Based on the criteria 

of preceding studies, we classified the principal diseases 

into four groups: Cerebrovascular diseases; pulmonary 

diseases; gastrointestinal diseases; and circulatory 

diseases (Ooka et al., 2013; 2012). Subject attributes and 

representative principal diseases are shown in Table 1. 

Patients with unclear principal diseases (multiple organ 

failure, metastasis of malignant neoplasms, etc.) were 

excluded from the present study. 

Within 24 h of ICU admission, the oral health 

status of the subjects was assesed by a dentist and 

dental hygienist of the oral health care center in our 

hospital. Oral health was divided into eight categories 

and scored based on the criteria of the Revised Oral 

Assessment Guide (ROAG) (Andersson et al., 2002; 

Eilers et al., 1998). Evaluation items and criteria are 

shown in Table 2. Oral care was performed in the ICU 

four times daily (6:00, 12:00, 18:00 and 24:00). Oral 

health status was assessed between13:00 and 14:00 

after the second oral treatment. We investigated 

systemic factors from medical records such as 

operative duration, Body Mass Index (BMI), albumin 

before operation, length of ICU stay, length of oral 

intubation, APACHE II score and length of ventilator 

use. Eight items, including the ROAG score for these 

items, were compared in the VAP group and control 

group. We examined these items as independent 

variables and performed a regression analysis on their 

relationship with VAP development. We also 

performed a regression analysis on the relationship of 

each evaluation item related to oral health status with 

VAP development. The VAP group and control group 

were compared using Man-Whitney’s U test and 

regression analysis was performed using logistic 

regression analysis. 

 

Table 1. Attribution of each group 

Items  VAP group  Control group  

Age 65.7±12.3 years old 64.4±13.1 years old 

 (37-81 years old)  (33-80 years old)  

Gender Male, 13 Male, 9 

 Female, 4 Female, 8 

Primary disease Cardiovascular disease, 11 Cardiovascular disease, 11 

 Cerebrovascular disease, 4 Cerebrovascular disease, 4 

 Gastrointestinal disease, 2 Gastrointestinal disease, 2 

Length of hospital stay 65.7±28.5 days 59.5±28.4 days 

 (32-113 days)  (26-107 days)  

Situation of operation Elective, 10 Elective, 8 

 Emergency, 7  Emergency, 9  
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Table 2. Evaluation items and criteria of ROAG 

Category Rating 0 Rating 1 Rating 2 

Lips Smooth and pink Dry or cracked and/or angular chelitis Ulcerated or bleeding 
Teeth/dentures Clean, no debris Plaque or debris in local areas Plaque or debris generalized 
Mucous membrane Pink and moist Dry and/or change in color, Very red, or thick, white coating 
  red blue-redor white Blisters or ulceration 
Gums Pink and firm Edematous and/or red Bleeding easily under finger pressure 
Tongue Pink, moist and Dry, no papillae present or Very thick white tongue coating 
 papillae present change in color, red or white Blisters or ulceration 
Saliva No friction between Slightly increased friction, no Significantly increased friction, the  
 the mouth mirror tendency for the mirror to mirror adhering or tending to adhere 
 and mucosa adhere the mucosa to the mucosa 
Condition of teeth There are not teeth There are the teeth disturbing the oral There are teeth needing immediate  
 needing dental care or becoming the source dental treatment including  
 treatment of infection tooth extraction 
Halitosis No halitosis Halitosis is felt when closer to less Halitosis is felt when separated from 
  than 30cm from oral cavity oral cavity more than 30 cm 

 
Table 3. Results of comparison between the groups 

Items  VAP group  Control group  p value  

Operative duration 7.8±3.4 h 5.3±2.3 h n.s.  
 (2-13 h)  (2.5-10 h) 
BMI 21.6±3.4 22.9±4.1 n.s.  
 (15.5-27.1)  (18.7-30.5) 
Albumin before operation  3.8±0.7 g/dL  3.3±0.9 g/dL *  
 (2.3-4.8)  (2.1-4.6) 
 Length of ICU stay 31.0±21.5 days 15.8±17.0 days *  
 (12-87 days)  (3-60 days) 
Length of oral intubation  29.0±22.1 days 13.5±16.8 days **  
 (9-87 days)  (2-60 day) 
APACHE II score 15.2±6.6 12.0±2.3 n.s.  
 (5-26)  (9-17) 
 Length of ventilator use 29.1±22.2 days 12.4±17.0 days *  
 (6-87 days)  (2-60 days) 
ROAG score 4.7±1.9 points 2.5±1.7 points *  
 (3-8 points)  (0-5 points) 

*: p<0.05, **: p<0.01  

n.s. : not significant 

by Mann-Whitney’s U test 
 

Results 

The results of the comparison of operative duration, 
BMI, albumin at time of admission to ICU, length of 
ICU stay, length of oral intubation, APACHE II score, 
length of ventilator use and ROAG score between the 
VAP group and the control group is shown in Table 3. 

No statistical difference was seen between the groups 
for operative duration, BMI, or APACHE II score. 
However, the VAP group showed a significantly higher 
score for albumin before operation, length of ICU stay, 
length of oral intubation, length of ventilator use and 
ROAG score (length of oral intubation was p<0.01, 
others were p<0.05). 

The test results for the correlation between VAP 
development and the eight evaluation items areshown in 
Table 4. The VAP development showed a significant 
relationship with operative duration, length of ICU stay, 
length of ventilator use and ROAG score. Similarly, the 
test results for the correlations between VAP 
development and ROAG score with each item are shown 
in Table 5. Correlations between VAP development and 
saliva was seen (p<0.05). No statistical relationship was 
seen with the other items. 

Table 4. Correlation of VAP onset and each item  

Items  OR  95% CI  p value  

Operative duration 3.1  0.03-0.14  *  
BMI -1.3  -0.09-0.02  n.s. 
Albumin before operation  1.2  0.02-0.05  n.s. 
 Length of ICU stay -2.4  -0.06-0.03  *  
Length of oral intubation  2.3  0.002-0.14  *  
APACHE II score -1.4  -0.07-0.02  n.s. 
 Length of ventilator use -2.0  -0.07-0.03  *  
ROAG score 4.3  0.07-0.22  **  

*: p<0.05, **:  p<0.01, n.s.: Not significant 

by logistic regression analysis 

 

Table 5. Correlation of VAP onset and ROAG categories  

Items  OR  95% CI  p value  

Lips 2.0  -0.05-1.05  n.s. 
Teeth/dentures 1.4  -0.19-0.86  n.s. 
Mucous membrane 0.7  -0.35-0.73  n.s. 
Gums 0.8  -0.43-0.97  n.s. 
Tongue 0.8  -0.44-0.57  n.s. 
Saliva 3.0  0.12-0.78  * 
Condition of teeth 1.4  -0.49-1.12  n.s. 
Halitosis 1.6  -1.23-0.24  n.s. 

*: p<0.05, n.s.: Not significant 

by logistic regression analysis 
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Discussion 

The significance of oral care for the prevention of 

pulmonary infections has been increasingly recognized 

not only in the field of critical care medicine, but also in 

home healthcare and nursing homes (Watado et al., 

2004; Grimoud et al., 2003). There is high possibility of 

lowered swallowing function and weakened immune 

system in patients, especially during the acute phase of 

systemic diseases and the perioperative period. For this 

reason, oral care is considered as part ofthe measures 

necessary to prevent VAP and postoperative infection 

(Feider et al., 2010; Hutchins et al., 2009). However, 

many perioperative factors are thought to be associated 

with VAP development and it is unknown to what extent 

oral health status and oral care are involved 

(Scannapieco et al., 2003; Akça et al., 2000). The 

present study examined the relationship between 

systemic factors and the evaluation items for oral health 

status with VAP development in perioperative patients. 
Oral pathogenic bacteria have been regarded 

important as a major cause VAP development, as 

subglottic secretions run down the tracheal intubation 

tube; the intubation tracheal intubation tube is made from 

biofilm, disseminating bacteria through the peripheral 

airways via artificial respiration (Hutchins et al., 2009; 

Mori et al., 2006). Furthermore, it is surmised that 

pathogenic bacteria in the gastric contents are 

disseminated in the trachea because of gastroesophageal 

reflux (Scannapieco et al., 2003; ATS, IDSA, 2005). For 

this reason, risk factors for VAP include not only oral 

health status, but also a wide variety of factors such as 

bed angle, level of sedation, gastroesophageal reflux and 

prolonged oral intubation (Rello et al., 2002). Previous 

studies have reported a high mortality rate for 

emergency intubation and extended hospitalization 

before intubation lead to an increased risk of VAP 

(ATS, IDSA, 2005; Rello et al., 2002). It has also been 

pointed out that burns, trauma, Central Nervous System 

(CNS) disease and cardiopulmonary disease are possible 

risk factors for VAP (Cook et al.,1998). Therefore, the 

present study had no bias for type of disease and 

operative conditions of control subjects and instead 

examined other factors. 

In the present study, a significant difference was seen 

between the VAP group and control group for the items 

of albumin before operation, length of ICU stay, length 

of oral intubation, length of ventilator use and ROAG 

score. We deduced that length of ICU stay, length of oral 

intubation, length of ventilator led to a worsened 

respiratory condition associated with VAP development, 

making long-term ventilator use necessary and also 

resulting in long-term ICU stay. We surmise that when 

VAP occurs, regardless of favorable or poor prognoses, 

length of ventilator use and length of hospitalization 

increases, leading to a similar trend seen in the results of 

the present study (Suka et al., 2007; Collard et al., 

2003). On the other hand, no difference in both operative 

duration and APACHE II score was seen between the 

groups. This suggests that invasiveness of surgery in the 

control subjects and the severity of general condition at 

time of admission was the same in subjects who 

developed VAP as in control subjects in whom VAP did 

not develop. While the present study used operative 

duration as an indicator of level of surgical invasiveness, 

because use of muscle relaxants and oversedation are 

risk factors for VAP, a comparison with other factors 

related to surgical invasiveness is needed (MacIntyre, 

2006). Although a difference in BMI between the VAP 

Group and the Control Group was not seen, the VAP 

Group had a higher level of albumin before operation. 

Undernutrition and lower serum albumin levels are 

generally risk factors for common pneumonia (Viasus et al., 

2013). However, undernutrition that affects onset of 

pneumonia is defined as a serum albumin level of less 

than 3.0g/dL. In the present study, the mean value of 

subjects was higher than the threshold. Only three 

subjects had serum albumin levels less than 3.0g/dL (one 

in the VAP Group and two in the Control Group), 

indicating that there was no problem in the nutritional 

status of subjects in both groups. 
Factors correlated with incidence of VAP were the 

following: operative duration; length of ICU stay; length 
of ventilator use; and ROAG score. As mentioned above, 
length of ICU stay and length of ventilator use were 
thought to be due to VAP. Incidence of VAP markedly 
prolonged length of ICU stay and length of ventilator use 
and the results suggested that it also prolonged weaning 
from ventilators and hospital discharge. Additionally, a 
relationship between operative duration and incidence of 
VAP was noted. Prolonged operative duration affected 
risk of infection, postoperative mortality and 
postoperative pulmonary complications and was thought 
to be a risk factor for onset of VAP (Owen et al., 2013). 
ROAG score was significantly higher in the VAP Group, 
but because a correlation with incidence of VAP was 
shown, poor oral health status was suggested to be a risk 
factor. Furthermore, among the ROAG categories, saliva 
which means xerostomia was thought to increase the risk 
of pulmonary infections. Tube-related mucosal injury 
and oral ulcers were more often seen in patients for the 
ROAG category for evaluation of lips of only orally 
intubated patients more than xerochilia and angular 
cheilitis (Ooka et al., 2013). In cases where damage to 
the corners of the mouth was present, the growth of 
staphylococci and streptococci led to secondary bacterial 
infections. Staphylococci was detected in approximately 
40% or patients with VAP (Woske et al., 2001). Because 
it was determined to be the cause of pneumonia, injury 
to the corners of the mouth was thought to greatly 
influence pneumonia. Because the intubation tube 
presses especially hard against the corners of the mouth, 
pathogenic bacteria which grew in the corners of the 
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mouth were thought to possibly invade the trachea via 
the intubation tube. Furthermore, the category for saliva 
assessed the severity of xerostomia, but the results of the 
present study suggest that xerostomia was possibly a risk 
factor for VAP development. When xerostomia was 
present, it has been said that the risk of pneumonia 
increased, normal bacterial flora of the oral cavity, such 
as candida, also increased, as well as the changes in oral 
bacterial flora (Fields, 2008). It has also been reported 
that because orally intubated patients continue to have 
their mouths open, xerostomia often occurs (Ooka et al., 
2013; 2012). For this reason, pathogenic bacteria, 
including bacteria that causes pneumonia increase 
because of xerostomia and are thought to be related to 
occurence of VAP through the intubation tube. However, 
no correlation was seen for VAP development and the 
categories for gum and tongue, which also were in 
contact with the intubation tube. This is thought to be 
because the gum score was low in both groups and the 
tongue score was high in both groups. These findings 
suggest the possibility that oral health, especially 
abnormalities of the lips or oral dryness seemed to be 
risk factors for pneumonia and oral health care is 
necessary in order to prevent VAP. 

The present study examined the correlation between the 

subjective evaluation items for oral health status and VAP 

development and did not examine the correlation of types or 

amount of pathogenic bacterial flora of oral cavity with 

VAP development. Future research is needed to examine 

additional microbiological factors for risk of development 

of VAP and search for a relationship with other factors. 

Conclusion 

The results of the present study suggest that the VAP 

occurring in orally intubated patients is due to many 

factors and one of them is the oral health status. 

Appropriate oral hygiene management can aid the 

prevention of perioperative pulmonary infections. 
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