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Oral 
Health

Systemic
Health

• Respiratory
• pneumonia

• Cardiovascular
• endocarditis
• bacteremia
• atherosclerosis

• Endocrine
• diabetes mellitus control

• Reproductive
• preterm birth

• Quality of life

• Xerostomia (dry mouth)
• increased cavity risk

• Gingival disease
• hyperplasia
• gingivitis

• Periodontal disease





Ventilator Associated Pneumonia

in the 1990’s

• Leading cause of nosocomial infection 
death

– One in four mechanically ventilated adults
• Half of those affected died from VAP

• Associated with increased

– length of mechanical ventilation

– length of stay

– mortality

– COST





POE study

Pneumonia Oral Health and Backrest Elevation

Funded by NINR R15NR04730, MJ Grap, PI 



POE: Two for one!

• 66 Adult MRICU subjects enrolled within 24 hours of 
intubation 

• Data were obtained on study days 1, 4, and 7 (or 
until extubation)
– Oral Health Status
– Back rest elevation
– VAP (CPIS)
– Data related to risk factors

• A mixed stepwise selection procedure was used to 
develop a regression model predicting risk of VAP 
(day 4 CPIS).



Oral health over time: POE study

Plaque score (P<.001) and CPIS (P < .01) increased over time, while 
salivary flow and salivary volume decreased (P<.01)

Lower salivary volume was associated with higher day 4 CPIS (P=.02). 

Munro, Grap, et al, AJCC, 2006, 15(5), 453-60



Interaction of Plaque, APACHE II, and 
Day 1 CPIS in Predicting Day 4 CPIS

Pred CPIS3_4

<= 0

<= 1

<= 2

<= 3

<= 4

<= 5

<= 6

<= 7

> 7

16

18

20

22

24

26

28

30

A
p

a
c

h
e

.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

CPIS1 16

18

20

22

24

26

28

30

A
p

a
c

h
e

16

18

20

22

24

26

28

30

A
p

a
c

h
e

.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

CPIS1

.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

CPIS1

Lowest 

Plaque Tercile

(Cleanest teeth)

Highest 

Plaque Tercile

(Most plaque)

Middle

Plaque Tercile

Munro, AJCC, 2006



Dr. Curt Sessler

Dr. Deborah Jones 

Munro CL, Grap MJ, Carter WH, Sessler C.  

Oral Care Intervention in Mechanically 

Ventilated Adults.  Funded by NIH R01 

NR07652, ClinicalTrials.gov NCT00234598 

Dr. Mary Jo Grap



RCT 2X2 Factorial Design

Usual care

Chlorhexidine (CHX) 0.12% twice a day
Tooth brushing three times a day



SToPP Study VAP Results



SToPP Study VAP Results





Changes in Practice

• Institute for HeaIthcare Improvement (IHI) 
Ventilator Bundle 
– Elevation of the Head of the Bed

– Daily “Sedation Vacations”; Assessment of Readiness to 
Extubate

– Peptic Ulcer Disease Prophylaxis 

– Deep Venous Thrombosis Prophylaxis 

– Oral care with CHX (added 2010!)

• SToPP study cited as evidence



Next step…SToPP2!

• Application of chlorhexidine BEFORE 
intubation (in patients other than cardiac 
surgery) 

Oropharyngeal organisms 

present before intubation

Decreased

contamination of ET tube during 

intubation

Chlorhexidine 

Intervention

Decreased Risk of 

VAP

Munro CL, Grap MJ, Elswick RK, Sessler C.  Oral Care Intervention in Mechanically Ventilated 
Adults.  Funded by NIH R01 NR07652, ClinicalTrials.gov NCT00893763.



SToPP2 Results

• Preintubation CHX did not provide 
additional benefit to daily CHX



SToPP2 Results

• ETT colonization rates were equivalent 
between groups
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Ventilator Associated Pneumonia
in the 2010’s

• Reduced incidence

• New CDC surveillance definitions
– VAE (ventilator-associated events)

• VAC (ventilator-associated condition)
– IVAC (infection-related ventilator-associated complication)

» VAP (ventilator-associated pneumonia)

– No use of chest radiographs in surveillance
• Implications for CPIS

– VAC identified only after 3 days of stability or 
improvement

– VAP for internal reporting purposes



Where to next? 



Assuming one tooth brushing for each 
patient for each day of ICU care 
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Assuming one tooth brushing for each 
patient for each day of ICU care 

in the US, 

tooth brushing is performed at least 
18 million times annually in the ICU.

We have NO evidence to guide 
frequency of toothbrushing in the ICU!



Frequency of Oral Care Intervention 
Study: FOCIS

• Design permits assessment of clinical 
equivalence and safety- “best practice” 
recommendation 

• Determining the best brushing interval

– Balancing risk and benefit

• Randomized to oror daily

Munro CL, Grap MJ, Kip, K.  Oral Care Intervention in Mechanically Ventilated Adults.  Funded by 
NIH R01 NR07652, ClinicalTrials.gov NCT02289131.



Dental Plaque
Mucosal 

Inflammation 

Pneumonia
Bacteremia
SIRS, Sepsis

Clinical Equivalence 
(non-inferiority) 

Safety

Benefit Risk



Strategies to Prevent Pneumonia (SToPP)
545 mechanically ventilated adults

VAP: CHX beneficial, tooth brushing not, no interaction

SToPP2 
325 mechanically ventilated adults

CHX before intubation: no VAP difference 

Frequency of Oral Care 
Intervention Study (FOCIS)

Observational studies, POE, SToPP-IT
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