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10%-20% of ventilated patients develop 
nosocomial pneumonia despite widespread 
prevention efforts.

Attributable mortality from ventilator-
assisted pneumonia (VAP) is about 13%.



VAP DEFINITIONS

•CDC/National Healthcare Safety Network
Pneumonia with endotracheal or tracheal tube within 48 hrs before the onset 
of the infection (including liberation) with a change in pulmonary secretions or 
impaired gas exchange with systemic signs of infection. There are associated 
radiographic findings of new or progressive opacities.  No microbiological 
evidence is required.



Klompas, Curr Opin Infect Dis 2012, 25:176–182



VAP DEFINITIONS

•ATS/IDSA
Pneumonia that occurs within 48-72 hours of intubation with a change in 
pulmonary secretions or impaired gas exchange with systemic signs of 
infection.  There are associated radiographic findings of new or progressive 
opacities.  No microbiological evidence is required.



Klompas, Curr Opin Infect Dis 2012, 25:176–182



Centers for Disease Control and 
Prevention 2016 criteria for 
ventilator-associated events



Criteria for ventilator-associated condition (VAC) includes both

Baseline period of stability or improvement on the ventilator, defined by ≥ 2 
calendar days of stable or decreasing daily minimum fraction of inspired oxygen 
(FiO2) or positive end-expiratory pressure (PEEP) values (baseline period defined as 
the 2 calendar days immediately preceding the first day of increased daily minimum 
PEEP or FiO2) 

AND

After a period of stability or improvement on the ventilator, ≥ 1 of the following 
indicators of worsening oxygenation:

increase in daily minimum FiO2 of ≥ 0.20 (20 points) over the daily minimum 
FiO2 in the baseline period, sustained for ≥ 2 calendar days

increase in daily minimum PEEP values of ≥ 3 cm H2O over the daily minimum   
(ZEEP to PEEP 5 cm H2O equivalent)



Criteria for infection-related ventilator-associated condition (IVAC)

Patient meets criteria for VAC AND

On or after calendar day 3 of mechanical ventilation and within 2 calendar days 
before or after the onset of worsening oxygenation, patient meets both of

temperature > 38 degrees C or < 36 degrees C (> 100.4 degrees F or < 96.8 
degrees F), OR white blood cell count ≥ 12,000 cells/mm3 or ≤ 4,000 cells/mm3

initiation of new antimicrobial agent(s), with continuation for ≥ 4 calendar days



Criteria for possible/probable ventilator-associated pneumonia
Patient meets criteria for VAC & IVAC AND

on or after calendar day 3 of mechanical ventilation and within 2 calendar days before or after the onset of 
worsening oxygenation, ONE of the following criteria is met

Purulent respiratory secretions (containing > 25 neutrophils and < 10 squamous epithelial cells per low power 
field) plus a positive culture of 1 of the following specimens:

sputum, endotracheal aspirate, bronchoalveolar lavage, lung tissue, protected specimen brush 

Positive culture of 1 of the following specimens, meeting quantitative or semi-quantitative thresholds as outlined 
in protocol, without requirement for purulent respiratory secretions

endotracheal aspirate (≥ 105 colony forming units [CFU]/mL or corresponding semi- quantitative result)
bronchoalveolar lavage (≥ 104 CFU/mL or corresponding semi-quantitative result)
lung tissue (≥ 104 CFU/g or corresponding semi-quantitative result)
protected specimen brush (≥ 103 CFU/mL or corresponding semi-quantitative result)

One of the following positive tests:
pleural fluid culture, lung histopathology, diagnostic test for Legionella species, diagnostic test on 

respiratory secretions for influenza virus, respiratory syncytial virus (RSV), adenovirus, parainfluenza virus, rhinovirus, 
human metapneumovirus, or coronavirus



Controversies in the use of ventilator-
associated pneumonia as an indicator of quality 
and benchmarks

Diagnostic (in)accuracy
Absence of gold standards, variable bias RCTs
Difference between clinical and surveillance definitions
Different case-mix between institutions
Subjectivity of criteria 



Muscedere, CHEST 2013; 144(5):1453–1460

The Clinical Impact and Preventability
of Ventilator-Associated Conditions
in Critically Ill Patients Who Are
Mechanically Ventilated

“…retrospectively applied definitions for VAC and iVAC to data from a prospective time
series study in which VAP clinical practice guidelines were implemented in 11 North 
American ICUs. Each ICU enrolled 30 consecutive patients mechanically ventilated . 48 h 
during each of four study periods. Data on clinical outcomes and concordance with 
prevention recommendations were collected. VAC, iVAC, and VAP rates over time, the 
agreement ( k statistic) between definitions, associated morbidity/mortality, and 
independent risk factors for each were determined.”



Muscedere, CHEST 2013; 144(5):1453–1460
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Muscedere, CHEST 2013; 144(5):1453–1460

VAP, VAC, and iVAC continue to be relatively common in critically ill 
patients who are mechanically ventilated and are associated with 
adverse outcomes. There is some overlap between them, but the 
agreement between VAC, iVAC, and VAP is low. Given the 
association between VAC and iVAC and adverse outcomes, they 
may be useful quality indicators.

VACs and iVACs are associated with significant morbidity 
and mortality. Although the agreement between VAC, iVAC, 
and VAP is poor, a higher adoption of measures to prevent 
VAP was associated with lower VAP and VAC rates.



Massimiliano, Curr Opin Infect Dis 2016, 29:160–166

MICROBIOME
“Bacterial/fungal communities are nearly ubiquitous in the human body and 
the amount of microbial cells present at any given time in our organism 
exceeds the total number of human cells;
their associated genetic pool greatly exceeds our own, while playing an 
important role in the determination of local and systemic inflammation and 
disease.”

“The microbiome has been defined by the Human Microbiome Project as 
the collective genetic material that belongs to all the microbial species 
that live in an environment – in our case the human body.”



BIOFILMS

“Biofilms are complex, thriving microbial communities attached to surfaces 
and interspersed in extracellular matrix …overall, biofilm represents a 
formidable adaptive response to most of the environments that bacterial 
life can find on Earth.”

Massimiliano, Curr Opin Infect Dis 2016, 29:160–166



BIOFILMS
“The term biofilm was introduced into medicine in 1985 by J. W. 
Costerton…a microbial biofilm is defined as ‘an aggregate of 
microbial cells surrounded by a self-produced polymer matrix, and both 
monospecies and polyspecies biofilms exist. Biofilms may or may not 
adhere to surfaces, but they are predominantly situated in the tissue or 
in secretions, and components from the host may be found in biofilms”  

The term film was first used in marine microbiology in 1933, but earlier 
“E.C. Angst in 1922, in a report to the US Navy Department, found that 
slime on the ships’ bottom was caused to a large extent by bacteria 
when biofouling occurred on surfaces.”

Hoiby, APMIS 2017 125:272-275



Community analysis of dental plaque and endotracheal tube biofilms
from mechanically ventilated patients

Marino, Journal of Critical Care 2017; 39:149-155



Marino, Journal of Critical Care 2017; 39:149-155



Marino, Journal of Critical Care 2017; 39:149-155



Marino, Journal of Critical Care 2017; 39:149-155





Danin, Respir Care 2015;60(1):21–29.

Description and Microbiology of Endotracheal Tube Biofilm
in Mechanically Ventilated Subjects

Observational study, single center.
24 patients, 2-79 days intubation.
Before extubation: measurement of ETT volume by acoustic reflection.
After extubation: biofilm analysis by optical and atomic force microscopy.
Bacteriological analysis of biofilm.



Danin, Respir Care 2015;60(1):21–29.

Description and Microbiology of Endotracheal Tube Biofilm
in Mechanically Ventilated Subjects



MICROBIOME, BIOFILMS, PNEUMONIA

Massimiliano, Curr Opin Infect Dis 2016, 29:160–166



Massimiliano,
Curr Opin Infect Dis 2016, 29:160–166

A. Oral microbiome, teeth and plaque
B. Endoluminal biofilm
C. Accumulation of secretions above inflated 

cuff
D. --Dependent leak (micro-channels, 

positioning, cuff pressure, transport, etc.)
--Mucosal damage

E. Impaired mucociliary clearance



ETT BIOFILM CONTROL/PLUMBING
Pinciroli, Resp Care 2016; 61:1431-1439
Mietto, Resp Care 2014; 59: e122-e126

Safety of endOclearTM device in maintaining ETT lumen
No data on biofilm or colonization

Coppadoro, Ann Intensive Care 2015; 5:57-64
Demonstration of efficacy of a cleaning closed suction system, Airway Medix Closed Suction SystemTM

Berra, Crit Care Med 2012; 40:119-125
Demonstration of Safety of Mucus ShaverTM for clearing of secretions 
Decreased colonization of treatment group by standard bacteriology

Liu, Pediatr Crit Care Med 2013; 14:e338-e343
Mechanical cleaning with a sterile urethral catheter reduced bacterial colonization, prevented biofilm 
Reported to have decrease in prevalence of VAP



Ref:

Society for Healthcare Epidemiology of America/Infectious 
Diseases Society of America (SHEA/IDSA) 2014 
recommendations for prevention of VAP 

Canadian Critical Care Society and Canadian Critical Care Trials 
Group 2008 recommendations for prevention of VAP

DynaMed Plus, 2017



•Consider implementing practices with little risk of harm that decrease 
duration of mechanical ventilation, length of stay, mortality, and/or costs.

•Avoid intubation and reintubation if possible (Strong recommendation).

•Use noninvasive ventilation whenever possible (Strong recommendation).

http://www.dynamed.com/topics/dmp%7EAN%7ET909141/Prevention-of-ventilator-associated-pneumonia#Synthesized-Recommendation-Grading
http://www.dynamed.com/topics/dmp%7EAN%7ET909141/Prevention-of-ventilator-associated-pneumonia#Non-invasive-ventilation
http://www.dynamed.com/topics/dmp%7EAN%7ET909141/Prevention-of-ventilator-associated-pneumonia#Synthesized-Recommendation-Grading


•If intubation is unavoidable:
• Institute protocols to improve the use of sedation and reduce the length of 

mechanical ventilation (Strong recommendation), such as: 
• daily interruption of sedation
• daily spontaneous breathing trials
• maintenance and improvement of physical conditioning of intubated patients

• Minimize the pooling of secretions above the endotracheal tube cuff.
• Provide endotracheal tubes with subglottic secretion drainage ports for patients 

likely to require greater than 48 or 72 hours of intubation (Strong 
recommendation).

• Elevate the head of the bed to 30-45 degrees (Strong recommendation). 
(Cochrane, 2016: “A semi-recumbent position (>=30º) may reduce clinically 
suspected VAP compared to a 0° to 10° supine position. However, the evidence is 
seriously limited with a high risk of bias. No adequate evidence is available to 
draw any definitive conclusion on other outcomes and the comparison of alternative 
semi-recumbent positions. Adverse events, particularly venous thromboembolism, 
were under-reported.”

• Maintain ventilator circuits and change them only if visibly soiled or malfunctioning.

http://www.dynamed.com/topics/dmp%7EAN%7ET909141/Prevention-of-ventilator-associated-pneumonia#Multicomponent-prevention-strategies
http://www.dynamed.com/topics/dmp%7EAN%7ET909141/Prevention-of-ventilator-associated-pneumonia#Synthesized-Recommendation-Grading
http://www.dynamed.com/topics/dmp%7EAN%7ET909141/Prevention-of-ventilator-associated-pneumonia#Avoidance-and-minimization-of-sedation
http://www.dynamed.com/topics/dmp%7EAN%7ET909141/Prevention-of-ventilator-associated-pneumonia#Daily-spontaneous-breathing-trials
http://www.dynamed.com/topics/dmp%7EAN%7ET909141/Prevention-of-ventilator-associated-pneumonia#Physical-therapy-and-early-mobility-in-intubated-patients
http://www.dynamed.com/topics/dmp%7EAN%7ET909141/Prevention-of-ventilator-associated-pneumonia#Subglottic-secretion-drainage
http://www.dynamed.com/topics/dmp%7EAN%7ET909141/Prevention-of-ventilator-associated-pneumonia#Synthesized-Recommendation-Grading
http://www.dynamed.com/topics/dmp%7EAN%7ET909141/Prevention-of-ventilator-associated-pneumonia#Elevation-of-the-head-of-the-bed
http://www.dynamed.com/topics/dmp%7EAN%7ET909141/Prevention-of-ventilator-associated-pneumonia#Synthesized-Recommendation-Grading
http://www.dynamed.com/topics/dmp%7EAN%7ET909141/Prevention-of-ventilator-associated-pneumonia#Maintenance-of-the-ventilator-circuit


•Interventions that may lower ventilator-assisted pneumonia (VAP) rates but with 
insufficient data to determine the impact on the duration of mechanical 
ventilation, length of stay, and mortality:

•oropharyngeal decontamination and specifically oral care with chlorhexidine
Cochrane, 2017: “OHC including chlorhexidine mouthwash or gel reduces the 
risk of developing ventilator-associated pneumonia in critically ill patients from 
25%to about 19%. However, there is no evidence of a difference in the 
outcomes of mortality, duration of mechanical ventilation or duration of ICU 
stay. There is no evidence that OHC including both antiseptics and 
toothbrushing is different from OHC with antiseptics alone, and some weak 
evidence to suggest that povidone iodine mouthrinse is more effective than 
saline/placebo, and saline rinse is more effective than saline swab in reducing 
VAP. There is insufficient evidence to determine whether powered 
toothbrushing or other oral care solutions are effective in reducing VAP. There is 
also insufficient evidence to determine whether any of the interventions 
evaluated in the studies are associated with adverse effects.”

http://www.dynamed.com/topics/dmp%7EAN%7ET909141/Prevention-of-ventilator-associated-pneumonia#Selective-decontamination-of-digestive-tract
http://www.dynamed.com/topics/dmp%7EAN%7ET909141/Prevention-of-ventilator-associated-pneumonia#Oral-hygiene


Interventions that may lower ventilator-assisted pneumonia (VAP) 
rates but with insufficient data to determine the impact on the 
duration of mechanical ventilation, length of stay, and mortality:

•prophylactic probiotics (but not in the immunocompromised)
•ultrathin polyurethane endotracheal tube cuffs
•automated control and surveillance of endotracheal tube cuff pressure
•saline instillation before tracheal suctioning

http://www.dynamed.com/topics/dmp%7EAN%7ET909141/Prevention-of-ventilator-associated-pneumonia#Prophylactic-probiotics
http://www.dynamed.com/topics/dmp%7EAN%7ET909141/Prevention-of-ventilator-associated-pneumonia#Polyurethane-cuffed-endotracheal-tubes
http://www.dynamed.com/topics/dmp%7EAN%7ET909141/Prevention-of-ventilator-associated-pneumonia#Automatic-control-of-tracheal-tube-cuff-pressure
http://www.dynamed.com/topics/dmp%7EAN%7ET909141/Prevention-of-ventilator-associated-pneumonia#anc-1301149774


•Interventions that may (?) lower VAP rates without an impact on 
the duration of mechanical ventilation, length of stay, or mortality 
include:

silver-coated endotracheal tubes (Cochrane, 2015, “review provides 
limited evidence that silver-coated ETT reduces the risk of VAP, 
especially during the first 10 days of mechanical ventilation.”
•kinetic beds
•prone positioning

http://www.dynamed.com/topics/dmp%7EAN%7ET909141/Prevention-of-ventilator-associated-pneumonia#Silver-coated-endotracheal-tubes
http://www.dynamed.com/topics/dmp%7EAN%7ET909141/Prevention-of-ventilator-associated-pneumonia#Kinetic-bed-therapy
http://www.dynamed.com/topics/dmp%7EAN%7ET909141/Prevention-of-ventilator-associated-pneumonia#Prone-positioning


•Interventions with no impact on VAP rates, duration of 
mechanical ventilation, length of stay, or mortality include:

•stress ulcer prophylaxis
•early tracheotomy
•monitoring residual gastric volumes
•early parenteral nutrition

•Other:
•In-line suction catheters (commonly used)
•Aerosol delivery (MDI, mesh neb better than SVN)
•Humidfication

http://www.dynamed.com/topics/dmp%7EAN%7ET909141/Prevention-of-ventilator-associated-pneumonia#Stress-ulcer-prophylaxis
http://www.dynamed.com/topics/dmp%7EAN%7ET909141/Prevention-of-ventilator-associated-pneumonia#Early-tracheostomy
http://www.dynamed.com/topics/dmp%7EAN%7ET909141/Prevention-of-ventilator-associated-pneumonia#Monitoring-gastric-residuals
http://www.dynamed.com/topics/dmp%7EAN%7ET909141/Prevention-of-ventilator-associated-pneumonia#Provision-of-nutrition


SUBGLOTTIC SECRETION DRAINAGE
Caroff, Crit Care Med 2016; 44:830-840

Meta-analysis: lower VAP, no change MV, LOS, VAE, mortality
Damas, Crit Care Med 2015; 43:22-30

RCT: lower VAP, lower antibiotic use, no change ICU LOS, mortality, no change in VAC
Hubbard, J Trauma Acute Care Surg 2016; 80: 218-222

Retrospective review: lower VAP, vent days, ICU LOS in trauma patients
Mao, Critical Care 2016; 20:353

Meta-analysis: lower VAP and vent days, delayed VAP, no change ICU LOS or mortality  (hosp or ICU)
Frost, Australian Critical Care 2013; 26: 80-188

Meta-analysis: lower VAP, delayed VAP, may reduce vent days, no change mortality (hosp or ICU)
Muscedere, Crit Care Med 2011; 391985-1991

Meta-analysis: lower VAP, possible reduction vent days, ICU LOS



Prevention of Ventilator-Associated Pneumonia and
Ventilator-Associated Conditions: A Randomized
Controlled Trial With Subglottic Secretion Suctioning

Damas, Crit Care Med 2015; 43:22–30
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Caroff, Crit Care Med 2016; 44:830-840

Subglottic Secretion Drainage and Objective Outcomes: A 
Systematic Review and Meta-Analysis



Caroff, Crit Care Med 2016; 44:830-840
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Challenges with SSD

• Target population (>72 hours ventilation)
• Specialized tube required
• Continuous vs intermittent suction
• Wall vs manual vs automated suction
• Location of drainage port
• Numbers of ports
• Tracheal wall damage
• Mucosal dessication
• Endoluminal size restriction
• Possible drainage port occlusion
• Cross contamination wall regulator 



Potential Benefits (Automated Intermittent SSD)  SIMEXTM

• Intermittent aspiration reduces the risk of injury due to drying of mucous membranes or adverse pressure 
trauma

• Customizable to each patient’s needs

• Increased patient comfort during aspiration process

• Minimized maceration of surrounding tissue due to reduction of secretion leakage

• Decreased need for frequent tracheal dressing changes due to reduction of secretion leakage

• Self-contained collection canisters help prevent cross-contamination and minimize incidence of infection









The Role of Subglottic Secretion Drainage in VAP
Prevention: ICU Experience with an Automated
Intermittent Subglottic Secretion Drainage System

Wolf, Respiratory Therapy 2016; 11:28-33

Weaning Station, Department of Pneumology and Intensive Care
Asklepios Klinik Barmbek
Hamburg, Germany.



Wolf, Respiratory Therapy 2016; 11:28-33
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Wolf, Respiratory Therapy 2016; 11:28-33

“Automated intermittent subglottic suctioning…offers 
a lower rate of VAP than manual and other methods, 
less endotracheal (bronchial) suctioning, less 
atelectasis, easier use of a speaking valve, shortened 
ICU stays, and lowers staff burden. Further studies 
and clinical evaluation of automated SSD are 
warranted.”

Subglottic Automated Aspiration System 





Subglottic Automated Aspiration System 
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