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Limitations of VAP diagnosis
VAP criteria

 Inaccurate and Non-specific
If compared to autopsy findings (Klompas, JAMA 2007)

 Subjective
Poor inter-observer agreement, not comparable among 
centers (Klompas AJIC 2010)

 Low attributable mortatlity
Intervention targeted to decrease VAP incidence may not 
decease significant outcomes: days on MV, ICU LOS, 
mortality (Kollef, JAMA 2008)



Rationale for the VAE definition
• Designed to overcome
the disadvantages of VAP definition:

• Complexity
• Subjectivity
• Low attributable mortality 

• Improvement of interventions to prevent VAP

DOES NOT TARGET INCREASE IN ACCURACY



• Based on alterations of ventilator parameters:
i. Implies a two-day period of ventilator “stability or improvement ”
ii. At least one of the following changes: 

• FiO2 increase of ≥ 20% over baseline that remains at or above this level for two 
or more days

• PEEP increase of ≥ 3 cmH2O over baseline that remains at or above this level 
for two or more days

New VAE algorithm
“Sustained raise in daily minimum PEEP ≥ 3 cmH2O or 
FiO2 ≥ 20 points after a period of stable or improving 

daily minimum PEEP or FiO2”

DAILY MINIMUM PEEP and FiO2: The lowest value of PEEP and FiO2 during a 
calendar day that is set on the ventilator and maintained for at least 1 hour. 







Conclusions - 1
• VAP definition is inaccurate, subjective & is affected by 

poor attributable mortality.

• VAE algorithm was recently proposed to improve VAP 
definitions. 

VAE algorithm is now under validation by several 
excellent research groups. At this time only partial 
conclusions can be drawn on its efficacy as a quality 
indicator and usefulness.



Conclusions - 2
• The rationale of the VAE algorithm is to improve VAP definitions by:

• Decreasing complexity of diagnosis
• Decrease subjectivity 
• Increased correlation to major outcomes

• However VAE definition:
• is in accurate in many occasions. It captures all sustained ventilator changes not exclusively 

related to respiratory conditions 
• has a low sensitivity to detect VAP. 

Thus VAE captures sustained ventilator changes and can not replace the VAP 
definitions

• At bedside VAE algorithm can not guide the physician and RRTs because it is by 
definition post-event diagnosis and has no immediate benefits for patient’s treatment.

• As an indicator of quality: VAE is not always associated increased morbidity (“the 
VAE paradox”).
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Ventilator-Associated Pneumonia (VAP)
Serious ICU-acquired infection 
(estimated attributable mortality 13%) Melsen WG, Lancet Infect Dis 2013

48~72 hrs. after endotracheal intubation 

Pirrone M, Current Opin Inf Dis 2016

Pathogenesis:

A. Dental Plaque

B. Biofilm

C. Secretions above the cuff

D. Cuff’s Leakage

E. Impaired muco-ciliary clearance



VAP Today: Pathophysiology

With permission from Pinciroli R, et al. Curr Op Inf Dis, 
2013



Time-lapse 
microscopy of 
Pseudomonas 
aeruginosa
expressing 
green 
fluorescent 
protein. Bacteria 
were grown in 
continuous-
culture-flow 
cells, and 
quickly form a 
biofilm.

8 Hours 
Observation

Singh P.K. Nature 
2002

Patophysiology: Biofilm






Patophysiology: Biofilm

Berra L et al. Intensive Care Med. 2008 Jun;34(6):1030-7.



Bioflim
A complex thriving microbial community 
attached to surfaces and interspaced in 
extracellular matrix
Bacteria living in a bioflim are 
physiologically different from their 
planktonic counterpart by means of 
different gene expressions
Bioflim is an adaption to a low-nutrient, 
stressful environment 



Patophysiology: Biofilm



Endotracheal Tube Obstruction in Mechanically 
Ventilated Patients Assessed by High Resolution 

Computed Tomography

R. Pinciroli et at. Anesthesioly 2013



Preliminary data from CT scan

2. HRCT findings correspond to expected increase in resistance 
associated to ETT obstruction

5 new ETT partially filled with silicone to simulate mucus

R2=0.91

R2=0.87

R2=0.90

Mietto et al., Anesthesiology 2014 



1. HRCT scan can precisely quantify the amount of secretions inside 
the ETT and measure the effective cross sectional area available to 
ventilation

• 20 ETTs, collected throughout all ICUs at MGH
• Inclusion criteria: intubation time ≥ 48 h

Luminal air volume reduction: 
8.2±7.1% (p=0.013) 

range 0 - 23.7%

Mietto et al., Anesthesiology 2014 



Preliminary data from CT scan

3. Post-extubation HRCT images mirror the clinical scenario

• 20 patients that uderwent chest CT scan for clinical reasons after 48 
h of intubation

• 6 ETTs showed secretions, average CSA reduction 24.0±3.9%

Mietto et al., Anesthesiology 2014 



Prevention and Removal of Bioflim

Elimination of aspiration?
Costing/impregnating ETT with 
antibacterial material?
Altering the surface of the ETT 
avoiding adherence of secretions?
Active removal of the Bioflim?



Berra L et al. Intensive Care Med. 2008 Jun;34(6):1030-7.

Standard ETT - Never Used Standard ETT - At Extubation

Biofilm Prevention



Biofilm Prevention

Coated ETT – Never used Coated ETT – At extubation

Berra L et al. Intensive Care Med. 2008 Jun;34(6):1030-7.



Biofilm Prevention



Kollef JAMA 2008;300:805
RCT Pts intubated and ventilated for > 24 hours,  
Standard ETT vs. Silver coated ETT, 54 Centers US 
Silver tube VAP rate  4.8%, 37/766
Standard tube VAP rate 7.5%, 56/743, p > 0.03
However, no difference in length of intubation, ICU 
and Hospital stay, mortality and adverse events
More COPD pts in control group
Definition of VAP, > 104 colony forming units, does 
not necessarily translate into disease



Kolobow, T et al. Novel system for 
complete removal of secretions within 
the endotracheal tube: the Mucus 
Shaver. Anesthesiology, 2005.

5. Biofilm Removal - ETT cleaning devices



Pinciroli et al RC 2016;61(11):1431
Mieto et al RC 2014:59(9):e122





Pinciroli et al RC 2016;61(11):1431
RCT standard blind suction vs standard 
blind suction plus muscus shaver q8hrs.
Rx 37 ETT vs. Control 40 ETT



Pinciroli et al RC 2016;61(11):1431





VAP Today: Patophysiology

With permission from Pinciroli R, et al. Curr Op Inf Dis, 
2013



Effects of GRAVITY 

Li bassi CCM 2008



Zanella A, et al. Intensive Care Med. 2008 
Jun;34(6):1145-9

New generation ETT cuffs 



Subglottic Secretion Drainage
Mahul et al ICM 1992;18:20-25
Valles et al Ann Intern Med 1995;122:179-186
Kollef et al Chest 1999;116:1339-1346
Bo et al Zhonghua Jie He He Hu Xi Za Zhi 
2000;23:472-474
Smulders et al Chest 2002;121:858-862 
Lorente et al AJRCCM 2007;176:1079 (Also 
with a ultrathin polyurethane cuff)
Bouza et al Chest 2008;134:938



Caroff, Klompas 
et al CCM 

2016;44(4):830
Meta- analysis 
SSD and VAP



Caroff, Klompas et al CCM 
2016;44(4):830



Caroff, Klompas et al CCM 2016;44(4):830
Duration of Mechanical Ventilation





Caroff, Klompas et al CCM 2016;44(4):830
Mortality



Caroff, Klompas et al CCM 2016;44(4):830

Significant less antibiotic use SSD
Damas et al CCM 2015;43(1):22
Bouza et al Chest 2008;134(4):934

No difference in antibiotic use
Lacherade AJRCCM 2010;182(8):910

No difference in VAE
Damas et al CCM 2015;43(1):22

No differences in any study regarding strider or 
reintubation



Positioning
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