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What is Ventilator-
Associated 

Pneumonia?
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Ventilator-associated pneumonia conceptual 
definition

VAP is defined as an inflammation of the lung 

parenchyma caused by infectious agents not present or 

incubating at the time mechanical ventilation was started

Chastre and Fagon et al. Am J Resp Crit Care Med 2002;165:867



Diagnostic 
criteria in 
clinical 
practice

….if the patient has a radiographic 

infiltrate that is new or progressive, 

along with clinical findings suggesting 

infection, which include the new onset 

of fever, purulent sputum, leukocytosis, 

and decline in oxygenation.

ATS and IDSA. Am J Resp Crit Care Med 2005;171:388
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The wards and the post-mortem 

room show a very striking contrast 

in their pneumonia statistics...

Sir William Osler, 1907
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Klompas et al. JAMA 2007;297:1583
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Accuracy of common features in predicting 
histological pneumonia
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Klompas et al. JAMA 2007;297:1583



Independent studies: 
patient enrollment for histological 

examination, without regard to whether 
there was a clinical suspicion of 

pneumonia
Which findings suggest clinicians should 

consider a diagnosis of pneumonia

Nonindependent studies: 
patient enrollment already clinically 

suspected of having pneumonia
How various clinical clues modify the 

existing pre-test probability

Positive likelihood ratio: 
How much the presence of the feature 

confirms the diagnosis of VAP

Negative likelihood ratio:
How much the absence of the feature 

excludes the diagnosis of VAP

95% Confidence Interval:
The certainty about the estimate

Absence of 
leukocytosis, halves 
the probability

Absence of 
macroscopic purulence 
leads to 1/3 the 
probability

We should be three 
times more suspicious 
of VAP, if a new 
infiltrate is present

• Fever neither confirms, nor 
excludes pneumonia

• Presence of leukocytosis does not 
confirm pneumonia

• Macroscopic purulence does not 
confirm pneumonia

• Crepitation neither confirms, nor 
excludes pneumonia

• Hypoxemia neither confirms, nor 
excludes pneumonia

• Absence of new infiltrate on CXR 
does not exclude pneumonia

Accuracy of common features in predicting 
histological pneumonia

Klompas et al. JAMA 2007;297:1583



Independent studies: 
patient enrollment for histological 

examination, without regard to whether 
there was a clinical suspicion of 

pneumonia
Which findings suggest clinicians should 

consider a diagnosis of pneumonia

Nonindependent studies: 
patient enrollment already clinically 

suspected of having pneumonia
How various clinical clues modify the 

existing pre-test probability

Positive likelihood ratio: 
How much the presence of the feature 

confirms the diagnosis of VAP

Negative likelihood ratio:
How much the absence of the feature 

excludes the diagnosis of VAP

95% Confidence Interval:
The certainty about the estimate

Best performance 
for single air-
bronchogram, but 
with not much 
confidence

Accuracy of radiologic signs in 
predicting histological pneumonia

Klompas et al. JAMA 2007;297:1583



Independent studies: 
patient enrollment for histological 

examination, without regard to whether 
there was a clinical suspicion of 

pneumonia
Which findings suggest clinicians should 

consider a diagnosis of pneumonia

Nonindependent studies: 
patient enrollment already clinically 

suspected of having pneumonia
How various clinical clues modify the 

existing pre-test probability

Positive likelihood ratio: 
How much the presence of the feature 

confirms the diagnosis of VAP

Negative likelihood ratio:
How much the absence of the feature 

excludes the diagnosis of VAP

95% Confidence Interval:
The certainty about the estimate

Accuracy of combinations of signs/symptoms/findings 
in predicting histological pneumonia

• Combinations of fever, leukocytosis, infiltrate and purulent 
secretions at best triple the baseline probability pneumonia

• Absence of combinations, at best, decrease modestly the 
probability of pneumonia

Klompas et al. JAMA 2007;297:1583



12de Hemptinne et al. Chest 2009;135:944



13

How frequent is 
Ventilator-
Associated 

Pneumonia?



X-ray criteria Signs & symptoms Laboratory

Horan et al. Am J Infect Control 2008;36:309
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US 2012: Ventilator-associated PNEU rate

Dudeck et al. Am J Infect Control 2013;41:1148
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Europe 2016: Intubation associated pneumonia 
rates

ECDC. Annual Epidemiological Report for 2016. 2018, Stockholm, Sweden 

Pneumonia Case:
• Clinical criteria

• X-ray
• Fever > 38°C
• WBC > 12.000/mm3
• purulent sputum

• Further subcategorized 
according to level 
microbiological confirmation
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The subjectivity of VAP surveillance

2006-2012
Medical ICUs: 3,1→ 0,9 /1000 ventilator-days

Surgical ICUs: 5,2→2 /1000 ventilator-days

Ferrer et al. Curr Opin Crit Care 2018;25:325
Metersky et al. JAMA 2016;2008:11

Wang et al. N Engl J Med 2014;370:341

Possible etiology of discordance:
• differences in MPSMS and NHSN measure 

definitions
• differences in hospitals or patient groups
• changes in characteristics of hospitals 

reporting to NHSN over time
• preferential decline in VAP rates among 

hospitals reporting to the NHSN
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“…Throughout the United States, there is an increased reporting of 

hospitals with a ‘zero incidence’ of VAP, even though the antibiotic 

prescription and clinical diagnosis remain prevalent…”

Nair & Niederman et al. Semin Respir Crit Care Med 2017;38:237
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Magill et al. Crit Care Med 2013;41:2467

• Complexity of previous (PNEU) definitions

• Time-consuming and burdensome

• relative to surveillance definitions for other HAIs

• Concerns about the reliability of VAP surveillance, in the face of:

• public reporting

• inclusion of HAI measures in pay-for-reporting and pay-for-

performance programs
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Magill et al. Crit Care Med 2013;41:2467
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Magill et al. Crit Care Med 2013;41:2467
Probable VAP later abandoned



VAC predicts 
patient 

outcomes
[more accurately 

than VAP (?)] 
and is much 

faster

29

Mean time for VAP determination
• 39 minutes
Mean time for VAC determination
• 1,8 minutes

Klompas et al. PLoS One 2011;6:e18062
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VAEs are infrequent
(in some other places)

• Only 37,3% of VACs were deemed preventable
• Excessive mortality (65,7% vs 14.4%)
• Increased length of stay (14,7 vs 7,5 days)

Boyer et al. Chest 2015;147:68
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VAE prospective validation in Europe

Ramírez-Estrada et al. Intensive Care Med 2018;44:1212
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What is the impact of 
Ventilator-Associated 
Pneumonia on patient 

outcome?



Impact of 
VAP on 
patient 
outcome
• Crude mortality rates of up 

to 78% have been reported
• 2-10 increased risk in 

comparison with pts without 
pneumonia

• Length of stay (ICU and 
hospital) and duration of 
mechanical ventilation 
increased by several days

• Extra cost up to 40,000 $

Add a footer
Chastre and Fagon et al. Am J Resp Crit Care Med 

2002;165:867



Do patients 
die due to 

VAP or with 
VAP (1)?

Apart from baseline differences, 
there were also differences in the 

evolution of disease since admission

Bekaert et al. Am J Respir Crit Care Med 2011;184:1133



Do patients die due to VAP or with VAP (2)?

marginal structural modeling approach:

what the ICU mortality would have been  

if all patients remained VAP-free

Bekaert et al. Am J Respir Crit Care Med 2011;184:1133



Do patients die due to VAP or with VAP (3)?

38

What percentage of my ICU deaths 

would have been prevented if no 

VAP happened?

Bekaert et al. Am J Respir Crit Care Med 2011;184:1133

These patients do not die, even if 
they acquire VAP

These patient would die, even if 
they hadn’t acquired VAP
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How does Ventilator-
Associated 

Pneumonia happen?
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It’s actually tube-associated, not ventilator-
associated

5,44
episodes/1000 
days at risk

Invasive Mechanical Ventilation

1,58
episodes/1000 
days at risk

Non-invasive Ventilation

0,58
episodes/1000 
days at risk

No Mechanical Ventilation

Nosocomial pneumonia incidence density among 400 German ICUs (pooled mean)

Kohlenberg et al. Intensive Care Med 2010;36:971
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Impact of age on (hospitalized) pneumonia 
incidence
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Corrado et al. Chest 2017;152:930
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Pathogenesis of VAP

Add a footer

Craven and Hjalmarson. Clin Infect Dis 2010;51 Suppl 1:S59



Zolfaghari and Wyncoll. Crit Care 2011;15:310



Biofilm formation on endotracheal tube

Add a footer

Gil-Perotin et al. Crit Care 2012;16:R93
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How can one prevent 
Ventilator-
Associated 

Pneumonia?



Most of Ventilator-
Associated Pneumonias 
are preventable

• Meta-analysis

• 5,226 screened articles between 
2005-16

• 144 included articles

• Multi-faceted interventions for HAI 
prevention

• Incidence Rate Ratios:

• 0.543 (0.435-0.662) for CAUTI

• 0.459 (0.381-0.554) for 
CLABSI

• 0.553 (0.465-0.657) for VAP

• Independent of country economic 
status (based on World Bank data)

• However, mostly uncontrolled 
design of studies with high risk of 
bias

Add a footer 46
Schreiber et al. Infect Control  Hosp Epidemiol 2018;39:1277



Klompas et al. Infect Control  Hosp Epidemiol 2014;35:915

SHEA/IDSA practice 
recommendation: 2014 update
The Do’s



Klompas et al. Infect Control  Hosp Epidemiol 2014;35:915

SHEA/IDSA practice 
recommendation: 2014 update
The Do Not’s/ Don’t Know’s
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Elevation of the head of the bed (HOB) to between 30 and 45 degrees

Daily ―sedative interruption‖ and daily assessment of readiness to extubate

Peptic ulcer disease (PUD) prophylaxis

Deep venous thrombosis (DVT) prophylaxis (unless contraindicated)

Daily oral care with chlorhexidine

Institute for Healthcare Improvement; 2012. (Available at www.ihi.org)



Add a footer 50Klompas et al. JAMA Intern Med 2016;176:1277
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Which pathogens 
cause Ventilator-

Associated 
Pneumonia?
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Worldwide microbial etiology of HABP
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Top 6 pathogens causing hospital acquired bacterial pneumonia. SENTRY antimicrobial 
resistance surveillance program, 2004-2008

S.aureus P.aeruginosa Klebsiella spp E.coli Acinetobacter spp Enterobacter spp

Jones. Clin Infect Dis 2010;51:S81
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VABP microbiology
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Comparative microbial etiology between HABP and VABP, US and All regions (North America, Europe, Latin America). 
SENTRY antimicrobial surveillance program (2004-2008)
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Jones. Clin Infect Dis 2010;51:S81



World-wide variation in Acinetobacter etiology among VABP cases

Hurley. BMC Infect Dis 2016;16:577
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How to approach the 
patient with suspected 
Ventilator-Associated 

Pneumonia?
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• 31 French ICUs

• Key inclusion criteria: clinical suspicion of 
VAP

• Key exclusion criteria: recent modification 
of antibiotics

• Clinical management (209 pts) vs Invasive 
management (204 pts)

• Primary endpoints:

• 14-day mortality

• antibiotic-free days @ day 14

• organ failure # days 3,7,14 (SOFA & ODIN 
scores)

• Secondary endpoints:

• 28-day mortality

• antibiotic-free days @ day 28

• MV-free days @ day 28

• LOS (ICU & hospital)

• Emergence of resistant bacteria

• Emergence of Candida spp

• Microbiology:

• ~20% P.aeruginosa

• ~5% Acinetobacter spp

• ~15% S.aureus

Fagon et al. Ann Intern Med 2000;132:621
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“Clinical” 
management of 
suspected VAP

14-day mortality: 25.8%
Antibiotic free days @ 

day 14: 2.2 ± 3.5
Organ failure @ day 

3,7,14: 7± 4.3, 5.8 ±4.4, 
4.3 ±4.3

Fagon et al. Ann Intern Med 2000;132:621
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Invasive 
management of 
suspected VAP

14-day mortality: 16.2%
Antibiotic free days @ day 14: 5.0 ± 5.1

Organ failure @ day 3,7,14: 6.1± 4.0, 
4.9 ±4.0, 3.9 ±4.1

Fagon et al. Ann Intern Med 2000;132:621



To BAL or not to BAL?
• Multi-center RCT, 2x2 factorial design

• 740 pts, >4 days on ventilator, suspected pneumonia, 28 
ICUs (US/Canada)

• BAL with quantitative culture vs standard endotracheal 
aspiration/culture
• standardized empiric monotherapy vs empiric combination Rx 

(Mero vs Mero/Cipro)

• Excluded pts colonized or infected by MRSA or 
Pseudomonas spp

• Research hypothesis: BAL use would lead to reduced 28-
day mortality and increased targeted Rx

• 28-day mortality (95% CI): 18.7% (15.9-21.7%)
• adjusted RR: 1.01 (0.75-1.37)

• No signal in subgroup analyses and/or secondary outcomes

64The Canadian Critical Care Trials Group. N Engl J Med 2006;355:2619



Λήψη καλλιεργειών προ της έναρξης 
εμπειρικής αγωγής

16/1/2019 65

Souweine et al.Crit Care Med 1998;26:236

Η πρόσφατη (<24h) έναρξη αντιμικροβιακής αγωγής, υποδιπλασιάζει 
την ευαισθησία των καλλιεργειών βρογχοκυψελιδικού εκπλύματος και 

προστατευόμενης βούρτσας
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How should
Ventilator-Associated 

Pneumonia be 
treated?



Kalil et al. Clin Infect Dis 2016;63:e61VAP: Ventilator-Associated Pneumonia
AMG: Aminoglycoside
COL: Colistin

Do cover for
• S.aureus
• P.aeruginosa
• Other Gram-negative bacilli



Kalil et al. Clin Infect Dis 2016;63:e61

5d

MRSA >10-20%

• Do cover S.aureus

• MRSA if risk factors present 

(see left,weak recommendation)

• Vancomycin or linezolid

• strong recommendation

• Otherwise, MSSA

• Pip-tazo, cefepime, levo, 

imi-mero

• Anti-staphylococcal β-lactam

• In proven MSSA

VAP: Ventilator-Associated Pneumonia
MRSA: Methicillin-Resistant Staphylococcus aureus
MSSA: Methicillin-susceptible Staphylococcus aureus



Kalil et al. Clin Infect Dis 2016;63:e61

5d

R >10%

• Do cover Pseudomonas

• two antipseudomonals

• weak recommendation, low-

quality evidence

• different classes

• avoid AMG, COL if alternative 

agents are available

• otherwise, one antipseudomonal

VAP: Ventilator-Associated Pneumonia
AMG: Aminoglycoside
COL: Colistin



Kalil et al. Clin Infect Dis 2016;63:e61VAP: Ventilator-Associated Pneumonia
AMG: Aminoglycoside
COL: Colistin

• Do cover for S.aureus
• MRSA if :

• Risk factors for MRSA
• Risk factors for mortality

• Septic shock
• Ventilated HAP

• Conditionally cover for P.aeruginosa or other 
Gram-negative bacteria
• Risk factors present
• Risk factors for mortality present

• Do so with 2 agents



Dosages 
& PK/PD 

considerations

‘.. antibiotic dosing be determined using PK/PD 

data, rather than the manufacturer’s prescribing 

information…’

Kalil et al. Clin Infect Dis 2016;63:e61



Κατευθυντήριες γραμμές ΕΕΧ
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Combination Rx

Monotherapy (not an AMG)

Addition of inhaled antibiotics in pathogens 

only susceptible to colistin and/or polymyxins

Kalil et al. Clin Infect Dis 2016;63:e61
VAP: Ventilator-Associated Pneumonia
AMG: Aminoglycoside



HAP/VAP definitive Rx

• ESBL-producing Gram-negative pathogens
• based upon AST results & patient-specific factors

• strong recommendation, very-low quality evidence

• Acinetobacter spp
• Carba OR A/S (susceptible isolate)

• weak recommendation, low quality evidence

• Polymyxin (CR pathogen) iv + neb
• strong recommendation, low-quality evidence/ weak recommendation, low-quality evidence

• Rifampin (suggestion not to use), Tigecycline (recommendation against use)

• Carbapenem-resistant pathogens
• Polymyxin (CR pathogen) iv + neb

• strong recommendation, low-quality evidence/ weak recommendation, low-quality evidence

HAP: Hospital-acquired pneumonia
VAP: Ventilator-Associated Pneumonia
ESBL: Extended-spectrum beta-lactamases
AST: Antimicrobial Susceptibility Testing
A/S: Ampicillin/sulbactam
CR: Carbapenem-resistant

Kalil et al. Clin Infect Dis 2016;63:e61



How long to treat VAP for?

• Most experts recommended that treatment of VAP last 14 to 
21 days

• Randomize, double blind, parallel group, non-inferiority 
clinical trial

• 51 French ICUs; 197 pts (8-day) vs 204 pts (15-day)

• ~ 30% non-fermenters, ~10% MRSA

• Key inclusion criteria

• VAP suspicion (fever, leukocytosis etc)

• Positive distal quantitative cultures

• In vitro active, not delayed antibiotic Rx

• Key exclusion criteria

• Immunosuppression

• Concurrent extrapulmonary infection

• presumed antibiotic-sensitive infection

• Primary endpoints

• Death from any cause

• microbiologically documented recurrence

• antibiotic-free days

Recurrence rate : 28,9% vs 26% (NS) ☺
Antibiotic-free days: 13,1 vs 8,7 days (p<0,001) ☺

BUT Higher recurrence rate in non-fermenters (40,6 vs 25,4%) 
More MDR recurrent infections in 15-day group (62,3 vs 42,1%) ☺

Chastre et al. JAMA 2003;290:2588
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What is the 
optimum 
duration of 
treatment?
• Systematic review & meta-

analysis

• 6 studies; 1088 pts

• most conclusions based on 
2 or 3 studies

• Comparison of fixed treatment 
durations (7-8d vs 10-15d)

• Low to moderate quality of 
evidence

• Short course is safe, in the 
absence of NFGNB, reducing 
antibiotic exposure & recurrence 
with MDR bacteria

Pugh et al. Cochrane Database Syst Rev 2015; 
Aug 24;(8):CD007577
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Recommended treatment duration

• We suggest using a 7–8-day course of antibiotic therapy in 
patients with VAP without immunodeficiency, cystic fibrosis, 
empyema, lung abscess, cavitation or necrotising
pneumonia and with a good clinical response to therapy

• Weak recommendation, moderate quality of evidence

• This recommendation also includes patients with 
nonfermenting Gram-negatives, Acinetobacter spp. and 
MRSA with a good clinical response

• The panel believes that applying the rationale and 
recommendations used for VAP in nonventilated patients 
with HAP represents good practice

• Good practice statement

• For patients with VAP, we recommend a 7-day course of 
antimicrobial therapy rather than a longer duration

• strong recommendation, moderate quality evidence

• The panel agreed that a different recommendation was not 
indicated for NFGNB VAP
• based on the absence of an impact on mortality and low 

quality of existing evidence

• For patients with HAP, we recommend a 7-day course of 
antimicrobial therapy

• strong recommendation, very low quality evidence

Kalil et al. Clin Infect Dis 2016;63:e61
Torres et al. Eur Respir J 2017;50:1
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Take home messages

• VAP is defined as an inflammation of the lung parenchyma caused by 
infectious agents not present or incubating at the time mechanical 
ventilation was started

• The concordance between clinical diagnostic criteria and histological 
pneumonia is poor

• There seems to be a decline in incidence of VAP, using simple measures

• The surveillance of VAP has shifted away from clinical pneumonia

• VAP is associated with increased mortality and leads to prolongation of 
mechanical ventilation, ICU & hospital stay

• Colonization of the upper airways and stomach, are believed to be the first 
steps for the development of pneumonia
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a few more…

• Most episodes of VAP are deemed preventable with measures targeting the 
pathogenesis
• colonization of upper airways/ stomach

• aspiration

• The microbiology of HAP/VAP consists of S.aureus, non-fermenting Gram 
negative bacilli and Enterobacteriaceae, with regional differences

• Invasive diagnostic methods do not, reliably, alter patient outcomes

• Currently, relatively short courses of antimicrobial treatment are 
recommended, occasionally with combinations of antimicrobials


