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Risk Factors for MDR Pathogens

Risk factors for MDR VAP

Prior intravenous antibiotic use within 90 days

Septic shock at time of VAP

ARDS preceding VAP

Five or more days of hospitalization prior to the occurrence of VAP

Acute renal replacement therapy prior to VAP onset

Risk factors for MDR HAP

Prior intravenous antibiotic use within 90 days

Risk factors for MRSA VAP/HAP

Prior intravenous antibiotic use within 90 days

Risk factors for MDR Pseudomonas VAP/HAP

Prior intravenous antibiotic use within 90 days



Empirical Treatments

Intensive Care Med 2020;46:888-906



De-escalation therapy

• To assess outcomes with de-escalation therapy

• Prospective observational study

• BAL vs. Tracheal aspirate

• De-escalation therapy (N=58) 

No de-escalation therapy (N=85)

Intensive Care Med 2007;33:1533-1540



De-escalation therapy

Intensive Care Med 2007;33:1533-1540



De-escalation therapy

Intensive Care Med 2007;33:1533-1540



Bronchoscopy

• Culture

• Sputum remove

• Endobronchial lesion evaluation

• Differential Diagnosis



Bronchoscopy

• The need for qualified personnel to perform 

these procedures

• Potential risks (hypoxemia, barotrauma, 

bleeding)

• Cost 



Culture
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with Quantitative 

Culture Results

Noninvasive 
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Semiquantitative 

Culture Results

VS.



RCT

51 patients with VAP in 1 ICUs in Spain

• Invasive (N=24) vs. Noninvasive (N=27)

• Mean age: 42 years,  Male (79%)

• Moderate ARDS

Am J Respir Crit Care Med 1998;157:371-376

Variables Invasive Noninvasive P value

VAP related mortality 45% 43% NS

Targeted therapy 42% 16% <0.05

Ventilator day 23 days 20 days NS

ICU stay 28 days 26 days NS

VAP related mortality associated with isolation of Pseudomonas aeruginosa 

and Acinetobacter calcoaceticus



RCT

76 patients with VAP in 1 ICUs in Spain

• Noninvasive (N=39) vs. Invasive (N=37)

Am J Respir Crit Care Med 2000;162:119-125



RCT

76 patients with VAP in 1 ICUs in Spain

Am J Respir Crit Care Med 2000;162:119-125

Variables Noninvasive Invasive P value

30 days mortality 46% 38% 0.46

Adjusted mortality 16% 11% 0.53

Microbiological confirm 59% 62% 0.78

Targeted therapy 18% 27% NS

Ventilator day 20 days 19 days 0.84

ICU day 21 days 21 days 0.9

Total exam cost $ 29 $ 368 <0.001



RCT

413 patients with VAP in 31 ICUs in France

• BAL (N=204) vs. Endotracheal aspirate (N=209)

• Mean age: 63 years,  Male (70%)

• Mild to moderate ARDS

Ann Intern Med 2000;132:621-630

P=0.07



RCT

413 patients with VAP in 31 ICUs in France

Ann Intern Med 2000;132:621-630



RCT

91 patients with VAP in 18 ICUs in Spain

• Quantitative (N=45) vs. Nonquantitative (N=43)

Crit Care Med 2000;28:2737-2741



RCT

91 patients with VAP in 18 ICUs in Spain

Crit Care Med 2000;28:2737-2741

Variables Quantitative Nonquantitative P value

Overall mortality 22.2% 20.9% NS

15-day mortality 15.6% 11.6% NS

Targeted therapy 33.3% 11.6% <0.05

Ventilator day 19 days 19 days NS

ICU day 24 days 22 days NS



The role of BAL

The analysis of 37 patients based on BAL and Open biopsy

• The diagnosed of pneumonia (N=20)

Braz J Med Biol Res 2001;34:993-1001

Variables Sensitivity Specificity PPV NPV

Gram stain 85% 94.1% 94.4% 84.2%

Total cellularity 90% 94.1% 94.7% 88.8%

Neutrophils 95% 94.1% 95% 94.1%

Quantitative culture 90% 94.1% 94.7% 88.8%

Gram stain (+), Total cellularity (400,000 cell/ml), Neutrophil (50%), Quantitative culture (+)



RCT

740 patients with VAP in 28 ICUs in Canada and US

• BAL (N=365) vs. Endotracheal aspirate (N=374)

• Mean age: 59 years,  Male (70%)

• Mild to moderate ARDS

N Eng J Med 2006;355:2619-30



RCT

740 patients with VAP in 28 ICUs in Canada and US

N Eng J Med 2006;355:2619-30

Variables BAL ETA P value

28-day mortality 18.9% 18.4% 0.94

Targeted therapy 74.2% 74.6% 0.90

Alive without antibiotics 10.4 days 10.6 days 0.86

Maximum ODS 8.3 8.6 0.26

ICU stay 12.3 days 12.2 days 0.22

Hospital stay 40.2 days 47.0 days 0.13

BAL, bronchoalveolar lavage; ETA, endotracheal aspirate; ODS, organ dysfunction score; 

ICU, intensive care unit



Cochrane Review

Quantitative versus qualitative cultures in patients with VAP

Cochrane Database Syst Rev 2014;10:CD006482



Cochrane Review

Quantitative versus qualitative cultures in patients with VAP

Cochrane Database Syst Rev 2014;10:CD006482



Antibiotic discontinuation

Crit Care Med 2013;41:1656-1663

• Antibiotic discontinuation

- Negative quantitative bronchoscopy

- Symptom resolution

• Retrospective, observational cohort study

• Early discontinuation (N=40) 

Late discontinuation (N=49)



Antibiotic discontinuation

Crit Care Med 2013;41:1656-1663

Variables Early Late P

Hospital mortality 10 (25) 15 (30.6) 0.642

Abnormal temperature 15 (48.4) 21 (61.8) 0.324

Abnormal WBC persisted 20 (69) 23 (65.7) 1.00

Abnormal P/F ration persisted 21 (75) 27 (77.1) 1.00

Sputum purulence persisted 24 (66.7) 34 (80.9) 0.196

Superinfection

Bacteremia 1 (2.5) 3 (7.1) 0.616

Respiratory infection 4 (10.0) 12 (28.6) 0.036

Bacteriuria 3 (7.5) 3 (7.1) 1.0

MDR superinfection 3 (7.5) 15 (35.7) 0.003



Bacterial PCR with BAL

Lancet Respir Med 2022

• Multicenter, randomized 

controlled trial

• Mutiflex bacterial PCR with 

BAL (N=100)

Control group (N=108)

The Unyvero LRT BAL



Bacterial PCR with BAL

Lancet Respir Med 2022

47.1 h vs. 85.7h



Ventilator associated pneumonia

Intensive Care Med 2020;46:888-906



Ventilator associated pneumonia

Intensive Care Med 2020;46:888-906



Procalcitonin

Intensive Care Med 2008;34:1434-1440

• To assess the predictive capacity for the diagnosis 

of VAP of serum procalcitonin level

• Single center observation study

• Confirmed VAP (N=32) 

Refuted VAP (N=41)

• Day 1 procalcitonin level check



Procalcitonin

Intensive Care Med 2008;34:1434-1440



CRP, Procalcitonin

Ann Intensive Care 2016;6:32

• To assess the value of biomarker kinetics in VAP 

prediction

• Prospective, multicenter, observational study

• 211 patients receiving mechanical ventilation

• From Day 1 to Day 6 Biomarker check



CRP, Procalcitonin

Ann Intensive Care 2016;6:32




