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What is VAP?

• HAP:

- Arises 48 hours or more after hospital admission

- Is not incubating at the time of admission

• Ventilator-associated pneumonia (VAP):

- Arises 48 hours or more after endotracheal 

intubation 

(American Thoracic Society/IDSA. Am J Respir Crit Care Med 2005;171:388-416)



What is pneumonia?

• The presence of a new or progressive 

radiographic infiltrate plus at least two of three 

clinical features: 

- Fever greater than 38C

- Leukocytosis or leukopenia  

- Purulent secretions  

• They represent the most accurate clinical 

criteria for starting empiric antibiotic therapy



Why Do We Care?

• HAP accounts for ~15% of all nosocomial infections

• VAP occurs in 7–27% of all intubated patients

• Number of cases per year in US:  ~275,000

• Extra days in the hospital:   4-9 days

• Average extra days in ICU:  4.3 days

• Direct cost (estimated) of excess 

hospital stay = $1.5 billion 

per year



Why Do We Care?

 The mortality rate for HAP may be as high as 30 to 

70%, but many of these critically ill patients with 

HAP die of their underlying disease rather than 

pneumonia. The “attributable mortality” has been 

estimated to be up to 50% in several case-matching 

studies of VAP.

Am J Respir Crit Care Med Vol 171. pp 388–416, 2005



Classification of HAP & VAP:
Risk Stratification

Time from Hospitalization (days)

Time from Intubation (days)

Late-onset HAP

Early-onset VAP Late-onset VAP

Early-onset HAP

0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7

(American Thoracic Society. Am J Respir Crit Care Med 2005;171:388-416)



Late- and early-onset HAP/VAP

Early-onset 

– Principal pathogens

• Staphylococcus aureus

• Streptococcus pneumoniae

• Haemophilus influenzae

Late-onset

– Principal pathogens

• MRSA

• Drug-resistant Gram-negative enterobacteriaceae

• Pseudomonas aeruginosa

• Acinetobacter baumannii

Torres A, et al. Intensive Care Med 2009; 35:9–29



When does VAP occur?

• Cook et al showed . . .

– 40.1% developed before day 5

– 41.2% developed between days 6 and 10

– 11.3% developed between days 11-15

– 2.8% developed between days 16 and 20

– 4.5% developed after day 21

Cook et al. Incidence of and risk factors for ventilator-associated pneumonia in critically ill patients. Cook, D. J. et. 

al. Ann Intern Med 1998;129:433-440



Hospital Location & Relative Frequency of 

HAP & VAP

ICU 

HAP

37.5%

Non-ICU 

HAP

62.5%

VAP
86%

HAP

14%

ICUHAP

Non-ICU HAP

ICU HAP

VAP

ICU HAP

(Kumpf G et al. J Clin Epidemiol 1998;54:495-502)

(Lizioli A et al. J Hosp Infect 2003;54:141-148)

(Richards MJ et al. Crit Care Med 1999;27:887-892)



Nosocomial Infections in the ICU
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• National Nosocomial 

Infections Surveillance 

(NNIS) System 

database from 1992-

1997

• 112 medical ICUs

• 181.933 patients

Richards MJ, et al Crit Care Med. 1999;27:887-892



Changing Views of VAP

• No longer just an “unfortunate” occurrence

• Viewed as medical error

– Institute of Medicine

– Leapfrog Group

• JCAHO – hospitals required to show VAP 

prevention/reduction measures



Risk Factors for HAP / VAP

Pathogenesis of HAP/VAP

Causative Pathogens



Risk Factors for HAP / VAP

المرضىلماذا يصيب العدوى هؤلاء



Co-morbid 

Illnesses

ICU 

Therapies
Injuries Ventilation

•Cancer

•Chronic 

obstructive 

pulmonary 

disease (COPD)

•Chronic cardiac 

disease

•Sinusitis

•Kidney failure

•CPR

•Corticosteroid use

•General surgery

•Neurosurgery

•Antacids

•Paralytic agents

•Prior antibiotic 

therapy

•Tracheostomy

•Use of a 

nasogastric tube

•Large-volume 

gastric aspiration

•Burns

•Coma

•Head injury

•Multiple organ 

system failure 

(MOSF)

•Acute 

respiratory 

distress syndrome 

(ARDS)

•Duration of 

mechanical 

ventilation

•Intracuff pressure 

<20 cm H20

•Reintubation

(Mehta RM. J Intensive Care Med 2003;18:175-88)  

(Patel PJ, et al. Seminar Respir Crit Care Med 2002;23:415-25)

(American Thoracic Society. Am J Respir Crit Care Med 2005;171:388-416)



Pathogenesis of HAP/VAP

كيف ينشئ المرض



Pathogenesis

Normal host defense mechanisms

Anatomy of airways

Cough reflex

Mucus

Mucociliary clearance

Alveolar macrophages

Leukocytes

Immunoglobulins

Complement

Lactoferrin

Basement membrane



Pathogenesis of HAP/VAP



Causative Pathogens

ما هي البكتيريا المسببة للمرض



Major Pathogens for VAP

1. MRSA (14.8%) (32%)

2. Ps. aeruginosa (14.3%) (29%)

3. Other Staph species (8.8%) (23%)

4. K pneumoniae (3.3%) (23%)

5. Enterobacter (3.3%) (8%)

6. E coli (3.0%)           (25%)

7. Acinetobacter (2.0%) (50%)

8. Negative culture (37%) (36%)

Prevalence Mortality

Richards MJ et al. Crit Care Med 1999; 887-892



Risk factors for MDR pathogens

 Prior antimicrobial therapy in preceding 90 days

 Current hospitalization of >5 days

 High frequency of antibiotic resistance in the community or hospital

 Presence of risk factors for HCAP:

• Residence in a nursing home or extended-care facility

• Hospitalization for 2 days or more in the past 90 days

• Home infusion therapy (including antibiotics)

• Chronic dialysis 

• Structural lung disease or colonization

• Home wound care

• Family member with MDR pathogen

 Immunosuppressive disease or therapy

Am J Respir Crit Care Med Vol 171. pp 388–416, 2005





Diagnosis



How Do We Diagnose?

Clinical approach

Vs.

Invasive approach



Clinical approach

CPIS : clinical pulmonary infection score

Quantitative prediction model using clinical criteria

May improve clinical diagnosis of HAP/VAP

• 72%-85% sensitive, 85%-91% specific

Only validated in several small studies

(Pugin J, Auckenthaler R, Mili N, et al. Am Rev Respir Dis 1991;143:1121-1129)

(Hubmayr RD et al ATS Consensus Statement Intensive Care Med 2002;28:1521-1536)



CPIS Used for the Diagnosis of VAP*

1- Temperature C̄ Points
-²36.5 and ¢38.4 0 

-²38.5 and ¢38.9 1

-²39.0 or ¢36.0 2

2- Blood leukocytes, mm-3

-²4,000 and ¢11,000 0

- < 4,000 or  > 11,000 1

- + band forms 500 1

3- Tracheal secretions
- Absence of tracheal secretions 0

- Presence of tracheal secretions 1

- Purulent secretions 1

4- Oxygenation: PaO2/FiO2, mm Hg

- > 240 or ARDS 0

-²240 and no evidence ARDS 2

5- Pulmonary radiography

- No infiltrate 0

- Diffuse or patchy infiltrate 1

- Localized infiltrate 2

6- Culture of tracheal aspirate (semiquantitative 0-1-2-3 +)

- Pathogenic bacteria cultured  ¢1+ or no growth 0

- Pathogenic bacteria cultured  > 1+ 1

- Same pathogenic bacteria on Gram Stain > 1+ 1



CPIS Used for the Diagnosis of VAP

Sensitivity: 93%

Specificity: 100%

(Pugin J, et al. Am Rev Respir Dis 1991; 143:1121-1129)

CPIS score > 6



Diagnostic Algorithm for VAP

Mechanically 

ventilated

patient

Clinical 

features 

suggest 

infection?

Order/review recent chest 

roentgenogram

Abnormal?

No further

investigation/  

observe

Observe:
Investigate for  

other sources

Yes

No

Yes

No



CPIS < 4

Diagnostic Algorithm for VAP

CPIS Ó 4

Calculate CPIS

CPIS > 6CPIS Ò6

Stop therapy

if started

Gram stain 

tracheobronchial 

secretions: 

organisms & 

pus cells present

NO

Consider therapy 

and no alternate

diagnosis

Treat according 

to Gram stain and 

local epidemiology
Recalculate CPIS daily;

examine Gram stain;

Stop therapy after 3 

days if CPIS ¢6



Invasive approach

• Quantitative culture approach:
 Bronchoscopic protected specimen brush (≥103 CFU/ml)

• ~67% sensitive, 95% specific

 Bronchoalveolar lavage (≥104 CFU/ml)

• ~73% sensitive, 82% specific

 Quantitative endotracheal aspirate (≥105 CFU/ml)

• 38-100% sensitive, 14-100% specific

• Antibiotic use more appropriate and accurate

(Fagon JY, Chastre J, Wolff M, et al. Ann Intern Med 2000;132:621-630), (Craven DE, and Steger KA, et al. Infect Cont Hosp Epidemiol 

1997;18:783-795), (Grossman RF and Fein A. Chest 2000;117:177S-181S)



But…..

Donôt do bronchoscopy unless you do it 

correctly.

Donôt do bronchoscopy unless you will 

believe results.

Donôt do bronchoscopy unless you will 

modify therapy based on results.



Markers of severity

 Many markers

 What is new
• Procalcitonin

• Copeptin





Treatment



Initial Empiric Antibiotic Therapy of VAP

Diagnosis 

of VAP in 

ICUModerate Presentation and/or 

no Risk Factors for Resistance

Severe Presentation and/or 

Risk Factors for Resistance

Treat in ICU with 

IV Monotherapy 

for 7-8 Days

Treat in ICU 

with 

Combination 

Therapy* IV 

Initially

Streamline Therapy 

Based on Culture Results 

(Monotherapy IV may be 

appropriate for 7-8 days)

*Resistant Pathogens such as:

P. aeruginosa, Acinetobacter spp., S. maltophiliaand MRSA may 

require longer durations of treatment (14 days) 

Streamline Therapy 

Based on Culture 

Results



Moderate Presentation, No 

Risk factors for resistance 

and Early Onset < 5 days.

Potential Pathogens

S. pneumoniae 

Methicillin-susceptible S. aureus

H. influenzae

Enterobacteriaeceae

E. coli

Klebsiella spp.

Enterobacter spp.

Proteus spp.

Serratia spp.

Severe Presentation, Risk 

factors for Antimicrobial   

resistance, and/or Late 

Onset > 5 Days

Potential Pathogens  

Methicillin-susceptible S. aureus

Enterobacteriaeceae

E. coli

K. pneumoniae

Proteus spp.

Serratia spp.

P. aeruginosa

Acinetobacter spp.

Methicillin-resistant S. aureus

S. pneumoniae



Initial empiric therapy, no known risk factors for MDR 

pathogens, early onset & moderate presentation

Treatment:

3rd generation non-pseudomonal cephalosporin

(eg. Ceftriaxone 1 g q24h IV, Cefotaxime 1 g q8h IV)

or 4th generation cephalosporin (Cefepime 2 g q12h IV)

OR

beta-lactam/beta-lactamase inhibitor

(eg. Piperacillin-Tazobactam 4.5 g q6h IV)

OR

Fluoroquinolone (Levofloxacin 750 mg IV qd, 

Moxifloxacin 400 mg IV qd) ­ po



Initial empiric therapy, known risk factors for MDR 

pathogens, late onset or  severe disease

Treatment:  
Ceftazidime 2 g q8h IV or Cefepime 2g q8h IV

OR

Imipenem-Cilastatin 1 g q8h IV

OR

Meropenem 1 g q8h IV 

OR

Piperacillin-Tazobactam 4.5 g q6h IV 

PLUS

Ciprofloxacin 400 mg q8h IV or Levofloxacin 750 mg q24h IV

OR

Gentamicin or Tobramycin 5-7 mg/kg q24h IV or Amikacin 15-20 mg/kg q24h

+/-

Vancomycin 1 g q12h IV or Linezolid 600 mg q12h IV  



Mortality Associated With Initial Inadequate 
Therapy In Critically Ill Patients With Serious 

Infections in the ICU

0% 20% 40% 60% 80% 100 %

Luna, 1997

Ibrahim, 2000

Kollef, 1998

Kollef, 1999

Rello, 1997

Alvarez-Lerma,1996 Initial appropriate

therapy

Initial inadequate

therapy

*Mortality refers to crude or infection-related mortality, Alvarez-Lerma F et al.   Intensive Care Med 1996;22:387-394., Ibrahim EH et al.  Chest
2000;118L146-155., Kollef MH et al.  Chest 1999; 115:462-474, Kollef  MH et al. Chest 1998;113:412-420., Luna CM et al. Chest 1997;111:676-685.
Rello J et al.  Am J Resp Crit Care Med 1997;156:196-200.

Mortality*

ICU

VAP



Factors that Lead to Inappropriate Therapy

Pathogen 

not covered

Inadequate 

dosing regimen

Inappropriate antimicrobial treatment

Delayed

administration

Greater 

patient charges

Longer ICU 

and hospital LOS

Higher mortality 

in sepsis and VAP

Clinical failure

with previously

effective 

antimicrobials

Development

of antimicrobial

resistance

Resistance of 

causative 

pathogen

Potential risksEstablished risks



ATS/IDSA: Initial Antibiotic Therapy

• Inappropriate and/or Delayed therapy is a major risk factor

for excess mortality and length of stay for patients with HAP, 

and antibiotic-resistant organisms are the pathogens most 

commonly associated with inappropriate therapy.

Am J Respir Crit Care Med Vol 171. pp 388ï416, 2005



Timing

Don’t wait until the damage has been done



Massages

Massage 1: Appropriate Antibiotics

Message 2: Time is life



Getting it Right First Time

Activated Protein C

Tight glucose control

Low volume ventilation

Low dose steroids in sepsis

Mixed venous O2 monitoring

 CORRECT ANTIBIOTICS prescribing SAVES MORE LIVES THAN



Initial Antibiotic Therapy

• Combination therapy should be used if patients are likely to 
be infected with MDR pathogens (Level II)

• No data have documented the superiority of this approach 
compared with monotherapy, except to enhance the likelihood 
of initially appropriate empiric therapy (Level I)

• Linezolid is an alternative to vancomycin for the treatment of 
MRSA VAP and may be preferred on the basis of a subset 
analysis of two prospective randomized trials (Level II)

Am J Respir Crit Care Med Vol 171. pp 388ï416, 2005



Duration 

• VAP:  8 Day vs. 15 Day Antibiotic Therapy – Shorter may be 

Better
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De-Escalation Therapy

• If patients receive an initial appropriate antibiotics, 

efforts should be made to shorten the duration of 

therapy from the traditional 14-21 days to as short as 

7 days, provided that the etiologic pathogen is not 

pseudomonas, and the patient has a good clinical 

response.  (level-I)

ATS/IDSA 



Assessment of Non-responders

Wrong Organism
Drug-resistant Pathogen:

(bacteria, mycobacteria, virus, fungus

Inadequate Antimicrobial Therapy

Complication
Empyema or Lung Abscess

Clostridium difficile Colitis

Occult Infection

Drug Fever

Wrong Diagnosis
Atelectasis

Pulmonary Embolus

ARDS

Pulmonary Hemorrhage

Underlying Disease

Neoplasm

Am J Respir Crit Care Med Vol 171. pp 388ï416, 2005



Take home message

1) VAP is increasing and contributing to increased 

mortality and morbidity.

2) Appropriateness and early initiation of antimicrobial 

therapy is important.

3) Aim for early microbiological diagnosis.

4) Severity of illness and risk for resistance determine 

initial antimicrobial selection.

5) Consider De-Escalation therapy everyday.

6) 7 or 8 days of therapy may suffice for most cases of 

VAP; but 14 days preferred for P. aeruginosa & 

Acinetobacter. 



Thanks

Questions?



Prevention



Colonization Blockers Iseganan

• Iseganan, a topical antimicrobial peptide, active 
against aerobic and anaerobic Gram-positive and 
Gram-negative bacteria and yeasts, was evaluated in a 
randomized, double-bind trial to prevent VAP. 
Although there was a significant reduction in 
colonization in the treatment group, the rate of VAP 
among survivors (16% vs 20%) and 14-day morality 
was similar (22% vs 18%). 

•Kollef, M et al A randomized double-blind trial of iseganan in prevention 

of ventilator-associated pneumonia.. Am J Respir Crit Care Med 2006;173,91



Feasibility and effects of the semirecumbent position to 

prevent ventilator-associated pneumonia

• Patients receiving mechanical ventilation were 

randomly assigned to backrest elevation of 45° vs the 

standard of 10°, demonstrated barriers to 

implementing this strategy. Backrest elevation was 

measured continuously during the first week of 

ventilation with a monitoring device. The targeted 

backrest elevation of 45° was not reached; the actual 

achieved difference was 28° vs 10°, which did not 

reduce VAP .

A randomized study. Nieuwenhoven, et al: Crit Care Med 2006;34,396-402


