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Ms. LR

 46 year-old with a history of neurogenic bladder 
admitted with malaise, nausea, and dark/malodorous 
urine
 Diagnosed with urosepsis and admitted to the floor
 PMH:  HTN, rheumatoid arthritis, spinal stenosis, 

diabetes, multiple urinary tract infections 





Ms. LR

 Treated for the Pseudomonas and E.coli found in her 
urine
 Hospital Day #3 transferred to unit for septic shock
 Eventually required intubation for increased work of 

breathing / septic encephalopathy



Ms. LR

 Weaned off pressors / ventilator settings
 Did not awaken when her sedation was stopped
 unable to be extubate

 On ventilator day #6 she again became hypotensive, 
hypoxemic
 Started on vanco & pip/tazo
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 BAL grew Acinetobacter Baumannii
 Resistant to pip / tazo
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 BAL grew Acinetobacter Baumannii
 Resistant to pip / tazo

 On day #7 she “coded” repeatedly and was 
transitioned to comfort care by her family
 Cause of Death – Ventilator-Associated Pneumonia



Ms. LR

 BAL grew Acinetobacter Baumannii
 Resistant to pip / tazo

 On day #7 she “coded” repeatedly and was 
transitioned to comfort care by her family
 Cause of Death – Ventilator-Associated Pneumonia

Could we have prevented this patient’s death?



Ventilator-Associated Pneumonia
Learning Objectives

 Understand NEW diagnostic criteria for a 
ventilator-associate pneumonia

 Understand the treatment options for ventilator-
associate pneumonia 

 Discuss the role of “VAP-bundles” in preventing 
ventilator-associate infections



Definitions

 VAP – pneumonia after 48-hours on ventilator
 HAP – pneumonia after 48-hours of hospital 

admission
 CAP – community-acquired pneumonia (everyone 

else)
 HCAP – Healthcare-Associated Pneumonia
 Previous definition of pneumonia in patients with long-

term exposure to healthcare
 Examples: dialysis units, ECF/SNF, chronic care 

areas
 Eliminated as overly broad and potentially leading to 

overuse of antibiotics
 Now evaluate as CAP with risk factors
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Just How Common Is
Ventilator-Associated Pneumonia?
Overall Incidence: 
8 – 28% of Mechanically Ventilated Patients



Risk of VAP Highest Early On
Overall Rate 14.8 case/1000 Vent-Days

3.3%/day Day 5

2.3%/day Day 10

1.3%/day Day 15



Everyone!

Patients At Risk
Ventilator-Associated Pneumonia

If they don’t have any of these, why are they in the unit?



Ventilator-Associated Pneumonia
Learning Objectives

 Understand diagnostic criteria for a ventilator-
associate pneumonia

 Understand the treatment options for ventilator-
associate pneumonia 

 Discuss the role of “VAP-bundles” in preventing 
ventilator-associate infections



Diagnostic Challenge of VAP

Criteria Advantage Disadvantage

Clinical Decision made by treating 
team based on symptoms

Symptoms nonspecific.  
Only 43% of clinically 

suspected VAP confirmed 
by micro.

Radiographic More objective?  
Readily available.

Many ICU patients with 
abnormal x-rays.

Microbiologic Most objective. Delay in treatment.  
Questionable sensitive 

and specificity.  



Maybe Listen to the Resident…



Even with residents we are bad
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				Criteria		Advantage		Disadvantage

				Clinical		Decision made by treating team based on symptoms		Symptoms nonspecific.  Only 43% of clinically suspected VAP confirmed by micro.

				Radiographic		More objective.  Readily available.		Many patients with abnormal x-rays.

				Microbiologic		Most objective.		Delay in treatment.  Overly sensitive.  Cultures may be inhibited by previous antibiotics.

				Clinical Epidemiology		Combines best of 3 criteria.		Time delay in treatment.

				Technique		Sensitivity		Specificity

				Chest X-ray		92%		33%

				Leukocytosis		77%		58%

				Fever		46%		42%

				Purulent Secretions		69%		42%

				CXR + 2 Signs		69%		75%

				Sputum Culture		69%		92%

				BAL		39%		100%

				Appropriate Treatment		32.8%

				Under Treated		26.7%

				Missed Pneumonia		38.0%

				Overuse Antibiotics		16.2%
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Diagnostic Challenge of VAP

Technique Sensitivity Specificity

Chest X-ray 92% 33%

Leukocytosis 77% 58%

Fever 46% 42%
Purulent 

Secretions 69% 42%

CXR + 2 Signs 69% 75%
Sputum 
Culture 69% 92%

BAL 39% 100%

N = 25



Slides Courtesy Marcy Mcginnis and Julie Mangino VAE/VAP NHSN Criteria

The New 
Definition

Pity your Infection Preventionist 



Ventilator-Associated Condition (VAC)

• After 2 days of 
stable improving 
ventilator settings

• Patient has either
• FiO2 increase ≥ 

20%
• PEEP increase ≥ 3 

cmH2O

• Patient has VAC

Slides Courtesy Marcy Mcginnis and Julie Mangino VAE/VAP NHSN Criteria
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PEEP Levels Matter
• We looked at VAP 

rates based on the 
default PEEP

• 5 vs. 6 cmH20 
• VAP Rate

• PEEP 5
• 4.81 / 1000 days
• 57% VAPs 

triggered due to 
incr PEEP

• PEEP 6
• 1.98 / 1000 days
• 25% VAPs 

triggered due to 
incr PEEP
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Infection-related Ventilator-Associated 
Complication (IVAC)

• After 3 days on vent
• Patient has VAC

• Worsening 
oxygenation

• Patient has
• Fever, hypothermia, 

leukocytosis, or 
leukopenia

AND
• New antibiotic is 

started and 
continued for at least 
4 days

Slides Courtesy Marcy Mcginnis and Julie Mangino VAE/VAP NHSN Criteria



Possible VAP
• On or after 3 days on 

vent
• Patient has iVAC

• Worsening oxygenation
• Signs of infection

• Patient has
1. Positive quantitative / 

semi-quantitative 
culture
• Endotracheal aspirate
• BAL 
• Lung tissue 
• Protected specimen 

brushing
2. Purulent sputum plus 

organism identified 
from specimen (see 
above)

Slides Courtesy Marcy Mcginnis and Julie Mangino VAE/VAP NHSN Criteria



Possible VAP using criterion 3

• After 3 days on vent

• Patient has iVAC
• Worsening oxygenation
• Signs of infection

• Patient has
• Organisms from pleural fluid
• Lung histo
• Positive Legionella species
• Positive viral diagnostic tests
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Exclusions

 Patients on high frequency ventilation or 
extracorporeal life support (ECHMO) are excluded 
from surveillance
 Culture results reported as normal respiratory flora, 

normal oral flora, mixed respiratory flora, mixed oral 
flora, altered oral flora
 Candida species or yeast not otherwise identified
 Coagulase-negative Staphylococcus species
 Enterococcus species
 Airway Pressure Release Ventilation (APRV) is NOT 

EXCLUDED.
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Summary

 Vent changes (FiO2 / PEEP) matter
 Antibiotic starting / stopping times matter
 Pulmonary secretion sampling matters



How to Confirm Microbiology?
Sputum Culture versus BAL

Mortality Targeted Therapy

N = 740



Bronchoscopy

 Bronchoscopy versus sputum culture study 
excluded:
 Immune suppressed patients
 Patients with known pseudomonas or MRSA in past
 Beta-lactam / ciprofloxacin allergic patients

 Many would advocate fiberoptic bronchoscopy in 
these groups



Bronchoscopy vs. Sputum Culture

 Pro’s
 Cheap
 Available 24/7
 Sensitive

 Con
 Non-specific
 May lead to increased use 

of antibiotics

 Pro’s
 Specific
 Likely leads to fewer 

antibiotic days
 May improve short-term 

mortality
 Reassurance

 Con
 Expensive
 Not readily available 24/7

Non-Invasive Testing Invasive Testing



Bronchoscopy vs. Sputum Culture

Mortality 
No Difference

Antibiotics
CHANGED!



A Compromise
The mini-BAL

 Compared with 
Fiberoptic BAL
 Sensitivity 63-100%
 Specificity 66-96%

17.5% False positive sputum cultures compared with mini-BAL
42.2% of false positives were for MDR pathogens 



Diagnosis of VAP

 Have a high index of suspicion in patients with change in 
pulmonary status
 Chest x-rays useful to confirm suspicion, but daily x-rays 

are unwarranted 
 Consider an invasive testing for microbiologic 

confirmation of infection
 miniBAL or BAL

 DO NOT DELAY TREATMENT FOR MICRO 



Treatment of VAP

 Know your antibiogram
 In general target:
 Resistant gram positives (MRSA)
 Pseudomonas (and other resistant gram negatives)
 This usually means vanco + anti-PSA β-lactam
 If critically ill, consider double covering for gram negatives

 Specific anaerobic coverage is usually not needed, even 
if “aspiration” is suspected



How Do I Stop the Madness?
Procalcitonin (PCT) – Super Hero!
• By Day:

‒ Mild mannered 
116AA peptide 
responsible for 
calcium metabolism 
released by thyroid

• By Night:
‒ Highly specific 

marker of systemic 
bacterial infection 
released by many 
different tissues
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• 1575 admitted to the ICU on antibiotics
‒ Excluded: severe immune suppression, endocarditis, 

severe viral/mycobacteria/parasitic
• PCT measured baseline and then daily
• Suggested abx stopped for either:

‒ PCT decreased by > 80% baseline
‒ PCT ≤ 0.5 ug/L

• Primary outcome consumption of antibiotics
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We can use this on sick patients
• 82% severe sepsis
• 18% septic shock
• 81% mechanically ventilated
• 9% on dialysis
• 96% on vasopressors
• 54% on steroids
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Can we reduce ICU antibiotics?
• Antibiotic Consumption

‒ Standard 9.3 (5.0-16.5) days
‒ PCT 7.5 (4.0-12.8) days

• Reinfection (with same bacteria)
‒ Standard 2.9%
‒ PCT 5%

• Compliance
‒ 44% stopped within 24-hours
‒ 97% stopped within 48-hours
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Checking Procalcitonin Saves Lives

• 28-Day Mortality 
‒ Standard care 25%, PCT 19.6%

• 1-Year Mortality
‒ Standard care 40.9%, PCT 34.8% (difference 6.1%)
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Interim Summary

 VAP is a common nosocomial infection 
associated with increase costs and mortality
 There is no gold standard for diagnosis of VAP
 Maintain clinical suspicion and start treatment 

while awaiting microbiologic confirmation by 
sputum or invasive culture methods 
 Early (STAT) antibiotics and appropriate de-

escalation are the mainstay of treatment

The Best Way to Treat VAP is to Prevent It
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Prevention of VAP
The Ventilator Bundle

Collection of best practices designed to 
reduce the duration of ventilator use and
thus ventilator-associated pneumonia
 Head of bed elevation > 30°
 Oral Care
 Daily ventilator liberation trials
 Daily continuous sedation stops
 DVT prophylaxis
 Stress-ulcer prophylaxis



Ventilator Bundle
Practice Rationale

HOB elevation Prevent micro-aspiration of oral flora

Oral care Reduced bacterial load of oral flora

Daily vent liberation trials Ensure early awareness of readiness 
for self-breathing

Daily sedation stops Ensure lowest effective dose of 
sedatives are used

DVT prophylaxis Prevent complication known to 
prolong ventilator use

Stress-ulcer prophylaxis 
(H2-blocker)

Prevent complication known to 
prolong ventilator use

Why do these work?



Can a Tooth Brush Really Help?

BMJ 2007;334:889 

http://www.google.com/imgres?imgurl=http://gotsole.files.wordpress.com/2009/10/toothbrush.jpg&imgrefurl=http://gotsole.wordpress.com/2009/10/15/are-condoms-the-new-toothrush/&usg=__P9nodpSPyIeS1t6NGpJ3MZNK8t8=&h=300&w=300&sz=21&hl=en&start=2&um=1&itbs=1&tbnid=60rPYaQXth43IM:&tbnh=116&tbnw=116&prev=/images?q%3Dtoothbrush%26um%3D1%26hl%3Den%26sa%3DN%26rls%3Dcom.microsoft:en-US%26rlz%3D1I7ADFA_en%26tbs%3Disch:1


Subglottic Suctioning
Prevents VAP

Crit Care Med 2011 Vol. 39, No. 8



Why Not Gut Decontamination?

 Mortality benefit!
 BUT unit had 
 NO MRSA
 < 5% resistant gram 

negatives



Speaking of the Gut
 Acid suppression increased risk of VAP, but only in 

group on PPI therapy
 GI prophylaxis still recommended due to high risk of 

GI bleed, but focus on H2-blockers

JAMA, May 27, 2009—Vol 301, No. 20



Head of Bed and VAP Prevention
 Semi-recumbent 

position reduce VAP 
rate by 26% (10-42%) 
p = 0.003

 Supine position 
increased odds of 
VAP 6.8 [1.7-26.7] 
(p=0.006)

http://video.tvguide.com/Simpsons/Full+Power/1321616?autoplay=true&partnerid=OVG


Spontaneous Breathing Trials

Garry Kasparov



Sedation Holiday and VAP

 Increased sedation 
increases odds of 
VAP 2.3 (1.3 – 4.1)
 Paralytic agents 

increased odds of 
VAP 2.7 (1.6 – 4.5)

Nursing Driven Protocol Reduces VAP



Putting it All Together
Awake and Breathing Trial

Rate of self-extubations was 10% in intervention group (4% control), but no 
increased risk of reintubation



Conclusions

 Ventilator-Associated Pneumonia has a 
significant cost in dollars and lives
 New definition makes screening 

challenging, but…
 Adherence to “Vent Bundles” can reduce 

the incidence of VAP
 Appropriate antibiotic use can reduce 

ICU-time and antibiotic resistance



Questions / Comments
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