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Why did CDC replace 
VAP with VAE?



The Challenge of VAP Diagnosis

• Many complications of critical care present with the same 
clinical signs as VAP

• Radiographic opacities

• Fever

• Abnormal white blood cell count

• Impaired oxygenation

• Increased pulmonary secretions
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“Diffuse patchy airspace disease right 
greater than left with obliteration of both 
hemi-diaphragms.  Opacities possibly 
slightly increased since yesterday 
accounting for changes in patient position 
and inspiration.  This could represent 
atelectasis, pneumonia, or effusion.”
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Sources of fever and infiltrates

• ARDS

• Thromboembolic disease

• Hemorrhage

• Infarction

• Fibrosis

• Carcinoma

• Lymphoma

• Contusion

Tracheobronchitis

CLABSI

UTI

Drug fever

Meduri, Chest 1994; 106:221-235

Petersen, Scand J Infect Dis 1999; 31:299-303

Pulmonary edema

Atelectasis

Contusion

Fibrosis

PLUS
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Accuracy of Clinical Signs for VAP
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Fernando, Intensive Care Med 2020;46:1170-9

assuming VAP prevalence of 10%

assuming VAP prevalence of 30%

assuming VAP prevalence of 50%

Meta-analysis of 25 studies examining accuracy of clinical signs for VAP relative to histology, N=75 to 336 per sign
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Accuracy of Respiratory Cultures for VAP
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Implications for Prevention



Elevate the head of the bed

Daily sedative interruptions 

Spontaneous breathing trials

Stress ulcer prophylaxis

DVT prophylaxis

Oral care with chlorhexidine

The Classic Ventilator Bundle
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Circularity Between VAP Prevention Practices and the VAP Definition

VAP Definition
Fever

Leukocytosis

Purulent Secretions

Positive cultures

Oral care with CHG

Silver Coated ETT

Subglottic secretion drainage

Semi-recumbent position etc.

positive cultures and/or

secretions
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Stress Ulcer Prophylaxis
Randomized controlled trials of ulcer prophylaxis vs placebo in patients getting enteral nutrition

Less pneumonia

with SUP

More pneumonia

with SUP

Antacid Placebo

Significantly higher risk for VAP!

Ventilator-associated pneumonia

Crit Care 2018;22:20
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Subglottic Secretion Drainage

Risk Ratio 0.58 

(0.51- 0.67)

Crit Care Med 2016;44:830-840

Meta-Analysis of randomized trials:  Significantly Lower VAP Rates
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Subglottic Secretion Drainage

Crit Care Med 2016;44:830-840

Meta-Analysis of randomized trials:  No Impact on Ventilator Days or ICU Days

Ventilator Days

ICU Days

No difference!

No difference!
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Oral Care with Chlorhexidine: Significantly Lower VAP Rates

0.72 (0.55-0.94)

Lancet Infectious Disease 2011;11:845

Significantly lower VAP rates!

Ventilator-Associated Pneumonia
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Oral Care with Chlorhexidine: Significantly Higher Mortality Rates

Mortality Mortality

BMJ 2014;348:g2197

Odds Ratio 

1.25 (1.05-1.50)
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Sepsis

ARDS

Pulmonary Edema

Atelectasis

Covid-19

Tobias Friedrich

VAP



Implications for Surveillance



CDC’s VAP Surveillance Definition

Patient must fulfill each of the three categories below:

Chest

Radiograph

Any one of the following:

1.  New, progressive, or persistent infiltrate

2.  Consolidation

3.  Cavitation

Systemic 

Signs

Any one of the following:

1.  Temperature >38°C

2.  WBC <4,000 or >12,000 WBC/mm3 

3.  For adults 70 years old, altered mental status with no other 

recognized cause

Pulmonary 

Signs

Any two of the following:

1.  New onset of purulent sputum, or change in character of 

sputum, or increased respiratory secretions, or increased 

suctioning requirements

2.  New onset or worsening cough, or dyspnea, or tachypnea

3.  Rales or bronchial breath sounds

4.  Worsening gas exchange, increased oxygen requirements, or 

increased ventilation demand

2008
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Complicated

Labor Intensive

Subjective

Non-Specific
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Interobserver Agreement in VAP Surveillance
50 ventilated patients with respiratory deterioration

Am J Infect Control 2010:38:237

7

IP 1 

(11 VAPs)

IP 2

(20 VAPs)
3

30

1 7

5

IP 3 

(15 VAPs)

Kappa = 0.40
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6 Case Vignettes Presented to 43 Reviewers

Crit Care Med 2014;42:497
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Better Care?

Some combination of the above?

Stricter Surveillance?

How do we interpret a drop in VAP rates?

Am J Infect Control 2012;40:408-410

Change in case mix?

Less colonization vs less VAP?
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U.S. National VAP Rates
Cases Reported to CDC by Hospitals, 2004-2012
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U.S. National VAP Rates, 2005-2013

JAMA 2016;316:2427-2429
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We need to publicly report 

VAP rates to catalyze 

improved quality of care 

and save lives!

But the definition of VAP 

is ambiguous, hard to 

implement, and open to 

be gamed!

Where does this leave hospitals?
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Critical Care Medicine 2013;41:2467-2475
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VAE: An Alternative Approach to Surveillance

• Broaden the focus of surveillance from pneumonia alone to the 

syndrome of ventilator complications in general

• More accurate description of what can be reliably determined using surveillance 

definitions

• Emphasizes the importance of preventing all complications of mechanical 

ventilation, not just pneumonia

• Streamline the definition using quantitative criteria

• Reduce ambiguity

• Improve reproducibility

• Enable electronic collection of all variables
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Ventilator-Associated Events (VAE)

Date
PEEP

(min)

FiO2

(min)

Jan 1 10 100

Jan 2 5 50

Jan 3 5 40

Jan 4 5 40

Jan 5 5 50

Jan 6 8 60

Jan 7 8 40

Jan 8 5 40

Jan 9 5 40

Sustained rise in daily minimum PEEP ≥3cm or FiO2 ≥20 points after a 

period of stable or improving daily minimum PEEP or FiO2
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VAC
Ventilator-Associated Condition

IVAC
Infection-related

Ventilator-Associated Complication

Possible

Pneumonia
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Pediatric Ventilator-Associated Events (PedVAE)

Date
MAP

(min)

FiO2

(min)

Jan 1 7 100

Jan 2 7 50

Jan 3 8 40

Jan 4 8 40

Jan 5 8 60

Jan 6 12 50

Jan 7 12 40

Jan 8 5 40

Jan 9 5 40

Sustained rise in daily minimum MAP ≥4cm or FiO2 ≥25 points after a 

period of stable or improving daily minimum MAP or FiO2
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https://www.cdc.gov/nhsn/vae-calculator/index.html
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VAE Associated with Poor Outcomes
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Propensity matched* analysis of 1803 VAEs vs 2,319 patients without VAEs, West China Hospital, 2015-2018

Zhu, Infect Control Hospital Epidemiol 2022;1:48-55
*Variables in propensity score included age, APACHE II, comorbidities, pneumonia, organ 

failure, surgery, transfusions, immunosuppressives, central lines, IMV after ICU admission
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VAE Associated with Poor Outcomes

• Meta-analysis
• 18 studies

• 61,489 patients

More Likely to Die

Compared to Non-VAE Patients

VAE Patients

2x

More Deadly

than VAP

VAE

1.5x

Fan, Crit Care 2016;20:338
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Qualitative analysis of 153 VAEs
Royal Brisbane & Women’s Hospital, Queensland, Australia

Pneumonia

38%

Edema

26%

Atelectasis

15%

ARDS 6%

Abx + Furosemide 6%

Other 8%

Hayashi et al. Clin Infect Dis 2013;56:471-477
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Impact of Covid on VAE
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Weinberger, Annals ATS 2022;19:82-89
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Impact of Covid on VAE
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How do we get there?
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Decrease 

duration of 

mechanical 

ventilation

Target the 

primary 

conditions 

associated 

with VAEs

Strategies for Preventing VAEs
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Strategies for Preventing VAEs

Decrease 

duration of 

mechanical 

ventilation

Target the 

primary 

conditions 

associated 

with VAEs

Avoid Intubation

Minimize sedation

Paired SATs and SBTs

Early mobility

Conservative fluid

management

Minimize blood 

transfusions
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VAE Prevention Strategies
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Minimize sedation ✓ ✓ ✓ ✓ ✓

Paired SATs and SBTs ✓ ✓ ✓ ✓ ✓

Early Mobility ✓ ✓ ✓ ✓

Conservative fluid management ✓

Conservative transfusion thresholds ✓ ✓

Well aligned with other 

best practice initiatives
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Ventilator Bundle Compliance and VAEs

Spontaneous breathing trials

Spontaneous awakening trials

Head of bed elevation

Thromboprophylaxis

Stress ulcer prophylaxis

Oral care with chlorhexidine

0.2 2.01.0

Hazard Ratios for VAEs

Fewer VAEs More VAEs

5.00.5

Retrospective analysis of 5,539 patients on mechanical ventilation

adjusted for comorbidities, severity of illness, contraindications, etc.

JAMA Internal Med 2016;176:1277-1283
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Ventilator Bundle Compliance and Death

Spontaneous breathing trials

Spontaneous awakening trials

Head of bed elevation

Thromboprophylaxis

Stress ulcer prophylaxis

Oral care with chlorhexidine

0.2 2.01.0

Hazard Ratios for Ventilator Death

Lower Mortality Higher Mortality

5.00.5

Retrospective analysis of 5,539 patients on mechanical ventilation

adjusted for comorbidities, severity of illness, contraindications, etc.

JAMA Internal Med 2016;176:1277-1283
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SATs and SBTs Lower VAE Rates
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SATs: 100% increase

SBTs: 40% increase

CDC Prevention Epicenters care improvement collaborative, 12 ICUs, 5164 patients, 2011-2013 
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Ventilator-Associated Events
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VAEs: 37% decrease

IVAC: 65% decrease

CDC Prevention Epicenters care improvement collaborative, 12 ICUs, 5164 patients, 2011-2013 
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Ventilator Days and ICU Days
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ICU Days: -3 days

Vent Days: -2.4 days

CDC Prevention Epicenters care improvement collaborative, 12 ICUs, 5164 patients, 2011-2013 
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Increase in SATs & SBTs associated with Fewer VAEs

Spontaneous Awakening Trials Spontaneous Breathing Trials

Quality improvement initiative, Veterans Affairs Greater Los Angeles, 2015-2017

Chumpia, BMJ Open Quality 2019;8:e000426 
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Increase in SATs & SBTs associated with Fewer VAEs

Quality improvement initiative, Veterans Affairs Greater Los Angeles, 2015-2017

Chumpia, BMJ Open Quality 2019;8:e000426 
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Bedside Prompts on SATs, SBTs, and Impending VAEs 

Population Summary (fake data) Impending VAEs

Missed SAT or SBT

56



0

5

10

15

20

VAEs per 100 patients Median Vent Days Hospital LOS

Historical Controls Prompts

Bedside Prompts on SATs, SBTs, and Impending VAEs 

Oglesby, Critical Care Explorations 2021;3(4):e0379

Retrospective evaluation of use of bedside electronic rounding tool with SAT, SBT, and impending VAE prompts on 

outcomes amongst 150 intervention patients vs 187 historical control patients

NS

NS

P=0.003
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Strong Association between Fluid Balance and VAEs
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Cumulative fluid balance amongst 1,528 VAE patients matched to 3,038 non-VAE patients on basis of age, time to VAE, 

and time from ICU admission until initiation of mechanical ventilation, West China Hospital, 2015-2018.

Wang, Critical Care Medicine 2022;50:307-316
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Strong Association between Fluid Balance and VAEs
Cumulative fluid balance amongst 1,528 VAE patients matched to 3,038 non-VAE patients on basis of age, time to VAE, 

and time from ICU admission until initiation of mechanical ventilation, West China Hospital, 2015-2018.

Adjusted for demographics, ICU type, comorbidities, ICU diagnosis, APACHE II, meds, procedures, and others.
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Wang, Crit Care Med 2022;50:307-316
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Depletive Fluid Management Lowers VAE Rates
Randomized controlled trial of depletive fluid management during ventilator weaning 

(smaller volume infusions, more diuresis), N=304
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Chest 2014;146:58-65
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Change Default PEEP from 5 to 8cm H2O
Retrospective analysis of change in starting PEEP from 5 to 8cm H2O, University of Toledo, 2014-2019

Barnett, Frontiers in Medicine 2021;8:744651
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* non-significant

*
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Change Default PEEP from 5 to 6cm H2O
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on mobilizing patients, root cause analyses on all VAEs, 2015-2018, Saint Francis Hospital, CT

Seaver, Am J Infect Control 2020;48:828-30
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Is there any benefit associated with higher vs lower default PEEP?

RELAx Collaborative, JAMA. 2020;324:2509-2520

980 ICU patients without ARDS randomized to PEEP 0-5cm H2O vs 8cm H2O, 8 hospitals, Netherlands

No significant differences in:

• Ventilator-free days

• ICU length-of-stay

• Hospital length-of-stay

• Mortality
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What about PedVAE?



Multicenter Quality Improvement Initiative
Members of the Children’s Hospital Solutions for Patient Safety network created a PedVAE reporting and quality 

improvement bundle.  Uptake varied across the network.  Outcomes compared in adopters vs non-adopters. 

Multidisciplinary 

Apparent Cause Analyses

Daily Discussion of 

Extubation Readiness

Daily Discussion of 

Fluid Balance Goals

• Multidisciplinary ACA event form 

completed for each PedVAE

• ACA used to inform Pareto 

charts of institution-specific 

causes of PedVAE to identify 

areas for improvement

• Discussion included:

• Necessity for ETT

• Target extubation time

• Respiratory support plan

• Pre-extubation sedation, or 

analgesics, or restraints

• Post-extubation sedation or 

analgesic plan

• Scheduled re-evaluation 

time

• Discussion of patient-specific 

fluid balance goals 

• Documentation of fluid balance 

goal at least daily

Wu, JAMA Network Open 2023;6(12):e2346545
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Multicenter Quality Improvement Initiative
Members of the Children’s Hospital Solutions for Patient Safety network created a PedVAE reporting and quality 

improvement bundle. Uptake varied. Outcomes compared in 12 adopting vs 33 non-adopting hospitals. 

Adopters of ≥1 Bundle Component Bundle Non-Adopters

26% drop in PedVAE rates from 1.9 to 

1.4 events per 1000 ventilator-days
No change in PedVAE rates

Wu, JAMA Network Open 2023;6(12):e2346545
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Ventilator-associated events
A patient safety opportunity

• Broaden Awareness
• Provides hospitals with a fuller picture of serious complications in 

mechanically ventilated patients 

• Catalyze Prevention
• A significant portion of VAEs are preventable through well-accepted best 

practices in critical care

• Reflect and Inform Progress
• VAE surveillance provides an efficient and objective yardstick to measure 

and benchmark progress

NEJM 2013;368:1472
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Summary
• VAP is a poor metric for benchmarking and quality improvement

• Diagnosis subjective and inaccurate

• High interobserver variability

• Poor guide to selecting prevention practices that will improve patient outcomes

• CDC created ventilator-associated event definitions to enhance objectivity, automation, and expand 
prevention efforts

• Suitable for automated surveillance

• Strategy to lower VAE rates and improve outcomes is to reduce ventilator days & prevent the 
primary conditions associated with VAEs (pneumonia, ARDS, atelectasis, fluid overload)

• Avoid intubation

• Minimize sedation

• Paired daily SATs and SBTs

• Early mobility

• Conservative fluid management

• Minimize blood transfusions

69



Thank You!

mklompas@bwh.harvard.edu


