
National Center for Emerging and Zoonotic Infectious Diseases

NHSN Ventilator- Associated Event
VAE is not VAP so what is VAE?

Cindy Gross, MT, SM (ASCP), CIC

Infection Prevention Consultant

Protocol and Validation Team

National Healthcare Safety Network 

October 18, 2018



Guidance provided in this presentation is reflective of the 
NHSN 2018 Ventilator-Associated Event (VAE) protocol 



Ventilated Patients and Surveillance Efforts

 Estimate: 157,000 healthcare-associated pneumonias occur in acute care 

hospitals in U.S. with 39%  being ventilator-associated*

 Ventilator-associated pneumonia (VAP) is an important complication of 

mechanical ventilation but other adverse events also happen to ventilated 

patients 

 NHSN surveillance for VAP (PNEU-VAP) challenge 

– Includes subjective elements – Imaging and Signs/Symptoms

– Neither sensitive nor specific for VAP

– Not ideal in an era of public reporting of healthcare-associated infection 

(HAI) rates, inter-facility comparisons and pay-for- reporting and pay-for-

performance programs

*Magill SS., Edwards, JR., Bamberg, W., et al. “Multistate Point-Prevalence Survey of Health Care-Associated Infections, 2011”. New England Journal of 

Medicine. 370: (2014): 1198-1208. 



Adult VAE Surveillance

 VAE Surveillance Working Group convened in 2011 
 As of January 2013 Ventilator-Associated Event (VAE) is the only 

respiratory event available for in-plan surveillance in adult locations
• Focus on objectivity, reliability and ability to automate
• Identifies a broad range of conditions and complications occurring 

in mechanically ventilated patients not just VAP to include ARDS, 
atelectasis, pulmonary edema

• All of which may be preventable—ALL HARMS PREVENTION
• Enhance ability to use surveillance data to drive improvements in 

patient care and safety



Who is eligible for VAE surveillance? 

 Inpatients of acute care hospitals, long term acute care hospitals, inpatient 
rehabilitation facilities

 Patients in adult locations are eligible for VAE surveillance 
• Pediatric patients* in adult locations included in VAE surveillance

• Adults in pediatric locations included in pedVAP surveillance 

• NOTE: Non-acute care locations in acute care facilities are not eligible to 
participate in VAE surveillance.

* NOT recommended to include in VAE surveillance young children housed in adult ICU locations who are not 
thought to be physiologically similar to the location’s adult patient population (consider virtual location)



Who is NOT eligible for VAE surveillance?

 Patients who have been ventilated < 3 days are not eligible

 Patients on high frequency ventilation (HFV) or extracorporeal life support 
(ECLS) are not eligible for VAE surveillance (during the time they are 
receiving those therapies). 



What about other alternative modes of mechanical 
ventilation?

 INCLUDE patients  who are receiving a conventional mode of mechanical 
ventilation and:
• Prone positioning

• Nitric oxide therapy

• Helium-oxygen mixture

• Epoprostenol therapy 

 INCLUDE patients on Airway Pressure Release Ventilation (APRV) or related 
modes. VAC determinations made using FiO2



APRV and VAC Determinations

 Evaluation for VAC will be limited to the FiO2 parameter when the patient 
is on APRV for the entire calendar day, since changes in PEEP as indicated 
in this surveillance algorithm may not be applicable to APRV. 
• Do not use Hi/Lo values

• Do not designate PEEP as “0” on data collection tool or enter “0” into the 
calculator

• PEEP is N/A 

 When the patient is on APRV for portions of a calendar day PEEP values 
recorded during periods of time when the patient is on a conventional 
mode of ventilation are used to determine the daily minimum PEEP and 
thus can be used to make VAC determinations



VAE Algorithm Overview
***Note that these are NOT clinical definitions and are not intended 

for use in the management of patients.***



VAE Definition Algorithm

Patient on mechanical ventilation > 2 days

Baseline period of stability or improvement, followed by sustained period of 
worsening oxygenation

Ventilator-Associated Condition (VAC)

General evidence of infection/inflammation

Infection-Related Ventilator-Associated Complication (IVAC)

Positive results of microbiological/laboratory testing

Possible VAP (PVAP)

•Additional 
evidence

•Respiratory 
status 
component

•Infection / 
inflammation 
component



VAE Algorithm
 Algorithm is progressive in terms of criteria to be met 

• VAC       IVAC       PVAP 

• Each subsequent tier is not more significant than the one before

• All events start with VAC 

• IVAC is not necessarily “worse” than having  VAC 

• PVAP is not necessarily “worse” than having  IVAC

 The fundamental definition within the algorithm is the VAC defined on 
the basis of respiratory deterioration
• IVAC - additional evidence that the event may be infectious vs. non-infectious 

• PVAP – additional evidence the infection may be respiratory related 

 Detection of VAC is just as significant as detection of an IVAC or PVAP



VAE ≠ VAP(PNEU) & PVAP ≠ VAP(PNEU) 

 VAE and PNEU protocols detect two separate and different events
• It is possible to meet VAE and PNEU 

• It is possible to meet VAE and not PNEU

• It is possible to meet PNEU and not VAE

• May not meet either

 Educate your clinicians dispel the myth! 

 VAE is designed to detect more than VAP

NOTE: Both VAE and PNEU are available for secondary BSI assignment when conducting BSI surveillance



VAE - Ventilator “Associated” Event 

 An event associated with the use of a ventilator

 Detection of VAE may be related to:
• Infection - respiratory or other site
• Fluid overload
• ARDS
• Atelectasis
• Provider preference in adjusting settings
• Other

 “Surveillance is information for action” 
• Address duration of Mechanical Ventilation 
• Address issues found to be “associated” with VAE detection 



VAC – Ventilator-Associated Condition 

VAC

≥ 2 days 
sustained 
period of 

worsening 
oxygenation 
(Daily Minimum 

PEEP or FiO2)

≥ 2 days baseline 
period of stability 
or improvement 

(Daily Minimum PEEP 
or FiO2)

Patient on 
mechanical 
ventilation        

> 2 days

14



Tier 1: VAC



What are Daily Minimum FiO2 and PEEP 

 FiO2 and PEEP ventilator settings documented across the  calendar day are 
used to identify the daily minimum FiO2 and PEEP values

 FiO2 and PEEP settings are typically recorded in the paper or electronic 
medical record, on respiratory therapy and/or nursing flow sheets, in the 
section of the flow sheet that pertains to respiratory status/mechanical 
ventilation

 Use a calendar day not some other “capture period” or other designated 
24 hour time period 



Daily Minimum FiO2 and PEEP 

 When choosing the daily minimum PEEP and FiO2, use all eligible settings 
that are recorded throughout the calendar day during times when the 
patient is receiving support from an eligible mode of mechanical 
ventilation and the patient is eligible for VAE surveillance 

• Include settings collected during weaning/mechanical ventilation liberation trials 
as long as the patient is receiving ventilator support during those trials

• Use all conventional mechanical ventilation settings 
• Include conventional MV settings  during times when a patient is intermittently on an 

excluded mode of ventilation throughout a calendar day

• Include recorded PEEP settings during times when a patient is not on APRV or a similar 
mode of ventilation



Daily Minimum FiO2 and PEEP

 Settings not eligible for use

• Periods of time when the patient is on HFV, ECLS

• Periods of time when the patient is not receiving mechanical ventilation support 
(e.g., a T-piece trial, or a trach collar trial, where the patient continues to receive 
supplemental oxygen, but is receiving no additional support from the mechanical 
ventilator). 

• Periods of time when the patient is being mechanically-ventilated using APRV or a 
related strategy (e.g. BiLevel, BiVent, BiPhasic, PCV+ and DuoPAP): only review 
FiO2 data (not PEEP).



Daily Minimum FiO2 and PEEP 

 Choose the lowest FiO2 and PEEP setting during the calendar day that was 
maintained for > 1 hour

 If there is no value that has been maintained for >1 hour then select the 
lowest value available regardless of the period of time in which the setting 
was maintained
• Ventilation initiated late in the calendar day

• Ventilation discontinued early in the calendar day

• Ventilator settings very unstable throughout the day



MV Day
Daily minimum

PEEP 

Daily minimum

FiO2

1 10 30

2 10 30

3 8 30

4 8 55

5 8 55

6 8 60

Define “Baseline” 



MV Day
Daily minimum

PEEP 

Daily minimum

FiO2

1 10 30

2 10 30

3 8 30

4 8 55

5 8 55

6 8 60

Define “Baseline” 



MV Day
Daily minimum

PEEP 

Daily minimum

FiO2

1 10 35

2 10 35

3 8 30

4 8 70

5 8 70

6 8 60

Define “Baseline” 



MV Day
Daily minimum

PEEP 

Daily minimum

FiO2

1 10 35

2 10 35

3 8 30

4 8 70

5 8 70

6 8 60

Define “Baseline” 



MV Day
Daily minimum

PEEP 

Daily minimum

FiO2

1 10 30

2 10 30

3 8 35

4 8 70

5 8 70

6 8 60

Define “Baseline” 



MV Day
Daily minimum

PEEP 

Daily minimum

FiO2

1 10 30

2 10 30

3 8 35

4 8 70

5 8 70

6 8 60

Define “Baseline” 



Meeting VAC Definition
What if the increase over the baseline period meets 
the requirement relative to one baseline day?

A. VAC

B. NO VAC

MV Day
Daily minimum

PEEP 

Daily minimum

FiO2

1 10 100
2 7 90
3 5 90
4 8 50
5 8 50
6 8 50



Meeting VAC Definition
What if the increase over the baseline period meets 
the requirement relative to one baseline day?

A. VAC

B. NO VAC

MV Day
Daily minimum

PEEP 

Daily minimum

FiO2

1 10 100
2 7 90
3 5 90
4 8 50
5 8 50
6 8 50



Meeting VAC Definition
What if there is an increase for one day and then a decrease?

A. VAC

B. NO VAC

MV Day
Daily minimum

PEEP 

Daily minimum

FiO2

1 10 100

2 5 90

3 5 90

4 8 50

5 7 50

6 8 50



Meeting VAC Definition
What if there is an increase for one day and then a decrease?

A. VAC

B. NO VAC

MV Day
Daily minimum

PEEP 

Daily minimum

FiO2

1 10 100

2 5 90

3 5 90

4 8 50

5 7 50

6 8 50



Meeting VAC Definition
VAC or No VAC?

A. Yes

B. No

MV Day
Daily minimum

PEEP 

Daily minimum

FiO2

1 10 100

2 5 90

3 5 90

4 10 50

5 8 50

6 8 50



Meeting VAC Definition
VAC or No VAC?

A. Yes

B. No

MV Day
Daily minimum

PEEP 

Daily minimum

FiO2

1 10 100

2 5 90

3 5 90

4 10 50

5 8 50

6 8 50



MV Day
Daily minimum

PEEP 

Daily minimum

FiO2

1 8 100
2 7 90
3 7 90
4 10 50
5 10 50
6 8 50

Discrepant changes
PEEP goes up but FiO2 goes down



MV Day
Daily minimum

PEEP 

Daily minimum

FiO2

1 7 30
2 7 40
3 7 50
4 7 80
5 8 80
6 8 90

Discrepant changes
Baseline in one parameter & Worsening in another



Date of Event / Event Date

 The date of onset of worsening oxygenation (day 1 of the required ≥ 2 
day period of worsening oxygenation)
• It is not the date of the first day of the baseline period

• It is not the date on which all VAE criteria are met

 Earliest date of event for VAE is mechanical ventilation day 3 (first day 
of worsening oxygenation)

 First possible day that VAC criteria can be fulfilled is mechanical 
ventilation day 4



Why is the Event Date important?

Defines the VAE Window Period

Period during which criteria for other events—IVAC, PVAP—
must be met

The period of days around the event date within which all other VAE 
criteria must be met. It is usually a 5-day period and includes the 2 days 
before, the day of, and the 2 days after the VAE event date

There is an exception, however, when the VAE Window Period is only 3 
or 4 days, as follows:

• In cases where the VAE event date corresponds to MV day 3 or day 4, the 
window period described above may only be a 3-day or a 4-day window, because 
it can NOT include any days before the 3rd day of MV. 

• For example, if the VAE event date is MV day 3, then the window period includes 
only the day of VAE onset and the 2 days after VAE onset (because the 2 days 
before VAE onset are before the 3rd day of MV)



MV Day No. 1 2 3 4 5 6 7

VAE Day -2 -1 1 2 3 4 5

Worsening oxygenation 

Day 1 of 
Stability or 
improve-

ment

Day 2 of 
stability or 
improve-

ment

Day 1 of 
worsening 
oxygena-

tion

Day 2 of 
worsening 
oxygena-

tion

Temperature or WBC 
abnormality

Documented within this 
shaded period

Antimicrobial agent
Started on within this shaded 
period, and then continued for 

at least 4 days

Purulent respiratory 
secretions, positive culture, 
positive histopathology

Collected within this shaded 
period

Patient is not eligible for 
VAE surveillance 2 days after Event Date

Event Date

Exception: VAE Window Period 
When the event occurs early in course of mechanical ventilation



MV Day 10 11 12 13 14 15 16

VAE Day -3 -2 -1 1 2 3 4

Worsening oxygenation --

Day 1 of 
Stability or 
improve-

ment

Day 2 of 
stability or 
improve-

ment

Day 1 of 
worsening 

oxygenation

Day 2 of 
worsening 

oxygenation

Temperature or WBC 
abnormality

Documented within this shaded period

Antimicrobial agent
Started on within this shaded period, and then continued 

for at least 4 days
Purulent respiratory 
secretions, positive 
culture, positive 
histopathology

Collected within this shaded period

2 days before Event Date 2 days after Event Date

Event DateVAE Window Period



14 Day Event Period

 Each VAE is 14 days in duration 

 Date of Event is Day 1 or the Event Period—so if June 1 is date of onset 
of worsening oxygenation and a VAC is reported, a second VAE cannot 
be detected and reported until June 15

 No new VAEs are to be reported until that 14 day period has elapsed

 During the Event Period do not “upgrade” a VAE based on data 
collected outside the VAE Window Period but within the 14-day event 
period

 NHSN Application limits reporting

 Blood cultures must be collected within the 14 day event period for a 
BSI to be secondary to VAE



14 Day Event Period

 Events are not upgraded within the 14 day VAE Period
• IVAC reported MV Day 5

• 14 Day VAE Period MV Day 5 – 18

• BAL culture with collection date on MV Day 10 is reported to be growing many 
Pseudomonas aeruginosa

• Culture result satisfies PVAP Criterion 1, however the collection date is outside of 
the VAE window period

• IVAC is not upgraded to PVAP nor is a new event reported



IVAC – Infection-related Ventilator-Associated Complication

IVAC

≥4 Qualifying 
Antimicrobial 

Days

Eligible 
Temperature 

or  WBC Count                 

VAC

40



Tier 2: IVAC



Temperature  & WBC Count
 As long as there is an abnormal temperature (> 38 °C or < 36°C) OR WBC 

count (≥ 12,000 or ≤ 4,000 cells/mm3) documented during the VAE 
Window Period, it is eligible for use in determining whether the patient 
meets the IVAC 

• Regardless of whether an abnormal temperature or WBC count was also 
present on admission or outside the VAE Window Period.

• Regardless of whether it is thought the temperature or WBC count is 
caused by something unrelated to the respiratory tract.



Tier 2: IVAC



IVAC Antimicrobial Criterion

 Probably the most complicated portion of the VAE surveillance 
definition algorithm

 Rules for meeting this criterion are not perfect—but provides a 
standardized method for assessment of antimicrobial therapy, without 
needing knowledge of dosing, renal function, indication for therapy, 
etc.

 Includes a broad range of agents that could be used to treat 
healthcare-associated infections—not just respiratory related infections



“New” Antimicrobial Agent 
No QADs – VAC Determination



QADs: Same Agent
 Days between administrations of the SAME new antimicrobial agent count 

as QADs as long as there is a gap of no more than 1 calendar day between 
administrations of the same drug

 Ceftazidime is administered on MV days 5,7,9 but not MV days 6 & 8. This 
represents 5 consecutive QADs



QADs: Different Agents
 In contrast, days between administration of DIFFERENT antimicrobial 

agents do NOT count as QADs

• Ceftazidime is administered MV days 4 & 5, there is a gap on day 6 between 
different agents. Vancomycin is administered MV days 7-9. MV day 6 does not 
count as a QAD 



IVAC and Antimicrobial Agents
 Meeting Infection-related Ventilator –Associated Complication (IVAC) 

definition does not mean that the “infection related” event is necessarily 
respiratory in origin

 The IVAC antimicrobial list was refined by removing selected antimicrobial 
agents that would not be used, or would be unlikely to be used, in treating a 
lower respiratory infection in a critically ill patient

 Still possible that an existing agent may have dual purposes and not 
necessarily be treating a respiratory infection

 No need to discern the reason for the administration of the antimicrobial.

• Prophylaxis, de-escalation, change within a class of antimicrobials is not a reason 
for exclusion



Do you count an antimicrobial agent as “new” if it is new as a result of 

de-escalation or simply a switch from one agent to another in the 

same drug class?



Do you count an antimicrobial agent as “new” if it is new as a result of 

de-escalation or simply a switch from one agent to another in the 

same drug class?

Yes

 To avoid additional substantial complexity, there are not rules or 
exceptions for changes that represent narrowing of spectrum/de-
escalation, switches to other agents in the same class

 Difficult to operationalize in a way that is understandable, standardized 
and implementable by any facility

 De-escalation may result in identifying “new” antimicrobial agent resulting 
in identification of IVACs and PVAPs which is what is intended to take place

 Whether de-escalation or not the patient met VAC, has an eligible WBC or 
temperature AND is on an antibiotic 



VAE Analysis
 Overall VAE Rate/SIR (VAC + IVAC + PVAP) is referenced in the protocol as 

appropriate for use in public reporting, inter-facility comparisons, and pay-for-
reporting/pay-for-performance programs. IVAC plus rate/SIR (IVAC + PVAPS) is 
no longer included in that  recommendation

 Rates and SIRs that may be appropriate for internal use within an individual unit 
or facility
• “IVAC-plus” rate (where the numerator consists of all events meeting at least 

the IVAC definition --IVAC + PVAP) 
• Rates of specific event types 

• events meeting only the VAC definition
• events meeting only the IVAC definition
• events meeting only the PVAP definition

https://academic.oup.com/cid/article-abstract/65/7/1248/3862170

https://academic.oup.com/cid/article/65/7/1249/3862169

https://academic.oup.com/cid/article-abstract/65/7/1248/3862170
https://academic.oup.com/cid/article/65/7/1249/3862169


PVAP – Possible Ventilator Associated Pneumonia 

PVAP

Eligible 
Microbiology/

Laboratory 
Test Results

IVAC

VAC

52



Tier 3: PVAP



Performing VAE Surveillance

 Get familiar with the protocol & review the FAQs  
• http://www.cdc.gov/nhsn/acute-care-hospital/vae/index.html

• http://www.cdc.gov/nhsn/inpatient-rehab/vae/index.html

• http://www.cdc.gov/nhsn/ltach/vae/index.html

 Develop a plan for organizing the data elements needed to identify VAEs
• PEEP and FiO2

• WBC / Temperature 

• Antimicrobials  agents (administration not orders)

• Laboratory results

 Explore use of tools for data collection

 Experiment with the VAE Calculator Version 5.0
• http://www.cdc.gov/nhsn/VAE-calculator/index.html

http://www.cdc.gov/nhsn/acute-care-hospital/vae/index.html
http://www.cdc.gov/nhsn/inpatient-rehab/vae/index.html
http://www.cdc.gov/nhsn/ltach/vae/index.html
http://www.cdc.gov/nhsn/VAE-calculator/index.html
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Multidisciplinary Approach
 Establish relationships with Respiratory Therapy and/or Critical Care 

colleagues:
• Share the protocol and FAQs

• Discuss options for collection of minimum daily PEEP and FiO2 for each MV day 
(IP, RT, electronically generated)

• Inquire about the frequency of use of excluded therapies (HFV, ECLS)  and APRV



Multidisciplinary Approach
 Determine your laboratory’s approach to Gram stain and culture result 

reporting
• Share the protocol and FAQs

• How does your hospital laboratory report Gram stain results?

• Does your hospital laboratory report culture results quantitatively?

• What quantitative ranges correspond to the semi-quantitative reports?

• Where will you find histopathology/cytology reports?



VAE Reporting

 NHSN requirement to report VAE is determined by selection of this event in 
your monthly reporting plan

• VAE is included in CMS Hospital Inpatient Quality Reporting program for  
LTACH facilities (wards and ICUs)

• VAE is not included in CMS Hospital Inpatient Quality Reporting program 
for acute care or inpatient rehabilitation facilities

 You may have other entities that require you to report 



VAE Reporting
 When conducting in – plan reporting (selected in your monthly reporting 

plan) you must report all events detected and at the highest level of the 
algorithm that is met 

 Assess patients for ALL events:
• VAC

• IVAC

• PVAP

 Hierarchy of definitions:

• If a patient meets VAC only, report as VAC
• If a patient meets criteria for VAC and IVAC, report as IVAC only

• If a patient meets criteria for VAC, IVAC and PVAP, report PVAP only

 Remember they are all VAEs!



VAE Analysis
 Overall VAE Rate/SIR (VAC + IVAC + PVAP) is referenced in the protocol as 

appropriate for use in public reporting, inter-facility comparisons, and pay-for-
reporting/pay-for-performance programs. IVAC plus rate/SIR (IVAC + PVAPS) is 
no longer included in that  recommendation

 Rates and SIRs that may be appropriate for internal use within an individual unit 
or facility
• “IVAC-plus” rate (where the numerator consists of all events meeting at least 

the IVAC definition --IVAC + PVAP) 
• rates of specific event types 

• events meeting only the VAC definition
• events meeting only the IVAC definition
• events meeting only the PVAP definition



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5113232/

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5113232/


https://www.cdc.gov/hai/surveillance/data-reports/2015-HAI-
data-report.html

https://www.cdc.gov/hai/surveillance/data-reports/2015-HAI-data-report.html


Thank you

NHSN@cdc.gov


