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What is a Marker of Quality
Selection of KPI
Relevance to overall framework
Availability of automated data
Reliability of available data
Comparability of data across clusters
Materiality of selected KPIs in affecting behavior of
managers or clinicians
• Impact on service outcome & cost efficiency
• Burden of diseases in clinical services
•
•
•
•
•

What is Ventilator-associated Pneumonia (VAP)?
• VAP refers to pneumonia that arise more than 48-72 hours after
endotracheal intubation and is type of HAP 1,2
• VAP represent a conspicuous clinical conundrum 3
• Classic clinical signs 4:
– Fever, leucocytosis, purulent secretions, worsening oxygenation, infiltrates,
and pathogenic cultures
– These signs are neither sensitive nor specific

• The clinical diagnosis and surveillance definitions of VAP could be
controversial 5
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Pathophysiology
• The fundamental obstacle to the diagnosis of VAP is the absence of a
uniform gold standard 3
• The histological hallmark of VAP is heterogeneity 4
– Autopsies of ventilated patients’ lungs are often notable for widely scattered,
patchy areas of inflammation. Lesions vary significantly in age and severity,
ranging from bronchiolitis to bronchopneumonia to frank abscess, often
within the same lung
– Different organisms can be cultured from different lung segments of the same
patient
– Cultures of histologically benign-appearing lung segments are often positive
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Prerequisite of a standardized system for
VAP diagnosis 3
• Valid
– its presence represents the presence of the disease that it is intended
to identify

• Reliable
– its evolution corresponds to the biologic evolution of the disease

• Reproducible
– no major differences in its derivation either between different
observes or b the same observer at different times
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The ideal VAP markers should also
1.
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Be non-invasive
Facilitate rapid diagnosis
Prompt earlier therapy
Help avoid excess antibiotic use
Identify patients early during the disease course
who may experience treatment failure or who are
not responding to treatment
6. Assist in the conduct of clinical research
3.
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Possible markers for VAP
1. Signs and Symptoms
2. Mechanical ventilation settings
3. Chest Imaging
4. Microbiological analysis
5. Histology

Birth of a standard…

Clinical Pulmonary Infection Score Calculation
1
2
3
4
5
6

A score of more than 6
is diagnostic of
pneumonia

Modified CPIS

Modified CPIS score often
•
•

De-emphasize culture or
Emphasize on dynamic
changes in radiographs

CPIS - limitations
• Validation studies showed poor correlation with
autopsy findings:
– sensitivity of 46%; specificity of 60% 6
– Sensitivity 72%; Specificity 85%, and an overall accuracy of
79% 7
– Sensitivity 77%; Specificity of 42% 8
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CPIS – limitations
Inter-observer variability

Overall
• the level of inter-rater agreement for the prospectively calculated CPIS at the
threshold of 6 was extremely poor (Ƙ=0.16)
• The level of discordance indicates that 2 different physicians examining the same
patient are highly unlikely to agree about the actual CPIS calculation
• This point alone suggests that the CPIS can not be used to standardize practice

Aim

Identity of all NHSN facilities is kept confidential by the CDC in accordance with Sections 304, 306, and
308(d) of the Public Health Service Act [42 USC 242b, 242k, and 242m(d)]

Drawbacks of the 2008 NHSN criteria
1. Poor correlation with histological findings
2. Inconsistent correlation with patients’ outcomes
3. Hospitals’ VAP rates can vary markedly
4. Some criterion are subjective and nonspecific

Moving away from VAP

• Broadens the focus: from
pneumonia alone to
complications of mechanical
ventilation in general
• Use quantitative criteria to make
surveillance
– Objective
– Reproducible
– Integration with IT systems

The first Tier

Ventilator-associated conditions [VAC]
• Flag episodes of nosocomial respiratory deterioration
• Based on sustained increases in ventilator settings

The Second Tier

Infection-related ventilator-associated complications [IVAC]
•
•

Identify a subset of VAC that may be infection related
On the basis of concurrent abnormalities in
temperature or WBC and new antibiotic starts

The Third Tier
VAP
• Possible pneumonia

– either purulent sputum
or
– positive quantitative / semiquantitative culture

• Probable pneumonia

– Purulent sputum, and
– Neutrophils on direct
microscopy, and
– Positive quantitative or semiquantitative culture
or
– confirmation of respiratory
pathogens by other means e.g
PCR, UAT, histology

Important absence of radiographic criteria
• This omission does not represent a denial of the central role
that radiographs play in routine clinical care
• but rather reflects the recognition that they are counterproductive in surveillance definitions because they introduce
substantial complexity and subjectivity without increasing
accuracy

Advantage of VAE
• Broaden the focus

– from pneumonia alone to all important complications of mechanical
ventilation
– Non-VAP VACs are attributable to
• Pulmonary edema
• Atelectasis
• Acute respiratory distress syndrome
Meaningful: as these events are also potentially actionable

• More objective

– Surveillance definitions based on changes in ventilator settings

• The inclusion of an antibiotic criterion

– will provide hospitals with a routine, widely reportable benchmark for
the prescribing of antibiotics in ICU

What is the basis of the change?

Retrospectively evaluated
600 medical & surgical
patients in 3 hospitals

Results

Both VAC and VAP
are significantly
prolonged duration
as compared to
controls

Only VAC
associated with
increased
hospital
mortality

Matched control for VAC cases

Matched control for VAP cases

Authors’ concluding remark on VAC
• Robust

– 1.8 minutes per patient versus 39 minutes per patient
(2008 NHSN VAP)

• Better predictors of mortality
• Less inter-individual variation
– Ventilated ≤ 7 days

• VAP rate varied from 0 to 4%
• VAC rate varied from 7 to 9%

– Similar findings also seen in patients ventilated > 7 days

• French study –
OUTCOMEREA database
• Surveyed 3028 ICU
patients with MV ≥ 5
days

2015

Results
• VAEs common
– VAC 77%
– IVAC 29%

• Correlation of
Prevalence
– VAC vs VAP r2 = 0.67
(p<0.0001)
– IVAC vs VAP r2 = 0.82
(p<0.0001)

Conditions associated with VAE
• Multiple etiologies or no
etiology is common

• IVAC episodes
– Only 43.8% related to
nosocomial infections
– 15.8% related to iatrogenic
adverse events

Nosocomial infection and iatrogenic adverse events were predefined by the steering committee of the OUTCOMEREA group
when the database was started in 1997
Reviewed each episode of VAE to identify episodes associated with nosocomial infections and iatrogenic adverse events
within 2 calendar days before or after the onset of worsening oxygenation

Correlation with outcome and antimicrobial usage
•

Median number of days alive without antimicrobials at 28
days
– Patients with no episode of VAC: 24 days (95% CI: 2 – 26)
– ≥ 1 episode of VAC: 17 days (95% CI: 4 - 23] (p < 0.05)
– ≥ 1 episode of IVAC: 10 days (95% CI 4 - 23) (P = 0.05)

•

VAE clearly
associate with
poor outcome

The median number of days alive without MV at day 28:
– patients with no episode of VAC: 24 days (95% CI: 0 - 26)
– ≥ 1 episode of VAC: 14 days (95% CI 0 -23) (p < 0.05)
– ≥ 1 episode of IVAC: 5 days (95% CI 0 - 18) (P = 0.05)

•

Good correlation with number of antibiotic-days (within
each ICU):
–
–

VAC: R2 =0.987 (p<0.0001)
IVAC R2 = 0.99 (p<0.0001)

VAE may be
useful as Quality
indicator / ASP

Analysed 1209 patients in
medical & surgical ICU
IP – Retrospective surveillance using an
automated algorithm with manual chart review
by Infection prevention (IP) control strategy
Prospective manual
surveillance by pulmonary
physicians working with
ICU critical care team
Ƙ = 0.81, P = 0.4
Good agreement between study teams
Awareness of the limitations of the surveillance definition needed for optimal use of data

Reasons for disagreement
• VAE called retrospectively only:
– Died on the second calendar day of the worsening oxygenation
• Prospective: imminent mortality, not secondary to a new VAE

– Extubated on day 2 of worsening oxygenation
• Prospectively: extubation process, not a new event

•

VAE called prospectively only:
– Died on calendar day 1 of worsening oxygenation.
• Hence not meeting the ≥ 2 days of worsening ventilator status criterion

– On airway pressure release ventilation (APRV)

• 2 academic medical
centre
• 8400 patients

VAE
Methods

Electronic protocol

Daily CXR screened for new or
progressive and persistent
infiltrates, consolidation, or
cavitation - by Independent
intensive care specialist
1 ICO (Infectious Disease
Specialist) plus 2 Pulmonary
Medicine physicians

2008 VAP

Results
• The VAE have sensitivity of 0.325 and PPV of 0.07 in
detecting VAP
• Most patients with probable VAP did not have VAP because
radiographic criteria were not met

Results

Crude mortality
• The NHSN VAE/VAC and IVAC groups had significantly higher crude mortality
rates than all mechanically ventilated patients than those with VAP
• After adjustment for acuity and type of ICU, the difference were no longer
statistically significant
Time Required for surveillance
• VAP surveillance: 1152 person hours for 5448 patients (12.6 min /episode)
• NHSN VAE/VAC surveillance: 621 hours for 2857 episodes (12.4 min/episode)

VAP is still the GOLD STANDARD
• VAE/VAC construct will miss Probable VAP:

– Because they did not meet the requirement of stable
baseline mechanical ventilator setting
– Because it does not use chest radiograph

(which is the “state of the art of diagnosing life-threatening chest
infections”)

• VAP - clinically accepted and publicly reported entity
that is widely regarded as a complication of
hospitalization

VAE/VAC ≠ Nosocomial
• Most VAE/VAC cases did not have
evidence of any hospitalized-acquired
complications
• >70% due to consequence of having
their ventilator settings increase, met
the definition of ARDS. The ARDS
defining illness was nearly always their
presenting illness rather than being
caused by hospitalization or
mechanical ventilation

Ease of data manipulation
• Modelled the effects of simple algorithm changes to
respiratory therapy protocols and assessed the ability
of an automated system to detect NHSN VAE/VAC
• 93% NHSN VAE/VAC cases escaped detection
(because they did not meet the requirement for a stable or
improving baseline period)

Final Thoughts
• Which one is better?
– CPIS or VAE

• Clinical protocol or surveillance protocol, or
both?
• Can VAP/VAE become a performance
indicator?
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