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Mechanical ventilation Is an essential, 1§aving
therapy for patients with critical iliness and
respiratory failure.

These patients are at high risk for complications
and poor outcomes, including death.

Chest 2000:118:110b.
N EnglJ Med 2006;355:450
CritCare Med 2010:38:19453.



Ventilator-associated pneumonia (VAP), sepsis,
Acute Respiratory Distress Syndrome (ARDS),
pulmonary embolism, barotrauma, and
pulmonary edema are among the complications
that can occur in patients receiving mechanical
ventilation

N Engld Med 2005;353:16893



Survelllance for ventilateassociated events In
the National Healthcare Safety Network (NHSN)
prior to 2013 was limited to VAP.

For the year 2012, VAP incidence for various
types of hospital units ranged from 644 per
1,000 ventilator days

Am J Infect Control 2013:41:11-468.



There is currentlyno valid, reliable definition for
VAP, and even the most widalged VAP criteria
and definitions are neither sensitive nor specific

JAMA 2007;297:15833

Am J Infect Control 2010;38:297
Clininfect Dis 2008;46:1448
Clininfect Dis 2010;55uppl1:S1315



Pathogenesis ofap

Ventilator-associated pneumonia (VAP) Is an
infection of the lower respiratory tract
associated with endotracheal intubation and
which causes significant morbidity and mortality
In the intensive care unit (ICU).

JAMA. 1995:274(8):6384.



Approximately 1®6 of ventilated patients will
develop the disease, with the risk of VAP rising
as the duration of mechanical ventilation

Increases reaching a maximum on dgyost-
iIntubation

Ann Intern Med. 1998;129(6)33c40






VAP Is assoclated with significant morbidity as I

significantly increases the length of stay in the

|CU, the duration of mechanical ventilation and
hospitalstay

CritCare Med. 2005;33(1®184:93



VAP has longitudinal deleterious effects at the
level of the individual patient, leading to the
iIncreased utilization of the health care system
after ICU, further increasing the economic
burden of this disease

BMC HealtlServRes. 2011:11:289



Pathogenesis of VAP

Common Sources of VAP Pathogens:
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The pathophysiology of VAP is mediated largely
by theintroduction of a foreign bodythe
endotracheal tube (ETT), into the uparway

¢ KA&d adzo@SNLa UKS LI a.
for preventing access of microorganisms to the
lower respiratory tract

CritCare. 2011;15(5):310



Qritically ill patients have impaired innate and
adaptiveimmunity

Br J Anaesth. 2013;111(5): €83



Diagnosis of VAP



Theclinical diagnosis of VAP has included a
combination of the following:

U clinicalsymptoms/signs,
U chestradiography, and
U microbiological data

JAMA 2007;297(14158393
AntimicrobResist Infect Control. 2012;1(23:
RespirCare. 2013;58(6):990007



Table 1. Centers for Disease Control Diagnosis of Pneumonia

Radiology
Two or more serial chest radiographs with at least one of the
following:

New or progressive infiltrate

Consolidation

Cavitation

Signs/symptoms
At least one of the following:

Fever (> 38°C)

Leukopenia (< 4,000 white blood cells/mL) or leukocytosis
(= 12.000 white blood cells/mL)

Altered mental status, if age = 70 y

At least two of the following:

New purulent sputum (= 25 neutrophils and = 10 squamous
epithelial cells per low power field [x 100]) or change in
sputum characteristics or amount

New or worsening cough, dyspnea, tachypnea

Rales

Worsening gas exchange

Microbiology
At least one of the following:

Positive quantitative culture from minimally contaminated lower
respiratory tract specimen. Specimen obtained via endotracheal
suctioning is not a minimally contaminated specimen and
therefore does not meet the laboratory criteria.

Positive culture of pleural fluid

Positive culture on lung tissue histological exam

Positive growth in bload culture not related to another source of
infection



Clinicalkriteria plus microbiological sampling
techniques lack specificity and sensitivity when
compared to the demonstration of pneumonia on
histological samples obtained by either biopsy or
necropsy .

JCritCare. 2010;25(1).¢3
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Abstract

Methods: We studied patients requiring mechanical ventilation for more than 48 hours who died in the
intensive care unit and whose bodies were autopsied. We evaluated 3 clinical definiions of ventilator-
sssociated pneumonial loose definition, defined as chest radiograph infiltmates and 2 of 3 clinical
critenia (leukocytosis, fever, purulent respimatory secretions); rigorous definition, defined as chest
madiograph infiltrates and all of the clinical critena; and a clinical pulmonary infection soore higher
than 6 points. Sensitivity, specificity, and likelihood ratios were calculated by using pathology pattem
as crienion standand,

Results: One hundred forty-two (56%) of the 253 patients incleded had hiswlogical critenia of
preumonia. Patients who met the clinical criterta of ventilator-associated pneumonia were 163 (64%)
for the loose definition, 32 (13%) for the rigorous definition, and 109 (43%,) for the clinical pulmonary
infection score. The operative indexes (sensitivity and specificity) of each definition were as follows:
loose definition, 64.8% and 36%; ngorous definition, 91% and 15.5%; and clinical pulmonary
infection score higher than 6, 45.8% and 60.4%. The addition of microbiological data to fe clinical
definitions increased the specificity and decreased the sensitivity but not significantly.

Conclusions: Accuracy of 3 commonly used clinical definitons of ventilator-associated pncumonia
was poor taking the autopsy findings as reference standard.

© 2010 Ebkevier Inc. All rights reserved.



TheClinical Pulmonary Infection Score (CPIS) uses
combination of CXR and clinical, physiological and
microbiological information for the diagnosis of
VAP.

Score>6 correlates with VAP.

Am Re\RespiDis. 1991;143(5 Pt 1)121c9
RespirCare. 2011;56(8):10894



CPIS points 0 1 2

Tracheal secretions Rare Abundant Purulent

Leukocyte count (mm?3) >4,000 and <4,000 and <4,000 or
<11,000 >11,000 >11,000 + band

forms
Temperature (°C) >36.5 and >38.5 and >39 or <36
<384 <38.9
PaO,/FIO, ratio (mmHg) >240 or = =240 and no
ARDS ARDS
Chest radiograph No infiltrate  Diffuse Localized
infiltrate infiltrate
Culture of tracheal Negative - Positive

aspirate

CPIS: Clinical pulmonary infection scoring



Diagnostic Accuracy of Clinical Pulmonary Infection Score
for Ventilator-Associated Pneumonia: A Meta-analysis

Jun Shan MM RN, Hong-Lin Chen MM, and Jian-Hua Zhu MD

OBJECTIVE: To assess the diagnostic accuracy of the clinical pulmonary infection score in the
diagnosis of ventilator-associated pneumonia in mechanically ventilated patients. METHODS: We
searched PubMed and the Cochrane database, and included only studies that compared clinical
pulmonary infection score with quantitative microbiological analysis of samples for diagnosing
ventilator-associated pneumonia. We constructed 2-by-2 tables of diagnoestic accuracy from each
article, and meta-analyzed the results by pooling estimates of sensitivity, specificity, likelihood ratio
for positive index test, likelihood ratio for negative index test, diagnostic odds ratio, and 95%
confidence intervals. RESULTS: Thirteen studies met the inclusion criteria. The pooled estimates for
sensitivity and specificity for clinical pulmonary infection score were 65% (95% CI 61-69%) and 64%
(95% CI 60-67% ), respectively. The combined diagnostic odds ratio was 4.85 (95% CI 2.42-9.71) and
the area under the curve was 0.748 (95% CI 0.65-0.85). CONCLUSIONS: The diagnostic performance
of the clinical pulmonary infection score for ventilator-associated pneumonia is moderate. However, the
clinical pulmonary infection score is simple and easy to perform, and may still be useful in diagnosing
ventilator-associated pneumonia. Key words: ventilator-associated pneumonia; clinical pulmonary infection
score; diagnosis; meta-analysis. [Respir Care 201 1:56(8): 1087-1094. © 2011 Daedalus Enterprises]



Mostaccurate predictor for autopsgroven VAP
on CXR was the presence oflmonchograms
but this was alsdow.

Chest. 1992:101(25863



The Radiologic Diagnosis of Autopsy-
proven Ventilator-associated Pneumonia*

Richard G. Wunderink, M.D., F.C.C.P; Lee 5. Woldenberg, M.D_;
Jacob Zeiss, M.D.; Claudia M. Day, R.N., M.S.N.; John Ciemins, M.S._;

and David A. Lacher. M.D., M .Ed.

An abnormal chest roentgenogram is essential for the
diagnosis of ventilator-associated pneumonia. The diagnos-
tic accuracy of various roentgenographic signs of pneumo-
nia has not been assessed previously in the portable
anteroposterior roentgenograms obtained in ventilated pa-
tients. Seven roentgenographic signs (air bronchograms,
alveolar infiltrates, silhouette sign, cavities, fissure abut-
ment, atelectasis, and asymmetrie infiltrates superimposed
on diffuse bilateral infiltrates) were evaluated for their
accuracy in predicting pneumonia alone, in combination
with other signs, or in combination with clinical parameters.
The last roentgenogram prior to autopsy of 69 ventilated
patients was interpreted by three reviewers and the above
signs were correlated with autopsy evidence of pneumonia.
Pneumonia was present in 24 (35 percent) of the 69
autopsies. No roentgenographic sign had a diagnostic effi-
ciency of greater than 658 percent. By stepwise logistic
regression, the presence of air bronchograms was the only
roentgenographic sign that correlated with pneumonia in
the total group, correctly predicting 64 percent of pneu-
monias. In patients without adult respiratory distress syn-
drome (ARDS), the presence of air bronchograms or

alveolar infiltrates correlated with pneumonia, while in
patients with ARDS, no roentgenographic sign and only the
clinical parameter of purulent sputum correlated with
pneumonia. Only a minority (7/22) of worsening alveolar
infiltrates in all groups were due to pneumonia and were
often confused with ARDS. Alveolar hemorrhage occurred
with a surprising frequency (38 percent of autopsies),
including 13/45 (29 percent) patients without pneumonia.
Alveolar hemorrhage was associated with 29 percent of
multiple air bronchograms and 30 percent of bilateral
alveolar infiltrates in patients without pneumonia. We
conclude that in intubated patients with diffuse bilateral
roentgenographic infiltrates, no roentgenographic sign cor-
relates well with pneumonia. No clinical parameter added
to the accuracy of either an alveolar infilirate or an air
bronchogram in patients without diffuse infiltrates. Pul-
monary hemorrhage and/or infarction are frequent autopsy
findings in intubated patients and may be confused radio-
logically with pneumonia. {Chest 1992; 101:455-63)

VAP = ventilator-associated pneumonia




Respiratory tract sampling

routinely conducted when there Is a clinical
suspicion oVAP

non-bronchoscopi®r bronchoscopidechniques

arecent Cochrane analydsund no change in
mortality, days on mechanical ventilation,
number of days in the ICU, or antibiotic
utilization when compared to serguantitative
cultures

Cochrane Databas®ystRev. 2014;10, CD006482
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Quantitative versus qualitative cultures of respiratory
secretions for clinical outcomes in patients with ventilator-
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Why VAE?: the problem

Ventilator Zassociated pneumonia (VAP) Is an
Important complication of mechanicalventilation

But other bad things also happen to patientgattilators
No valid, reliable definition for VAP

Need more accuratei a g n otsecbnductsurvéllance
and track preventioprogress!

Commonly used definitions include subjective

elements and are neither sensitive nor specific for
VAP

Not ideal in an era of public reporting of
healthcargassociated infection (HAI) rates, comparisons
among faclilities, pagorZperformancegrograms

Need a new approach



| 2YOAYLFGA2Y 2F EnNNI &z aA3
criteria

U Three sets of criteria: PNU1, PNU2, PNU3

U Chestimaging findings are required

U Signsand symptoms of pneumonia are required

Laboratoryevidence is optional but should be used if
available

To0S AaOSYUAf I a2NitkraazoAal as
U Endotracheatube (ETT)/ventilator must have been in

place at some time during the 48 hours preceding or ai
time of PNEU onset

U Norequired amount of time that the ET T/ventilator
must have been in place for a PNEU to count 4aR

NHSN Manual: Patient Safety Component Protocol,
http://www.cdc.gov/nhsn/TOC _PSCManual.html, updated January 2012



Cdcdefinitions

Ventilator-associated pneumonia (VAP):

A pneumonia where the patient is on
mechanicalentilation for >2 calendadays on
the date of event, with day of ventilator
placement being Day ANDthe ventilator was
In place on the date of event or the day before.



Table 1: Specific Site Algorithms for Clinically Defined Pneumonia (PNUT)

* Pneumatoceles, in
infants <1 year old

Note: In patients
withont underlying
pulmonary or cardiac
diseass (e.z., respiratory
distress syndrome,
bronchopulmonary
dysplasia, pulmonary
edema_ or chronic
obstructive pulmonary
disease), one defimtive
imaging test result is
acceptable~

Imaging Test Signs/Symptoms/Laboratory
Evidence
Two or more serial chest | For ANY PATIENT. at least one of the following:
imaging test resulss with
at least one of the o Fever (>38.0°C or =100.4°F)
followingls: ¢ Leukopenia (<4000 WBC/mm’) or leukocytosis (=12.000 WBC/num’)
¢ For adults =70 years old, altered mental status with no other recognized cause
* New or prograssive
and persistent And_at least fwo of the following:
infilrate
¢ New onset of purulent sputum- or change in character of sputum®, or increased
¢ Consolidation TespIratory secTetions, of increased SUCTONINE requirements
¢ New onset or worsening cough, or dyspnea. or tachypnea=
¢ Cavitanon

¢ Rales< or broachial breath sounds
* Worsening gas exchange (2.2., O; desaturations (e.g , PaOy/Fi0: =240), increased
oxygzen requirements, or increased venslator demand)

ALTERNATE CRITERIA, for infants =1 year old

Worsening gas exchange (e.g., O, desaturations [e.g. pulse oximetry <94%],
increased oxXygen requiremsnts, or increased ventilator demand)

And at least three of the following:

¢ Temperamrs instabilicy

¢ Leukopenia (<4000 WBC/mm") o1 leukocytosis (=15.000 WBC/mm') and left shift
(=10%0 band forms)

¢ New onset of purulent sputum- or change in character of spurum=, or increased
respiratory secrefions or ncreased suctoning requiremsants

e Apnea tachypnea®. nasal flaring with retraction of chest wall or nasal flaring with
gnmting

o Wheezing, rales®, or rhonchi

e Cough

* Bradycardia (<100 beats/min) or tachycardia (>-170 beats/min)

AT TERNATE CRITERIA for child 1 year old or =12 years old, ar least three of the
following:

o Fever (=38. 0°C or =100. 4°F) or hypothermia {<36. 0°C or <96. 8°F)

o Leukopenia (<4000 WBC/mm?) or lenkocytosis (=15,000 WBC/mm')

¢ New onset of purulent sputam= or change in character of sputum=, or increased
respiratory sacTetions, or increased suctioning requirements

¢ New onset or worsening cough, or dvspnea, apnea, or tachypnea=.

¢ Rales or bronchual breath sounds

* Worsening gas exchange (e.z., O, desamrations [e.2., pulse oximetry <94%],
mcreased oxygen requirements, or increased ventilator demand)




Table 2: Specific Site Algonithms for Pneumonia with Common Bactenal or Filamentous
Fungal Pathogens and Specific Laboratory Findings (PNU2)

infants <1 year old

Note: In patients without
underlying pulmonary or
cardiac disease (e.g..
respiratory diswess
syndrome,
bronchopulmonary
edems or chromic
obstructve pulmonary
disease). one definitive
chest imaging test result is
acceptable -

* New onset of purulent spunun- or
change in character of spumum=, or
increased respiratory secretions,
or increased suctionng
Tequirements

o New onset or worsening cough, or
dyspnea or tachypnea

* Fales= or bronchial breath sounds

* Worsening gas exchange (e.z. O,
desanurations [e.z., Pa0,Fi10;
<240F, increased oxygen
Tequirements, or increasad
ventlator demand)

Imaging Test Signs/Symptoms Laboratory

Evidence

Two or more serial chest At least one of the following: At least one of the following:

imaging test results with at

least gne of the e Fever (~38.0°C or ~100.4°F)

following™<: e Positive growth in blood culture® not

¢ Leukopemia (<4000 WBC/mm") related to another source of infection
¢ New or progressive and or leukocytosis (212,000
persistent infitrate WEBCmm') e Positive growth in culmre of pleural

Sud-

¢ Consolidation » For adults =70 years old. altered

mental status with no other ¢ Positive quanttztve culture- Som

¢ Cavitaton recognizad cause minimally-contaminated LRT specimen
(e.z.. BAL or protected specimen

¢ Poeumatoceles, in And at least one of the following: brushing)

o 5% BAIL -obtzined cells contain
mtracellular bactena on direct
microscopic exam (e g, Gram’s stain)

¢ Posiuve quantitaive culture- of lung
tssue

¢ Histopathologic exam shows at l2ast
one of the following evidences of

pPREUmMOonia;

o Abscess formation or foci of
consolidation with mtanse PMN
accummlztion in broachioles and
alveoll

o Ewvidence of lung parenchyma
mvasion by funzal hyphae or
pseudohyphae




Table 4: Specific Site Algonthm for Pneumonia in Immunocompromised Patients (PNU3

Imaging Test Signs/Symptoms Laboratory

Evidence

Two or more senial chest | Pagent who is Atleast one of the following:

imagzing test results with | immunocompromisad ( see

at least one of the definition in footnote = has at Jeast ¢ Marching positive blood and sputum or

following~< one¢ of the following: endotracheal aspirate cultures with
Candida spp A&

* New or progressive
and persistent
infiltrate

e Consolidation
e Cavitanon

¢ Poeumatoceles, in
infants <71 year old

Note: In panents
without underlying
pulmonary or cardiac
dizease (e.g.. respiratory
dismess syndrome,
bronchopulmonary
edemz or chronic
obstructve pulmonary
disease). one deSmitive
chest imaging test rasult
1s acceptable 4

o Fever (~38.0°C or 100 4°F)

* For adults =70 vears old, altered
mental stamus with no other
recogmized cause

o New onset of purulent sputum-,
or change in character

ofspunum®. or increased
respiratory secretions. or
increased suctioning
requiraments

o New onset or worsening cough
or dyspnea, or tachypnea®
* Rales= or bronchial breath sounds

* Worsening zas exchange (e g,
O, desamrations [e.z, Pa0,FiO,
<240F. increased oxygen
requiraments. or increased
ventlator demand)

* Hemoprysis

¢ Pleunfic chest pain

¢ Evidence of fungi ffom minimally-
coataminated LRT specimen (e.z, BAL or
protected specimen brushing) from one of
the following:

— Direct microscopic exam
— Positive culture of fungi
— Non-culmure dizgnostic laboratory rest

Any of the following from:

LABORATORY CRITERIA DEFINED
UNDER PNLU2




Limitations of current definitions -

Current definitions (e.g., definitions used for surveillance in NHSN, Clinical
Pulmonary Infectiorscore)all use combinations of criteria

ChestxZay-
Lack specificity for VAP1
Inter-observer variability2

Clinical signs/symptoms
Lack sensitivity and specificity3
Someare highly subjective
Documentation varies

Microbiological evidence
Lack sensitivity and specificity4
Practicesyrary among providers
Controversyabout bespractices5,6

M2 dzy RSNAY 1 wZ Su Ftodx [/ KSalud MphOHTmMamTnN
MPpPn TMpn YHTHPMOHT oClFONBIELaAa bz Su I P
[ KSalud Mt TumMHYnnprnpTT p. SIHIRRW2008;/6RuizS U
M,etal., AmMRespirtCrit/ N aSR HAAANTMCHYMM®PTHDP



Why VAP rates declining?
U9 OA RS Y Opsevedtioréntdsures
U Otherreasong several ways to lower VAP rates

without improving patient car¢Klompaset al.,
WL / H]'IMHTI'I]'IYI'IJ'IyT[M!'IU

V Strictinterpretation of clinical signs included In
survelllance definitions

VStrictA Y G SNIINB G F GA2Yy 2F OF
iIncluded in surveillance definitions

V Practiceof transferring out those patients
needing prolonged mechanical ventilation

V Admissjorof uncomplicated, vented
L1240 m2LISN GuniBS LI GASY




Goals for Modifying Current NHSDefinitions-
U Achieve face validity/clinical credibility

U Improvereliability

U Reduceburden




VAE Surveillance Definition Algorithm o
Tiered Approach

Tiers 1 and 2: Definitions suitable for potential use in public reporting

U Objective general measures of Ventilafassociated Conditions (VAC)
and Infectioxelated, VentilataAssociated Complications (IVAC)

U Definitionssimilar to Tier 1 VAC definition evaluated §lompaset
al. identified events associated with longer duration of mechanical
ventilation, longer ICU stay, and increased mortéliand were more
efficient to apply than current VAP definitionBL{(oSOne
2011;6:€18062Crit Care Med 2012; in press)

Tier 3: Internal use definitions
U Possible/AP and Probable VAP, incorporating laboratory evidence



Who is eligible?
1O18 years of age

U Inpatientsof acute care hospitals, long term acute
care hospitals, inpatient rehabilitatiacilities



Who is NOT eligible for VAE survelillance?
U Children are not eligible.

U Inpatients of facilities other than acute care

hospitals, longterm acute care hospitals and
inpatient rehabilitation facilities are not
eligible.

U Patients on high frequency ventilation or
extracorporeal life support are NOT
ELIGIBLE for VAE survelllance.



nNWHATo | S VAE? REVI EW
DEFINITIONS




VAE Definition Algorithm Summary

Patient on mechanical ventilation > 2 days No CXR
* Respiratory needed!
status o
S Baseline period of stability or improvement, followed
ponent
by sustained period of worsening oxygenation
Ventilator-Associated Condition (VAC)
* Infection /
AR General evidence of infection/inflammation
component
Infection-Related Ventilator-Associated Complication
(IVAC)
* Additional -[ Positive results of microbiological testing
evidence
Possible or Probable VAP




VAE Definition Algorithm Summary

* Respiratory

Patient on mechanical ventilation > 2 days

status ve]

component

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

Ventilator-Associated Condition (VAC)

*infecton /
inf;;m;a;ion ‘] General evidence of infection/inflammation

FiO, or
PEEP

component

» Additional
evidence

Infection-Related Ventilator-Associated Complication
(IVAC)

Positive results of microbiological testing

Possible or Probable VAP




VAE Definition Algorithm Summary

Patient on mechanical ventilation > 2 days
* Respiratory
?;:‘fonem Baseline period of stability or improvement, followed |
by sustained period of worsenln&oxyggr N
- Temperature or WBC
Ventilatar-Acsaciated Canditinn (VAI and
New antimicrobial agent
* Infection / ) S
inflammation General evidence of infection/inflammation
component
Infection-Related Ventilator-Associated Complication
(IVAC)
T Augiuonal -[ Positive results of microbiological testing
evidence
Possible or Probable VAP




VAE Definition Algorithm Summary

Patient on mechanical ventilation > 2 days

* Respiratory
—
z::;n ont | [ Baseline period of stability or improvement, followed
by sustained period of worsening oxygenation
Ventilator-Associated Condition (VAC)
* Infection /
inflammation General evidence of infection/inflamm; e k.
component Purulent secretions
Infection-Related Ventilator-Associated Con{ and/or other positive
(IVAC) laboratory evidence
/
* Additional { Positive results of microbiological testing
evidence

Possible or Probable VAP




Tier 1: VAC

Patient has a baseline period of stability or improvement on the ventilator, defined by 2 2
calendar days of stable or decreasing daily minimum FiO, or PEEP values, The baseline
period is defined as the two calendar days immediately preceding the first day of
increased daily minimum PEEP or FIO,.

AND
S Z

¥
After a period of stability or improvement on the ventilator, the patient has at least one
of the following indicators of worsening oxygenation:

1) Increase in dally minimum FIO, of 2 0.20 {20 points) over the daily minimum FiO,
in the baseline period, sustained for 2 2 calendar days.

2) Increase in daily minimum PEEP values of 2 3 cmH,0 over the dally minimum PEEP
in the baseline period, sustained for 2 2 calendar days.




Tier 2: IVAC

Patient meets criteria for VAC

| |
AN

ND
On or after calendar day 3 of mechanical ve;:ilation and within 2 calendar days before

or after the onset of worsening oxygenation, the patient meets both of the following
criteria:

1) Temperature > 38 *C or < 36°C, OR white blood cell count 2 12,000 cells/mm’ or
< 4,000 cells/mm’,

AND

2) A new antimicrobial agent(s)* is started, and is continued for 2 4 calendar days.

*See Appendix for eligible agents.




Tier 3: Possible VAP

Patient meets criteria for VAC and IVAC

—

A r

AND

<.

On or after calendar day 3 of mechanical v:ntllatlon and within 2 calendar days
before or after the onset of worsening oxygenation, ONE of the following criteria is
met:

1) Purulent respiratory secretions (from ane or more specimen collections)
» Defined as secretions from the lungs, bronchi, or trachea that contain
225 neutrophils and <10 squamous epithelial cells per low power field
[ipf, x100].
o |f the laboratory reports semi-quantitative results, those results must
be equivalent to the above quantitative thresholds,

2) Positive culture (qualitative, semi-quantitative or quantitative) of sputum®,
endotracheal aspirate®, bronchoalveolar lavage*, lung tissue, or protected
specimen brushing*

*Excludes the following:
o Normal respiratory/oral flora, mixed respiratory/oral flora or equivalent
o Candida species or yeast not otherwlse specified
» Coagulase-negative Staphylococcus species
* Enterococcus species




Tier 3:
Probable
VAP

VAC, IVAC
plus the
following...

On or after calendar day 3 of mechanical ventilation and within 2 calendar days
before or after the onset of worsening oxygenation, ONE of the following criteria is

met:

1} Purulent respiratory secretions (from one or more specimen collections—and
defined as for possible VAP)

AND one of the foliowing {see Table 2):

Positive culture of endotracheal aspirate®, 2 10° CFU/ml or equivalent semi-
quantitative result

Positive culture of bronchoalveolar lavage*, 2 10" CFU/ml or equivalent semi-
guantitative result

Positive culture of lung tissue, = 10° CFU/g or equivalent semi-quantitative
result

Positive culture of protected specimen brush®, = 10° CFU/mi or equivalent
semiquantitative result

*Some organism exclusions as noted for Possible VAP.

2) One of the following (without requirement for purulent respiratory secretions):

Positive pleural fluld culture (where specimen was obtained during
thoracentesis or initial placement of chest tube and NOT from an Indwelling
chest tube)

Pasitive lung histopathology

Positive diagnostic test for Legionella spp.

Positive diagnostic test on respiratory secretions for influenza virus,
respiratory syncytial virus, adenovirus, parainfluenza virus, rhinovirus, human
metapneumovirus, coronavirus




Hierarchy of definitions:

U If a patient meets criteria for VAC and IVAC,
report as IVAC.

U If a patient meets criteria for VAC, IVAC and
Possible VAP, report Possible VAP.

U If a patient meets criteria for VAC, IVAC and
Probable VAP, report Probable VAP.

U If a patient meets criteria for VAC, IVAC,
Possible VAP and Probable VAP, report
Probable VAP.




Ventilator associated events [VAE],
Ventilator associated pneumonia [VAP
. Definition changes 2015

www.cdc.gov/nhsn/



VAE protocol change #1 .

Third tier of the VAE algorithm is collapsed to
iInclude one specific event : PVAP

PVAP replaces possible and probable VAP.
Provides simplification



Three pathways for meeting PVAP definition

U Quantitative orsemigquantitativeequivalent
culture WITHOUT purulent respiratory
secretions

U Culture result with purulent secretions
U Other positive laboratory tests.



Patient mects critena for VAC and IVAC
F ok

AND

. ¥

On or after calendar cay 3 of mechanical ventilation and within 2 calendar days before or after
the onsct of worsening oxygenation, ONE of the following cntena is met (taking into account
organism exclusions specified in the protocol*):

1) Criterion 1: Positive culture of one of the following specimens, meeing quantitative or
semi-quantitative thresholds as outlined 1n protocol, without requirement for purulent
respiratory seeretions:

»  Endotracheal aspirale, > 10° CFU/ml or correspanding semseguantiiative result

o Broncheatveolar lavage, > 10° CFU/ml or corresponding semisquantstative result
s Lung tissue, 2 10t CFU/g or correspondimy semisquantitative result

s Protected specimen brush, > 10° CFU/ml or corresponding semi-quantitstsve resilt

2) Cnterion 2: Purulent respiratory secretions (defined as secretions frem the lungs,
bronchi, or trachea that contain >23 neutrophils and <10 squamous cpithehial cells per
low power fied [Ipf, x100])" plus a posstive culture of one of the following specimens
(qualitative culture, or quantitative/semi-quantitative culture without sufficient growth to
meet criterion #1):

Sputum
Endotracheal aspirste
Bronshealveolar lavage
Lung tissue
*  Protecied specimen brush
" If the laboratory reports semi-quantitative results, those results must coerespond to
the quantstative thresholds. See additional instructions for using the purulent
respiratory secretions criterion in the VAE Protocol,
3) Cnterion 3: One of the following positive tests:
s  Pleura flud culture (where specimen was obtained during thoracentesis or initial
placement of chest tube and NOT from an indwelling chest tabe)
* Lung lustopathology, defined as: 1) abscess formation or foci of consohidation
with intense neutrophil accumulation in bronchioles and alveols; 2) evadence of
lung parenchyma invasion by fungt (hyphae, pseudohyphae or yeast forms); 3)
evidence of infection with the viral pathogens histed below based on results of
immunohistochemical assays, cytology, or microscopy performed on lung tissuc
»  Diagnestic test for Legionella specics
» Diagnostic test on respiratory secretsons for influenza virus, respiratory syncytial
virus, adenovirus, parainfluenza virus, rinovirus, human metapneumaovirus,




VAE protocol change 2.

The following community acquired fungal
pathogens rarely cause health care associated
iInfections and therefore are no longer available
for meeting the PVAP definitien

Cyrptococcus
Histoplasma
Pneumocystis
Blastomyces



VAE protocol change #3:

U Daily minimum PEEP and FIO2 values are
defined as the lowest value during the
calendar day that Is set on the ventilator and
maintained foratleastl1 hour.

U Provides simplification and consistency for
determining the daily minimum PEEP and FiO
In select circumstances



VAE new denominator

Episodes of mechanical ventilation [EMV] Is
iIntroduced.

defined as a period of days during which the
patient was mechanically ventilated for some
portion of each consecutive day .

EMV is a total of the number of episodes
occurring during a month.



EXAMPLE: On January 1, there asgatients on mechanical
ventilation in the MICU (2 patients were started on mechanical
ventilation on December 22 patients on December 31, ahd
patient on January 1). During the rest of the month, the followinc
are notedl patient is started on mechanical ventilation on
January 82 patients are transferred to the MICU on mechanical
ventilation on January 15, addgatient who was previously
ventilated (from January 1 through January 12) goes back on
mechanical ventilation on January 20. No other patients are on
mechanical ventilation during the month of Janu&he number

of EMV for January is nine. This is calculated as follows: 5
patients(on mechanical ventilation on the first day of the month)
+ 4 patients who were either started on mechanical ventilation,
transferred into the MICU on mechanical ventilation, er re
initiated on mechanical ventilation after being off of the vent for
at least 1 calendar day = 9 EMV.



Key points

UYSé& ¢ 1 Sl Patés mustbd wentilated
more than 2 calendar days.

U Patientmusthavek H Ol f SY RI NJ R
Improvement of oxygenation followed by H
calendar days of worsening oxygenation.

U Earliestdate of event for VAE is mechanical
ventilation day 3 (first day of worsening
oxygenation).

U First possible day that VAC criteria can be fulfille
IS mechanical ventilation day 4




U Event Date defines the VAE Window Period:

V 2 days before, day of and 2 days after the Event Qéte
days

V May be shorter if worsening occurs early in the course of
ventilation

U All other criteria (for IVAC, Possible VAP, Probable VAP)
must be identified within the VAE Window Period.

UThed+£! 9 Of201¢ aidl NIa 20SNJI |
V Thepatient begins a new episode of mechanical ventilation

V Anew event period starts (i.e., 14 days have elapsed since
previous VAE Event Date)

V Thepatient comes off of an excluded therauthas HFV
or ECMO) and goes back on conventional mode of
ventilation.



Prevention of VAP

VAPIncidence Is 25% of all critical caneit

Infectiousdiseases, and 1P5% of ventilated
cases develop VAR25% of antibiotics

prescribed in ICU are for VARtients.

Cravenretal, 2006 Chest30: 251260.



VAP Increasese length on mechanical
ventilation, and ICU stalgpnger hospitalength

of stay, and increase the mortality rate by
double.

Safdaretal , 2005 Caréed 33: 21842193



The sources of the VAP have been identified in
several places such as oral cavity, subglottic
fluid, and the gastric mucosa. The endotracheal
tube shows an important matter in the
development of VAP, as a source of infection an
as a reservoir of the infection from the
formation of the biofilm on the inner surface of
tube.

Atherton, 1978 Lance?: 968969.

Adair cgetal, 1995 Intensiveare medicine 25:
10721076



Strategies for VAPrevention-

U Noninvasive positivgressure ventilation
(NIPPY

U Semirecumbent position to decrease
aspiration of oropharyngeaecretions.

U Oral hygiene witlthlorhexidine

U Specialized endotracheal tubes (subglottic
secretion drainage; silvaroated)



Current modalities for the prevention of VAR
the evidence for these modalities, are based on
the traditional definition of VAP. It iIs unknown If
VACs antVACsre preventable with the VAP

prevention modalities



Non-invasive Positive Pressure Ventilation (NIPPV)

U Avoiding intubation and limiting the duration of
mechanical ventilatiomeducesthe occurrence of
VAP.

U Useof NIPP\avoidsthe need for intubation or
terminatesmechanical ventilation as early as
possible byextubationto NIPPV.

HessDr, RespirCare. 2005;50(/924¢9

Burns Kketal, Cochrane DatabaseystRev. 2013;12,
CD004127



Noninvasive Positive-Pressure Ventilation
and Ventilator-Associated Pneumonia

Dean R Hess PhD RRT FAARC

Introduction

Methods

NPPY and Ventilator-Associated Pneamonia
Observations

Continuous Positive Alrway Pressure and Pneumonia
Summary

There is much interest in the use of noninvasive positive-pressure ventilation (NPPV) to prevent
Intubation and afford a survival benefit for patients. The risk of pneumonia In patients receiving
NPPYV has been reported in 12 studies. Compared to patients receiving Invasive mechanical venti-
lation (4 studies), the pneumontia rate is lower with the use of NPPV (relative risk [RR] 0.15, 95%
confidence interval [CI] 0.04 to 0.58, p = 0.006). Compared to patients assigned to invasive me-
chanical ventilation (3 studies), in which some of the patients assigned to NPPV did not respond and
were eventually Intubated, there was also a benefit for the use of NPPV (RR 0.24, 95% CI 0.08 to
0.73. p = 0.01). In studies in which patients assigned to NPPV were compared to patients assigned
to standard therapy (5 studies), In which some of the patients in each group were eventually
Intubated, there was benefit shown for the use of NPPV (RR 0.56, 95% CI 0.31 to 1.02, p = 0.06).
When this meta-analysis is repeated without the results of the negative study for NPPV (extubation
fallure), there is a stronger benefit in support of NPPV to decrease the risk of pneumonia in the
remaining 4 studies (RR 038, 95% CI 0.20 to 0.73, p = 0.003). A meta-analysis combining the
results from the 12 studies reviewed shows a strong benefit for NPPV (RR 0.31, 95% CI 0.16 to 0.57,
p = 0.0002). One randomized controlled trial of continuous positive airway pressure compared with
standard treatment in patients who developed acute hypoxemia after elective major abdominal
surgery reported a lower rate of pneumonia with continuous positive airway pressure (2% vs 10%,
RR 0.19, 95% CI 0.04 to 0.88, p = 0.02). In patients who are appropriate candidates for NPPV or
continuous positive airway pressure, the available evidence suggests a benefit in terms of a lower
risk of pneumonia. Perhaps “endofracheal-tube-assoclated pneumonia™ is a better term than “ven-
tilator-associated pneumonia.” Kev words: continuous positive airway pressure, mechanical ventilation,
noninvasive positive-pressure ventilation, veatilator-associated pneumonia. [Respir Care 2005:530(7):
924920 © 2005 Daedalus Enterprises]
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Fig. 1. Poolad analysis of pneumonia in studies comparing non-
invasive positive-pressure ventilation (NPFV) with invasive me-
chanical ventilation. p = 0.13 for heterogenety. p = 0.006 for
overall effect. RR = relative risk. Cl = confidence mnterval.
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Fig. 2. Pooled analysis of pneumonia in studies where patients
were assigned to noninvasive positive-pressure ventilation (NFPV)
or invasive mechanical ventilation. p =~ 025 for haterogeneity. p =
0.01 for overall effect. AR ~ relative risk. Cl - confidence interval.
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Fig. 3. A: Pooled analysis of pneumonia in studies comparing pa-
tients assigned to noninvasive positive-pressure ventilation [MPFY)
or gssigned to standard therapy. p = 0.19 for heterogeneity. p =
i0.08& for overall effect. B: Pooled analysis of pneumaonia in studies
comparing patients assigned to MPPY or assigned to standard
therapy after removal of the study showing no bensefit for nonin-
vasive positive- pressurs venitilation (MPPV] failed ewtubation). p =
i0.98 for hetercgensity. p = 0.003 for overall effect. RR = relative
risk. Gl = confidence interval.



Main results

We identified 16 trials, predominantly of moderate to good quality, involving 994 participants, most with chronic obstructive pulmonary
disease (COPD). Compared with IPPV weaning, NPPV weaning significantly decreased morality. The benefits for mortality were
sspnificantly preater in trials enrolling exclusively participants with COPD (risk rato (RR) 0.36, 95% confidence interval (CI) 0.24
to 0.56) versus mixed populations (RR 0.81, 95% CI1 0.47 1o 1.40). NPPV sipnificantly reduced weaning failure (RR 0.63, 95% CI
0.42 10 0.96) and ventilator-associated pneumonia (RR 0.25, 95% CI 0.15 10 0.43): shortened lenpth of sty in an intensive care unit
(mean difference (MD) -5.59 days, 95% CI-7.90 to -3.28) and in hospital (MD -6.04 days, 95% CI -9.22 t0 -2.87): and decreased the
total duration of ventilation (MD -5.64 days, 95% CI -9.50 to -1.77) and the duration of endotracheal mechanical ventilation (MD
- 7.44 days, 95% CI -10.34 to -4.55) amidst sipnificant heterogeneity. Noninvasive weaning also significantly reduced tracheostomy
(RR 0.19, 95% CI 0.08 to 0.47) and reintubation (RR 0.65, 95% CI 0.44 to 0.97) rates. Noninvasive weaning had no effect on the
duration of ventilation related to weaning. Exclision of a single quasi-randomized trial did not alver these results. Subgroup analyses
sugpest that the benefiss for morulity were sipnificantly preater in trials enrolling exclusively participants with COPD versus mixed
populations.

Authors’ conclusions

Summary estimates from 16 trials of moderate to pood qualiny that induded predominantly participants with COPD sugpest that a
weaning strategy that indudes NPPV may reduce rates of mortality and ventilator-associated pneumonia without increasing the risk
of weaning failure or reintubation.



Positioning

A Limiting aspiration of oropharyngeal secretions is
astrategyto prevent VARIonein part by
maintaining a seraiecumbent position to
maintain the head of the bed between 30 and
45°.

A Isa simpleintervention and itis worth
Implementing unless there are contraindications
In the specific patient.

AlexiouVGetal, a metaanalysis of randomized
controlled trials. LritCare. 2009;24(4):5122.






