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Mechanical ventilation is an essential, life-saving
therapy for patients with critical illness and
respiratory failure.

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

Chest 2000;118:1100-5.
N Engl J Med 2006;355:41-50
Crit Care Med 2010;38:1947-53.



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 Engl J Med 2005;353:1685-93



Surveillance for ventilator-associated 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 0.0-4.4 per
1,000 ventilator days

Am J Infect Control 2013;41:1148-66.



There is currently no valid, reliable definition for
VAP, and even the most widely-used VAP criteria
and definitions are neither sensitive nor specific

JAMA 2007;297:1583-93

Am J Infect Control 2010;38:237-9
Clin Infect Dis 2008;46:1443-6

Clin Infect Dis 2010;51 Suppl 1:5131-5




Pathogenesis of vap

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):639-44.



Approximately 10 % of ventilated patients will
develop the disease, with the risk of VAP rising
as the duration of mechanical ventilation

increases reaching a maximum on day 5 post-
intubation

Ann Intern Med. 1998;129(6):433—-40






VAP is associated with significant morbidity as it

significantly increases the length of stay in the

ICU, the duration of mechanical ventilation and
hospital stay

Crit Care Med. 2005;33(10):2184-93



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

BMC Health Serv Res. 2011;11:289



Pathogenesis of VAP
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The pathophysiology of VAP is mediated largely
by the introduction of a foreign body, the

endotracheal tube (ETT), into the upper airway
This subverts the patient’s natural mechanisms

for preventing access of microorganisms to the
lower respiratory tract.

Crit Care. 2011;15(5):310



Critically ill patients have impaired innate and
adaptive immunity

Br J Anaesth. 2013;111(5):778-87



Diagnosis of VAP



The clinical diagnosis of VAP has included a
combination of the following:

» clinical symptoms/signs,
» chest radiography, and
» microbiological data

JAMA. 2007;297(14):1583-93

Antimicrob Resist Infect Control. 2012;1(1):28
Respir Care. 2013;58(6):990-1007



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



Clinical criteria plus microbiological sampling
techniques lack specificity and sensitivity when
compared to the demonstration of pneumonia on

histological samples obtained by either biopsy or
necropsy .

J Crit Care. 2010;25(1):62—8
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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.



The Clinical Pulmonary Infection Score (CPIS) uses a
combination of CXR and clinical, physiological and

microbiological information for the diagnosis of
VAP.

Score>6 correlates with VAP.

Am Rev Respir Dis. 1991;143(5 Pt 1):1121-9
Respir Care. 2011;56(8):1087—94



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]



Most accurate predictor for autopsy-proven VAP
on CXR was the presence of air bronchograms
but this was also low.

Chest. 1992;101(2):458-63



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 of VAP

non-bronchoscopic or bronchoscopic techniques

a recent Cochrane analysis found no change in
mortality, days on mechanical ventilation,
number of days in the ICU, or antibiotic
utilization when compared to semi-quantitative
cultures

Cochrane Database Syst Rev. 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-associated pneumonia (VAP) Is an
Important complication of mechanical ventilation

But other bad things also happen to patients on ventilators

No valid, reliable definition for VAP

Need more accurate diagnostics ...toconduct surveillance
and track prevention progress!

Commonly used definitions include subjective
elements and are neither sensitive nor specific for
VAP

Not ideal in an era of public reporting of
healthcare-associated infection (HAI) rates, comparisons
among facilities, pay-for- performance programs

Need a new approach



Combination of x-ray, signs/symptoms and laboratory
criteria

» Three sets of criteria: PNU1, PNU2, PNU3
» Chest imaging findings are required

» Signs and symptoms of pneumonia are required

Laboratory evidence is optional—but should be used if
available

To be “ventilator-associated” —

» Endotracheal tube (ETT)/ventilator must have been in

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

» No required amount of time that the ETT/ventilator
must have been in place for a PNEU to count as a VAP

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



Cdc definitions

Ventilator-associated pneumonia (VAP):

A pneumonia where the patient is on
mechanical ventilation for >2 calendar days on
the date of event, with day of ventilator
placement being Day 1, AND the 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 Infection Score) all use combinations of criteria:
Chest x-ray-

Lack specificity for VAP1
Inter-observer variability2

Clinical signs/symptoms-
Lack sensitivity and specificity3
Some are highly subjective
Documentation varies

Microbiological evidence-
Lack sensitivity and specificity4
Practices vary among providers
Controversy about best practicesb,6

1Wunderink R, et al., Chest 1992;101,;458-63; 2Young M, et al., Arch Intern Med
1994;154:2729-32; 3Fabregas N, et al., Thorax 1999;54:867-73; 4Kirtland SH, et al.,
Chest 1997;112:445-57; 5Berton DC, et al., Cochrane Database Syst Rev 2008; 6Ruiz
M, et al., Am J Respir Crit Care Med 2000;162:119-25



Why VAP rates declining?
» Evidence-based prevention measures

» Other reasons—several ways to lower VAP rates

without improving patient care (Klompas et al.,
AJIC 2012;40:408-10)

v’ Strict interpretation of clinical signs included in
surveillance definitions

v Strict interpretation of chest x-ray findings
included in surveillance definitions

v’ Practice of transferring out those patients
needing prolonged mechanical ventilation

v Admission of uncomplicated, vented
post-operative patients to unit.



Goals for Modifying Current NHSN Definitions-
» Achieve face validity/clinical credibility

» Improve reliability

» Reduce burden



VAE Surveillance Definition Algorithm—
Tiered Approach

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

» QObjective, general measures of Ventilator-Associated Conditions (VAC)
and Infection-related, Ventilator-Associated Complications (IVAC)

» Definitions similar to Tier 1 VAC definition evaluated by Klompas et
al. identified events associated with longer duration of mechanical
ventilation, longer ICU stay, and increased mortality—and were more
efficient to apply than current VAP definitions (PLoS One
2011;6:e18062, Crit Care Med 2012; in press)

Tier 3: Internal use definitions
» Possible VAP and Probable VAP, incorporating laboratory evidence



Who is eligible?
» >18 years of age

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



Who is NOT eligible for VAE surveillance?
» Children are not eligible.

> Inpatients of facilities other than acute care

hospitals, long- term acute care hospitals and

Inpatient rehabilitation facilities are not
eligible.

» Patients on high frequency ventilation or
extracorporeal life support are NOT
ELIGIBLE for VAE surveillance.




“WHAT” IS VAE? REVIEW OF
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:

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

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

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

» |f 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
include one specific event : PVAP

PVAP replaces possible and probable VAP.
Provides simplification




Three pathways for meeting PVAP definition

» Quantitative or semiquantitative equivalent
culture WITHOUT purulent respiratory
secretions

» Culture result with purulent secretions
» 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
infections and therefore are no longer available
for meeting the PVAP definition-

Cyrptococcus
Histoplasma
Pneumocystis
Blastomyces



VAE protocol change #3:

» Daily minimum PEEP and FiO2 values are
defined as the lowest value during the
calendar day that is set on the ventilator and
maintained for atleast 1 hour.

» Provides simplification and consistency for
determining the daily minimum PEEP and FiO2
in select circumstances



VAE new denominator-

Episodes of mechanical ventilation [EMV] is
introduced.

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 are 5 patients on mechanical
ventilation in the MICU (2 patients were started on mechanical
ventilation on December 24, 2 patients on December 31, and 1
patient on January 1). During the rest of the month, the following
are noted: 1 patient is started on mechanical ventilation on
January 8; 2 patients are transferred to the MICU on mechanical
ventilation on January 15, and 1 patient 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 January. The 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, or re-
Initiated on mechanical ventilation after being off of the vent for
at least 1 calendar day = 9 EMV.



Key points

» Key Take-Home Points Patient must be ventilated
more than 2 calendar days.

» Patient must have 22 calendar days of stability or
improvement of oxygenation followed by >2
calendar days of worsening oxygenation.

» 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



> Event Date defines the VAE Window Period:

v 2 days before, day of and 2 days after the Event Date — 5
days

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

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

» The “VAE clock” starts over again when ...
v The patient begins a new episode of mechanical ventilation

v" A new event period starts (i.e., 14 days have elapsed since
previous VAE Event Date)

v The patient comes off of an excluded therapy (such as HFV
or ECMO) and goes back on conventional mode of
ventilation.



Prevention of VAP

VAP incidence is 25% of all critical care unit
infectious diseases, and 10-25% of ventilated
cases develop VAP, >25% of antibiotics
prescribed in ICU are for VAP patients.

Craven etal, 2006 Chest 130: 251-260.



VAP increases the length on mechanical
ventilation, and ICU stay, longer hospital length

of stay, and increase the mortality rate by
double.

Safdar etal , 2005 Care Med 33: 2184-2193.



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 and
as a reservoir of the infection from the
formation of the biofilm on the inner surface of
tube.

Atherton, 1978 Lancet 2: 968-969.

Adair cg etal, 1995 Intensive care medicine 25:
1072-1076



Strategies for VAP prevention-

» Non-invasive positive-pressure ventilation
(NIPPV)

» Semi-recumbent position to decrease
aspiration of oropharyngeal secretions.

» Oral hygiene with chlorhexidine

» Specialized endotracheal tubes (subglottic
secretion drainage; silver-coated)



Current modalities for the prevention of VAP and
the evidence for these modalities, are based on
the traditional definition of VAP. It is unknown if
VACs and iVACs are preventable with the VAP
prevention modalities.



Non-invasive Positive Pressure Ventilation (NIPPV)

» Avoiding intubation and limiting the duration of

mechanical ventilation reduces the occurrence of
VAP.

» Use of NIPPV avoids the need for intubation or
terminates mechanical ventilation as early as
possible by extubation to NIPPV.

Hess Dr, Respir Care. 2005;50(7):924-9

Burns KE etal, Cochrane Database Syst Rev. 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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Noninvasive positive-pressure ventilation as a weaning
strategy for intubated adults with respiratory failure

Karen EA Burns', Maureen O Mezde®, Azra Premji”, Neill K] Adhikari®

Interdepartmenial Division of Critical Care and the University of Toronto, Keenan Research Centre/Li Ka Shing Knowledge Instinuze,
Toronto, Canada. *Department of (linical Epidemiology and Biostatistics, McMaster University, Hamilton, Canada. * The University
of Toronto, Toronto, Canada. *Interdepartmental Division of Critical Care, University of Toronto, and Department of Critical Care
Medicine and Sunnybrook Research Institute, Sunnybrook Health Sciences Centre, Toronto, Canada

Contact address: Karen EA Burns, Interdepartmental Division of Critical Care and the University of Toronto, Keenan Research
Centre/Li Ka Shing Knowledge Institute, St Michael’s Hospital, 30 Bond Street, Rm 4-045 Queen Wing, Toronto, Ontario, MSB
1WB, Canada. BumnsK@smh.ca. burnske2@hotmail com.

Editorial group: Cochrane Anaesthesia Group.
Publication status and date: New search for studies and content updared (no change to conclusions), published in Issue 12, 2013,
Review content assessed as up-to-date: | May 2012

Citation: Bumns KFA, Meade MO, Premji A, Adhikari NK]. Noninvasive positive-pressure ventlation as 3 weaning strategy for
inmbated adults with respirastory failure. Cochrane Dasbase of Syseemaric Reviews 2013, Issue 12. Are. No: CD004127. DOL
10.1002/14651858.CD004127. pub3.

Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



RE  (95% CI)

A Brochard" - ' 0.28 [0.06,127)
Artonalli & 0.50 (0.0, 2.43)
il _— . 0.33 (0.07, 1.50)
Keenan'™ —s— .01 (06O, 1.71)
Farrar™ S D.41 (016, 1.06)
Total ——— 056 (0,31, 1.07)
0.01 0.1 i 10
Fawora MPPY Fawors Comtrol
RF {95% CI}
B amchand® . 0.28 (0.06, 1.27)
Anbanalll - = 060 (010, 2.43)
Hilbert'* - 033 (0,07, 1.50)
Femer™ e | D41 (0,18, 1,06}
Talal S 038 (0.20, 0.73}
0.0 LER 1 10
Favors HPPY Favars Gantral

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

* Limiting aspiration of oropharyngeal secretions is
a strategy to prevent VAP. done in part by
maintaining a semi-recumbent position to
maintain the head of the bed between 30 and
45°,

* |sasimpleintervention and it is worth
implementing unless there are contraindications
in the specific patient.

Alexiou VG etal, a meta-analysis of randomized
controlled trials. J Crit Care. 2009;24(4):515-22.



Impact of patient position on the incidence of
ventilator-associated pneumonia: A meta-analysis of
randomized controlled trials
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Table 1 Main chamacteristics of RCTs included in the meta-analysis

First author/ Study Country Positions compared Study population Sample size  Quality
Reference design/ {no. of scorne
Year of patients
publication enmolled)
Van MC RCT/  Netherlands  Semirecumbent position;  Patients treated in 3 ICUs 221 3
Nicuwenhoven 12 2006 45° of the head and back  intubated within 24 h of ICU
[15] VS supine position; admission and with duration
standard care; 10° of the  of ventilation for at least 48 h
head and back
Drakulovic [16] SCRCT/  Spain Semirccumbent position;  Intubated and mechanically 86 3
13 1999 457 of the head and back  ventilated patients of one
vs supine position; 0° of  medical and one respiratory
the bead and back ICU at a tertiary wisiversity
hospital
Keeley [17] SCRCT/ UK Semirecumbent position  Critical care patients 30 3
14 2007 45% of the head of bed vs  intubated within 12 h from
25° raised head of bed ICU admission
Voggenreiter MCRCT/  Germany Prone position for 823 b Multiple trauma patients with 40 3
[18] 15 2005 daily vs supine position ALIARDS and receiving
mechanical ventilation reated
in 2 trauma ICU
Maneebo [19] MC RCT/  Spain and Prone position for 20 h Intubated, mechanical, 142 3
16 2006 Mexico daily vs supine position ventlated patients with
ARDS treated in 13 ICUs
Beuret [20] SCRCT/  France Prone position for 4 h Comatose patients who 51 3
17 2002 once daily vs supine needed mechanical ventilation
position (07 and 20° of for at least 48 h
the head and back)
Guerin [12] MC RCT/  France Prone position for at Patients with acute respiratory 791 2
182004 least 8 h daily vs supine  failure treated in 21 general
position (30° of the head  ICUs with Pao,/Fio, ratio at
and hack) most 300

MC: Multi Center, $C: Single Center.



Table 2 Clinical outcomes among patients positioned in an atemative way (prone or semirecumbent) compared with patients i supine position

First author/ Van Drakulovic Keekey [17] Voggenreiter Mancebo [19] Beuret [20] Guerin [12]
Ref. outcome Nieuwenhoven [15] [16] [18]
Semirecumbent position Prone position in patients Prone position in patients
with ARDS/ALT without ARDS/ALT
VAP clinically 167112 vs 339 vs S17 vs 1321 vs 14/76 vs 11/25vs 85413 vs
wspecied 200109 16747 713 1719 960 1426 91378
VAP microbiologically  13/112 ys 239 vs 417 vs N/A N/A 425 vs N/A
documented 8109 1147 513 1026
Montality 29/112 vs 39/112vs 7/39 vs 3/17 vs H1T7vs 121 vs 33/76 vs IBT6vs TS wvs 134/413 vs 179413 vs
300109 (ICU) 38109  13/47 (ICU) 413 (ICU) 413 3/19 (day 90) 35/60 (ICU) 37/60 12726 (day 28) 119/378 (day 28) 159/377 (day %)
(hospital) (hospital) (hospital)
Mean duration of 6 vs 6 median 66.2)vs  N/A 30(I7)vs NA 127(10)vs  137(78)vs
ventilation in 7147 33 {23) 146(17.7) 14.1 (E6)
days (SD)
Mean dumation of ICU 9 vs 10 median 93(7.2)vs N/A N/A 20.5(182)vs 165(129)vs 266 (29.6) vs
say in days (SD) 9.7(7.8) 19.1 (23.1) 194 (24.1) 245(21L.9)
Mean duration of 4 (N/A) vs NA NA 08 (89)vs NA N/A N/A
antibiotic therapy 4 (N/A) 182 (87)

in days (SD)




This meta-analysis provides additional evidence
that the usual practice of back-rest elevation of
15° to 30° is not sufficient to prevent VAP in
mechanically ventilated patients. Patients
pently 45° have

positioned semi recum

significantly lower incid

diagnosed VAP compared to patients
supinely. On the other hand, the incic

ence of clinica

ly
nositioned

ence of

clinically diagnosed VAP among patients

positioned pronely does not differ significantly
from the incidence of clinically diagnosed VAP
among patients positioned supinely.



probiotics

» Probiotics are living microbial agents of human origin
that are able to tolerate the hostile gastrointestinal
environment (acid and bile) such that they ultimately
persist in the lower alimentary tract to confer health
benefits to the host.

» decrease the inflammatory reaction and improve both
the immunological response (the balance between T-
helper 1 and T-helper 2 cells), and immunological
barrier of the gut.

Isolauri E (2001) Probiotics in human disease. Am J Clin
Nutr 73: 1142S-1146S.

Ghosh S etal, 2004 Gut 53: 620-622.
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SUMMARY OF FINDINGS FOR THE MAIN COMPARISON [Explanation]

Per-protocol analysis: probictics versus control for preventing ventilator-associated pneumonia

Patient or population: patients receiving mechanical ventilation
Settings: inpatient: China, France, Greece, Slovenia, Sweden, UK and USA
Intervention: per-protocal analysis: probiotics versus control

Outcomes lllustrative comparative risks* (35% Cl) Relative effect No. of participants Quality of the evidence Comments
(95% CI) (studies) (GRADE)
Assumed risk Corresponding risk
Control Per-protocal  analysis:
probiotics versus control
Incidence of VAP Moderate’ ORO.7 1018 SB0
Follow-up: mean 37 days (0.52t00.93) (6 studies) low:*
309 per 1000 238 per 1000
{189 to 298)
ICU mortality Moderate* OR0.84 703 SO00
Follow-up: mean 35 days (0.58t01.22) (5 studies) very low**¢
214 per 1000 186 per 1000
{136 1o 249)
Hospital mortality Moderate” OR0.78 524 SO0
Follow-up: median 37 (0.54t01.14) (4 studies) very low* 5.8
days 306 per 1000 256 per 1000
(192 10 335)
Diarrhoea Moderate’ 0RD.72 618 SO0
Follow-up: mean 40 days (0.47 t0 1.09) (4 studies) very low™o8
435 per 1000 357 per 1000

(266 10 456)
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ETT Modifications-silver coating, SSD

Endotracheal tubes represent a foreign body in the upper
airway and are prone to bacterial colonization and the
development of biofilms.

The formation of the biofilm is early after the intubation.
The biofilm is a source and reservoir of infection to the
lower respiratory tract, and a source of the contamination
of the respiratory circuits , and it is resistance to the
effect of the antibiotic.

Brown MR, 2008 J Antimicrob Chemother 22: 777-780
Rello J etal, 2010 Crit Care Med 38: 1135-1140.



The silver coated tubes have an effect in
reduction of the formation of the biofilm, as
after 16h of intubation there is no formation of
the biofilm in the coated tubes, while the

biofilm is formed on a non-coated tubes just
after 8h.

Berra L etal, 2004 Anesthesiology 100: 1446-
1456

Berra et al, 2008 Care Med 34: 1020-1029.



* The use of the silver coated tubes has no
additional adverse effects on the patients and
shows a decrease in the incidence of VAP (in
both early onset and late onset pneumonia),
comparing with noncoated tubes, that
decrease is around 50%.

Kollef MH, 2008 the NASCENT randomized trial.
JAMA : the journal of the American Medical
Association 300: 805-813
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[Table 2. Colonization rates on endotracheal tube in the Tull analysis sel
RIC Control Relative Risk Reduction
Threshold Group Group (95% CI p Value®
No. of patients with colonization/
total (%)
Lowest 2161 (38) 3360 (55) 031 (—0.008 to 0.610) 07
Intermediate 20/61 (33) 2860 (47) 030 (=0,074 to 0.646) J4
Highest 1861 (30)  25/60 (42) 029 (=0.115 to 0.677) A9
No. of days with colonization/
total (%)
Lowest 54/242 (22) 867226 (38) 041 (0,195 to 0.625) 04
Intermediate S0242 (21)  T6/226 (34) 039 (0.146 to 0.620) A9
Higthest 45242 (19) 712226 (31) 041 (0,159 to 0.653) J4
RIC, respiratory infection control; 95% CI, 95% confidence interval; lowest threshold, + +, + + +,

r 210" colony-forming units (cful/ml,; intermediate threshold, ++, +++, or =10* ¢fw/ml.; highesy
reshold, + 4, ++ 4, or =10° cfwml.
o ¢ mi F :

t for




Silver-Coated Endotracheal Tubes and Incidence

of Ventilator-Associated Pneumonia
The NASCENT Randomized Trial

Marin H. Kollef. MD

Bekele Afessa, MD

Antonio Anzueta, MDD

Christopher Veremakis, MI)
Kim M. Kerr, MD

Benjamin 1). Margolis, MI)
Donald F. Craven, MDD
Pamela R. Roberts, MD
Alejandro C. Arroligra, MD

"()" I). "lll)"lﬂ_ﬂ', \'l)
Marcos L. Restrepo, MI)

William R. ‘\u.{_'(‘l'., MD
Regina Schinner, Dipl-Stat

for the NASCENT

Investipation Group

ENTILATOR-ASSOCIATED PNELU-
monia (VAP) is associated with
high morbidity, including in-
creased length ofhospital stay,
health care costs, and infection with
multidrug-resistant pathogens.'* The
condition usually occurs within 10days
after endotracheal intuhation ** Reported
rates vary by case mix, case definition, di-
agnostic procedures, and method of ex-

Context Ventilator-assoclated pneumonia (VAP) causes substantial morbidity. A sliver-
coated endotracheal tube has been designed fo reduce VAP Incldence by preventing
bactertal colonization and blofiim formation.

Objective To determine whether a silver-coated endotracheal tube would reduce
the Incidence of microblologically confirmad VAP.

Deslgn, Setting, and Particlpants Prospective, randomized, single-biind, con-
trotled study conducted In 54 centors In Neorth America. A total of 9417 adult patlents
{218 years) were screened between 2002 and 2006. A total of 2002 patients ex-
pected to require mechanical ventilation for 24 haurs or longer were randomized.

Intervention Patients were assigned to undergo Intubation with 1 of 2 high-
volume, low-pressure endotracheal tubes, similar except for a sliver coating on the
experimental tube.

Main Qutcome Measures Primary outcome was VAP Incidence based on quan-

titative bronchoalveolar lavage fluid culture with 10* colony-forming unlts/mL or greater
In patients Intubated for 24 hours or longar. Other outcomes ware VAP Incidence In

all Intubated patients, time to\/AP onset, length of Intubation and duration of Intan-
slve cara unit and hospital stay, mortality, and adverse events.

Results Among patients Intubated for 24 hours or longer, rates of microblologlcally
confirmed VAP were 4.8% (37/764 patients; 95% confidence interval [Cl], 3.4%-
£.6%) In the group recelving the silver-coated tube and 7.5% (56/743; 95% C1. 5.7%-
9.7%) (P=.03) In the group recelving the uncoated tube (all Intubated patients, 3 8%
[37/9€8; 95% (I, 2.7%-5.2%] and 5.8% [56/964; 95% Cl, 4.4%-7.5%] [P=.04]),
with a relative risk reduction of 35.9% (95% Cl, 3.6%-69.0%, all Intubated patlents,
34.2% [95% CI,1.2%-67.9%]). The sliver-coated endotracheal tube was assoclated
with delayed occurrence of VAP (P=.005). No statistically significant between-group
differences were observed In durations of Intubation, Intensive care unit stay, and hos-
pital stay; mortality; and frequency and saverity of adversa ovents,

Concluslon Patlents recelving a sllver-coated endotracheal tube had a statistically
significant reduction In the Indidence of VAP and delayed time to VAP occurmence com-
pared with those recelving a similar, uncoated tube.



Flgure 1. Flow of Participants Through the Tnal

8417 Patients =cresned

| | 7414 Excuded [no niormed consent

or unlikely to be intubated 224 h)

2003 Randomized

988 Randomized o raceive siver-coated
encotracheal tube

868 Recenad coated tube a5 assigned

1005 Randomzed to recsive uncoated
endotrachasl tube
964 Recsved uncosted tube 2= assigned

0 Lozt to follow-up

0 Lost to iolow-up

I

I

766 Included in prmary efficacy analysis
232 Excluded
30 Not intubated
202 nubated <24 h

BE8 Inchuded in ssfety analysis
30 Excluded (not ntubated)

743 Included n primary efficacy analyss
262 Excluded
41 Not inubsated
221 Intubsted <24 h
864 Included in safety analyss
41 Excluded {not intubated)




Evaluable Patients With VAP,

No./Total (%) [95% CI]
lSi‘lver—()oate«:i Uncoated l RR Reduction, P
Tube Tube % (95% Cl)  Value
VAP at any tme
intubated =24 h 37/766 (4.8) 56/743(75  835.0(3.6-60.0) 03
[3.4-6.6] [5.7-9.7]
All intubated 37/068 {3.8) 56064 (5.8) 84.2(1.2-67.9) 04
[2.7-5.2) [4.4-7.5]
VAP within 10 d of intubation
intubated =24 h 2T/766(35)  50743(67) 47.6(146810) 005
[2.3-51] [5.08.8]
All intubated 27/068 28)  50064(5.2) 462(126811  .007
(1.9-4.0) (3.9-68)
Microbiclogy®
Staphylococcus aursus G 16
Methicillin-resistant S aweus 3 7
Psaudomonas asruginosa 8 11
Enterobactenaceas i0 5
Yeast ) 7
Streptococcus speces 4 7
Haemophius influenzas 3 3
Acinetobactar baumannii i 5
Other® 5 17

Abbreniations: Cl, confidenca interval; R, relative risk.

3Patignis with at least 10* -forming units/ml in bronchoalveotar lavage fluid.
BTwenty patients had polymicrabid infections. In the group receiving the silver

-coated endotracheal tube, 6 patients

had 2 microorganisms and 1 patient had 3. In the group recesing the uncoated tulbe, 11 patients had 2 microor-

arfsms and 2 patients had 3.

r e e L e e s e T e A T S e R LT T PR B P 2
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Subglottic secretion drainage-SSD

The presence of secretion in the subglottic space
IS a source of aspiration in the intubated
patients . The subglottic secretion leakage
occurs between the cuff and the trachea
through the longitudinal folds towards the lungs
or through the micro aspiration of the subglottic
secretions.

Young PJ, Br J Anaesth 78: 557-562.
Quanes L, 2001, Intensive Care Med 37: 695-700



Subgiottic seoretion dreinege for the prevention of
ventilstor-sssocated prnesmonss: A systematic review
and mete-analysis =

M uscadere lohn: MDD, FRCPE: Rewa, Dleiess: Mobechnie,
Kyb=: Jang, Xumn; laporta, Denny: MDD, FRCPE; Heyland,
Dare=n: MD, FRCPC

Crtial Care Medicine. 33| 8): 19851901 Aas=ust 2011

DOl 10,1057 fCCM 001 3=3 1821 BoddD
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Prevention of Ventilator-Associated Pneumonia and Ventilator-Associated
Conditions: A Randomized Controlled Trial With Subglottic Secretion
Suctioning*

Damas Pierre MD, PhD'; Frippiat, Frédéric MD, PhD?; Ancion. Amaud MD’; Caniver. Jean-Luc MD, PhD'; Lambermont,
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Abstract

Objectives: Ventilator-associated pneumonia diagnosis remains a debatable topic. New definitions of
ventilator-associated conditions involving worsening oxygenation have been recently proposed 1o make
survedilance of events possibly linked to ventilator-associated pneumonia as objective as possible. The
objectve of the study was to confirm the effect of subglottic secretion suctioning on ventilator .assocated
preumonia prevalence and to assess its concomitant impact on ventilator-assodiated conditions and
anublotic use.

Design: Randomized controfied clinical trial conducted in five ICUs of the same hospital.



Oral chlorhexidine

» there are over 700 bacterial species identified in the
oral cavity, with more than 400 are present in
periodontal pocket.

» Absence of adequate salivary flow in intubated
patients in ICU contributes with the development of
oropharyngeal colonization and by molecular analysis
of the oral and respiratory bacteria in VAP patients, it is
shown that 88% of the cases of VAP had an overlap of
pathogens in the lung and the oral cavity.

Bahrani etal, 2007 J Clin Microbiol 45: 1588-1593.
Paster bj, 2006 Periodontol 2000 42: 80-87



[Intervention Review]

Oral hygiene care for critically ill patients to prevent
ventilator-associated pneumonia
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Oral decontamination for prevention of pneumonia in
mechanically ventilated adults: systematic review and

meta-analysis

EeYuee Chan, nurseeducator, Annie Ruest, infectious diseases mnsultant,* Maureen O Meade, asociate

professor,® Deborah | Cock, professor®

ABSTRACT

Objective To evaluate the effect of oral decontamination
onthe incidence of ventilator associated pneumonia and
mortality in mechanically ventilated adults.

Design Systematic review and meta-analysis.

Data sources Medline, Embase, CINAHL, the Cochrane
Library, trials registers, ref e lists, conf e
proceedings, and investigators inthe specialty.

Review methods Two independent reviewers screened
studies forinclusion, assessed trial quality, and extracted
data. Eligible trials were randomised controlled trials
enrolling mechanically ventilated a dults that compared
the effects of daily oral application of antibioticsor
antiseptics with no prophylaxis.

Results 11 trialstotalling 3242 patients met the inclusion
criteria, Among four trials with 1098 patients, oral
application of antibiotics did not significantly reduce the
incidence of ventilator associated pneumaonia (relative
risk 0.69, 95% confidence interval 0.41 to 1.18). In seven
trials with 2144 patients, however, oral application of
antiseptics significantly reduced the incidence of
ventilator associated pneumonia (0.56, 0.39 to 0.81).
When the results of the 11 trials were pooled, rates of
ventilator associated pneumonia were lower among
patients receiving either method of oral decontamination
(0.61, 0.45 to 0.82). Mortality was not influenced by
prophylaxis with either antibiotics (0.94, 0.73to 1.21) or
antiseptics (0.96, 0.69 to 1.33) nor was duration of
mechanical ventilation or stay in the intensive care unit,
Cond Oral decor ination of mechanically
ventilated adults using antiseptics is associated with a
lower risk of ventilator associated pneumonia, Neither
antiseptic nor antibiotic oral decontamination reduced
mortality or duration of mechanical ventilation or stay in
the intensive care unit,

INTRODUCTION

Ventilator assodated p
cause of morbidity andr maortality among mechamcaly
ventilated patients, withthe incidence ranging from 9%
to 27% and a crude mortality that may exceed 50%."
Aspiration of bacteria from the upper digestive tractis

onia T ins a leadi

bacterial load are seledtive decontamination of the
digestive tract, involving administration of non-
absorbable antibiotics by mouth and through a naso-
gastric tube, and oral decontamination, which is lim-
ited to topical oral application of antbiotics or
antiseptics.

Previous meta-analyses of selective decontamina-
tion of the digestive tract found a significant reduction
in rates of ventilator associated pneumania among
treated patients.”™ The use of this intervention is, how-
ever, limited by concern about the emergence of anti-
biotic resizant bacteria™" Oral decontamination
alone therefore may be more attractive becanse it
requires only a fraction of the antibiotics used in selec-
tive decontamination of the dgesme tract. To date,
triak of aral dec i n wsing antibiotics have
generated  conflicting remlts. some suggesting
benefit™ * ** and others showing no benefit.™*"

One alternative to omal decantamination with anti-
biotics is to use antiseptics, sauch as chlorhexidine glu-
canate or povidone iodine. In contrast to antibiotics,
antiseptics act rapidly at multiple target sites and
accordingly may be less prone to induce drug
resistance. Ohbservational studies suggest that anti-
septic oral decontamination can reduce ventilatorasso-
ciated pr ia* * butrand d controlled trials
are not convincing*' **** Recently a meta-analysis of
four trials an chlorhexidine failed to show a significant

reduction in rates of ventilaor assodated
nia** Two subsequent randomised controlled
mak, however, suggested benefit from this

Current guidelines from the Centers for Disease
Cantroland Prevention recommend topical oral chlor-
hexidine (.12% during the perioperative period for
adults undergoing cardiac surgery (grade II
evidence).' The mutine use of antibiotic or antiseptic
oml decontamination for the prevention of ventilator
associated | ia, however, r unresolved.’
Despite the lack of firm evidence favouring this pre-
ventive intervention, a recent survey across 59 Eur-
opean intensive care units from five countries showed




No with event/No of patients

Study Treatment group  Controlgroup Relative risk
Antibiotics (random) (95% CI)
Bergmans 2001 30/87 59/139 —E-

Kollef 2006 80/362 63/347 -
Laggner 1994%7 9/33 14/34 —_

Rios 2005%1° 18/47 21/49

Subtotal (95% Cl) 529 569 __I

Test for heterogeneity: x°=4.60, df=3, P=0.20, / >=34.8%
Test for overall effect: 2=0,48, P=0.63

Antiseplics

DeRiso 1996™ 2/173 10/180 <-—8——
Fourrier 2000%° 3/30 7/30 =

Fourrier 2005 31/114 24/114 g
Koeman 2006"7 49/127 39/130 S
MacNaughton 2004%" 29/101 29/93 —
Segers 20057 8/485 6/669 =
Seguin 2006" 6/36 16/62 —
Subtotal (95% CI) 1066 1078 R

Test for heterogenelty: x°=10.47, df=6, P=0.11, 1°=42.7%
Test for overall effect: 2=0.23, P=0.82

Total (95%Cl) 1595 1647 Y
Test for heterogeneity: x°=15.23, df=10, P=0,12, 1 °=34.3%

01 0.2 05 1 2
Test for overall effect: 2=0.34, P=0.74
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Relative risk
(random) (95% Cl)
0.81 (0.57 10 1,15)
1.22 (0.91 to 1.64)
0.66 (0.33 101.32)
0.89 (0.55 10 1.45)
0.94 (0.73 10 1.21)

0.21 (0.05 to 0.94)
0.43 (0.12 10 1.50)
1.29 (0.81 to 2.06)
1.29 (0.91 t0 1.81)
0.92 (0.60 10 1.42)
1.29 (0.45 to 3.69)
0.65 (0.28 t0 1.50)
0.96 (0.69 t0 1.33)

0.97 (0.80 10 1.18)

Fig 3| Forest plot showing effect of oral decontamination prophylaxis compared with no prophylaxis on overall mortality
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Preintubation Application of Oral Chlorhexidine
Does Not Provide Additional Benefit in Prevention of
Early-Onset Ventilator-Associated Pneumonia

Ondy L. Munre, PhD, RN, ANP; Mary Jo Grap, PhD, RN; Curtis N. Sesslar, MD, FCCB Ronald K. Elswick Jr, PhD;
Devanand Mangar, MD; Rache! Karinoski-Everall, PhD; and Paula Cairns, BSN, RN

BACKGROUND: Daily application of oral chlorhexidine gluconate (CHX) following intubation
to reduce the risk of ventilator-associated pneumonia (VAP) is now the standard of care in
many [CUs, This randomized clinical trial evaluated the benefit of adding & preintubation
CHX dose to the known benefit of postintubation CHX to reduce the risk of carly-onset VAP.
A sccondary aim was to test the effect of a preintubation oral application of CHX on carly
endotracheal tube (ETT) colonization.

METHODS: Subjects (N = 314) were recruited from two teaching hospitals and were randomly
assigned to oral application of 5 mL. CHX 0.12% solution before intubation (intervention
group, n = 157), or to a control group (n = 157) who received no CHX before intubation. All
subjects received CHX bid after intubation. Groups were compared using a repeated-measures
model with Clinical Pulmonary Infection Score (CPIS) as the response variable. In a planned
subsct of subjects, ETTs were cultured at extubation.

RESULTS: Application of a preintubation dosc of CHX did not provide benefit over the inter-
vention period beyond that afforded by daily oral CHX following intubation. ETT coloniza-
tion at extubation was << 20% in both groups (no statistically significant difference). Mean
CPIS remained below 6 (VAP threshold score) in both groups.

CONCLUSIONS: Although it is feasible to deliver CHX prior to intubation (including emergent
or urgent intubation), the results suggest that preintubation CHX may be inconsequential
when the ventilator bundle, including daily oral CHX, is in place. During the preintubation
period, providers should focus their attention on other critical activitics.

TRIAL REGISTRY: ClinicalTrials.gov; No.: NCT00893763; URL: www.clinicaltrials.gov
CHEST 2015; 147(2):328-334



Key take home points-

the oral hygiene is effective in decreasing the
incidence of early VAP but not the late onset
VAP, while comparing the use of chlorhexidine
and the toothbrush in the oral care to the
regular oral care has shown no statistical
difference prevention of VAP.



the use of the probiotic in prevention of VAP is
still under analysis, as the results are
controversial, and statistics did not show a clear
results about different parameters such as the
incidence, the days in the hospital, the use of
the antibiotics.

Use of NIPPV is one important way to either
avoid the need for intubation or terminate
mechanical ventilation as early as possible by
extubation to NIPPV.



SSD has proved the efficacy in decreasing the
early VAP incidence, days on ventilations and
use of antibiotics. Both continuous and
intermittent suction have proved their efficacy
in decreasing the VAP incidence



Table 18: Preventive strategies for VAP

The following strategies are recommended in prevention of VAP:

Oral cavity decontamination with 2% chlorhexidme (1A )#24)

Hand hygiene preferably using alcohol-based hand rubs or soap and water
( l A)lJIM

Use of sedation and weaning protocols (1A )42

Use of NIV to avoid intubation, where feasible (1A )¢

Subglottic secretion drainage (2A )4

Heat mossture exchangers in place of heated humidifiers (2A )1+
Closed suction systems (2A)H-43!

Use of orotracheal intubation as opposed to nasotracheal intubation
(2A)32433)

Proper and timely disposal of condensates (3A )14

Maintaining tracheal cuff pressures <25 cm H,O (2A )¢

Wipe stethoscopes with alcohol rubs (2A 7

Regular postural mobilization to prevent stasis of secretions (2A)

Use of only normal saline for suctioning (3A)

Proper sterilization of nebulizer and other chambers (2A)

Head end elevation to 30°—45° (2A)

The following strategies are not recommended in prevention of VAP:

Antibiotics for prevention of VAP (2A)
Selective digestive tract decontamination (2A )+
Routine ventilator circuit changes (2A )14#4%

Early tracheostomy (2A)

Gupta etal, Lung India. 2012 Jul-Sep; 29(Suppl 2):
S27-562



Conclusion-

VAP is associated with significant morbidity and
mortality in critically ill mechanically ventilated
patients and has deleterious economic impact

on the health care system. The most important

step in the approach to VAP is therefore its
prevention.



There are many preventative modalities which
have been demonstrated to be effective. These
include the utilization of NIPPV, oral hygiene
measures, modification of ETTs (subglottic

secretion drainage or silver-coated) and
positioning.




The management of VAP relies upon its prompt
diagnosis and involves clinical signs, laboratory
investigations, chest radiography, and
microbiological data from lung cultures.

Unfortunately, a reference standard for VAP
remains elusive



There has been significant evolution for the
surveillance of VAP. These terms, VAC and iVACs,
do not replace the traditional diagnosis of VAP
but capture a broader variety of pathologies
including pneumonia that may impair gas
exchange in mechanically ventilated patients.



