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What is Ventilator-
Assoclated
Pneumonia?




Ventilator-associated pnetm conceptual
definition

VAP is defined as an inflammation of the lung
parenchyma caused by infectious agents not present or

incubating at the time mechanical ventilation was started

Chastre and Fagon et al. Am J Resp Crit Care Med 2002;165:867



...if the patient has a radiographic
Diagnostic . ,t | infiltrate that is new or progressive,
criteria in ,_ 7 | along with clinical findings suggesting
clinical infection, which include the new onset
pra ctice - .

of fever, purulent sputum, leukocytosis,

and decline in oxygenation.

ATS and IDSA. Am J Resp Crit Care Med 2005;171:388



The wards and the post-mortem

room show a very striking contrast
in their pneumonia statistics...

Sir William Osler, 1907



Bl THE RATIONAL CLINICIAN'S CORNER
CLINICAL EXAMINATION

Does This Patient Have
Ventilator-Associated Pneumonia?

Vlichael |§|nmp;1.~. MD

Context Ventilator-associated pneumonia (VAP) is a common and serious nosoco-

Klompas et al. JAMA 2007;297:15836



Accuracy of common features i
histological pneumonia
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Independent studies:

pati 4 € ) me [t D alow 0 4ed .

exami@t_h, Jh._Jb € dre W Jt) AF
there was a clinical suspicion of
NN mAnje
Which fir 1i a> U 1q ‘st 2l 2 %0 )t <0 [l
consider a diagnosis of pneun._..ia

Nonindependent studies:
patient enrollment already clinically

suspected of having pneumonia
How various clinical clues modify the
existing pre-test probability

Fever neither confirms, nor
excludes pneumonia

Presence of leukocytosis does not
confirm pneumonia
Macroscopic purulence does not
confirm pneumonia
Crepitation neither confirms, nor
excludes pneumonia

Hypoxemia neither confirms, nor
excludes pneumonia

Absence of new infiltrate on CXR
does not exclude pneumonia

al

Table 3. Sensitivity and Specificity of Clinical Variables for the Diagnoss

of Ventilator-Associated Pneum

epoenoant

Chastre et &, 1984

LR (956% C)

Sensitivity, % Specificity, % Positive

Negatve

Histology akne

1.0 0.84-4,9)

0,51 0.16-1.7)

Torres et al,'' 1994

Histology alkne

1.30.861-2,9|

0.76 {0.38-1.5)

Fabregas et &, 1989

Histology and culture

Q.79 0.37-1.7}

1.3 (0.56-3.0}

Summary

1.2 80,76-1.9)

.86 {0.54-4,1}

Nenindependant
Petarsan at &, 1929

Hiztology akos

0.68 {0.38-1.2

1.6 §0.73-3.7)

Balthazsr et &l ™ 2001

Histology and culture

2.1 (0.81-5.6)

0.85 §0.39-1.1)

Abnormal WEC count
Indepencent
Chastre st s 1084

Histology akore

0.91(0.37-2.2)

1.1 00.44-2 8|

Fabregas &t &, ™ 1989

Histology and culture

1.6 (0,897

0.40 (0.13-1.2)

Summary

1.3 0.76-2.9)

Q.74 §0.34-1 .6}

W

Noanindependant
Petarsan gt & 1989

Histology akoe

0.9380.75-1.1)

Balthazar et al, ™ 2001

Hissology and culture

2.6 (1.0-6.5)

Sputum purulence, Macroecofic
Independent
Torres et al,*! 1994

Histology alone

1.3 §0.80-2.0|

0.50 §0.14-1.8}

Fabregas ¢1 @, 19089

Higtology anvd culture

1.210.86-2.2)

74 {0.26-2.1)

Summary

1.3 {0.88-1 8|

0.63 (0.28-1.4}

Noningdependant
Marcqustte at al,'” 1965

Histology akoa

2.4 0.91-6.1)

0.32 (0.12-0.85)

Petersen gl &' 1989

Hissolodgy akone

1.3 (0.59-2 6}

0.8 §.46-1 5)

Crepitation on auscultation
Nonindependent
Petarzen et g'7 1999

Histology alone

20.75-2.0)

0.68 (0.27-1.7}

Nonindependeant
Patersen et o.'" 1989

Histokxgy akne

1 {0.63-1.8|

0.9140.40-2.1}

New infiltrate on racograph
Independant
Crastre et & ™ 1984

Histology alooe

Torres a6t al,*' 1994

Hiztology alorns

0.01-1.4)
0.53 §0.18-1.6)

Fabregas et al, ™ 1999

Histology and culture

Summary

0.24 {0.04-1.8)
$0.14.0.87)

Nonindependent
Fabregas et al, ™ 1006

Histology akensa

7 .43-7.0¢

0.26 £0.05-1.

Petersen gt &, 1989

Hisztokgy alone

A4 §0.93-2.0)

0,27 {0.06-1.2

Abbteevations: Gl conficlenco mhenat LA, Fkeihood mtia; WBC, while bioods ol

Positive likelihood ratio:
How much the presence of the feature
confirms the diagnosis of VAP

Negative likelihood ratio:
How much the absence of the feature

excludes the diagnosis of VAP

95% Confidence Interval:
The certainty about the estimate

Absence of
leukocytosis, halves
the probability

Absence of
macroscopic purulence
leads to 1/3 the
probability

We should be three
times more suspicious
of VAP, if a new
infiltrate is present

Klompas et al. JAMA 2007;297:1583




Independent studies:
patient enrollment for histological

examination, without regard to whether
there was a clinical suspicion of
pneumonia
Which findings suggest clinicians should
consider a diagnosis of pneumonia

Nonindependent studies:
patient enrollment already clinically

suspected of having pneumonia
How various clinical clues modify the
existing pre-test probability

Positive likelihood ratio:
How much the presence of the feature
confirms the diagnosis of VAP

Negative likelihood ratio:
How much the absence of the feature

excludes the diagnosis of VAP

95% Confidence Interval:
The certainty about the estimate

Accuracy of radiologic signs in
predicting histological pneumonia

Table 5. Sensitivity and Specificity of Radiographic Features®

LR (95% Cl)

Radiographic
Feature Sensitivity, % Specificity, % Positive Negative

Arr bronchogram
Single 17 96 3.8 (0.74-19) (N7 (0.72-1.1)

Single or multiple 83 58 2.0(1.3-2.9) 0.29{0.11-0.73)

Séhouette sign 33 1.2 (0.89-1.6) 0.63 {0.26-1.5)

Alveolar Infiltrate 27 1.2 (0.95-1.5) 0.47 {0.15-1.5)

Fissure abutment 3 96 1.9(0.3-12.5) 1.0{0.84-1.1)

Atelectasis 62 0.77 (0.37-1.6) 1.1 {0.81-1.6)

Abbveviations: Cl. confidance interval; LR, Ikelhood ratio.
*All data from Wundeeink et al *

Best performance
for single air-
bronchogram, but
with not much
confidence

Klompas et al. JAMA 2007;297:1583




Independent studies:
patient enrollment for histological

examination, without regard to whether
there was a clinical suspicion of
pneumonia
Which findings suggest clinicians should
consider a diagnosis of pneumonia

Nonindependent studies:
patient enrollment already clinically

suspected of having pneumonia
How various clinical clues modify the
existing pre-test probability

Positive likelihood ratio:
How much the presence of the feature
confirms the diagnosis of VAP

Negative likelihood ratio:
How much the absence of the feature

excludes the diagnosis of VAP

95% Confidence Interval:
The certainty about the estimate

Accuracy of combinations of signs/symptoms/findings
in predicting histological pneumonia

Table 6. Sensitivity and Specificity of Findings in Combination to Diagnose Ventilator-Associated Pneumonia

LR {95% CI)

]
Source Combination of Findings Sensitivity, %  Specificity, % Positive Negative
Independent

Wunderink &t al,* 1992 Radiographic infiltrate, positive sputum cultureg, 54 62 1.4 (0.85-2.4) 0.74 (0.45-1.2)
and either fever or leukocylosis

Torres et al,*' 1994 Purulent secretions and leukocytosis 210. .2y  0.670.25-1.8)
or radiographic infiltrate

Fabregas et al,*" 1999 Radiographic infiltrate plus dichotomous
and ordinal results (Delow)

Dichotomous results =2 of faver, leukocylosis, and purtdent sputum s s 28097-7.9) 0.41(017-0.99)

Jrdinal results 3 of fever, leukocytosis, and purulent sputum 2.81(0.33-23)
2 of fever, leukocytosis, or purulent sputum 2.810.69-11)
1 of fever, leukocytosis, or purulent sputum 0.37 (0.09-1.6)
No faver, leukocytesss, or purulent sputum 0.46(0.10-2.1)

Nenindependeant
Bregeon et al,* 2000 Fever, radicgraphic infétrate, purulent sputum, 2.511.3-4.8) 0.06 (0-0.87)
alteration of gas exchange

Avbravations: Cl, confidence inerval: LR, Iikethood ratie

* Combinations of fever, leukocytosis, infiltrate and purulent
secretions at best triple the baseline probability pneumonia

* Absence of combinations, at best, decrease modestly the
probability of pneumonia

Klompas et al. JAMA 2007;297:1583



Table 2—Lung Pathology at Postmortem*

—_—

Varizbles Values
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Associated with 12 (19}
Pneumonia’bronchopneumonia 4
Pulmonary invasive aspergillosis 1
Prewmocystis carinii (firoveci) 1
preumonia
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= Congestion 1 .
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Chronic nonspecific inflammatory 3
changes

Pulmonary embolism
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= Alveolar hemorrhage 2 .
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P carinii (jiroveci) pneumonia

Pulmonary infarct
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Bronchiolitis obliterans organizing
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de Hemptinne et al. Chest 2009;135:942
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Patient with underlying diseases'? has 2 or more Patient without underlying diseases'? has 1 or more

serial x-rays with one of the following: serial x-rays with one of the following:
O New or progressive and persistent infiltrate O New or progressive and persistent infiltrate

O Consolidation O Consolidation
Q Cauvitation O Cavitation
Q a

Pneumatoceles, in <1 y.o.

X-ray

Pneumatoceles, in <1 y.o.

Add a footer



Signs and Symptoms

\ 4

At least one of the following:

(> 12,000 WBC/mm?)

QO Fever (> 38°C/100.4°F) with no other cause
O Leukopenia (< 4,000 WBC/mm?) or leukocytosis

O Altered mental status with no other cause, in > 70 y.o.

At least two of the following:

O New onset of purulent sputum,?
or change in character of
sputum, or T respiratory
secretions, or T suctioning
requirements*

O New onset or worsening cough,
or dyspnea, or tachypnea®

J Rales® or bronchial breath
sounds

O Worsening gas exchange (e.g.,
O, desats [e.g., PaO,/FiO,
<240),” T O, req, or

7 ventilation demand)

|

Add a footer

J PNU1: Clinically
defined pneumonia

\ 4

Al least one of the following:
QO New onset of purulent sputum,?

or change in character of sputum,

or T respiratory secretions, or
T suctioning requirements*

O New onset or worsening cough,
or dyspnea, or tachypnea®

J Rales® or bronchial breath
sounds

O  Worsening gas exchange (e.g.,
O, desats [e.g., PaOFiO,
<240) T O, req, or T ventilation
demand)

At least one of the following in an

a

a

immunocompromised patient’:

Fever (> 38°C/100.4°F) with no
other cause

Altered mental status with no
other cause, in > 70 y.o.

New onset of purulent sputum,?® or
change in character of sputum, or
7 respiratory secretions, or
T suctioning requirements*

New onset or worsening cough, or
dyspnea, or tachypnea’

Rales® or bronchial breath sounds

Worsening gas exchange (e.g., O,
desats [e.g., PaOJFiO, < 240]7
T O, req, or T ventilation demand)

Hemoptysis
Pleuritic chest pain

19



Laboratory

/

"

O PNU1: Clinically

Al least gne of the lollowing: Al lenst gne of the folowing'® %
O3 Positive blood cuture not 3 Posftive culture of virus or
ralated to anather infection® CHNW from respiratory
3 ! fluid cul secrolions A% aast ana of following:
O Posliive dedection of viral anfigen O  Matching positive blood
p g
9 ot it s || % oranody o rapitn ok Lot
LRT speciman {a.g . BAL or pi ‘."'l"(’" E&FM Candila spp™ ™
protected specimen - ."7 ) O Ewdence of fungi or
O > 5% BAL-obtained cells pathogen (0.9., Influenzs viruaes; minimally contaminated
contain intracaliular bactena Chiemydia) Lrw w:'gm BAL
direct microscopic axam 3 Positive PCR for Chiamydia or
i Mm:.hm " brushing) from cog of the
O  Hsiopathologic exam shows follawing
Lne of the following. J  Positive micro-IF 1est for
x Chiamydia - Diroct microscope
: dmmo&l:‘:o::ba O Positivg culture or micro-iF of exam
Intense PIMN Legianella spp from respiratary « Pasitive culture of
accumulation In sacretions of lissue fungi
bronchioles and alveoli O Detection of Legionalls
« Positive niitative posumophia serogroup 1
cultured :'::”g anhgens in urine by RIA or EIA
pamanchyma O  4-foMd rise in L. pnsumocohia
. Evide antibody titer 10 > 1:126 n pared
mm:%m by acute and convalsscant sera by
peaudohyphae
M
v
J PNU2: Pneumonia with O PNU2: Pneumonia with
common bacterial or viral, Legionelia, Chiamydia, y
filamentous fungal Mycoplasma, and other J PNU3: Pneumonia in
pathogens and specific lab uncommon pathogens and immunocompromised
defined pneumonia findings specific 1ab findings patients

Add a footer
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US 2012: Ventilator-associated PNEU rate

Ventilator-associated PNEU rate’ Percentile
Type of location No. of locations No. of VAP Venlilalor—daysjl’ooled mean: 10% 25% 50% (median) 75% 90%
Acute Care Hospitals m -
Critical Care Units - .
Burn 36 (34) 86 19,503 : 44 m 00 0.0 1.1 6.7 10.9
Medical [ ] u

Major teaching 112(111) 205 212,392 = 1.0 " 00 0.0 0.5 1.6 29
Medical u .

All other 223 (197) 191 206,731 : 0.9 m 00 0.0 0.0 1.3 34
Medical cardiac 178 (170) 135 139,864 n 1.0 = 00 0.0 0.0 1.5 3.6
Medicalfsurgical L] :

Major teaching 152 (145) 372 234972 : 1.6 s 00 0.0 09 22 3.9
Medical/surgical - ]

All other <15 beds 841 (660) 419 383,926 ™ 1.1 5 00 0.0 0.0 1.2 3.6
Medicalfsurgical m :

All other >15 beds 405 (400) 666 711,280 : 0.9 a 0.0 0.0 0.4 1.3 2.8
Neurologic 23 62 20,859 - 3.0 m 00 0.0 0.2 25 7.0
Neurosurgical 76 (74) 210 98,026 n 2.1 " 00 0.0 1.5 29 3.8
Pediatric cardiothoracic 20 9 36,187 u 0.2 " 00 0.0 0.0 0.2 0.6
Pediatric medical 16 (9) 2 6.634 " 03 .

Pediatric medical/surgical 142 (132) 113 147,441 - 0.8 s 00 0.0 0.0 09 24
Pediatric surgical 5(4) 1 2,328 n 0.4 L
Respiratory 7 4 6,037 L] 0.7 -
Surgical - :
Major teaching 81(80) 280 127,251 : 2.2 s 00 0.6 1.5 3.1 5.6
|
Surgical : [

All other 93 (88) 192 96,388 n 2.0 = 00 0.0 09 2.8 5.9
Surgical cardiothoracic 207 (203) 319 190,785 L] 1.7 : 0.0 0.0 0.6 2.5 5.1
Trauma 75 (74) 508 141314 - 3.6 a 00 0.8 26 6.0 94

- : :  F R NN

Dudeck et al. Am J Infect Control 2013;41:1148



Europe 2016: Intubation associ pneumonia

rates

Table 1. ICU-acquired intubation-associated pneumonia rates by country/network, EU/EEA, 2016

Intubation-associated pneumonia rate

Ny .2pisodes per 1 000 intubation-days)

Country/Network patients

 25th percentile

|
Belgium 8 1909 85 40 = 113 B 52 10.2 135
- Estonia 8 1562 9.9 64.4 ; 63 = 43 5.8 9.6
e Clinical criteria France 200 67899 116 517 =« 139 : 8.7 132 181
. Xeray Italy/GiViTI 73 16275 9.4 582 = 6.1 = 2 45 8.3
. Fever> 38°C Italy/SPIN-UT! 26 1478 10.6 679 * 164 o 70 153 227
. WBC> 12.000/mm3 Hungary 12 1695 83 607 ® 104 1 67 102 122
+  purulent sputum Lithuania 32 3321 9.2 386 = 115 ny 0.0 47 209
© e subeimTeTad Luxembourg 9 3142 9.2 211 = - 30 5 00 23 4.6
according to level Poland 9 612 146 725w A8 3@ 93 138 295
microbiological confirmation Portugal 41 7729 1186 63.3 : 8.2 : 4.0 6.9 105
Slovakia 8 375 8.9 652 w 140 = 18 14.4 236
Spain 189 36556 82 47 o 62 E 2.1 48 8.5

. ' |

e 21 8449 79 606 " n .28 =3 1 21 32

Source: ECDC, HAI-Net patient-based data 2016. Italy: data from two networks (GIVITT and SPIN-UTI, Table Al)
Percentiles: distribution of incidence per ICU

ECDC. Annual Epidemiological Report for 2016. 2018, Stockholm, Sweden



The subjectivity of VAP surveillance

2006-2012

Medical ICUs: 3,1-> 0,9 /1000 ventilator-days
Surgical ICUs: 5,222 /1000 ventilator-days

Possible etiology of discordance:

differences in MPSMS and NHSN measure
definitions

differences in hospitals or patient groups
changes in characteristics of hospitals
reporting to NHSN over time

preferential decline in VAP rates among
hospitals reporting to the NHSN

Figure. Adjusted Ventilator-Associated Pneumonia Rates Among
Medicare Patient Safety Monitoring System Patients 65 Years and Older,
2005-2013, Based on Bootstrap Analysis

151 = -
144
134
124
114
10+

MPSMS VAP Rate, %
VvV O~ OO0 WO

DO = NW S
A I A

2005-2006 2007 and 2009 2010-2011 2012-2013
(n=295) (n=308) {n=743) (n=510)

Error bars indicate 95% Cls.

Ferrer et al. Curr Opin Crit Care 2018;25:325
Metersky et al. JAMA 2016;2008:11
Wang et al. N Engl J Med 2014;370:341



Using Ventilator-Associated Pneumonia Rates as\

a Health Care Quality Indicator: A Contentious
Concept

Girish B. Nair, MD FACP, FCCP' Michael S. Niederman, MD, MACP, FCCP, FCCM, FERS?:3

! Department of Medicine, Oakland University William Beaumont Address for correspondence Michael S. Niederman, MD, MACP, FCCP,
School of Medicine, Royal Oak, Michigan FCCM, FERS, Weill Cornell Medical College, 425 East 61st Street, 4th

2pepartment of Clinical Medicine, Weill Cornell Medical College, Floor, New York, NY 10065 (e-mail: msn9004@med.cornell.edu).
New York

3 Department of Pulmonary and Critical Care, New York Presbyterian|
Weill Cornell Medical Center, New York

“...Throughout the United States, there is an increased reporting of
hospitals with a ‘zero incidence’ of VAP, even though the antibiotic

prescription and clinical diagnosis remain prevalent...”

Nair & Niederman et al. Semin Respir Crit Care Med 2017;38:237



Special Point of View Article

Developing a New, National Approach to
Surveillance for Ventilator-Associated Events*

Shelley S. Magill, MD, PhD'; Michael Klom==~ M™ MDLIZ3A Dolcws RaTl AT

Suzanne M. Burns, RN, ACNP, MSN, RRT* Complexity Of preViouS (PNEU) definitions
Daniel Diekema, MD*'; Scott Fridkin, MD

Alice Guh, MD, MPH'; David Gutterman, )\ e Time_consuming and burdensome
David Henderson, MD"; Dean Hess, PhD, |

Teresa Horan, MPH'; Marin Kollef, MD%2; * relative to surveillance definitions for other HAIs
Carole VanAntwerpen, RN, BSN****; Don W o . .
e Concerns about the reliability of VAP surveillance, in the face of:
* public reporting
* inclusion of HAI measures in pay-for-reporting and pay-for-

performance programs

Magill et al. Crit Care Med 2013;41:2467



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,.

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

1) Minimum daily FiO, values increase > 0.20 (20 points) over the daily minimum FiO, in the preceding 2 calendar days (the baseline period), for >
2 calendar days

2) Minimum daily PEEP values increase 2 3 cmH,0 over the daily minimum PEEP in the preceding 2 calendar days (the baseline period), for 2 2

calendar days

Ventilator-Associated Condition (VAC)

!

On or after calendar day 3 of mechanical ventilation 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 = 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 VAE surveillance protocol (available at: http://www.cdc.gov/nhsn/acute-care-hospital/vae/index.html) for eligible agents

I

Infection-related Ventilator-Associated Complication (IVAC)

I I Magill et al. Crit Care Med 2013;41:2467




Ad

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)
¢ Defined as secretions from the lungs, bronchi, or trachea that
contain >25 neutrophils and <10 squamous epithelial cells per
low power field [Ipf, x100] (or corresponding semi-
quantitative results)

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

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

Magill et al. Crit Care Med 2013;41:2467

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 following:
e Positive culture of endotracheal aspirate*, 2 10° CFU/ml or
equivalent semi-quantitative result
e Positive culture of bronchoalveolar lavage*, 2 10* CFU/ml or
equivalent semi-quantitative result
e Positive culture of lung tissue, =z 10° CFU/g or equivalent
semi-quantitative result
e Positive culture of protected specimen brush*, 2 10°
CFU/ml or equivalent semi-quantitative result
*Same organism exclusions as noted for Possible VAP.

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

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

e Positive lung histopathology

* Positive diagnostic test for Legionella spp.

e Positive diagnostic test on respiratory secretions for
influenza virus, respiratory syncytial virus, adenovirus,

parainfluenza viru ppojhape VAP later abandoned

Iy

Possible Ventilator-Associated Pneumonia

coronavirus

Probable Ventilator-Associated Pneumonia

28



VAC predicts
patient
outcomes

[more accurately
than VAP (?)]
and is much
faster

ot
R <
OPEN @ ACCESS Freely available online - PLoS one

Multicenter Evaluation of a Novel Surveillance Paradigm
for Complications of Mechanical Ventilation

Michael Klompas'?*, Yosef Khan?, Kenneth Kleinman’', R. Scott Evans*>, James F. Lloyd>, Kurt
Stevenson®, Matthew Samore®, Richard Platt’? for the CDC Prevention Epicenters Program

Table 2. Comparison of outcomes for ventilator-associated complication positive and negative patients and ventilator-associated
pneumonia positive and negative patients.

VAC Positive VAC Negative P VAP Positive VAP Negative P
Number of patients 135 462 - 55 542 -
Duration of ventilation {median days) 13.0 6.0 <.,001 13.5 7.0 <.001
ICU length of stay (median days) 16.3 8.0 <,001 180 9.0 <.001
Hospital length of stay (median days) 21.0 16.0 <.001 24.6 17.0 <.001
LA 2 5 & B N N & N & N N N N &N N N N N N N N N N N N &N N N N N N N N N N N N N N N N § N N N N N _§N |
[Hospital mortality (% of patients) 38% 23% 001 27% 26% 1. |
LB I ) L _n_ 5 i 5 5 8 8§ 8 8 §8 _§8 _§B B _§B _§B 8 _§B _§8 _§B B _ B _ B B _ B _ B B _ B _§B B B B _ B B 8B _§R _§B_ B B _ B _ B J

Abbreviations:

VAC - ventilator associated complications; VAP — ventilator associated pneumonia.
doi:10.1371/journal,pone,0018062.t002

Mean time for VAP determination
* 39 minutes
Mean time for VAC determination
* 1,8 minutes

Klompas et al. PLoS One 2011;6:e18062 29



Patients
Ventilated
22CDs
n=1209
I  Wwith VAC i Without VAC
I n=67(5.5%) n= 1142 (94.5%)
" IVAC : Pulmonary edema ARDS Atelectasis Pneumothorax TRALVTACO Other*
In=34(507%) 4 n=10(14.9%) n=11(16.4%) n =6 (9.0%) n=2(3.0%) n=2(3.0%) n=>5(7.5%)
y !
Possible Probable Unconfirmed Necrotizing C. difficile
VAP VAP IVACs® pancreatitis colitis ARDS' <
n =6 (17.6%) n = 15 (44.1%) n=16(17.6%) n =2 (5.9%) n=1(2.9%) n=23(8.8%)

(in some other places)

Only 37,3% of VACs were deemed preventable

VA E S a re i nfreq u e nt : Excessive mortality (65,7% vs 14.4%)

* Increased length of stay (14,7 vs 7,5 days)

Boyer et al. Chest 2015;147:68



VAE prospective validation in Europe

Add a footer

IVACp + VAT:15
(13% of IVACp)
(29% of VAT)

VAP + VAT:6
(18% of VAP)
(11% of VAT)

VAC: 4

Total number of events
= vACp: 113

=3 vAC: 4

3 VAP:33

== VAT:51

Fig. 3 Relationship between 2008 and 2013 CDC classifications [10, 15, 36). 2013 classification is represented with circles and 2008 classification
with ovals. VAC ventilator associated condition, IVACp infectious ventilator-associated complication plus, VAP ventilator associated pneumonia, VAT
ventilator associated tracheobronchitis

Ramirez-Estrada et al. Intensive Care Med 2018;44:1212 -,
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Ventilator-Associated
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outcome?




TABLE 1. INCIDENCE AND CRUDE MORTALITY RATES OF VENTILATOR-ASSOCIATED PNEUMONIA I m pa Ct Of

r-'-'-'-'-1
Year of No. of Incidence [Mortality Rate |
First Author Ref. Publication Patients (%) Diagnostic Criteria 1 (%) | O N
i |
Patients in ICU | 1
Salata 4 1987 51 4 Clinical-autopsy I 76 I -
Cravn s 1086 233 21 Cirical | s pat|ent
Langer 9 1989 724 23 Clinical I 44 I
Fagon 12 1989 567 9 PS8 I 7 I
Kerver 43 1987 39 67 Clinical : 30 : o u tc o m e
Driks 40 1987 130 18 Clinical | 56 "
Torres 14 1990 322 24 Clinical-PSB I 33 I
Baker 44 1996 514 5 PSB/BAL | 24 I
Fagon 51 1996 1,118 28 PSB/BAL 1 53 I 5 Y P
\ Timsit 46 1996 387 15 PSB/BAL L5z to 78% have been reported
Cook 35 1998 1,014 18 Clinical-PSB/BAL 24 I 2-10i -
; -10 increased risk in
Tejada Artigas 47 2001 103 22 PSB 1 4 I : : :
| | comparison with pts without
Patients with ARDS 1 i pneumonia
Sutherland 49 1995 105 15 PSB/BAL I 38 I
Delclaux 17 1997 30 60 PTC/BAL I 63 I
Chastre 16 1998 56 55 PSB/BAL I 78 I Le nth of stay (ICU .a nd
Meduri 50 1998 94 43 PSB/BAL : 52 : hospital) and duration of
Markowicz 18 2000 134 37 PSB/BAL ' 57 I mecharncal Vent||at|on

Definition of abbreviations: ARDS = acute respiratory distress syndrome; BAL = bronchoalveolar lavage; ICU = intensive care unit; PSB = increased by several d ays
protected specimen brush; PTC = plugged telescoping catheter.

Extra cost up to 40,000 S

Chastre and Fagon et al. Am J Resp Crit Care Med

Add a footer 2002;165:867
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TABLE 2. CHARACTERISTICS AND CRUDE MORTALITY RATES FOR
PATIENTS WITH AND WITHOUT VENTILATOR-ASSOCIATED
PNEUMONIA

Patients with Patients without
VAP (n = 685) VAP (n = 3,794)

Do patients e

[ N} ll‘qlb)llllllllllllllllllllllllllllg7l2l.92lllllllll‘llll

sendnnn}

. :.A.QE'.me.a.q.(§P)........................9};%.&1.5.'.52..........6.2.]6.(,.6.'.8)...:
ICU length of stay, median (Q1, Q3) 22 (14, 38) 7(4,13)
d I e d u e to Ventilation days, median (Q1, Q3) 19 (11, 33) 5(3,10)
SAPS 1l, mean (SD) 49.9 (16.2) 48.4 (18.3)

=Admission category

. :
VAP or Wlth :II M.e.d.i(.ig.e=nSq.*:)......................4.Z§.(-6.9.‘.52.........2:31.7.(.6-2.'.5.)...5
‘Emergency surgery, n (36) 114°06.6) 811°(217.4)

Scheduled surgery, n (%) 93 (13.6) 657 (17.3)

? Main symptoms at ICU admission
P H Shock, n (%) 185 (27.0) 1,001 (26.4)
Coma, n (%) 143 (20.9) 884 (23.3)

L, Acute respiratery fallure, A.Cb), LI GIN LR AL

Other chronic ilinesses

Hepatic, n (%) 53(7.7) 253 (6.7)
Cardiovascular, n (%) 96 (14.0) 518 (13.7)
. Puimenaly, IR0 LB D)
Renal, n (%) 25 (3.6) 147 (3.9)
. . Immunosuppression, n (%) 83(12.1) 444 (11.7)
Apart from basellne dlfferences, :.C.n.‘a.e-r.'i;&;ﬁt-y.at.e;.-.-..-.-.-..-.-.-..-.-.-....-.-....-.-....-.-....E
there were also differences in the : 30-d ICU mortality, n (%) 165 (24.1) 876 (23.1) .
: : : . s 60-d ICU mortality, n (%) 226 (33.0) 921 (24.3) &
evolution of disease since admission 2 Global ICU mortality, n (%) 237 (34.6) 937 (24.7) |

Definition of abbreviations: ICU = intensive care unit; Q1 = first quartile or 25th
percentile; Q3 = third guartile or 75th percentile; SAPS Il = Simplified Acute
Physiology Score Il; VAP = ventilator-associated pneumonia,

Bekaert et al. Am J Respir Crit Care Med 2011;184:1133



Do patients die due to VAP or with VAP (2)?

§ - = Observed ICU~mortality
- = ICU-mortality without VAP _—" _ __--=--=~"=""7
&
g 4
> v
% <
?— Figure 1. The observed cumulative intensive care unit
3 (ICU) mortality together with the ICU mortality as it would
AN # z = have been observed for the same population if ventilator-
\ associated pneumonia (VAP) were prevented for all.
A marginal structural modeling approach:
L sl what the ICU mortality would have been
= if all patients remained VAP-free
M4T9 3271 1645 918 S62 3@ 24 189 112 T W 42 34 NO VAP
§ -1 0 28 3 390 340 23 248 197 156 109 94 73 54 VAP
L Ll I I ! 1 1
0 10 20 30 40 50 60

#Days since ICU-admission

Bekaert et al. Am J Respir Crit Care Med 2011;184:1133




Do patients die due to VAP or with VAP (3)?

What percentage of my ICU deaths
would have been prevented-if no
VAP happened?

0.08
1

0.06
1

0.04
1

Attributable ICU-mortality of VAP
0.02
1

These patients do not die, even if
they acquire VAP

0.00
1

-0.02

These patient would die, even if
they hadn’t acquired VAP

Figure 2. The attributable intensive care unit (ICU) mortality of
ventilator-associated pneumonia (VAP) as a function of time, defined
as the population-attributable fraction. The sofid line represents the
percentage of ICU mortality that could be attributable to VAP or the
percentage of the observed ICU deaths that could be avoided by pre-
venting VAP, The dashed line is the corresponding 95% confidence
interval.

TABLE 3. HAZARD RATIOS OF INTENSIVE CARE UNIT DEATH PER
ADDITIONAL DAY SINCE INFECTION CALCULATED FOR PATIENTS
WITH DIFFERENT SAPS Il SCORES ON ADMISSION (DIFFERENT
PERCENTILES)

Hazard Ratio of ICU Death per

SAPS Il on Admission Additional Day Since Infection (95% ClI) P Value
5.1.5.(.5.0/.0.).........................1..6.2.3.26..9.8.61176553...............6'.3.1..5
;Z-Q-C'-O-o-/o ------------------------1-‘9-3-0-(9'-9122:]ionng}----------------'----:

28(25%) 1.037 (1.018-1.056) 20.001

40 (50%) 1.038 (1.025-1.052) <0.001
-5-§1(17-5-9:0 ------------------------1-‘9-2--S!ﬁq‘lérlﬁQi!z----------------'-()-q1l.
565 (90%) 1.00 (0.989-1.022) 0.49 -
;231(19-5-%)-------IIIIIIIIIIIIIIIIIQ'??II‘QEQQQ?]iQ]g)IIIIIIIIIIIIIIII'IIII:

Overall 1.023 (1.011-1.034) <0.001

Definition of abbreviations: Cl = confidence interval; ICU = intensive care unit;
SAPS Il = Simplified Acute Physiology Score II.

Bekaert et al. Am J Respir Crit Care Med 2011;184:1133
38




Q.
How does Ventilator-

Assoclated
Pneumonia happen?




It’s actually tube-associatht ventilator-
associated

Nosocomial pneunroniaincidence density among 400 Germnan 10Us (pooled mean)

Invasive Mechanical Ventilation Non-invasive Ventilation No Mechanical Ventilation

i BA'Y) —
s i A ~
L & . o > 4
- — 5,44 1,58 | 0,58
‘* episodes/1000 episodes/1000 .'»f-:' ) episodes/1000
days at risk days at risk ‘ days at risk

Kohlenberg et al. Intensive Care Med 2010;36:971



Impact of age on (hospitalized)

incidence

7000

6000

5000

4000

3000

2000

1000

monia

Pneumonia incidence rates (/100,000 residents) New York, 2010-14

Percentage of deaths %

35% 24%

CAP HCAP HAP

3%

VAP

Overall 18-29

30-39

I
40-49

H CAP

HCAP

]
50-59

HAP mVAP

60-69

70-79 >80

Corrado et al. Chest 2017;152:930



Pathogenesis of VAP

Nasopharyngeal
Colonization
|

Bacteria/Secretions Nasopharynx
Leak Around ETT Cuff 10810 cfu/mi
ETT Biofilm
Bacterial Pathogens | Host Lung Defenses Subglottic
ogete | % | 9 ‘ VAT or VAP: Secretions
SQ-ETA BaR; "
z o Mod/Hea cteria
Colonization Q-éTA310°‘¢':¥t)llni
‘.' ETT Cuff
VAT VAP:
BAL > 10 cfu/mi ' '
Il PSB > 10° cfu/mi | ETT Biofilm|

Craven and Hjalmarson. Clin Infect Dis 2010;51 Suppl 1:559
Add a footer
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VIEWPOINT

The tracheal tube: gateway to ventilator-associated
pneumonia

Parjam S Zolfaghari™ and Duncan LA Wyncoll

Figure 2. Photograph of various bench tested tracheal tubes of
different designs showing the internal channels created and the
leak of liquid material past the cuff. Tube cuffs A and B are made
from polyvinyl chloride, and cuffs C and D with thin polyurethane

(C has an elongated cylindrical shape and D is a tapered cuff design).
Tube E is the LoTrach™ ET tube. (Photograph courtesy of Dr Peter
Young, Kings Lynn, UK))

Zolfaghari and Wyncoll. Crit Care 2011;15:310



Biofilm formation on endotracheal tube

143 5 W me
SE MAG: 10000 x HV: 10.0 kV WD: 20.0 mm biofilm matrix. A) Cocci, scale bar: 2 um, B-D) Bacilli, scale bar: 4 pm, 2 um and 5 pm, respectively, and E) yeast. Scale bar: 10 pm

in the

Figure 1 Scanning electron microscopy micrographs of biofilm in the endotracheal tubes. Biofilm at low magnification is composed of 4
matrix that attaches on the surface of the ETT. Scale bar: 2 um.

Gil-Perotin et al. Crit Care 2012;16:R93
Add a footer
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HoOw can one prevent

Ventilator-

Assoclated
Pneumonia?




Most of Ventilator-
Associated Pneumonias

are preventable

Meta-analysis
5,226 screened articles between
2005-16

144 included articles
Multi-faceted interventions for HAI
prevention
Incidence Rate Ratios:

0.543 (0.435-0.662) for CAUTI

0.459 (0.381-0.554) for
CLABSI

0.553 (0.465-0.657) for VAP

Independent of country economic
status (based on World Bank data)

However, mostly uncontrolled
design of studies with high risk of
bias

Study

IV, Random, 95% CI IRR (95% CI)

Weight [%]

High income
Garcia (2009)
Hawe (2009)
Hutchins (2009)
Johnson (2013)

m—— 0.67 (0.44, 1.03)
0.39(0.20, 0.78)

0.32 (0.06, 1.63)

Kellie (2014)
Omrane (2007)
Talbot (2015)

Subtotal (l-squared = 47.6%, P =0.076)

Upper middle income

Alp (2014)

Gao (2015)

Guanche-Garcell (2013)

Leblebiciogiu (2013)

Marra (2009)

Rosenthal (2012)

Rosenthal (2006)

Tao (2012)

Subtotal (l-squared = 81.6%, P <0.001)

Lower middle income

Mathur (2015)

Mehta (2013)

Subtotal (I-squared = 88.1%, P = 0.004)

0.03 (0.00, 0.43)
0.90 (0.50, 1.61)
0.47 (0.42, 0.53)

[
— 0.47 (0.22, 1.02)
e
-
<> 0.52 (0.39, 0.71)

0.76 (0.61, 0.94)
0.75 (0.58, 0.97)
0.29 (0.12, 0.69)
0.54 (0.42, 0.69)
0.65 (0.47, 0.90)
0.78 (0.68, 0.90)
0.69 (0.49, 0.98)
0.24 (0.16, 0.36)
0.59 (0.47, 0.74)

0.39 (0.31, 0.48)
0.62 (0.49, 0.78)
0.49 (0.31, 0.78)

21.39
12.80
3.06
10.64
1.10
15.47
35.54
100.00

14.77
13.97
4.97
14.25
12.72
16.05
12.34
10.93
100.00

50.03
4997
100.00

Add a footer

T
0.01

Favours intervention

I
5

Favours standard of care

Schreiber et al. Infect Control Hosp Epidemiol 2018;326:51277




Basic practices

Good evidence that the intervention
decreases the average duration of
mechanical ventilation, length of
stay, mortality, and/or costs; benefits
likely outweigh risks

SHEA/IDSA practice
recommendation: 2014 update
The Do’s

Special approaches

Good evidence that the intervention
improves outcomes but insufficient
data available on possible risks

May lower VAP rates but insufficient
data to determine impact on dura-
tion of mechanical ventilation, length
of stay, or mortality

Use noninvasive positive pressure ventilation in
selected populations™*

Manage patients without sedation whenever possible™”’

Interrupt sedation daily™

Assess readiness to extubate daily”

Perform spontaneous breathing trials with sedatives
turned off*

Facilitate early mobility™™

Utilize endotracheal tubes with subglottic secretion
drainage ports for patients expected to require greater
than 48 or 72 hours of mechanical ventilation™

Change the ventilator circuit only if visibly soiled or
malfunctioning™"”'

Elevate the head of the bed to 30°-45°"*

T5.78

Selective oral or digestive decontamination™*

Regular oral care with chlorhexidine™'" '™

Prophylactic probiotics''"'"

Ultrathin polyurethane endotracheal tube cuffs'*'"*

Automated control of endotracheal tube cuff
pressure'**'*

Saline instillation before tracheal suctioning™

Mechanical tooth brushing'*

Klompas et al. Infect Control Hosp Epidemiol 2014;35:915

High
Moderate
High
High
High

Moderate
Moderate

High
Low*

High"

Moderate
Moderate
Low
Low

Low
Low




SHEA/IDSA practice
recommendation: 2014 update
The Do Not’s/ Don’t Know'’s

Generally not Lowers VAP rates but ample data sug-
recommended gest no impact on duration of me-
chanical ventilation, length of stay,
or mortality

No impact on VAP rates, average dura-
tion of mechanical ventilation, length
of stay, or mortality*

No recommendation No impact on VAP rates or other pa-
tient outcomes, unclear impact on
COsts

Silver-coated endotracheal tubes'™ Moderate
Kinetic beds'" Moderate

Prone positioning™"'*'* Moderate

Stress ulcer prophylaxis'*"* Moderate

Early tracheotomy'” High
Monitoring residual gastric volumes" Moderate
Early parenteral nutrition'” Moderate

141-143

Closed/in-line endotracheal suctioning Moderate

Klompas et al. Infect Control Hosp Epidemiol 2014;35:915



How-to Guide:

Prevent Ventilator-
Associated Pneumonia

Prevent ventilator-associated pneumonia (VAP) by implementing the five
components of care called “the Ventilator Bundle”

Vv Elevation of the head of the bed (HOB) to between 30 and 45 degrees

Vv Daily —sedative interruption|| and daily assessment of readiness to extubate
Vv Peptic ulcer disease (PUD) prophylaxis

v Deep venous thrombosis (DVT) prophylaxis (unless contraindicated)

v Daily oral care with chlorhexidine

Institute for Healthcare Improvement; 2012. (Available at www.ihi.org)



Table 3. Associations Between Processes of Care and VAEs?

HR (95% CI)

Process of Care VAEs P Value IVACs P Value Possible VAP P Value
Head-of-bed elevation 1.33(0.84-2.11) .23 1.16 (0.59-2.28) .66 1.60 (0.53-4.88) 41
Sedative infusion interruptions 0.95 (0.67-1.35) 76 1.04 (0.61-1.78) .88 0.82 (0.37-1.82) .63
Spontaneous breathing trials 0.55 (0.40-0.76) <.001 0.60 (0.37-1.00) .05 0.79 (0.39-1.60) 52
Prophylaxis

Thromboembolism 0.78 (0.38-1.62) .51 0.96 (0.26-3.56) .96 1.13 (0.16-7.78) 90

Stress ulcer 1.34 (0.87-2.07) .19 1.62 (0.78-3.35) .20 7.69 (1.44-41.10) .02
Oral care with chlorhexidine 0.87 (0.61-1.23) 42 0.60 (0.36-1.00) .05 0.55 (0.27-1.14) A1

Table 4. Associations Between Processes of Care and Patient Outcomes

Outcome, HR (95% CI)
Time to Ventilator Time to Hospital Hospital
Process of Care Extubation Alive P Value Mortality P Value Discharge Alive* P Value Mortality® P Value
Head-of-bed elevation 1.38 (1.14-1.68) .001 0.86 (0.59-1.25) .42 1.01 (0.96-1.05) .80 0.98 (0.93-1.03) .36
Sedative infusion 1.81 (1.54-2.12) <.001 0.51 (0.38-0.68) <.001 1.09 (1.05-1.14) <.001 0.92 (0.88-0.96) <.001
interruptions
Spontaneous breathing trials 2.48 (2.23-2.76) <.001 0.28 (0.20-0.38) <.001 1.00 (0.98-1.02) .92 0.99 (0.96-1.02) .46
Prophylaxis
Thromboembolism 2.57 (1.80-3.66) <.001 1.39 (0.82-2.37) .23 1.02 (0.97-1.07) .41 0.97 (0.92-1.02) .26
Stress ulcer 1.12 (0.95-1.32) 17 0.91 (0.64-1.31) .62 1.00 (0.98-1.03) .89 1.00 (0.96-1.04) .90
Oral care with chlorhexidine 0.92 (0.80-1.04) 18 1.63 (1.15-2.31) .006 0.99 (0.98-1.01) .26 1.01 (0.98-1.05) .44

Add a footer Klompas et al. JAMA Intern Med 2016;176:1277
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Worldwide microbial etiology of HABP

Top 6 pathogens causing hospital acquired bacterial pneumonia. SENTRY antimicrobial
resistance surveillance program, 2004-2008
40%

35%
30%
25%
20%

15%

10%
11 Ill BEE
0%

United States Europe Latin America

B S.aureus M P.aeruginosa Klebsiella spp W E.coli B Acinetobacter spp B Enterobacter spp

Jones. Clin Infect Dis 2010;51:581



VABP microbiology

Comparative microbial etiology between HABP and VABP, US and All regions (North America, Europe, Latin America).
SENTRY antimicrobial surveillance program (2004-2008)

40%
35%
30%
25%
20%

15%

10%
0% . . .

HABP VABP HABP VABP

X

United States All regions

W S.aureus P.aeruginosa Enterobacter spp M Klebsiellaspp B Serratiaspp B Acinetobacter spp

Jones. Clin Infect Dis 2010;51:581



World-wide variation in Acinetobacter etiology among VABP cases

Hurley. BMC Infect Dis 2016;16:577
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patient with suspected
Ventilator-Associated
Pneumonia?




AN
Invasive and Noninvasive Strategies for Management of Suspected

Ventilator-Associated Pneumonia |
A Randomized Trial

Jean-Yves Fagon, MD; Jean Chastre, MD; Michel Wolff, MD; Claude Gervais, MD;
Sylvie Parer-Aubas, MD; Francgois Stéphan, MD; Thomas Similowski, MD; Alain Mercat, MD;
Jean-Luc Diehl, MD; Jean-Pierre Sollet, MD; and Alain Tenaillon, MD, for the VAP Trial Group®

31 French ICUs Secondary endpoints:
Key inclusion criteria: clinical suspicion of 28-day mortality
VAP antibiotic-free days @ day 28

MV-free days @ day 28

LOS (ICU & hospital)
Emergence of resistant bacteria
Emergence of Candida spp

Key exclusion criteria: recent modification
of antibiotics

» Clinical management (209 pts) vs Invasive
management (204 pts)

. . Microbiology:
Primary endpoints: 9y-
14-dav mortalit ~20% Paeruginosa
dy MOrtality ~5% Acinetobacter spp

antibiotic-free days @ day 14

organ failure # days 3,7,14 (SOFA & ODIN
scores) Fagon et al. Ann Intern Med 2000;132:621

~15% S.aureus



Do Sarthee Clinical features

“Clinical” g o s i)
management of === B ooy

aspirate collection before

S u S p e cte d VA P I | changing existing antibiotic therapy
|

Direct specimen
examination

Dhesyve; Positive QUEETH;
look for another cultures? look for another
infection infection

v Start antibiotic therapy
Start antibiotic immediately using immediately using

therapy on the hasis ik ATS guideli
of culture results delld e L ———a— :" s

Continue or adjust 7 . Continue or stop

antibiotic therapy; Paositive antibiotic therapy
look for cultures? on the basis of

another infection clinical response

Adjust antibiotic therapy Adjust antibiotic therapy
on the basis of culture on the basis of culture
results or clinical response results or clinical response

Add a footer Fagon et al. Ann Intern Med 2000;132:621 62




Invasive
management of
suspected VAP

Observe;
look for another
infection

Start antibiotic
therapy on the basis
of culture results

Observe;
look for another
infection

Continue or adjust
anlibiotic therapy:
look for
another infection

No further
investigation;
observe

Clinical features
suggest infection?

Immediate bronchoscopy using
PSB or BAL before changing
existing antiblotic therapy

Direct specimen
examination

Signs of

severe sepsis’ present?

Start antibiotic therapy
immediately using
ATS guidelines

Start antibiotic therapy
immediately using
PSB/BAL specimens and
direct examination results

Positive
cultures?

Adjust antibiotic therapy
on the basis of culture results

Adjust antiblotic therapy
on the basis of culture results

Continue or adjust
antibiotic therapy;
look for
another infection

Add a footer Fagon et al. Ann Intern Med 2000;132:621 63
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To BAL or not to BAL?

Multi-center RCT, 2x2 factorial design
740 pts, >4 days on ventilator, suspected pneumonia, 28

A Randomized Trial of Diagnostic Techniques
for Ventilator-Associated Pneumonia

|CUS (U S/Ca nada) A :ﬂ'ectonzs-Day Mortality Rate P )
Characteristic Unadjusted Relative Risk (95% Cl)
BAL with quantitative culture vs standard endotracheal Mpaions ——
aspiration/culture it ;
standardized empiric monotherapy vs empiric combination R, P il
(Mero vs Mero/Cipro) <24 ——
~24 —:—0—
Excluded pts colonized or infected by MRSA or D spet U at apdenisaticd ‘
Pseudomonas spp 7 ———
) Antibiotics within 3 days before randomization ‘
Research hypothesis: BAL use would lead to reduced 28- o =
day mortality and increased targeted R, Organism culured |
High-risk . .
28-day mortality (95% Cl): 18.7% (15.9-21.7%) Non-Jugss ——
adjusted RR: 1.01(0.75-1.37) 7 , —=
I I in H:‘g':f";aht:a!_ B':;i*c‘::):l?lfollgr-
No signal in subgroup analyses and/or secondary outcomes Ml D

The Canadian Critical Care Trials Group. N Engl J Med 2006;355;2619



AQPn kKaAAepyelwv npom\lapﬁnc \\\
EUTIELPLKAC OLYWYNG

H npoodatn (<24h) evapén avtipkpoflakng aywyns, utodAaotalel
NV evatcOnoio tTwv KaAALepyelwv BpoyxokuPeALdLKoU eKTTAUOTOC KoL
TMPOOCTATEVOLEVNC BoUpToOC

ICO Count® BAL Culture® PSB Culture®

Se Sp Se Sp Se Sp
No antibiotic group 0.71 NP 0.71 NP 0.88 1
Current antibiotic group  0.50 1 0.83 0.91 0.77 0.91
Recent antibiotic group 0.67 1 0.38¢ 1 0.40%¢ 1

cfu, colony-forming units; NP, not performed.

“For 5% threshold; *for 10%-cfu/mL threshold; “for 10%-cfu/mL threshold; %p < .05 between
the recent antibiotic group and the no antibiotic and current antibiotic groups combined; p
< .05 between the recent antibiotic group and the no antibiotic group.

Souweine et al.Crit Care Med 1998;26:236
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Ventilator-Associated
Pneumonia be
treated?
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VAP: Ventilator-Associated Pneumonia Kalil et al. Clin Infect Dis 2016;63:e61
AMG: Aminoglycoside
COL: Colistin
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Management of Adults With Hospital-acquired and
Ventilator-associated Pneumonia: 2016 Clinical Practice
Guidelines by the Infectious Diseases Society of America
and the American Thoracic Society
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MRSAX10-20%

VAP: Ventilator-Associated Pneumonia
MRSA: Methicillin-Resistant Staphylococcus aureus
MSSA: Methicillin-susceptible Staphylococcus aureus

Do:cover S.aureus
MRSA if risk factors present
(see left, weak recommendation)

* | Vancomycin or linezolid

* strong recommendation

Otherwise, MSSA

* | Pip-tazo, cefepime, levo,

iml-mero

Anti-staphylococcal B-lactam

* | In proven MSSA

Kalil et al. Clin Infect Dis 2016;63:e61
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VAP: Ventilator-Associated Pneumonia
AMG: Aminoglycoside
COL: Colistin

‘Susﬂected VAP

Do |cover Pseudomonas
two antipseudomonals
* | weak recommendation, low-
quality evidence
different classes
avoid AMG, COL if alternative
agents are available

otherwise, one antipseudomonal

Kalil et al. Clin Infect Dis 2016;63:e61
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» Riskfactorsfor MRGA
» Riskfactorsformortality
* Septic shock
* \entilated HAP
* Conditionally cover for Paeruginasaar ather
Gram-negative bactera
 Riskfactorspresent
 Riskfactorsfor mortality present
* Dosowith2agents

VAP: Ventilator-Associated Pneumonia Kalil et al. Clin Infect Dis 2016;63:e61
AMG: Aminoglycoside
COL: Colistin



Dosages
& PK/PD

considerations

Table 3, Suggested Empiric Treatment Options for Clinically Suspected Ventilator-Associated Pneumonia in Units Where Empiric Methicillin-Resistant
Staphylococcus aureus Coverage and Double Antipseudomonal/Gram-Negative Coverage Are Appropriate

A, Gram-Pasitive Antibsotics With B. Gram-Negative Antibiotics With C. Gram-Negative Antibiotics With Antipseudomonal
MRSA Actinty Antipseudomenal Actvity: BLactam-Based Agents Actvity: Non-f-Lactam-Basad Agents

Glycopaptides” Antipseudomenal penicillins® Fluorogumolones
Vancomycin 15 maike IV q8-12h Piperacillin-tazobactam 4.5 g IV q6h” Ciprofloxacin 400 mg IV g8h
(consider a loading dose of 25-30 Lavofloxacm 750 mg IV q24h
malkg x 1 for severe iness)

CR OR OR
Oxazolidinones Cephalosporins” Aminoglycosides™*
Linezolid B0 mg IV q12h Cefepime 2 g IV g8h Amikacin 15-20 matkg IV 624h
Cettazidime 2 g IV q8h Gentamicin 5-7 ma'ka IV g24h
Tobramyan 57 mafka IV g24h

OR OR

Carbapenems” Polymyxing™*
Imipenem 500 mg IV aBh® Colistm 5 malkg IV % 1 {loading dose) followed by 2.5
Meropenem 1 g IV g8h mg = {1.5 x CrCl + 30) IV q12h (maintenance dose) [135]
Palymysan 8 2.5-3.0 ma/kg/d divided in 2 daily IV doses

OR
Monobactams'
Aztreonam 2 g IV a8h

‘.. antibiotic dosing be determined using PK/PD
data, rather than the manufacturer’s prescribing

information...’

Kalil et al. Clin Infect Dis 2016;63:e61



latpixdg Obnyog

H OpBoAoymwn Enidoyn

AoBeveig pe kAwikr unogia HAP/VAP og onmuk kararAngia i napdxzomq
Kwbuvou yia noAvavBektika naboydva - Zuvbuaopol avriplotikwy’>*

‘Eva o To mapaKatw

NutepakAAivn-talopmaktapn: 4,5g x 4

Mivakag 5. ApXLKr) EUTELPLKN avTidikpolakn aywyn) yia acBeveic ue HAP/VAP

Kedemnipn n Kedbralvripn® 2gx 3
AcBeveic pe KM\flxr'] urtoia HAP, xwpic onmrikn karamAnéio kat Ywpic Ievépn/othaotativn®: 1g x 3
napayovteg Kwduvou yia noAvavBektika maboyova - Movobepaneio’?

Mepormneveun®c: 2g x 3

MutepakMivn-talopnaktaun: 4,5g x 4 Ntopurevéun®: 1g x 3
Altpeovapun: 2g x 3

Kedemiun: 2g x 3

KAI éva amo Ta mapoKaTw

i35
Mepormeveun>°: 2g x 3 Aptkaocivn’: 20mg/kg x 1

Iuutevéun/o\aotativn®: 1g x 3 Fevapukivn’: 5-7mg/kg x 1
Tounpapukivn’ 5-7mg/kg x 1

ZutpodAofacivn®: 400mg x 3 ) 600mg x 2

Ze unoia naBoyovou pe avroyr otig kapPanevepeg,
npooBiKn TouAdyLaToV EVog amd Ta Kirtwot

KoAwotivn: 9 IU, doption, akohouBwe 4,5 IU x 2

TwekukAivn: 200 mg dpoption, akoAouBwg 100mg x 2

Add a footer 72
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Addition of inhaled antibiotics in pathogens
only susceptible to colistin and/or polymyxins

VAP: Ventilator-Associated Pneumonia

AMG: Aminoglycoside Kalil et al. Clin Infect Dis 2016;63:e61
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HAP/VAP definitive R,

 ESH —producing Gram-negative pathogens
 basedypon AST results &patient-spedificfactars

strong recammendation very-lowquality evidence
* Adnetabacter sy
¢ Carba ORA/S(susceptibleisolate)

« Polymyxin (CRpathogen) iv+neb
strogrecarmendation low-quality evidence/weak recanrmmendation low~quality evidence
Rifanpin (¢ ) Tigecycline (recarmmendation against use)

resistant pathogens
« Polymyxin (CRpathogen) iv+neb

HAP: Hospital-acquired pneumonia

VAP: Ventilator-Associated Pneumonia

ESBL: Extended-spectrum beta-lactamases

AST: Antimicrobial Susceptibility Testing

A/S: Ampicillin/sulbactam Kalil et al. Clin Infect Dis 2016;63:e61
CR: Carbapenem-resistant

weak recarrmmendation lowquality evidence

strangrecammendation low-quality evidence/weak recanrmendation low-quality evidence




How long to treat VAP for?

*  Most experts recommended that treatment of VAP last 14 to
21 days

* Randomize, double blind, parallel group, non-inferiority
clinical trial

* 51 French ICUs; 197 pts (8-day) vs 204 pts (15-day)
*  ~30% non-fermenters, ~10% MRSA

* Key inclusion criteria
* VAP suspicion (fever, leukocytosis etc)
* Positive distal quantitative cultures
* Invitro active, not delayed antibiotic R,

Antibiotic Ragimen

Propability of Survival

* Key exclusion criteria
* Immunosuppression : 7 2

pp . . 20 30
* Concurrent extrapulmonary infection

* presumed antibiotic-sensitive infection

Days After Bronchoscopy

* Primary endpoints
* Death from any cause
* microbiologically documented recurrence
* antibiotic-free days

Recurrence rate : 28,9% vs 26% (NS) ©
Antibiotic-free days: 13,1 vs 8,7 days (p<0,001) ©

BUT Higher recurrence rate in non-fermenters (40,6 vs 25,4%) ®
More MDR recurrent infections in 15-day group (62,3 vs 42,1%) ©
Chastre et al. JAMA 2003;290:2588 75




What is the
optimum

duration of
treatment?

Systematic review & meta-
analysis

6 studies; 1088 pts

most conclusions based on
2 or 3 studies

Comparison of fixed treatment
durations (7-8d vs 10-15d)

Low to moderate quality of
evidence

Short course is safe, in the
absence of NFGNB, reducing
antibiotic exposure & recurrence
with MDR bacteria

Pugh et al. Cochrane Database Syst Rev 2015;
Aug 24;(8):CD007577

N

IShouId short-course antibiotic therapy versus prolonged-course antibiotic therapy be used in critically ill patients with hospital-acquired pneumonia? I

Patient or population: hospital-acquired pneumonia

Settings: intensive care

Intervention: short-course antibiotic therapy
Comparison: prolonged-course antibiotic therapy

Outcomes Illustrative comparative risks* (95% Cl) Relative effect No. of participants Quality of the evidence Comments
(95%Cl) (studies) (GRADE)

Assumed risk Corresponding risk

Prolonged-course an- Short-course antibiotic

tibiotic therapy therapy
Mortality 175 per 1000 201 per 1000 OR1.18 598 SBPO
Follow-up: 28 days (141 to 277) (0.77 t0 1.8) (3 studies) moderate!
Mortality NF-GNB 265 per 1000 255 per 1000 OR 0.95 179 SHEO0
Follow-up: 28 days (123 1o 450) (0.391t0 2.27) (2 studies) low!?
Mortality MRSA 238 per 1000 286 per 1000 OR1.28 42 SBDO
Follow-up: 28 days (91to 614) (0.3210 5.09) (1 study) moderate!
Recurrence of pneu- 180 per 1000 237 per 1000 OR 1.41 733 SERO0
monia (17110 318) (0.94t02.12) (19 studies) low!:#

Clinical and/or microbi-
ological criteria

:Recurrence of pneu- 247 per 1000 417 per 1000 OR2.18 176 BBRBO
monia NF-GNB (272 to 577) (1.14t0 4.16) (2 studies) moderate'
®Clinical and/ or microbi-
.oIO(I;ical criteria
Recurrence of pneu- 370 per 1000 479 per 1000 OR 1.56 49 )
monia MRSA (66 to 920) (0.12to0 19.61) (2 studies) moderate!
Clinical and/or microbi-
ological criteria
28-day antibiotic-free The mean 28-day antibiotic free days in the intervention groups was 431 @BROC -
days 4.02 higher (2 studies) low!4

Follow-up: 28 days

(2.26 t0 5.78 higher)
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Recommended treatment duration

Management of Adults With Hospital-acquired and International ERS/ESICM/ESCMID/ALAT
Ventilator-associated Pneumonia: 2016 Clinical Practice guidelines for the management of
Guidelines by the Infectious Diseases Society of America hospital-acquired pneumonia and
and the American Thoracic Society ventilator-associated pneumonia
»  For patientswith VAP, we reconmend a 7-day course of *  Wlesuggest usinga7-8-day coursedf antibictictherapy in
antirricrobial therapy rather thanalonger duration patients with VAPwithout inmrunodeficiency, cysticfibrosis
«  strongrecammendation moderate quality evidence enpyens, ang absce$, cavitationor necratisi Ng
 Jhepanel agreedthat a different recammendation wasnot pneunonia and witha good clinical response totherapy
//ﬂ/(.al‘edfa' AR;\BW . . . . Méakrecmmen?(af/m nm(c:vafeqw//fydewb@me
»  based onthe ahsence of aninrpact on nortality and low ’ -|hISl'eCG‘nTH1datlmalSOIr.lClLdes.patlentSWth
quality of existing evidence nmferrr.entlng G'aryfnegatlves Acinetobacter spp. and
»  Forpatientswith HAP, we reconmrend a 7-day course of MRSAwitha good dlinical response
antimicrobial thera : : :
by — vy lonsliyerie The panel behgvesthat applwngthe ratmngleand |
reconmrendations used far VAPIn nonventilated patients
with HAPrepresents good practice
Kalil et al. Clin Infect Dis 2016;63:e61 *  @odpractice statement

Torres et al. Eur Respir J 2017;50:1
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Take home messages

VAP is defined as an inflammation of the lung parenchyma caused by
infectious agents not present or incubating at the time mechanical
ventilation was started

The concordance between clinical diagnostic criteria and histological
pneumonia is poor

There seems to be a decline in incidence of VAP, using simple measures
The surveillance of VAP has shifted away from clinical pneumonia

VAP is associated with increased mortality and leads to prolongation of
mechanical ventilation, ICU & hospital stay

Colonization of the upper airways and stomach, are believed to be the first
steps for the development of pneumonia
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a few more...

Most episodes of VAP are deemed preventable with measures targeting the
pathogenesis

colonization of upper airways/ stomach
aspiration

The microbiology of HAP/VAP consists of S.aureus, non-fermenting Gram
negative bacilli and Enterobacteriaceae, with regional differences

Invasive diagnostic methods do not, reliably, alter patient outcomes

Currently, relatively short courses of antimicrobial treatment are
recommended, occasionally with combinations of antimicrobials



