Preventing Ventilator-Associated Pneumonia:

Review of the Evidence

Hong Kong Symposium on Prevention of Healthcare-associated Infections
in Hospitals and Community Institutions

January 19, 2019

Michael Klompas MD, MPH, FIDSA, FSHEA

Harvard Medical School, Harvard Pilgrim Health Care Institute,
and Brigham and Women' s Hospital, Boston, MA




Disclosures

o Grant funding
o Centers for Disease Control and Prevention
o Massachusetts Department of Public Health

o Royalties
o UpToDate




Ventilator-associated pneumonia

Affects ~5-10% of ventilated patients

Increases ICU length of stay by ~4-7 days
Increases hospital length of stay by ~14 days
Crude mortality rate 30-50%

Attributable mortality 8-12%

Adds ~$10,000 to $40,000 to cost of hospital stay

Safdar et al, Crit Care Med 2005; 33:2184

Tejerina et al, / Crit Care 2006; 21:56

Muscedere et al, / Crit Care 2008;23:5-10

Eber et al, Arch Intern Med 2010;170:347-353

Nguile-Makao et al, Intensive Care Med 2010;36:781-9

Melsen et al, Lancet Infect Dis 2013;13:665-671

Kollef et al., Infection Control Hosp Epidemiol 2012;33:250-256
Ohannessian et al. Crit Care Med 2018;46:1093-1098
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Guidelines for Preventing Health-Care-Associated
Pneumonia, 2003

Defining, treating and preventing hospital
acquired pneumonia: European perspective

Comprehensive evidence-based clinical practice guidelines
for ventilator-associated pneumonia: Prevention™

Strategies to Prevent Ventilator-Associated Pneumonia
in Acute Care Hospitals

Recommendations on Prevention of
Ventilator-Associated Pneumonia




Count of VAP Prevention Publications by Year
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Potential Strategies to Prevent VAP

—_
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Avoid 1ntubation

Minimize sedation

Daily interruption of sedation
Spontaneous breathing trials
Early mobility

Head of bed elevation
Trendelenburg position
Subglottic secretion drainage
Maintain ETT cuff pressure
Tapered endotracheal cuffs

. Ultrathin polyurethane cuffs

Avoid 1nhalers

Closed suctioning systems
Avoid patient transport
Tight glycemic control

Improve hand hygiene
Regular oral care
Toothbrushing / scaling
Oral care with chlorhexidine
Oral decontamination

. Digestive decontamination
. Use probiotics
. Early enteral feeding

Acidify gastric contents

. Avoid gastric distention

Silver-coated ETT tubes

. Mucous shaver
. Early tracheostomy

Change vent circuits only when
soiled

30.
31.

Saline 1nstillation prior to suctioning

Non-1nvasive positive pressure
ventilation

High flow O2 by nasal cannula

. Prophylactic antibiotics

Even to negative fluid balance

. Minimize blood tranfusions

Avoid paralytics
Conduct VAP surveillance

. Educate staff

Provide feedback to staff on rates
and processes

Bundle interventions




Strategic Fra

ework to Prevent VAP

Avoid intubation if possible

* High flow O2 by nasal cannula
* Non-1nvasive positive pressure ventilation

Minimize duration of intubation

*  Minimize sedation
*  Spontaneous awakening trials

Reduce colonization of the aerodigestive tract

* Regular oral care
* QOral antiseptics

* Spontaneous breathing trials
e Early mobility

* Probiotics
e QOral / digestive decontamination

e Head of bed elevation
*  Subglottic secretion drainage

e Maintain cuff pressure
* Novel cuff materials & shapes

* Silver-coated endotracheal tubes
e Mucous shaver

* Change vent circuits only when soiled




How do we choose from this list?

What works?

What should we prioritize?




The VAP Prevention Paradox

VAP Vent ICU Hospital Death
Rates Days Days Days
Oral care with chlorhexidine 1 I— I I— I—
Silver-coated endotracheal tubes 1 — ] — —
Subglottic secretion drainage 1 — — — 1 — 1
Head-of-bed elevation 1 ] ] — —

Crtical Care 2009;13:315




any strategies lower VAP rates but have no

impact on other outcomes!

Why the mismatch?




Reasons for the Prevention Paradox

VAP diagnosis 1s subjective

The case of oral care with chlorhexidine

VAP diagnosis 1S non-specific

The case of silver-coated ETTs & subglottic
secretion drainage

Many VAP studies are under-powered

The case of head of bed elevation




Reasons for the Prevention Paradox

VAP diagnosis 1s subjective

The case of oral care with chlorhexidine




Oral Care with Chlorhexidine

Meta-analysis of Randomized Studies: Jower VAP rates

Chlorhexidine

De Riso et al {1996) 3 173 9 180 3-8% — = 0-35 (0-10-1:26)
Fourrier et al (20004 5 30 18 0 70% — - 0-28 (0-12-0-65)
Houston et al (2002)™ 4 7o 9 291 4-4% — 0-48 (0-15-1.54)
MacMNaughton et al (2004} 32 91 28 88  141% 1-11 (0-73-1-67)
Grap et al (2004} 4 7 3 5 5-9% % 0-95 (0-36-2-49)
Fourrier et al (2005 13 114 12 114 8-3% 1-08 (0-52-2-27)
Bopp et al (2006)" 0 2 1 3 09% . 0-44 (0-03-7.52)
Koeman et al (2006)™ 13 127 23 130 9-9% —a— 0-58 (0-31-1-09)
Tantipong et al (2008)3 5 102 12 105 5-5% — 0-43 (0-16-1.17)
Scannapieco et al (2009)% 14 116 12 59 8.8% —at 0-59 (0-29-1.20)
Bellisimo-Rodriguez et al (200974 16 64 17 69  10-6% 1-01 (0-56-1-83)
Panchabhai et al (2009)% 14 88 15 83 9-4% 0-88 (0-45-1.71)
Subtotal (95% (1) 1184 1157 885% 0-72 (0-55-0-94)
Total events 123 159

Heterogeneity: =006, y*=15.54, df=11 (p=0-16); P=29%

Test for overall effect: Z=2-40 (p=0-02) Lower VAP Rates
Risk Ratio 0.72 (0.55-0.94)

Lancet Intectious Dis 2011;11:845







Are there more secretions today?




Interobserver Agreement in VAP Diagnosis

30 ventilated patients with respiratory deterioration

[P 1 P2
(11 VAPs) (20 VAPs)
P3 Kappa = 0.40
(15 VAPs)

Am J Intection Control 2010:38:237




VAP Prevention Studies are at High Risk for Bias

Especially Open Label studies




Open Label vs Double Blind Studies

Open-label Studies

Fourrier et al,2? 2000 5
Bopp et al,22 2006 1]
Jafari et al,1? 2007 g
Tantipong ot al, 24 2008 5
Panchabhai et al,*® 2009 14
Berry et al, 28 2011 4
Subtotal 37

Macnaughton et al, '8 2004 32
Fourrier et al, ! 2005 13
Koeman et al, 23 2006 13
Bellissimo-Rodrigues et al 25 2009 16
Scannapieco et al,27 2009 14
Ozcaka et al, 3% 2012 12
Meinberg et al,23 2012 18
Subtotal 118

30
2
40
102
a8
71l
333

91
114
127

&4
116

32

28
572

Open Label Randomized Controlled Trials:

18

1
13
12
15

1
&0

28
12
23
17
12
22
11
125

30

105
83
78

339

Double-Blind Randomized Controlled Trials:

88
114
130

69

59

34

24
518

0.28 (0.12-0.65)
0.44 (0.03-7.52)
0.69 (0.33-1.43)
0.43 (0.16-1.17)
0.88 (0.45-1.71)
4.39 (0.50-38.39)
0.61 (0.35-1.04)

1.11 (0.73-1.67)
1.08 (0.52-2.27)
0.58 (0.31-1.09)
1.01 (0.56-1.83)
0.59 (0.29-1.20)
0.58 (0.35-0.97)
1.40 (0.84-2.35)
0.88 (0.66-1.16)

F

3
-

Lower VAP Rates!
RR 0.61 (0.35-1.04)

et No Difference!
RR 0.88 (0.66-1.16)

JAMA Internal Med 2014;174:751




Need to look at objective outcomes




2

Duration of Mechanical Ventilation

Randomized trials of oral care with chlorhexidine vs control solution

Chlorhexidine Control Mean Difference Favors : Favors Weight,
Study or Subgroup Mean (SD)  Total Mean (SD) Total (95% Cl) Chlorhexidine : Control o
Double-blind Studies
Fourrier et al,2! 2005 11.7 (8.7) 114 10.6 (B.7) 114 1.10(-1.16to 3.36) —'—I— 28.3
Koeman et al,23 2006 9.2(12) 127 7(8.1) 130 2.20(-0.31to4.71) —-—I— 26.1
Scannapieco et al,27 2009 8.4(5.2) 50 9.7 (6.3) 49 -1.30(-3.58 t0 0.98) —I—'— 28.1
Ozcaka et al,3% 2012 9(8.3) 32 12.3(11.9) 34 -3.30(-8.23t0 1.63) = 12.3
Subtotal 323 327 0.13(-1.90t0 2.17) ""-'-'.:::?' 94 .8
Total 353 357 -0.15(-2.18to01.89) -i_':ﬁb- 100.0
All Studies
Total 838 826 0.01(-1.12to01.14) 100.0
-10 5 0 5 10

Mean Difference (95% Cl)

No Difference!

Mean Difference 0.01 days (-1.12 to 1.14)

JAMA Internal Med 2014;174:751-761




ICU Leng

h of Stay

Randomized trials of oral care with chlorhexidine vs control solution

Chlorhexidine

Control

Mean Difference Favors : Favors
Study or Subgroup Mean (SD)  Total Mean (SD)  Total (95% Cl) Chlorhexidine Control
Double-blind Studies
Fourrier et al,2! 2005 14 (8.5) 114 13.3(8.8) 114 0.70(-1.55t0 2.95) —.—
Koeman et al,23 2006 13.8(17.4) 127 12.5(12.9) 130 1.30(-2.45t05.05) L
Scannapieco et al,27 2009 11(6.8) 50 11.3(6.7) 49 -0.30(-2.96t02.36) —I—
Ozcaka et al,30 2012 12.7 (11.3) 32 15.4 (13.5) 34 -2.70(-8.69t0 3.29) =
Subtotal 323 327 0.26(-1.25t01.77) *
Total 353 357 0.08(-1.41t01.57) S
All Studies
Total 838 826 -0.10(-0.25t00.05)
I T | | 1
-10 -5 0 5 10

JAMA Internal Med 2014;174:751-761

Mean Difference (95% CI)

No Difference!

Mean Difference -0.10 days (-0.25 to 0.05)

Weight,
%

439
15.7
31.3

6.2
97.2

100.0

100.0




Mortality

Chlorhexidine Control Risk Ratio Favors ; Favors Weight,
Study or Subgroup Events Patients Events Patients (95% CI) Chlorhexidine : Control %
Non-Cardiac Surgery Studies
Open-label Studies
Fourrier et al, %% 2000 3 30 7 30 0.43 (0.12-1.50) 1.0
Tantipong et al,24 2008 36 102 37 105 1.00 (0.69-1.45) —— 12.1
Panchabhai et al,2® 2009 64 88 51 83 1.18 (0.96-1.46) —I— 36.3
Subtotal 103 220 95 218 1.06 (0.80-1.41) <> 495
Double-blind Studies :
Macnaughton et al,18 2004 36 91 33 88 1.05 (0.73-1.53) —I— 12.0
Fourrier et al,2! 2005 31 114 24 114 1.29 (0.81-2.06) ——— 7.6
Koeman et al,23 2006 49 127 39 130 1.29(0.91-1.81) e 14.1
Scannapieco et al,2? 2009 16 97 8 49 1.01 (0.46-2.20) 2.7
Ozcaka et al, 302012 19 32 20 34 1.01(0.68-1.51) . 10.2
Meinberg et al,2% 2012 13 28 9 24 1.24 (0.65-2.38) ——-— 3.9
Subtotal 164 489 133 439 1.15(0.96-1.38) <> 50.5
Total 267 709 228 657 1.13 (0.99-1.29) 0 100.0
All Studies
Total 283 1637 247 1597 1.13 (0.99-1.28) 100.0
I T T T T TTTT I T T T LI II
0.1 1.0 10

Risk Ratio (95% CI)

Trend to Higher Mortality!
RR 1.13 (0.99 to 1.28)

JAMA Internal Med 2014;174:751-761




Second Meta-Analysis of RCTs: Significantly Higher Mortality

No of events/total Mortality _
Study Treatment Control 0Odds ratio, M-H Weight ﬂdlx[ff) %3’ M-H
random (95% CI) (%) random (95% Cl)
Fourier 2000 3/30 7130 —17 2 0.37 (0.08t0 1.58)
MacNaughton 2004 29/101 29/93 ——- 8 0.89(0.48t0 1.64)
Fourrier 2005 31/114 24114 --— 9 1.40(0.76to 2.58)
Koermnan 2006 49/127  39/130 s 12 1.47 (0.87 to 2.46)
Tantipong 2008 36/102 37/105 —4— 10 1.00 (0.57 t0 1.77)
Scannapieco 2009 19/116 9/59 —— 4 1.09 (0.46 10 2.58)
Bellissimo-Rodrigues 2009 35/98 33/96 —-r— 9 1.06(0.59t01.91)
Munro 2009 69/275  47(272 . 18 1.60 (1.06 to 2.43)
Panchabhai 2009 78/224 70/247 -- 21 1.35(0.91 to 2.00)
Cabov 2010 1/30 3/30 <1 0.31(0.03103.17)
Berry 2011 17/71 28/154 - 7 1.42(0.721t0 2.80)
Total (95% CI) 367/1288 326/1330 @ 100 1.25 (1.05 to 1.50)
T e 3
e om e o a1 T 1 w0~ OdfsRat
: : Favuurs Favours 1.25 (105_150)
Test for overall effect: z=2.47, P=0.01 experimental control

BMT2014;348:¢2197
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Original Investigation
Associations Between Ventilator Bundle Components
and Outcomes

Michael Klompars. ME, MPH: Lingling Li. PhD: Kan Kleinman, Sc: Paul M. Sremita, Phasmlk Anthory F. Massaro, MO

[ Imviesd Commentary
IMPORTANCE Ventilator bundles, Induding head-of-bed elevation, sedative Infusion [ Fobsted artice
Itermuptions, spontaneaus braathing trials, thromboproplrylaxis, strees wlcer prophylaxs,
and oral rewith chiorhexidine gluconate, are ublquitous, but the sbsolute and relative value ?‘-"P"‘“"":;dm'“-“
of each bundie companent Is undear. [pmaintomalmadicing com

ORIECTIVE To evaluate assodations between indiidual and collective ventilztar bundle
compenents and ventiiaior-assodated events, ime to extubation, ventilator mortality, tme
tohospital discharge, and hospital death.

DIESIGHL SETTING, AND PARTICIPANTS This retrospective cohort study induded all 55353
consecutive patlents who underwent mechanical ventilation for st |east 3 days from January
1,2008, to December 31, 2012, 2t Brigham and Women's Hospital.

EXPOSURES Hiead-of-bed alevation, sedative infusion iIntemuptions, spontaneous brasthing
trials, thromboprophylass, stress wicer prophylaxs, and oral care with chiorhexidine.

MLAIN DUTCOMES AND MEASURES Hazard ratios (HRs) for ventilator-assodated events,
extubation alive vs ventilator mortzlity, and hospital discharge vs hospital desth. Effects were
modeled using Cax propartional hazards regression and Fine-Gray competing risk models
adjusted for patients’ demographic charactenstics, comorbidities, unit type. severity of
Miness, recant proceduras, process messure contraindications, dey-to-day markers of dinicl
status, and calendar year.

RESULTS Of 5539 consacutive patients undengoing mechanical ventlation, 3208 were male
(57.9%), 2331 female (42.1%), and the mean (S0) age was 61.2 (16]) yesrs. Sadative Infusion
Imtemuptions were assoclatad with less time to exubation (HR, L8, 85% C, 154-212;

P = .001) and a lower hazard for ventilator mortality (HR, 0.51, 55% CI, 0.38-0.68; P = DD
Similar associztions were found for spontanaous braathing trists (HR for extubation, 2.48;
95% C1 2.23-2.76; P« .00 HRt for mortality, 0.28; 95% 01, D20-038; P = 001
spontaneous brezthing trials were also associated with [ower hazands fior vantiton-
assncated events (MR, 055; 55% Cl, 0.40-076; P < 001). Assodations with [ess time ta
extubation were found for head-of-bad elevation (HR. 138, 55% C1, 114-1.68: P = 001 and
thromboamibolism prophylaxts (MR, 2,57 95% O, 1.80-266; P < 001 but nat ventilator
mortaity. Oral cre with chiorhexidine was assodated with an iIncrezsad sk for vantilztor
martaltty (HR, 163; 95% 0, 115-2.21; P = .006), and stress ulcer prophylass was assodated

with an Increased risk for ventilator-zssod ated preumonia (HR, 765: 95% 01, 1.44-4100; Fopuizton mmﬁ o
P=zl Mecical School and Harvard Pagrim

(COMCLUSKONS AND RELEVANCE Standard vemtiator bundle components vary in thelr
‘=ssnclations with petient-cantered outcomes. Head-of-bed levation, sedath

Imteruptions, spontanaous breathing trials, and thromboembalism proplmytaxis appear Bostor, Mazschusatts (Xomps,
bensficid, wherezs dalfy oral care with chlorhexdi 1 siress ulcar prophy ybe M=) Dopartmant of Pharm.acy.
Erigham and Woman's Homital,

harmiful in some patients.

Popuiaton

Madical school. 400 Par 5t Ste 401
MM Intorn Med. do- 301004 jamaintammed 2016 2427 Boston, MA 0I5 (midompas
Putihed oriine. Juy 18, 2005, Gpartnarsong).

Copyright 2018 Amerioan Medioal Asscalation. All mights resenmd.

i Froik: hEtps srehipte jananetwerkoom by a Harvard University User on 07/182016

Retrospective cohort analysis

5,539 patients on mechanical ventilation
adsted for comorbidities, severity of illness, contraindications, etc.

Hazard Ratios

, , for Ventilator Death
Spontaneous breathing trials

=
Spontaneous awakening trials -
Head of bed elevation
Stress ulcer prophylaxis
Thromboprophylaxis

Oral care with chlorhexidine

0.2 0.5 1.0 2.0 5.0
Lower Higher
Mortality Mortality

JAMA Internal Med 2016:;176:1277-1283




But what s the mechanism?




Oral Ulcers Associated with 2% Chlorhexidine

Bleeding Ulcer White Plaques

Intensive Care Med 2016;42:620-621




Oral Ulcers Associated with 2% Chlorhexidine

Bleeding Mouth Dry Tongue, Apthous Lesions

Intensive Care Med 2016;42:620-621




Case Reports of Allergies and Anaphylaxis

ORIGINAL ARTICLE ANAPHYLAXIS

Standardized testing with chlorhexidine in perioperative
allergy — a large single-centre evaluation

M. S. Opstrup'=, H-J. Malling”, M. Krgigaard”, H. Mosbech®, P. 5. Skov’, L K. Poulsen” & L H.
Garv

"Watioral Allngy Aessarh Gonim, Copanragen University Hospital Gariofie; *8lemy Ginde, Danish Araestwsia Aoy Carim,
Coparinagen Unisrsty Heoapital Gantotte, Gardotte, D enrman:

Acta Anaesthesiol Scand 2001; 45: 1290-1294

Copyright © Acta Anaesthesiol Scand 2001
Printed in Denmark. All rights reserved

ACTA ANAESTHESIOLOGICA SCANDINAVICA
ISSN 0001-5172

Case Report

Anaphylactic reactions in anaesthetised patients — four
cases of chlorhexidine allergy

L. H. GARVEY!, ]. ROED-PETERSEN? and B. Husum!
Departments of 'Anaesthesiology and *Dermatology, Gentofte University Hospital, Copenhagen, Denmark

9% of perioperative allergic
reactions attributed to chlorhexidine

Case reports of anaphylaxis

Allerey 2014,69(10):1390-1396
Acta Anaesthesiol Scand 2001:;45:1290-1294




Case Reports of ARDS following Aspiration

Chilorhexidine Gluconate Ingestion Resulting in Fata
Respiratory Distress Syndrome

Kiyotaka Hirata PhD |
Department of Pharmacy, Nippon Medical School Hospital, 1-1-5
Sendagi Bunkyo-ku, Tokyo, 113-8603, Japan
Akira Kurokawa MD
Department of Emergency and Critical Care Medicine, Nippon Medical School, Tama
Nagayama Hospital, 1-1-5 Sendagi, Bunkyo-ku, Tokyo, 113-86603, Japan

Vet Hum Toxicol 2002:44:89-91




Aspiration of Oral Antiseptics and ARDS

Randomized controlled trial of providone-iodine vs placebo to prevent VAP

ARDS

20%

15%

10%

% Patients with ARDS

5%

0%
Providone-Iodine Placebo

Crit Care Med 2014;42:1-8




Chlorhexidine Instillation into Rat Lungs

0.20% CHG

After 24 hours

After 7 days

Human and Experimental Toxicology 2011;30:1795-1803




Reasons for the Prevention Paradox

VAP diagnosis 1S non-specific

The case of silver-coated ETTs & subglottic
secretion drainage




Accuracy of clinical diagnosis of VAP

Sensitivity /
Positive Predictive Value

Relative to 253 autopsies

100% B Loose definition:
Infiltrate and 2 of
80% temp / wbc / purulence
N I
(o) . o e
60% . Strict definition:
Infiltrate and 3 of
40% temp / wbc / purulence
2090
L
0%0
Sensitivity Positive
Predictive
Value

Tejerina et al., J Critical Care 2010;25:62




Accuracy of BAL cultures

Relative to histology

Sensitivity /
Positive Predictive Value

10020

80%0

6020

40%0

20%0

0%o

Sensitivity

Positive
Predictive
Value

Kirtland, Chest 1997;112:445

Fabregas, 7horax 1999;54:867

Chastre, Am Rev Respir Dis 1984;130:924

Torres, Am J Resp Crit Care Med 1994,149:324
Marquette, Am J Resp Crit Care Med 1995;151:1878
Papazian, Am J Resp Crit Care Med 1995;152:1982




Circularity Between VAP Preventive Practices
and the VAP Definition

VAP Definition

Fever
Leukocytosis
Purulent Secretions
Positive cultures

Oral care with CHG
Silver Coated ETT
Subglottic secretion drainage
Semi-recumbent position etc.

1 positive cultures and/or
1 secretions




This means that even studies with
Double Blinding &
Objective Diagnostic Criteria
are still at risk of bias




Silver-Coated Endotracheal Tubes

I CARING FOR THE
CRITICALLY ILL PATIENT

Silver-Coated Endotracheal Tubes and Incidence

of Ventilator-Associated Pneumonia
The NASCENT Randomized Trial

Marin H. Kolle=f, MI}
Bekele Afessa, MDD
Antomo Aneneto, MDY
(hristopher Versmakis, MDD
Kim M. Kerr, MI
Benpamin 1. Margols, MID
Donald E. Craven, MD
Pamela B. Roberts, MDD
Alejandroe C. Arrelira, MDD
Rell 1. Hulsmayr, M}
Marcos | Bestrepa, MD
William R. Auger, MI}
Regina Schinner, Dipl-Stat
for the NASCENT
Investigation Group

ENTILATOR-ASSOCIATED FREL-
monia (VAP) s assoctated with
high morbdity, induding in-
creased lengthofhosplial stay,

health care costs, and Infecton with
multidrug-resistant pathogens. ' The
conditton usually ecours within 10 days
afterendotracheal intubation ** Reported
rates vary by case mix, case defimtion, di-
agnostic procedures, and method of ex-
pressing the mte.! Conservative estimates
of iInddence ranged from 9% 1o 18%41n
large databases of mechaniczlly ventilated
pattents and decreased substantally when
the defim tion was changed From adjudi-
cated radiographic, climical, and bron-
choscople critertz” to rigorons microblo-
logical ertterta ®

For editorlal comment see p 842

©2008 American Medical Assocmtton. All rights reserved.

Context “vemtlator-sssocated preumonia (VAF) causes substantial morbidity. A siher-
coated endotracheal tube has been designed to reduce VAP Inddence by preventing
bacterial colontzation and biofilm formation.

Objective To determine whether a siver-coated endotracheal tube would reduce
the Incidence of microbiologically confimmed war.

Design, Setting, and Particlpants Prospective, randomized, single-blind, con-
trolled study conducted In 54 centers In North America. A total of 9417 adult patients
(=18 years) ware screened between 2002 and 2006. A total of 2003 patients ex-
pected to require mechanical ventilaton for 24 hours 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 siiver coating on the
experimental tuba.

Main Outcome Measures Primary cutcome was VAP Inddence based on quan-
titative bronchoatveolar lavage fiuld culturewith 10* colony-forming units/miL or greater
In patients intubated for 24 hours or longer. Other outcomes were VAP Incidenca in
all Intubated patients, Bme to VAP onset, length of Intubation and duration of inten-
sive care unit and hospital stay, mortality, and adverse events.

Results Among patients Intubated fior 24 howrs or longer, rates of microbiologically
confirmed VAP were 4 8% (37/766 patient; 95% confidence interval [C1, 3.4%-
6.6%) In the group recetving the sihver-coated tube and 7.5% (56/743; 95% CI, 5.7 %-
0.7%}(P=.03) In the group recetving the uncoated tube (3l Intubated patients, 3. 8%
[37/968; 95% O, 2.7%-5.2%] and 5.B% [56/964; 95% (1, 4.4%-7.5%] [P=.041),
witth 2 relattve risk reduction of 35 9% (95% C1, 3.6%-69.0%; all ntubated patients,
34.2% [95% CI, 1.2%-67.9%]). The siiver-coated endotrachesl tube was associated
with delayed ocoumence of VAP (P=.005). Mo statistically significant between-group
differenes wane obsarved In durations of Imubation, Intenshee care unit stay, and hos-
pital stay; mortality; and frequency and severity of adversa events.

Concluslon Patients recelving a siver-oated endotracheal tube had a statistically
significant reduction in the Incldence of WAP and delayed tme to VAP oooumence oom-
pared with those recetving a similar, uncoated tuba.

Trial Registration dinicaltnals gov identifier: NCTOO014B642

JAMA. JO0E 3T ):E05- 513 war Jama.com

The etiology of VAP 15 Ikely related
tocolontzationof the aerodigestive tract
with pathogenic bactena and to aspira-
ton of contaminated secretions. Pre-
vention strategles often focus on mod-
flable risk factors for colonization and
aspiration’ " and can successfully reduce

athor Affilations and M ambers of the Morth Ameri-
an Sirser-Coated Endotrachoal Tube (NASCENT) In-
wastigation Group ane |ited at the end of this arfide.
Corrasponding Asther: Marin H. Kollef, M,
‘Washingbon Unhversty School of Medicine, 50 5
Euwcld Ave, 5t Losts, MO 63110 imieollalim wusH
edul

Caring for the Cetically Il Fatient Saction Edfior: Dok
€ Angus, MO, MPH, Contributing EdRor, [AMA
angusicRupmE s

(Reprnied) LAMA, Asgest 20, 2008 Vol 300, No. 7 BOS

o Randomized controlled trial of 2,003 patients to silver
coated vs conventional endotracheal tubes

o VAP defined as present if quantitative BAL fluid culture
with >10* colony forming units/mL

36%

fewer VAPs in patients randomized to
silver-coated endotracheal tubes

JANMA 2008;300:805-813




Silver-Coated Endotracheal Tubes

Table 2. Incidence of Microbiologically Confirmed Ventilator-Associated Pneumonia (VAP)?

Evaluable Patients With VAP,

No./Total (%) [95% ClI]

I
Silver-Coated Uncoated

VAP Counts Included:

Normal flora
Candida species
Enterococcus, &
Coagulase-Negative Staphylococci

Tube Tube
Microbiology®
Staphylococcus aureus 9 16
Methicillin-resistant S aureus 3 7
Pseudomonas aeruginosa 8 11
Enterobacteriaceae 10 5
C Yeast D 5 7
Streptococcus species 4 7
Haemophilus influenzae 3 3
Acinetobacter baumannii 1 5
Other® 5 17

Abbreviations: Cl, confidence interval: BR, relative risk.

2Patients with at least 10* colony-forming units/mL in bronchoalveolar lavage fluid.

b Twenty patients had polymicrobial infections. In the group receiving the silver-coated endotracheal tube, 6 patients
had 2 microorganisms and 1 patient had 3. In the group receiving the uncoated tube, 11 patients had 2 microaor-

ganisms and 2 patients had 2.

€ Other microorganisms in the group recewlng the silver-coated endotracheal tube were normal flora (n = 4) and Stenofro-
phomonas maltophilia (n = 1). Other microorganisms in the group receiving the uncoated tube were gormal flora

(n = 8), & maftophilia (n = 2), Neissena (n = 2) Loagulase-negative staphviococci (n = 3), vancomycin-resistant en-

terococcus (n = 1), and Burkholderia cepacia (n = 1).

JAMA 2008;300:805-813




Silver Coated Endotracheal Tubes

n

N

o

N\

—_

VAP Rates
36% decrease

B Control ETT | Silver Coated ETT

Vent Days

no difference!

ICU Days

no difference!

N=2,003

Mortality

no difference!

30%

20%

10%

0%

JAMA 2008;300:805-813




Subglottic Secretion Drainage

Meta-Analysis of randomized trials: Significantly Lower VAP Rates

Risk Ratio 0.58
(0.51- 0.67)

SSD Control Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Mahul 1992 a 70 21 75 32.8% 046 [0.22, 0.92] 1992
Valles 19595 14 a5 25 ag 5% 056 [0.31, 1.01] 19485 —
Kollef 1999 g 160 15 183 2.8% 0.61[0.27, 1.40] 1999 —_—
Bo 2000 B 35 15 33 3.7% 0.50 [0.25, 1.03] 2000 E— |
Smulders 2002 3 75 12 75 1.3% 0.25 [0.07, 0.85] 2002
Girou 2004 5 a8 & 10 3.5% 1.04 [0.50, 2.18] 2004 —
Liu s 2006 3 48 10 50 1.3% 0.31[0.09, 1.07] 2006 i
Liu Q 2006 14 41 30 45 8.5% 051032, 0.82] 2006 —_—
Lorente 2007 11 140 31 140 4.6% 0.35 [0.19, 0.68] 2007 —
Zheng 2008 i 20 1& 21 4. 6% 058 [0.21, 1.11] 2008 —
Yang 2008 12 48 20 43 5.6% 0.54 [0.320, 0.97]) 2008 ——
Bouza 2008 13 345 19 369 4.0% 073 [0.37, 1.46] 2008 —_—
Lacherade 2010 25 169 42 164 9.6% 058 [0.37, 0.90] 2010 —
Tao 2014 5¢ 102 34 47 28.3% 0.70 [0.54, 0.91] 2014 -
Damas 2014 15 170 32 182 5.7% 0.50[0.28, 0.89] 2014 e
Koker 2014 5 23 10 28 2.3% 0.61[0.24, 1.53] 2014 —
Gopal 2015 13 120 25 120 5.0% 052 [0.28, 0.97] 2015 —
Total (95% CI) 1679 1690 100.0% 0.58 [0.51, 0.67] ®
Total events 21% 363 ‘

i 2 . 2 _ - - - 1 1 1
Heterogeneity. Tau® = 0.00; Chi* = 12,12, df = 16 (P = 0.74); I = 0% K o1 ol T %

Test for overall effect: Z = 7.71 (P < 0.00001)

Favors S50 Favors Control

Crit Care Med 2016:44:830-840




Subglottic Secretion Drainage

Meta-Analysis of randomized trials: No Impact on Ventilator Days or ICU Days

Ventilator Days o

Control Mean Difference Mean Difference
Study or Subgroup  Mean [days] 5D [days] Total Mean [days] 5D [days] Total Weight IV, Random, 95% Cl [days] Year IV, Random, 95% CI [days]
Kollef 1999 1.5 33 1led 1.9 31 183 23.1% -0.40[-1.20, 0.50] 1993 —=—
Smulders 2002 5.8 4.4 75 71 5.4 75 9.5% -1.30[-2.88, 0.28) 2002 B
Liu 5 2006 15 14 48 15 10 50 1.0% 0,00 [-4.83, 4.83) 2006
Lorente 2007 10.5 15.31 140 111 15.1% 140 1.8% -0.60[-4.24, 3.04] 2007
Bouza 2008 2 5.3 245 14 28 269 S0.8% 010 [-0.58, O.78] 2008 -
Lacherade 2010 10.49 106 169 108 14 1g4 3.3% 0,10 [-2.57, 2.77] 2010 S EE—
Damas 2014 11.71 11.87 170 10.87 4759 182 4.5% 0,84 [-1.494, 2.12] 2014 —_—
Total (95% CI) 1107 1163 100.0% -0.16 [-0.64, 0.33) No difference!
Heterogeneity Tau® = 000 Chi* = 368, df =« 6 (P = 0,72 * = 0% -:4 _;2 2 :-‘

Test for overall effect: 2 = 064 (F = 0.52) Favors 550 Favors Control

ICU Days

SSD Control Mean Difference Mean Difference
Study or Subgroup  Mean [days] SD [days] Total Mean [days] SD (days] Total Weight IV, Random, 95% CI [days] Year IV, Random, 95% CI [days)
Kollef 1999 3.7 46 160 3.2 45 183 66.3% 0.50[-0.47, 1.47] 1999 -
Lorente 2007 141 1791 140 15.5 1993 140 3.1% -1.40[-5.84, 3.04] 2007
Bouza 2008 56 107 345 5.5 142 369 18.3% =0.90[-2.74, 0.94] 2008 —
Larherade 20110 15.9 144 169 15.7 204 164 43% 0.20[-3.60, 4.00] 2010
Damas 2014 16.2 1352 170 1576 1315 182 B.0% 0.44[-2.35, 3.23] 2014 ——
Total (95% C) 984 1038 100.0% 0.17 [-062, 0.95] No difterence!
Heterogeneity. Tau® = 0.00; Chi* = 2.27, df = 4 (P = 0.69); " = 0% 3 —
Test for overall effect. Z = 0.41 (P = 0.68) Favors SSD Favers Control

Crit Care Med 2016:;44:830-840




Reasons for the Prevention Paradox

Many VAP studies are under-powered

The case of head of bed elevation




Preventive Practices 1n U.S. Hospitals

Percent of Hospitals

100%

75%

50%

25%

0%

Random samples of ~600 U.S. acute care hospitals, 2005-2013

Semi-recumbent position Oral care with an antiseptic

m2005 ®2009 ©2013

Subglottic secretion drainage

BMJ Quality Safety 2015;24:385-392




Head of Bed Elevation Studies

Supine body position as a risk factor for nosocomial pneumonia in
mechanically ventilated patients: a randomised trial
Lancet 1999; 354: 185158
N=86

Feasibility and effects of the semirecumbent position to prevent

ventilator-associated pneumonia: A randomized study*
Crit Care Med 2006; 34:396—-402

N=221

Reducing the risk of ventilator-acquired pneumonia through head of

bed elevation -
Nursing Crit Care 2007;12:287

N=30




Head-of-Bed Elevation and VAP Rates

VAP

30%
P=.02
20% -
10% -
0% -
Drakulovic et al.,
Lancet 1999
N=86

B Supine

30%

20%

10%

0%

Semi-recumbent

NS

van Nieuwenhoven,
Crit Care Med 2006

N=221

60%
40% -
20% - ——
0% -
Keeley et al,
Nursing Crit Care 2007
N=30




Se

1-rec

bent vs Supine Position

semirecumibent

Lower VAP Rates

Study or subgroup alatiialaly supine position Risk: Ratio Weight Rizk Ratio
N N H,F.a.ﬁcﬂnr:l;-l'ﬁ% H,F:ar.du%l'ﬁ

Cai 2006 427 1327 L E— 5% L3100, QB2 ]
Drakulovic 1999 e | &47 —_ T4% 023 [ 007, 072 ]
Harg 2012 20 e — 75% 32 [ 010, 1.00]
Hu 2012 843 21543 — |58 % L3B[0.19, 076 ]
wan Miewrwenhowen 2006 I&112 W0e —h B9 % 7B [ 043, 142 ]
W 2009 I 1/55 4BI56 —— 213 % Q23 [ 013,039
Xue 2012 4148 | 248 — BS % Q33012 096 ]
u 2012 533 [4/32 — 110 % (L35 [ 0.4, QuBS ]
Total (95% CI) 378 381 @ 100.0 % 0.36 [ 0.25, 0.50 |

Total events 34 (semirecumibent position), 133 (supine position)

64% decrease in VAP risk ratio

Cochrane Review 2016;1:CD009946




Semi-recumbent vs Supine Position

-+-n0 difference in mortality or duration of mechanical ventilation

MOI‘tality semi:':zg;n-:-ﬁent supine posttion Risk: Ratic Weight Rizk Ratio
N N H.H.r.mnhé"lﬁ% H.Haﬂdn%_?i‘%

Drakulowic 1999 me 1247 - & 177 % (65 [ 029, 147 ]

Harmg 2012 570 W . 49 % 053 [022 139]

van Mierwenhoven 2006 39112 38109 674 % .00 [070, 143]

Total (95% CI) 171 175 é 100.0 % 0.84 [ 0.59,1.20 ]

Vellt daYS sEmEE-:ED'-rE;:E”t supine position DFEEE Weight Di‘Fﬁinﬂ

M Mean(30) M Mean(30) V.Random 35% (] [WRandom,33%

Drakulovic 1999 19 a4 (&21) 47 112 (658) —— 47 % -1.09 [-388, 1.70 ]

Harg 2012 0 A03 (449) 19 Q] (7O5) — 230 % 408 [-781,035]

van Miewwenhoven 2006 12 &7 109 &7 —— 61 % Q0 [-1.85, 1.85]

Wi 2009 54 44 (38) 54 |28 (5.6) W 161 % -8.20 [ -1002, -638 ]

Total (95% CI) 227 231 < ""_‘> 100.0 % -3.35[-7.80, 1.09 ]

Cochrane Review 2016:1:CD009946




Maybe Head Down is Better than Head Up?

394 patients randomized to ]az‘era] 7 rena’e]enburg vs semi-recumbent position
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Head Down

Intensive Care Med2017;43:1572-1581



Maybe Head Down is Better than Head Up?

394 pézﬂ@nz‘s zézna’omzzed z‘o ]31‘61 al ﬂende]enbuz g Vs semi-recumbent position

" b A - -.._'.. '.-_. ,.-,'i,...iuu N‘m“"*#""""" "‘"" o gl
:_ --..-: L, ’ 1 -._. - - :l ---_-;l St || i _h'_#‘lv =gy : -Ir:. WFEE R B

..ﬂd—

i . A T e —— T T
Ly H,_l,"l.-l--.lp-.l-.ll. e e 0

0 VAP
o 0.5% vs 4.0% (P=.04)

o Antibiotic Utilization
o No difference

o 28-day mortality

o No difference

. o Adverse Events

o 6 1n lateral Trendelenburg group vs 0 1in semi-recumbent

o Oxygen desaturation, hemodynamic instability, intracranial hemorrhage, brachial plexus
njury

o Trnal stopped early

Intensive Care Med2017;43:1572-1581
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Journal o QUALITY wo PATIENT SAFETY

100K Lives Campaign

Using a Bundle Approach

to Improve Ventilator s g O et D
Care Processes and Tt Sonts AN
Reduce Ventilator- Mo on P
Associated

Pneumonia

Jomt Commission Journal on Quality and Patient Safety 2005;31:243-248




The Classic Ventilator Bundle

100Kk Jves Campalgn

SOME

IS NOT A NUMEBER. SOON NOT

ATIME.

Elevate the head of the bed
Daily sedative interruptions
Spontaneous breathing trials
Stress ulcer prophylaxis
DVT prophylaxis

Oral care with chlorhexidine




Bundles Associated with Lower VAP Rates

VAPs per 1000 Vent-Days

m Before Bundle Implementation After Bundle Implementation
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How do we interpret a drop in VAP rates?

VAPs per 1000 ventilator-days

25 -

20 1

15 1

10 -

Pre-Bundle

Post-Bundle

Better Care?
Stricter Surveillance?

Less colonization vs less VAP?
Change in case mix?

Some combination of the above?

Am J Infect Control 2012:;40:408-410




U.S. National VAP Rates
Cases Reported to CDC' by Hospitals, 2004-2012

—_
(\)

—_
-

(©.]

VAPs per 1000 vent-days
(@)

4
y) _ SICUs
MICUs
O T T T T 1
2003 2005 2007 2009 2011 2013

Source: CDC NNIS and NHSN




U.S. National VAP Rates, 2005-2013

VAP cases per 100 patients

Centers for Medicare and Medicaid Services Audits

15 _ _
14 I
13- —
12
114
10+
g_
3_
7 -
E,_
5 _
4
3 _
2 .
1 .
0
2005-2006 2007 and2009  2010-2011 2012-2013
(n=295) (n=308) (n=743) (n=510)

JAMA 2016;316:2427-2429




The Sociery bor Healchecars
= Epsdemialogy of Amenica

Strategies to Prevent Ventilator-Associated Pneumonia
in Acute Care Hospitals: 2014 Update

INFECTION CONTROL AND HOSPITAL EPIDEMIOLOGY AUGUST 2014, VOL. 35, NO. 8

“Given the uncertainty surrounding the accuracy and reproducibility of
VAP diagnoses -+ we prioritize VAP interventions that have been shown to
improve objective outcomes, such as duration of mechanical ventilation,
intensive care or hospital length of stay, mortality, and/or costs in randomized

controlled trials.”

Infection Control Hospital Epidemiol 2014;8:915
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Fjl %, % 1h¢d“'-"'ilti1 for Healthcare

i Epsdemiology of America

Strategies to Prevent Ventilator-Associated Pneumonia
in Acute Care Hospitals: 2014 Update

INFECTION CONTROL AND HOSPITAL EPIDEMIOLOGY AUGUST 2014, VOL. 35, NO. 8

Basic Practices Special Practices
Interventions that improve objective Interventions that improve quective
outcomes and confer little risk of harm outcomes but confer some risk of harm
Interventions that are outcome neutral but Interventions that decrease VAP rates but
cost saving insufficient data available on their impact on

objective outcomes

Infection Control Hospital Epidemiol 2014;8:915
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Strategies to Prevent Ventilator-Associated Pneumonia
in Acute Care Hospitals: 2014 Update

INFECTION CONTROL AND HOSPITAL EPIDEMIOLOGY AUGUST 2014, VOL. 35, NO. 8

Basic Practices

Interventions that improve objective
outcomes and confer little risk of harm

Intection Control Hospital Epidemiol 2014;8:915




Basic Practices: Improve Objective Outcomes, Little Risk of Harm

0]

0]

Use non-1nvasive 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




Non-Invasive Positive Pressure Ventilation

Randomized trials of non-invasive ventilation for acute hypercapnic respiratory tailure due to COPD exacerbations

Study or subgroup IV |zl care Hisk Ratio Weight Risk Ratio
n™ /™ M-H Fiad 5% (1 M-H.Fxed 25% CI
Andeev 1978 g 23 = 115 % QIZ[QI0 LI
Barbe (994 arl4 o0 Mt estimable
Brochard 1995 4143 I2/42 —& 156 % QIZ[QI, Q%3]
Celikel 1998 af15 1115 19 % Q33[001.758]
Collaborative 2005 5100 871 — 107 % Q57 [ Q9. 168 ]
Dikersoy 2002 17 27 - 1 16% 050 [ 005, 5.01 ]
Khilnzni 2010 a0 220 -1 6% .50 [ 028, 8.04 ]
Liw 2005 If18 ina — 1 ET QI3[ 004, 291 ]
Matuska 2008 30 730 —_ 90 % .00 [ 040, 250 )
Plart 2001 127118 /118 - 308 % 050 [ 026 Q%5 ]
Samnaria 2009 4120 820 =T 103 % Q50 [ 018, 1.40]
Thys 2002 2110 If10 I 3% 200021, 1869
Total (95% CI) 434 420 < - ) 100.0 % 0.54 [ 0.38, 0.76 |
Total events 47 (MIV), 77 (Ufsual care)
Heterogeneity: Chi® = £36, df = 10 (P = 078); P =0.0% Relatlve RlSk for Death
Test for averall effect 7 = 349 (P = 0.00048)
Test for subgroup diferences: Nat applicable 0'54 (95% CI 0'38-0'76)
114] i | [v] 100
Lovwer with MV Lower with ususl care

Cochrane Review 2017;7:CD004104




Lighter Sedation: Lower Mortality, Fewer Vent Days

Mortality

Light Sedation Deep Sedation

0Odds Ratio

Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
van den Boogaard 2012 41 1017 37 249 17.2% 0.24[0.15, 0.38] 2012
Shehahi 2012 1 &80 39 171 4.3% 0.04 [0.01, 0.32] 2012 +
Shehabi 2013 Australia Pilot 3 21 2 16 4.6% 1.17 [0.17, 7.96] 2013
Shehakbi 2013 Malaysia 4 31 4 29 b.7% 0,93 [0.21, 4.10] 2013
Shehahi 2013 & 45 76 209 11.7% 0.27[0.11, 0.67] 2013 —_—
Tanaka 2014 73 209 52 113 17.2% 0.63 [0.39, 1.00] 2014 e
Samarin 2014 3 39 2 27 4.8% 1.04 [0.16, 6.69] 2014
Balzer 2015 131 1371 175 513 19.6% 0.20 [0.16, 0.26] 2015 -
Stephens 2017 10 137 47 244 13.9% 0.33 [0.16, 0.68] 2017 _
Total (95% CI) 2950 1571 100.0% 0.34 [0.21, 0.54] @ LOWCI' Mortality
Total events 272 434
Heterogeneity: Tau® = 0.27: Chi* = 27.87, df = 8 (P = 0.0005): I¥ = 71% I + } |
Tst for overall effect: Z = 4.52 (P < 0.00001) { h o.01 o1 - 10 100
Favours [Light Sedation] Favours [Deep Sedation]
Ventilator Days
Light Sedation Deep Sedation Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Shehabhi 2012 2.7 0.39 80 7.5 0.58 171 11.7% -4.80[-4.92, -4.68] 2012
van den Boogaard 2012 1.9 59 1017 7.3 11.7 249 10.5% -5.40[-6.90, -3.90] 2012 -
Shehabi 2013 Australia Pilot 33 2.2 21 3.4 2.3 16  10.5% -0.10[-1.57, 1.37] 2013 “Ir
Shehabi 2013 Malaysia 2.5 0.39 31 3.4 1.3 29 11.5% -0.80[-1.39, -0.41] 2013
Shehabhi 2013 44 1.5 45 7.3 51 209 11.3% -2.90([-3.72,-2.08] 2013
Tanaka 2014 55 3.1 209 7 3 113 11.4% -1.50[-2.19, -0.81] 2014
Samarin 2014 1.6 2.1 39 2.1 34 27 10.6% -0.50[-1.94, 0.94] 2014 =T
Balzer 2015 0.88 0.09 1371 2.3 2.2 513 11.6% -1.42[-1.61, -1.23] 2015
Stephens 2017 4.6 5.3 137 5.6 6.1 244 10.9% -1.00[-2.17, 0.17] 2017 -
Total (95% CI) 2950 1571 100.0% -2.07 [-3.60, -0.53] GD Fewer Vent Days
Heterogeneity: Tau® = 5.24; Chi* = 1092.97, df = 8 (P < 0.00001); I* = 99% :_50 —iS - 2:5 E,I’,‘p1I

Test for overall effect: Z = 2.64 (P = 0.008)

Favours [Light Sedation] Favours [Deep Sedation]

Crit Care Med 2018;46:471-479




Paired Sedative Interruptions & Breathing Trials

m Daily SBT Alone Daily SBT + SAT
20 -4.3 days
15
5 -3.8 days
g
10 ——
5 |
O 4

Vent Days ICU Days Hospital Days

Lancet 2008;371:126-34




Early mobility

http://69.36.35.38/images/CHES TPhysician/CritCareCom0610Fig2.jpg

o May encourage & facilitate less sedation

o May help prevent delirtum

o These benefits may by synergistic with other ventilator bundle
components such as spontaneous awakening and breathing trials.

o Data on outcomes are mixed. Some studies show less time to

extubation while others do not.

Thorax 2018;73:213-221

JAMA 2016;315:2694-2702

Lancet 2016;388:1377 - 88

Crit Care Med 2013;41:717

Lancet 2009;373:1874

Arch Phys Med Rehabil 2010;91:536




Early Mobility

Hospital Death

Rehabilitation Standard Care Risk Difference Risk Difference
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.1.2 Mortality at hospital discharge
Brummel 2014 6 22 6 22 1.4% 0.00 [-0.26, 0.26)
Denehy 2013 5 74 7 76 13.4% -0.02 [-0.11, 0.06] —_—
Dong 2014 2 30 3 30 51% -0.03 017, 0.11) e
Dong 2016 2 53 3 53 15.4% -0.02 [-0.10, 0.06] — N . ; ﬁ] d t[]
Hodgson 2016 2 28 1 21 60% 0020011015 S DU— o0 impact on hospital dea
Morris 2008 20 185 30 165 16.9% -0.06 [-0.14, 0.02 —
Morris 2016 18 150 18 150 185% 0.00 {-n_n?, n_n?} — rates:--
Moss 2016 10 59 6 61 6.8% 0.07 [-0.05,0.19) —
Schaller 2016 17 104 8 9% 12.4% 0.08 [-0.01,0.17] o~
Schweickert 2009 9 49 14 55  4.0% -0.07 [-0.23, 0.09)
Subtotal (95% CI) 735 729 100.0% -0.00 [-0.04, 0.03] w
Total events 91 96
Heterogeneity: Tau?= 0.00; Chi*= 8.26, df= 8 (P = 0.51); F= 0%
Testfor overall effect. Z=0.31 (P = 0.76)
.02 -01 0 01 0.2
Favours rehabilitation Favours standard care
Days Alive and Out of Hospital to 180 days
Rehabilitation Standard Care Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% CI
1.26.1 Early and low dose rehabilitation
Hanekom 2012 160 43 96 151 65 97 328% 9.00[-4.92 2297 -
Hodgson 2016 156 27 29 143 27 21 276% 13.00[-2.16,28.16] T
Wolfe 2013 115 78 48 91 83 48 61% 24.00(-8.22 56.22)
Subtotal (95% Cl) 173 166 66.6% 12.04 [2.27,21.81] . .
Heterogeneity: Tau® = 0.00; Chi*= 0.73, df= 2 (P = 0.69); F= 0% °° 'blll‘ more d&'}/S &ZIV@ aﬂd
Testfor overall effect Z= 2.42 (P = 0.02) f]] . a[
1.26.2 Late and high dose rehabilitation OUt 0. OSpl t
Moss 2016 151 31 53 146 45 61 33.4% 5.00[-8.79,18.79] —
Subtotal (95% CI) 59 61 33.4% 5.00[-8.79, 18.79]

Heterogeneity. Not applicable
Test for overall eflect Z=0.71 (P =0.48)

Total (95% Cl) 232 227 100.0%  9.69[1.71,17.66)]
Heterogeneity: Tau*= 0.00; Chi*=1.38, df=3(P=0.71), F= 0%

Test for overall effect Z=2.38 (P=0.02)

Test for subaroup differences: Chi*= 067, df=1 (P=0.41). F= 0%

-50 -25 0 25 50
Favours standard care Favours rehabilitation

Intensive Care Med2017;43:171-183




Ventilator Bundle Compliance and Death

Retrospective analysis of 5,539 patients on mechanical ventilation
adsted for comorbidities, severity of illness, contraindications, etc.

Hazard Ratios for Ventilator Death

Spontaneous breathing trials S
Spontaneous awakening trials <
Head of bed elevation
Thromboprophylaxis __
Stress ulcer prophylaxis
Oral care with chlorhexidine ﬁ»
0.2 0.5 1.0 2.0 5.0

Lower Mortality Higher Mortality

JAMA Internal Med 2016;176:1277-1283




Ventilator Bundle Compliance and Time to Extubation Alive

Retrospective analysis of 5,539 patients on mechanical ventilation
adsted for comorbidities, severity of illness, contraindications, etc.

Hazard Ratios for Extubation Alive

Thromboprophylaxis <
Spontaneous breathing trials N
Spontaneous awakening trials o
Head of bed elevation .
Stress ulcer prophylaxis
Oral care with chlorhexidine $

0.2 0.5 1.0 2.0 5.0

Later Extubation Earlier Extubation

JAMA Internal Med 2016;176:1277-1283




Strategies to Prevent Ventilator-Associated Pneumonia
in Acute Care Hospitals: 2014 Update

INFECTION CONTROL AND HOSPITAL EPIDEMIOLOGY AUGUST 2014, VOL. 35, NO. 8

Basic Practices

Interventions that are outcome neutral but
cost saving

Intection Control Hospital Epidemiol 2014;8:915




Basic Practices: Outcome Neutral but Cost Saving

Change ventilator circuits only when visibly soiled or malfunctioning

Multiple RCTs
No impact on VAP rates

No impact on duration of mechanical ventilation,
ICU length of stay, or mortality

UL LA
| | .III"'-I._”‘

i BUT -+ cost saving!

Am Rev Respir Dis 1991;143:738

Ann Intern Med 1995;123:168

Infect Control Hosp Epidemiol 1996;17:14
Intect Control Hosp Epidemiol 2004;25:1077




':I'hv.' Ii:r:r' r }‘lﬁ|[£r¢

Lpﬂ:l:mr:l oy of Americs

Strategies to Prevent Ventilator-Associated Pneumonia
in Acute Care Hospitals: 2014 Update

INFECTION CONTROL AND HOSPITAL EPIDEMIOLOGY AUGUST 2014, VOL. 35, NO. 8
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Special Practice: Better Outcomes but Possible Risks

Selective oral & digestive decontamination

L]

l- 1'1

www.ukenglish.org.uk/idiom-of—the-week-elephant-in—the-rooﬁl




Selective Oral & Digestive Decontamination

Selective Oral Decontamination - Selective Digestive Decontamination

Oropharyngeal antibiotic paste applied 4x/day Oropharyngeal paste applied 4x/day
o Tobramycin o Same antibiotics as SOD
o Colistin
o Amphotericin B Plus---
Antibiotic suspension via NG tube
Designed to target Staph aureus, acrobic gram o Same antibiotics as SOD

negatives, and yeast
Plus---

4-day course of intravenous cefotaxime

Clin Microbiol Infect 2018;24:505-513




Selective Oral & Digestive Decontamination

Individual patient level meta-analysis of randomized trials, N=16,528 patients

Digestive Decontamination vs Control
Krusger et al. 2002
de Jonge et al. 2003
de Smet ot al. 2009
pooled OR (fixed)
I-statistic (p-valua Cochran C-test)

Oral Decontamination vs Control

Bergmans ef al, 2001
de Smat at al. 2008

pooled OR (fixed)

I-statistic (p-value Cochran C-tast)

de Smet et al, 2009
Crastdijk ot al. 2014

pooled OR (fixed)

I-statistic (p-value Cochran C-test)

aOR (95%-Cl)
0.83 {0.57 - 1.20)
0.70 {0.53 - 0.94)
0.85 (0.73 - 0.98)
0.82 (0.72 - 0.93)
1.0% [0.52)

a0OR (95%-Cl)
0.82 (0.46 - 1.44)
0.84 (0.72 - 0.98)
0.84 {0.73 - 0.97)
1.0% (0.92)

a0R (95%-Cl)
1.01 (0.87 - 1.17)
0.85 {0.77 - 0.94)
0.90 (0.82 - 0.97)
72.4% (0.06)

Mortality Odds Ratio
0.82 (95% CI 0.72-0.93)

N=5,304

Mortality Odds Ratio
0.84 (95% CI 0.73-0.97)

N=3,921

Mortality Odds Ratio
0.90 (95% CI 0.82-0.97)

N=12,967

0.5

aliR

1.5 2

Clin Microbiol Infect 2018:24:505-513




Impact on Antibiotic Resistance

Meta-analysis of 9 trials of digestive decontamination that included data on resistance rates

Aminoglycoside resistance: OR 0.73 (0.51-1.05) Odds Ratio
Camus et al™ (2005) 14 130 22 126 0.57 (0-28-1-17)
De Jonge et al*® (2003) 3 378 60 395 053 (0-34-0.84)
De Smet et al™* (2011) 227 1714 104 881 114 (0-89-146)
Flaherty et al* (1990) 1 51 0 56 336 (013-84.26) (Odds Ratio
Krueger et al*® {2002) 75 12 171 063 {0-25-1.55)
Rocha et al® (1992) 2 & 1 G4 017 (0:04-083) 073 (05 1-1 05)
Unert] et al** (1087) 1 19 3 20 031 (0-03-333)
Verwaest et al™ (1007 60 383 28 185 097 (0-60-1.57)
Wiener et al (1995) 2 30 2 E3| 1.04 (014-7-87)
Total (95% CI) 348 2037 243 1919 073 (0-51-1-05)

Fluoroquinolone resistance: OR 0.52 (0.16-1.68)

De Jonge et al*® (2003) 10 378 44 395 022 (0-11-0-44)
Krueger et al® (2002) 3 175 g 171 058 (0-14-2.46) Odds Ratio
Verwaest et al™ (1997) 63 393 28 185 107 (0-66-174) 2 1 1
Total (95% C1) 76 946 77 751 J 0-52 (0-16-1.68) 0.5 (0' 6 ‘68)
De Jonge et al*® (2003) 9 378 n 395 043 (0-20-0-96)
De Smet et al™ (2011) 76 1714 130 881 0.7 (0-20-0-36) .
Rocha et al® (1992) 3 P 16 54 016 (0.04-0.60) Odds Ratio
Verwaest et al” (1097) 8 393 5 185 0-75(0-24-2.32) 0.33 (0.20'0.52)
Total (95% CI) 96 2532 172 1515 0-33 (0-20-052)

Lancet Infect Dis 2013:;13:328




How can it be that giving antibiotics to everyone
leads to less resistance???

Fewer infections overall in the digestive decontamination group

Fewer infections = fewer resistant infections
Fewer infections leads to less overall antibiotic usage




Is the effect sustained?

Cefotaxime resistance rates in respiratory isolates amongst 8§ Dutch ICUs for 24 months following introduction of selective
digestive decontamination versus the preceding 33 months

16
14
12
10

Rate per 100
beds per month

B B~ h OO

0
Months -33-30-27-24-21-18-15-12-9 -6 -3 0 3 6 9 12 15 18 21 24

INo apparent sustained change in resistance rates over time

J Antimicrob Chemother 2014,69:797




Does SDD generalize to high resista:

ICE SEtl

1ngs?

Adjusted Hazard / Odds Ratio

Cluster randomized trial of usual care vs 2% CHG oral care vs selective oral decontamination vs
selective digestive decontamination™ in 13 ICUs with high baseline rates of antibiotic utilization and resistant organisms

ICU-Acquired Gram Negative Bacteremia

1.5

0.75

0.5
2% CHG SOD SDD* 2% CHG

*SDD 1ncluded oral antibiotic paste and gastric suspension but no intravenous antibiotics

SOD

SDD*

JAMA 2018:320:2087-2098
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Special Practices: Lower VAP Rates, Insufficient Data on Other Outcomes

0]

0]

0]

Probiotics

Automated control of endotracheal tube cuft pressures
Saline 1nstillation before tracheal suctioning
Mechanical toothbrushing




Probiotics

Ventilator-associated pneumonia

Risk Ratio
M-H, Random, 95% CI

Probiotics Control Risk Ratio

Study or Subgroup Events Total BEvenis Total Weight M.H Random, 95% Cl
Banupriya 2015 12 75 35 74 7.8% 0.34[0.19, 0.61]
Barraud 2010 23 78 156 71 8.0% 1.40[0.79, 2.46]
Forestier 2008 24 102 24 106 9.3% 1.04 [0.63,1.71]
Giamarellos-Bourboulis 2009 15 36 16 36 8.6 % 0.94 [0.55, 1.60)
Klarin 2008 1 23 3 21 0.8% 0.30[0.03, 2.70)
knight 2009 12 130 17 129 6.0% 0.70[0.35,1.41]
Li 2012 24 82 37 g3 11.2% 0.66[0.43, 0,99
Morrow 2010 17 68 33 70 9.6% 0.53[0.33, 0.86)
Cudhuis 2011 M 130 9 124 4.5% 1.06[0.45, 252
Rongrungruang 2015 18 72 22 74 B8.6% 0.85[0.50,1.45]
Spindler-vYesel 2007 4 26 34 a7 3.8% 0.39[0.15,1.01]
Tan 2011 T 16 13 19 B.9% 0.64 [0.34,1.21]
feng 2016 da 118 B2 117 151% 0.77 [0.58, 1.01)
Total (95% CI) 956 1013 100.0% 0.73 [0.60, 0.89]
Total events 215 320

Heterogeneity: Tau®= 0,05, Chi*= 2016, df=12 (P = 0.06); F= 40%
Test for overall effect: Z=3.06 (F=0.00Z)

0.01 0.1 10 100
Favours probigtics Favours control

Risk Ratio for VAP
0.73 (95% 0.60-0.89)

Frontiers in Pharmacology 2017;8:717




Probiotics

Overall Mortality

Study or Subgrou

Probiotics Control
Events Total Fvents Total

Risk Ratio
Weight M-H, Fixed, 95% CI

Banupriva 2015

Barraud 2010
Giamarellos-Bourboulis 2009
Klarin 2008

knight 2009

Morrow 2010
Rongrungruang 2015
spindler-vese| 2007

Zeng 2016

Total (95% CI)
Total events

17 70 23 12
27 a7 24 a0
5 36 10 36
5 o b 21
35 130 42 129
12 68 15 70
25 75 2B 9
2 26 5 87
11 103 16 108

618 678

134 167

Heterogeneity. Chi*=292, df=8(P=0.94) F=0%
Test for overall effect: Z=1.71 (F = 0.09)

13.8%  0.76[0.45,1.30]
15.2%  1.03[0.65, 1.64]
51%  0.50[0.19,1.32]
38%  076[0.27,2.13]
256%  083[0.57,1.21]
30% 082042, 163]
15.8%  096[0.62,1.50]
1.4%  1.34[0.28, 6.50]
9.5%  0,72[0.35,1.48]
100.0%  0.84 [0.70, 1.02]

Risk Ratio
M-H, Fixed, 95% CI
—.-
Trend towards
Jower mortality!
0.01 0.1 1 10 100

Favours probiotics Favours control

Parallel non-significant trends towards fewer ventilator days and shorter ICU length-of-stay

Frontiers in Pharmacology 2017;8:717




Generally Not Recommended

No impact on VAP and/or objective outcomes

Oral chlorhexidine

Stress ulcer prophylaxis

Tapered endotracheal tubes
Subglottic secretion drainage
Silver-coated endotracheal tubes
Monitoring residual gastric volumes
Early parenteral nutrition

Kinetic beds

Prone positioning




Stress Ulcer Prophylaxis

Randomized controlled trials of ulcer prophylaxis vs placebo in patients getting enteral nutrition

Ventilator-associated pneumonia

Antacid Placebo Risk Ratio Risk Ratio
Study or Subgroup Events  Total Events Total  Weight  M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Alhazzani 200 7 10 49 B 42 18.6% 1.43 [0.57, 3.60] I i
Aple 1892 11 16 o118 18.8% 1.77[0.91, 3.44) )
Ben-menachem 1994 28 200 & 100 22.9% 2.08[0.28, 4.91) T
Lin 2016 4 B0 B B0 17.2% 0,67 [0.20, 2.24) ——
Selvanderan 2016 12 106 8 108 22.7% 1.53 [0.65, 3.59)] N
Total (95% Cl) 431 328 100.0% 1.53[1.04, 2.27]
Total evenis 62 33
Heterogeneity: Chi*= 2.50, df = 4 (P = 0.65); F= 0% t ] t t
Test for overall effect Z= 214 (P = 0.03) Less pneumonia More pneumonia
with SUP with SUP

OR 1.53 (95% CI 1.04-2.27)
Higher risk for VAP!

Critical Care 2018;22:20




Stress Ulcer Prophylaxis

Randomized trials of stress ulcer prophylaxis vs placebo in patients getting enteral nutrition

Gastrointestinal Bleeding
Antacid Placebo Risk Ratio Risk Ratio
Study or Subgrou Events  Total Events Total Weight M.H, Fixed, 95% Cl M-H. Fixed, 95% CI
Alhazzani 2017 4 49 3 42 103% 1.14[0.37,4.83)
Aple 1992 5 16 B 18 180%  0.94[0.35 2.49]
Ben-menachem 1994 10 200 B 100 295% 0.83[031, 2.23]
El-kersh 2017 1 55 1 47 24% 0.85[0.0%, 13.29)
Lin 20186 0 610 B B0 20.7% 0.03 (000, 1.34] -
Selvanderan 2016 3 106 B 108 189% 0.57 [013, 1.98] —
Wan den Berg 1985 5 14 1 14 3.2% 5.00[0.67, 37.51]
Tatal (95% Cl) 500 389 100.0%  0.80[0.49, 1.31]
Total events 28 29
Heterogeneity: Chi*= 6.53, df= 6 (P = 0.37); F= 8% i t : t i
Test for overall effect Z= 089 (P=0.37) Less bleeding | More bleeding

with SUP with SUP

No clear decrease 1n bleeding!

Critical Care 2018;22:20




Stress Ulcer Prophylaxis

Risk Difference per 1000 Patients

Network meta-analysis of 57 randomized controlled trials, N=7,295

40

*
*
20
5
Q S 8
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S N 2 N %
I S 3 S 3
S 2 % RS & a

-20

GI bleeding Pneumonia

Intensive Care Med 2018:44:1-11




Tapered vs Conical Endotracheal Tube Cuffs

Anesth Pain Med 2017;12:275-280

Animal studies suggest that a tapered cuff may better protect against seepage of
secretions around the endotracheal tube cuff

Tapered cuffs  Standard cuffs Odds Ratio Odds Ratio
Study or Subgroup  Events  Total Events  Total Weight M-H, Random, §5% Cl Year M-H, Random, §5% Cl
Bent et al. 0 ar 1 & 08% 0.38[0.01, 956 2012 "
Mahmoodpaor et al. 6 32 7 32 5d% 0.82[0.24,2.79] 2012 B
Saito et al 23 106 23 106 18.9% 1.00[0.52,1.62] 2013 I
Philippart et al. 42 28 » 252 343% 1.08[067,1.76] 2015
Monsel et al. 13 a2 16 o 116% 1.04[0.45,2.39] 2016 N
Jaillette etal. 3 182 38 163 290% 0.64[0.50, 143 207
Total (35% Cl) 671 653 100.0% 0.97 [0.73, 1.26]
Total events 119 120

| ]

01 0 i 0 100
Favourstapered Favours standard

Heteragenety: Tau’= 0.00; Chi* =091 di=5(P = 0.97); F = 0%
Test for overall effect Z=0.25 (P = 0.81)

No Impact on VAP Rates !

Crit Care Med 2018:46:316 - 323
Intensive Care Med 2017;43:1562-1571




What s missing?



Cumulative Fluid Balance and Risk of Death

International survey of 1,808 patients with sepsis admuitted to an intensive care unit
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Fluid Balance Quartile at 72h From Admission

Crit Care Med 2017:45:386-394




Depletive Fluid Management and VAP

20%

15%

10%

5%

0%

Randomized controlled trial of depletive tlid management during ventilator weaning
(smaller volume infusions, more diuresis), N=304

. Usual Care Depletive Fluid Management
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wo
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—_

Chest 2014;146:58-65




Summary

Many interventions proposed to prevent VAP

Many reported to lower VAP rates but few have been associated with improvements in
objective outcomes.

Possible reasons for the VAP Prevention Paradox
- VAP diagnosis 18 subjective (observer bias may favor lower VAP rates)
- VAP signs are non-specific (interventions may decrease colonization more than infection)
- Lack of power

Implication: need to look at objective outcomes for corollary evidence of benefit when
evaluating prevention studies




My Recommendations

Avoid intubation if possible (use non-invasive strategies)
Elevate the head of the bed

Provide oral care without chlorhexidine

Minimize sedation

Paired daily spontaneous awakening and breathing trials
Early mobility

Thromboprophylaxis

Conservative fluid management

+/- Selective digestive decontamination




Thank You!

mklompas @bwh.harvard.edu




	Preventing Ventilator-Associated Pneumonia:�Review of the Evidence
	Disclosures
	Ventilator-associated pneumonia
	Slide Number 4
	Slide Number 5
	Count of VAP Prevention Publications by Year�PubMed, 1990-2018
	Potential Strategies to Prevent VAP
	Strategic Framework to Prevent VAP
	Slide Number 9
	The VAP Prevention Paradox
	Slide Number 11
	Reasons for the Prevention Paradox
	Reasons for the Prevention Paradox
	Oral Care with Chlorhexidine�Meta-analysis of Randomized Studies: lower VAP rates
	Slide Number 15
	Slide Number 16
	Interobserver Agreement in VAP Diagnosis
	VAP Prevention Studies are at High Risk for Bias���Especially Open Label studies�
	Open Label vs Double Blind Studies
	Need to look at objective outcomes�
	Duration of Mechanical Ventilation
	ICU Length of Stay
	Mortality
	Second Meta-Analysis of RCTs: Significantly Higher Mortality
	Independent Signal
	But what’s the mechanism?�
	Oral Ulcers Associated with 2% Chlorhexidine
	Oral Ulcers Associated with 2% Chlorhexidine
	Case Reports of Allergies and Anaphylaxis
	Case Reports of ARDS following Aspiration
	Aspiration of Oral Antiseptics and ARDS
	Chlorhexidine Instillation into Rat Lungs
	Reasons for the Prevention Paradox
	Accuracy of clinical diagnosis of VAP
	Accuracy of BAL cultures�Relative to histology
	Circularity Between VAP Preventive Practices �and the VAP Definition
	This means that even studies with� Double Blinding & �Objective Diagnostic Criteria�are still at risk of bias
	Silver-Coated Endotracheal Tubes
	Silver-Coated Endotracheal Tubes
	Silver Coated Endotracheal Tubes
	Subglottic Secretion Drainage
	Subglottic Secretion Drainage
	Reasons for the Prevention Paradox
	Preventive Practices in U.S. Hospitals
	Head of Bed Elevation Studies
	Head-of-Bed Elevation and VAP Rates
	Semi-recumbent vs Supine Position
	Semi-recumbent vs Supine Position
	Slide Number 50
	Slide Number 51
	Slide Number 52
	The Classic Ventilator Bundle
	Bundles Associated with Lower VAP Rates
	Slide Number 56
	U.S. National VAP Rates�Cases Reported to CDC by Hospitals, 2004-2012
	U.S. National VAP Rates, 2005-2013
	Slide Number 59
	Slide Number 60
	Slide Number 61
	Basic Practices: Improve Objective Outcomes, Little Risk of Harm
	Non-Invasive Positive Pressure Ventilation
	Lighter Sedation: Lower Mortality, Fewer Vent Days
	Paired Sedative Interruptions & Breathing Trials
	Early mobility
	Early Mobility
	Ventilator Bundle Compliance and Death
	Ventilator Bundle Compliance and Time to Extubation Alive
	Slide Number 70
	Basic Practices: Outcome Neutral but Cost Saving
	Slide Number 72
	Special Practice: Better Outcomes but Possible Risks
	Selective Oral & Digestive Decontamination
	Selective Oral & Digestive Decontamination
	Impact on Antibiotic Resistance
	How can it be that giving antibiotics to everyone�leads to less resistance???
	Is the effect sustained?
	Does SDD generalize to high resistance settings?
	Slide Number 80
	Special Practices: Lower VAP Rates, Insufficient Data on Other Outcomes
	Probiotics
	Probiotics
	Generally Not Recommended
	Stress Ulcer Prophylaxis
	Stress Ulcer Prophylaxis
	Stress Ulcer Prophylaxis
	Tapered vs Conical Endotracheal Tube Cuffs
	Slide Number 89
	Cumulative Fluid Balance and Risk of Death
	Depletive Fluid Management and VAP
	Summary
	My Recommendations
	Thank You!

