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Pneumonie acquise sous ventilation
meécanique: PAVM

Incidence :

5% a 67% Timsit JFet al Update on ventilator-associated pneumonia 2017

Barbier F et al. Hospital-acquired pneumonia and ventilator-associated pneumonia: recent

advances in epidemiology and management 2013

( Immunodépression, chirurgie et sujet agés +++)
2 a 16 par 1000 jours de ventilation mécanique aux Etats Unis et
excede 18 pour 1000 jours de ventilation meécanique en Europe

Recommandations formalisées d’experts SFAR et SRLF 2017
Rosenthal VD et al. Am J Infect Control.2012

Morbi-mortalité importante




Pneumonie acquise sous ventilation
meécanique: PAVM

Augmentation de la consommation
antibiotique

Majoration du risque de toxicite

Florence Beye et al. Adhering to the procalcitonin algorithm allows antibiotic therapy to be
shortened in patients with ventilator-associated pneumonia jcrc.2019

Warren DK et al. Outcome and attributable cost of

ventilator-associated pneumonia among intensive care unit patients in a

suburban medical cente Crit Care Med.2003



Pneumonie acquise sous ventilation
meécanique: PAVM

» Plusieurs études ont montré que la durée du TTT ATB

peut étre raccourcie
Short-course versus prolonged-course antibiotic therapy for hospital-acquired pneumonia
in critically ill adults Cochrane Database Syst Rev 2011
Chastre j et al. Comparison of 8

vs 15 days of antibiotic therapy for ventilator-associated pneumonia in adults: a
randomized trial Jama 2003

M. Fekih Hassen et al. Durée de I'antibiothérapie lors du traitement des pneumopathies
acquises sous ventilation mécanique : comparaison entre

sept jours et dix jours. Etude pilote
Annales Francaises d’Anesthésie et de Réanimation 2009

Reéticence de plusieurs cliniciens vis-a-vis de

la courte durée du TTT




Pneumonie acquise sous ventilation
meécanique: PAVM

 Risque d’échec thérapeutique notamment pour les BG-
non fermentants (pseudomonasaeruginosa++,acinetobacter,

stenotrophomonas...)

Chastre J Jama 2003
Leone M Ann Intensive Care 2018

A standard course of treatment
probably does not fit all

Necessité d’adapter une nouvelle
approche de prise en charge
Evaluation clinique++




Antimicrobial Stewardship

Antimicrobial Stewardship: Importance for
Patient and Public Health

Thomas M. File Jr,’ Arun Srinivasan,” and John G. Bartlett’

'Summa Health System, Akron, Ohio; “Division of Healthcare Cuality Promotion, Centers for Disease Control and Prevention, Atlanta, Geo
__Jahns Hopkins University School of Medicine, Baltimore, Manfand i Infect. Dis. 2014:59:.593-96. -



Appropriate antimicrobial usage

Antimicrobial Avoidance when not
Indicated

3D

<+ Right DRUG
» Guidelines
» Local resistance patterns
« Patient risk stratification

+Right DOSE
- PK/PD
‘*Right DURATION

*Polk R. Clin Infect Dis. 1999;29:264-274
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PROCALCITONINE: USEFUL TOOL?

MANAGEMENT VAP




= N-ProCT

Colcifonin
Kntnenlein
Cleavage of endopeptidases

PeptidybAmidating-Monooxygenase”




Procalcitonine LR

,_,..Lg_..u ...b.lq....u,.u .a..u._-.ll

Peptide (116 AA) précurseur de la calcitonine

Hormokine : expression hormonale par les cellules
neuroendocrines ( cellules C thyroide, cellule K
pulmonaire...) libération comme des cytokines par le

foie, les reins, les monocytes mais pas les leucocytes

Sécrétion en réponse a infection ( endotoxine)
et a certains médiateurs pro- inflammatoires
( secretion : IL-1 B, TNF-a, and IL-6

Niederman Clin Infect Dis. 2008; 47: S127-; Gilbert Clin Infect Dis 2011
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 Reponse rapide a linfection bactérienne: apres
induction élevation PCT dans les 2-3 heures

* Interféeron gamma Y secrété en cas d’infection virale

inhibe la sécrétion PCT

« Sujet normal: taux  indétectable (<0.1ng/ml)

< clivage en calcitonine avant secretion i >

« Cinétique non affectée par linsuffisance renale et

I'épuration extrarénale




PCT [ngyfmi]

300 =
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Maximal increase
50.6 ng/ml % h

Induction phase
0.5 ng/ml x h
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af i -] 10 12 14 16 18 20 s 2
Time [h]

Brunkhorst FM, Heinz U, Forycki ZF.
Intensive Care Med. 1998 Kinetics of
procalcitonin in iatrogenic sepsis.



Inadequate

infection
control Decline < 80% from
- Peak peak PCT had a 20%
12-2: ?IOUI‘S i mortality rate

. Effective
PCT rises 3-6 hours | hour halflife ¢ X treatment
after bacterial -~ - - — - o e i_ B
infection i P

___________________________ 2 FOLD INCREASE
IN MORTALITY

Decline > 80% from
* peak PCT had a 10%
mortality rate

PCT Plasma Concentration [ng/mL]

Day 0 Day 1 Day 2 Day 3 Day 4



Procalcitonine et PAVM

THE COCHRANE
COLLABORATION®

LOf T VRO Lo
« Cochrane Systematic Review H

« 3 trials investigating use of PCT.

« Based on recommendation for ABX duration based on PCT level

— associated with significantly reduced duration of ABX therapy
(mean difference -3.20 days; 95% CI -4.45 to -1.95) and 28-day
antibiotic-free days (MD 2.80 days; 95% CI 1.39 to 4.21).

— There were no significant differences in other outcomes, though a

trend towards greater recurrence was observed in one study.

Pugh R, et al. Cochrane Database of Systematic Reviews 2011, Issue 10. Art. No.: CD0O07577



d cnch rane Trusted evidence.
= = Informed decisions.
3 I-l bra ry Better health.

[Intervention Review]

Cochrane Database of Systematic Reviews

Procalcitonin to initiate or discontinue antibiotics in acute respiratory
tract infections

(286 deaths in 3336
(8.6%) versus 336 deaths in 3372

treatment failures. Results were similar for different clinical settings (primary

care, emergency department, intensive care unit) and types of

respiratory infection ( VAP++)



1 Cochrane Trusted evidence.
= L' b Informed decisions.
1 iorary Better health. Cochrane Database of Systematic Reviews

[Intervention Review]

Procalcitonin to initiate or discontinue antibiotics in acute respiratory
tract infections

Schuetz P et al.Cochrane Database of Systematic Reviews 2017,
Issue 10. Art. No.: CD007498.

Table 4. Clinical endpoints overall and stratified by setting and ARI diagnosis  { Comtimued)

Ventilator-associated 186 154
pocumonia
30 days mortality, n (%) 29 (15.6%) 23 (12.0%)  0.75 (D41 o 1.39), I = 0366 0. 644

Trearment failure, n (%) 51 (27.4%) 44 (22.7%)  0.78 (D48 o 1.28), ' = 0.332 0.522

Length of ICU sy, 23.5: 205 21.8 + 19.1 -1.74 (-5.64 o 2.17), P = 0.383 0.441
mean [+503)
Length of hospital stay, 33.8 £ 27.6 3202231 214 (704 w275, P=0391 0448

mean (+50))

Measures of effec: dichotomous outcomes are reported as adjusted OR (95% Cl) and continuous outcomes are adjusted mean
differences and confidence intervals



Cochrane  fedevdence
¥ I- [ bra ry Better health.

[Intervention Review]

Cochrane Database of Systematic Reviews

Procalcitonin to initiate or discontinue antibiotics in acute respiratory
tract infections

Schuetz P et al.Cochrane Database of Systematic Reviews 2017,
Issue 10. Art. No.: CD0O07498.
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ORIGINAL ARTICLE

The Indonesian Journal of Internal Medicine 2013

Role of Combined Procalcitonin and Lipopolysaccharide-
binding Protein as Prognostic Markers of Mortality
in Patients with Ventilator-associated Pneumonia

Cleophas M. Rumende, Dinajani Mahdi

Department of Internal Medicine, Faculty of Medicine, University of Indonesia - Cipto Mangunkusumo Hospital,
Jakarta, Indonesia.

« 35 patients inclus

« Cinétiqgue de la PCT et de LBP conditionnent le
pronostic des PAVM

« PCT> 0.5 ng/mL and LBP level >25 ug/mL: J3 et J7 ATB
mauvais pronostic: p<0;05. sensibilité: 96.3%,
specificité of 66.7% avec AUC value 0.81



Efficacy and Safety of Procalcitonin Guid:
Patients With Suspected or Confirmed Se
Systematic Review and Meta-Analysis

I[rena lankova, PhID'; Philippe Thompson-Leduc, MSc*; Noam Y. Kir

SO PhI>Z Bes
Irendiankova 2017

OMS: la resistance aux antibiotiques est I'une des
plus grandes menaces pour la santé

Etats Unis: 37000 décés (CDC) avec un co(t
annuel estimé a 55 billions de dollars

Meilleure gestion des ATBS:

— Reéduire la resistance

— Diminuer les effets secondaires

— Reéduction du colt de prise en charge

Procalcitonine




TABLE 1. Randomized Controlled Trials Included in Meta-Analysis

PCT Algorithm for Mean ICU

Time to PCT Control  ABCessation Adherence MeanAB  Length of Stay
First Author ~ Endpoint  Cohort Cohort (ng/mL) (%) Duration (d) (d) Mortality

Annane TimeuntlICU 31 31 <05 63 4T(PCT),  240(PCT),
etal(24)  discharge 40 310
(control) (control)

103 (PCT), “\J5I(PCT),  21%(PCT),

93% (PCT),
32%
(control)

Bouadma 28d 307 314 <05>80% 47

etal (25) change from 133 144 20%
peak (control) (control) (control)
de Jong 28 d 761 780  <05:>80% 93 5.7 (PCT), 102(PCT),  20% (PCT),
et al (26) change from 73 100 5%
peak (control) (control) (control)
Deliberato ~ Timeuntl ICU 42 39 <05:>90% NR  1BB(PCT), 163 (PCT), /~ 2% (PCT),
etal (27)  discharge change from 173 88 10%

peak (control) (control) (control)




Hochreiter  Timeuntil ICU 57 53
et al (28) discharge

Layios lime until ICU 258 251
et al (29) discharge

Schroeder  Length of 14 13
etal(32)  hospital
stay
Shehabi 98 d 196 198
et al (33)

<10:z66-T9% NR EO(PCT), 79 155(PCT), 26% (PCT),
change from (contral) 177 26%:
initial level and ~onitrol)
current level
>10

it initial PCT

=10
< 1.0: 2 65-T5% MR 6.6 (PCT), 16.4 (PCT), 21% (PCT),
change from 8.3 167 3%
initial level (control) {control) {controf)
£01:<01-025 NR 1LT(PCT), 62(PCTL,ET 11% (PCT),
it infection 130 {contral) B%
unlikely; > S0% cantral) {contral)

change from
baseline level




In @ 2017 meta-analysis

based on individual data from 6,708 patients, the
use of PCT

guided antibiotic therapy was associated with a
2.4-day reduction in antibiotic exposure (5.7
versus 8.1 days), a reduction in

antibiotic-related side-effects (16.3% versus
22.1%), as well as

a reduction in mortality (8.6% versus 10.0%) [8,9]
Souci : valeur seuil standardisée



Contents lists available at ScienceDirect

Journal of Critical Care

journal homepage: www . journals.elsevier.com/fjournal-of-critical-care

Adhering to the procalcitonin algorithm allows antibiotic therapy to be '.3
shortened in patients with ventilator-associated pneumonia -

Florence Beye 2, Clara Vigneron ®, Auguste Dargent "<, Sébastien Prin , Pascal Andreu °, Audrey Large °,
Jean-Pierre Quenot ®“9, Julien Bador ¢, Rémi Bruyere ', Pierre-Emmanuel Charles *<*

L

Analyzed VAP episodes
n=157

l |

PCT-guided algorithm adherence

F‘CT-gum’E-d algnnthm non-adherance

n=76 n =81
Favorable outcome Unfavorable cutcome  Favorable oufcome Unfavorable outcome
n=37 n=39 n=43 n=238
relapse death relapse death
n=26 h=13

n=28 n=10
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VAP antmcrabal mandgement /
Aopropre 1¢lne AT (688 Se(7Y) 33 (634] 03
Aoprrce e ART i O 1 b (8 15
Lraon {days o B8 B003Y) A\‘%e -ljyb
ABT durationbeyond the P theshold o vale TGy : K "e”\‘f'd\)\@ é :
0\5“a 3e £ W
< O et o
. S 0" o © de?
0 e\a G\'Q .35
utcome e o\ 2 0\\)6 o0 C
Length of U stay after VAP {days). — \\'O('b?’ , 0\\(\\ %Q'\G 6(186) 283(303) 010
MYV duration after VAR ((\0(\ "66\\’\6 e\‘ P'S [ 137 (134) 181 (235) 016
Ve, M oS 2 ‘-eed U304 BI9) 52(107) i
nfavorabe SCRN T I3 3% (469) 041
ICU mortality 13(146) 13(111) 10(123) 069
VAP recurrence 5 (344) 16(342) 18(346) 068
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Procalcitonin for reduced antibiotic
exposure in ventilator-associated
pneumonia: a randomised study

D. Stolz**-", N. Smyrnios”™, P. Eggimann’, H. Pargger®, N. Thakkar™, M. Siegemund®,
S. Marsch', A. Arzrzola**, J. Rakic*, B. Mueller®® and M. Tamm™*

« Essai contr6lé randomisé multicentrigue: PROVAP

Study
* 101 patients inclus avec VAP (American thoracic
society et Infectious Disease Society of America)

Groupe procalcitonine : 51 Groupe contréle : 50




PCT< « Arrét ATB fortement
0.25ugr/L recommandé

S ORI ETE o VAP peu probable

Sl EIE S o Arrat ATB recommandé
la valeur a JO

* Infection non controlée
 Arrét ATB non recommandé

* Infection tres probablement
PCT2 1pgr/L non contrélée

 Pas d’arrét ATB: fortement
recommandé
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Median antibiotic free-days alive

191
144
13
121
1
104

|

.'1'

Control group

T
Procalcitonin group

* Nombre de jours sans
ATB (dans les 28J)
significativement  plus
élevé dans le groupe
PCT :13 ( 2-21)

P: 0.049
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Duration of antibiotic therapy days



g 1 NN Secondary siudy outcomes in patients with ventilstor-associated pneumonia (VAP) according to the treatment
algomthm
Control group® Procalcfionin group’ pevalue

MV-free days alive, days 1-28
Al patens

Mo bactena
ICUsfree days alive, days 1=28

4 0=13.E)

8 {1.5=15) 0.548
75 [1=17.8) 14 {75204 D838
18 [1.5=20) 10 {1.=18.5) D.554
26 (168223 26 (=1 0133 |
Cither bacteria 24 [ras-arm 215 qu-ml D442
Mo bactera 285 [1E=34) 23 8533 0,343
VaP.related clinical deterioration days 1=28" T (i) 5 (10 0,758
Discharge home days 1=28 3 6 5 (10} 0.479
Discharge to another instihstion days 1=28 = [64) 35 (&5 0,500
Death from all causes days 1-28 12 (24) 8 (16) 0.327
In-hospital mortality 14 (28) 10 (20) 032 |

Oaia ame presenied as median (interguarile range] and n (%), uniess oihensse siafed AT mechanical ventibsfon; GHB: Gram-negadve baolli; MRSA methicilin.
mnmm;ﬂtmmuﬂ"nlﬂ':mﬁF;':Mamm&mm:Mmﬂuu‘rrhﬂmmnmmmm.



Limites

Gain modére de I'usage de la cinétique de la PCT

La durée courte d'une ATBpie pour VAC n'aggrave

pas le tableau
Faible cohorte
Difficultés d’interpretation: faux positifs
( maladies inflammatoires, deéfaillance d'organes,

infection précédant VAC, chirurgie...)

Colt et bénéfices non étudiés




THE LANCET ==

Volume 375, Issue 9713, 6—12 February 2010, Pages 463-474

ETUDE PRORATA

v

* 630 enrolled and randomly assigned n
to a treatment group
e
¢ * 1S
311 assigned to procalcitonin group 319 assigned to control group
. 4 excluded 5 excluded .
—p 4 withdrew consent ——P 4 withdrew consent IS
1 randomised twice
Y Y
307 included in the analysis (1 lost to 314 included in the analysis (1 lost to
follow-up on day 15) follow-up on day 22)
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Guidelines for starting of antibiotics*

v

v

v

Concentration
<0-25 pg/L

v
Antibiotics strongly
discouraged

v
Stopping of antibiotics
strongly encouraged

Concentration =0-25
and <0-5 pg/L

entration,
- concentration
=0-25 and <05 pg/L

Stopping of antibiotics

encouraged

Concentrati-

v

Decrease by <B0% from
peak concentration,
and concentration

=0-5 pg/L

\/

Continuing of antibiotics
encouraged

Increase of concentration
compared with peak
concentration and
concentration =0-5 pg/L

\

Changing of antibiotics
strongly encouraged




ETUDE PRORATA
RéS u |tatS Bouadma L et al., Lancet 2010

100 —— Control group
Procalcitonin group

90 —
80
70—
iy d’antibiotique

504

40

30—

20

Patients receiving antibiotic treatment (%)

10 —

Time (days)

Baisse significative du taux des patients ayant recu une ATBpie

dans le groupe PCTpar rapport au groupe contréle: p<0.0001




Overall survival (%)

Number at risk
Pracalcitonin group
Control group

90 —
80—
70—
60—
50 —
40—
30—
20—

10—

—— Control group
—— Procalcitonin group

HR 0-96 (90% Cl 0-84-1-09)

Pas de différence significative

307
314

10

273
284

20 30 40 50
Time {days)

255 235 2325 219

264 249 240 234

60

215
231




Mortalité (%)

Mortalité : pas de différence Exposition antibiotique :
significative - 23 %
35 - BPCT ™ Contréle
EPCT ®™Contréle
16 -

30 § 14,3

= 14 1
25 2

o]

= 12 -

©
20 5 10 -

(1]
15 o 8 -

g
10 o 9

©

© 4
5 2o

§ 2-

=
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J28

Acquisition bactéerie multirésistante (BMR) identique dans les 2 bras
(17,9 % versus 16,6 %) mais pas de recherche systématique de

colonisation
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Antibiotic-free davs alive on day 28

L
PRORATA ProVAP
Figure 1 MNumber of antibiotic-free days alive on day 28 for
patients with ventilator-associated pneumonia included in the
PRORATA trial®® or the ProVAP trial,”* managed according to
a procalcitonin algorithm (black bars) or a conventional control
strategy (white bars).

Charles-Edouard Luyt 2011



Value of the Serum Procalcitonin Level to
Guide Antimicrobial Therapy for Patients
with Ventilator-Associated Pneumonia

Charles-Edouard Luyt, M.D., Ph.D.,""2 Alain Combes, M.D., Ph.D.,"2
Jean-Louis Trouillet, M.D.,"2 and Jean Chastre, M.D."-2

Luyt et al evaluated 73 suspected VAP episodes and found that
procalcitonin concentration and rise in procalcitonin had poor diagnostic
value for VAP.

Using a cutoff of 0.5 ng/mL, procalcitonin had a sensitivity of 72% and a
specificity of 24% for the diagnosis of VAP. However, patients with VAP
and sustained elevated procalcitonin had greater hospital mortality than

patients with VAP but whose procalcitonin decreased




Eur Respir 12017






PRORATA trial 2010 ——
Stolz D 2009 :
‘ 748 Patients
Pontet J 2007
de Jong E 2016 B

Monitorage de la PCT permet une réduction de 'ATB de 3.2j
Et une baisse significative de la mortalité a j28

Pas de différence dans la mortalité hospitaliére




Gheck for
upaing

Guideline

Chinese guidelines for the diagnosis and treatment of hospital-
acquired pneumonia and ventilator-associated pneumonia in
adults (2018 Edition)

Yi Shi", Yi Huang™, Tian-Tuo Zhang”, Bin Cao*, Hui Wang™, Chao Zhuo, Feng Ye*, Xin Su",

Hong Fan™, Jin-Fu Xu", Jing Zhang™, Guo-Xiang Lai'”, Dan-Yang She'"*, Xiang-Yan Zhang", Bei He"’,
Li-Xian He’, You-Ning Liu", Jie-Ming Qu"’; on behalf of Infection Study Group of Chinese Thoracic
Society, Chinese Medical Association

PCT is also an important predictor of VAP mortality

Dynamic monitoring of PCT level in the course
of disease is helpful for deciding the duration of
antimicrobial treatment

PCT can't replace microbiological testing.



Surviving Sepsis Guideline

 We suggest the use of low procalcitonin levels
or similar biomarkers to assist the clinician in
the discontinuation of empiric antibiotics In
patients who appeared septic, but have no

subsequent evidence of infection (Grade 2C).

Crit Care Med 2013;41:580-637



Research Report

Annal
-7

Effect of Introducing Procalcitonin on o Th
Antimicrobial Therapy Duration in Patients =
With Sepsis and/or Pneumonia in the P

Intensive Care Unit

Y. e . hd DPI_LL _ S Y T Y ... 1 P _ __ e ] > . » e . 1" 0

*Observational, historical control to assess impact of PCT in ICU
*50 patients with PCT at initial suspicion of infection and 48 hrs
* 50 Control pts--same time frame, diagnosis, gendr, age, APACHE Il

*Active ASP in place

*Findings:
*Duration of ABX decreased by 3.3 days (p=0.0238)
*Duration in hospital decreased by 4.3 days (p=0.029)

*Readmission to hospital decreased by 16% (p=0.055)
*Mortality 2% vs 4% (p=0.5)



PCT: limitations

Expense

Turn Around Time

— Dependent on lab processes

May require Serial determinations
Causes other than bacterial infection
Optimal cutoff



Low PCT and Infection

1. Early course of infections
2. Localized infections

pharygitis, maxillary sinusitis, cystitis
3. Subacute infectious endocarditis

4. Mycoplasma pneumonia

(higher than viral but lower than
pNeumococcus)

KUTZ ET AL. CRIT CARE 2015; 19: 792-;



PCT Non elevated

e PCT levels have not been noted for
inflammatory conditions, such as

— inflammatory bowel disease
— temporal giant cell arteritis
— polyarteritis nodosa

— systemic lupus

— erythematosis

— gout

— Still disease

Gilbert D. Clin Infect Dis. 2011




Non Bacterial Causes of Elevated PCT

1. neonates < 48 hours of life (physiological)

2. Major trauma, major surgical intervention, severe
burns, treatment with OKT3 antibodies and other drugs
stimulating the release of pro-inflammatory cytokines

3. Invasive fungal infections, acute malaria

4. Cardiogenic shock, prolonged severe organ perfusion

anomalies

5. Small cell lung cancer, medullary C-cell carcinoma of
the thyroid

6. Chronic Renal Disease (drops with RRT)

Use of OKT-3 and/or antithymocyte globulin treatment has been shown to
result in a >10-fold increase in PCT levels despite the absence of infection

Grace et al. Clin Infect Dis. 2014, 59: 1761



Implementation of a Procalcitonir

Requires Appropriate Stewardship t
in Improved Antimicrobial U:

“An antimicrobial stewardship team that reviews rapid

diagnostic testing results (ie, molecular diagnositc tests,
PCT) and provides feedback to providers can help clinicians
understand and act upon these results. Without this
oversight, there may be little change in behavior of
practitioners.7 Procalcitonin does not replace clinical

judgment but can be a valuable tool”
Inf Dis Clin Pract. 2015



Procalcitonin (PCT): A Useful Tool
YES

PCT facilitates Decisions to reduce ABX use

— De-escalation (discontinuation)

— Duration

Best if associated with ASP

— For appropriate interpretation and intervention

Other outcomes (time to clinical resolution, resistance,

mortality, adverse effects) need further evaluation



MERCI POUR VOTRE ATTENTION



STUDY PROTOCOL Open Access

Stop Antibiotics on guidance of Procalcitonin
Study (SAPS): a randomised prospective
multicenter investigator-initiated trial to analyse
whether daily measurements of procalcitonin
versus a standard-of-care approach can safely
shorten antibiotic duration in intensive care unit
patients - calculated sample size: 1816 patients

Evelien Assink-de Jong', Dylan W de Lange?, Jos A van Oers?, Maarten W Mijsten®, Jos W Twisk® 2013
and Albertus Beishuizen"*”

e Essai controlé randomisé multicentrique
* Protocole basé:

Advice to discontinue antibiotic treatment in case
PCT has decreased by more than 80% of its peak
level (relative stopping threshold) or decrease
below a value of 0.5 ng/ml (absolute stopping
threshold).


















