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Antibiothérapie des PAVM
Timing d’introduction ?



Delayed (culture-based) vs immediate initiation of antimicrobials for VAP (no ARDS, no shock):
no significant difference on MV duration or Day-28 mortality



Prognostic impact of early appropriate antimicrobial therapy in critically ill patients with 
nosocomial pneumonia due to Gram-negative pathogens: a multicenter cohort study
François Barbier, Niccolò Buetti, (…), Jean-Ralph Zahar, Jean-François Timsit, for the OutcomeRéa study group

Crit Care Med 2025 (in press)

804 patients with HAP/VAP due to GNB
Early appropriate antimicrobial therapy: n = 495 (62%) (single 25%, combo 36%)
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---- No early appropriate therapy
---- Early appropriate therapy 

---- No early appropriate therapy
---- Early appropriate therapy 

Neither early appropriate single-drug therapy (aHR 0.83, 95% CI 0.60-1.14) nor early appropriate 
combination therapy (aHR 0.91, 95% CI 0.69-1.19) were associated with Day-28 all-cause mortality

Sole predictors of Day-28 mortality after adjustment: SAPS-2 value at ICU admission
and SOFA score value at pneumonia diagnosis



Antibiothérapie des PAVM
Apports des mPCR pour le traitement initial?



 RCT, 2 tertiary care centres, Switzerland

 Adult patients admitted to hospital with 
suspected pneumonia, clinical indication 
for BAL and risk factors for GNB infection 

 Randomization 1:1 mPCR (Unyvero/HPN) 
vs conventional microbiology methods

 mPCR group: recommendation regarding 
antibiotic therapy ~5h after sampling

IAT : « too broad-spectrum » 
drugs in 81% of cases



N = 49 COVID-19 patients



 168 ESBLE carriers under MV

 mPCR in suspected 41 VAP/Vhap

 blaCTX-M gene detected in 15/41 
(37%) episodes: 9/15 (60%) were 
confirmed ESBLE pneumonia

 All episodes with a negative 
blaCTX-M PCR (n = 26): culture 
negative for ESBLE



 Observational cohort simulation study
 70 ICU physicians (UK)
 4 case vignettes describing patients who 

had completed a course of antibiotics for 
pneumonia (clinical and biological data 
[WBC and CRP])

 Decision to stop or not antimicrobials 
before then after a negative point-of-
care mPCR result



Antibiothérapie des PAVM
Monothérapie ou bithérapie ?



On-line survey (2022) - 1296 ICU physicians from 72 countries (LMIC 51%, HIC 49%)

47% of intensivists: dual therapy covering MDRB for all patients



 Cohorte multicentrique / OutcomeRéa

 391 patients avec pneumonie nosocomiale à BGN recevant une 
antibiothérapie active à J1J2 (monothérapie 39%, bithérapie 61%)

 Analyses ajustées sur IPTW

 Bithérapie non associée à une réduction du risque :
• D’échec clinique à J14 (aOR 0,79; 0,53-1,20) 
• De décès à J28 (aOR 1,14; 0,73-1,77)



Subgroups analyses according to the causative pathogens (MDR or not), pivotal and 
companion drugs, duration of combination therapy, SOFA at pneumonia onset, and in patients 
with pneumonia due to non-fermenting GNB, pneumonia-related BSI or septic shock : all NS



Similar results after adjustment for randomization arm 
of iDIAPASON trial and SOFA score at ICU admission

Survival in the ICU Daily SOFA values

Conclusions: Except longer durations of antibiotic therapy and mechanical ventilation, potentially 
related to increased difficulty in achieving clinical cure, the patients in the combination therapy 

group had similar outcomes to those in the monotherapy group.



Retrospective multicenter cohort (China, 2016-2022) – 307 patients with S. maltophilia HAP/VAP 
(definite combination therapy, 56%) / overall day-30 mortality 41% / IPTW-adjusted analyses

Assessment of the relative benefits of monotherapy and combination therapy 
approaches to the treatment of hospital-acquired Stenotrophomonas maltophilia 
pneumonia: a multicenter, observational, real-world study

Single-drug: mostly TMP-SMX or FQ
Combination: mostly TMP-SMX + FQ 

Benefit of combination therapy for S. maltophilia HAP/VAP
in severely ill and/or immunocompromised patients ? 



Antibiothérapie des PAVM
Quelle durée de traitement ?



Open-labeled non-inferiority RCT (margin, 10%): 8 versus 15 days of antimicrobial therapy for P. aeruginosa VAP
Primary end-point: death or Pa-VAP recurrence at Day 90 / N = 186 (planned enrollment, 600)

Similar results in the per-protocol analysis



6 RCTs (1274 patients) – Short (≤8 days) vs longer durations of antimicrobial therapy
Day-28 mortality: no difference (overall, MRSA, non-NF-GNB, NF-GNB)

VAP due to NF-GNB: higher risk of recurrence with short durations (RR 1.73 95% CI 1.17-2.54)
Clinical resolution, MV duration, ICU LOS: no difference (low QoE)

NF-GNB / VAP recurrence



Non-inferiority, open-label RCT (1:1) – 460 patients with VAP (NF-GNB 53%, culture-negative 30%)
Short-course treatment (3-7 days days) versus “usual” care (≥8 days)

Primary outcome: death or pneumonia recurrence at Day 60

Acquisition of carbapenem-resistant GNB: no difference (18% vs 18%)
Less antibiotic-related AE in the intervention group (8% vs 38%, p < 0.001)

---- Short-course (PP, 6 [5-7] days)
---- Usual care (PP, 14 [10-21] days)





Prediction of ventilator-associated pneumonia outcomes according to 
the early microbiological response: a retrospective observational study
Adrian Ceccato, Cristina Dominedò, Miquel Ferrer, Ignacio Martin-Loeches, Enric Barbeta, Albert Gabarrús, Catia Cillóniz, Otavio 
Ranzani, Gennaro De Pascale, Stefano Nogas, Pierluigi Di Giannatale, Massimo Antonelli, Antoni Torres

Eur Respir J 2023; 59(4): 2100620 

Microbiology, n (%) Persistence 
(n = 67)

Superinfection 
(n = 25)

Eradication 
(n = 65)

P-value

Staphylococcus aureus 17 (44) 10 (26) 12 (30) 0.125

Streptococcus pneumoniae 1 (17) 1 (17) 4 (66) 0.346

Klebsiella spp. 10 (43) 2 (9) 11 (48) 0.519

Escherichia coli 1 (13) 2 (25) 5 (62) 0.189

Enterobacter spp. 2 (18) 3 (27) 6 (55) 0.194

Pseudomonas aeruginosa 32 (58) 11 (20) 12 (22) 0.001

MDR pathogens 25 (50) 14 (28) 11 (22) 0.019

Retrospective study (Barcelona, 2004-2017), 157 patients with microbiologically documented VAP 
receiving adequate AMB therapy – Tracheal aspirate at Day 0 (diagnosis) and Day 3



Antibiothérapie des PAVM
Dans les pneumonie à BGN difficiles à traiter ?



Definitions
MDR (multi-drug resistance) 1

Acquired resistance to ≥1 drug(s) in ≥3 distinct 
antimicrobial classes*

XDR (extensive drug resistance) 1

Acquired resistance to ≥1 drug(s) in all classes*

except 1 or 2

PDR (pan-drug resistance) 1

Acquired resistance to all first-line drugs*

DTR (difficult-to-treat resistance) 2

Acquired resistance to all fist-line β-lactams 
(including carbapenems) and fluoroquinolones
*First-line antimicrobial classes. Enterobacterales: penicillins ± BLI, cephamycins, 1GC/2GC, 3GC/4GC, carbapenems 
(without BLI), monobactams (aztreonam), aminoglycosides, fluoroquinolones, cotrimoxazole, glycylcyclines (tigecycline), 
tetracycline, phenicols, fosfomycin, polymyxins (colistin) / Pseudomonas aeruginosa: anti-Pseudomonas penicillins with 
BLI, anti-Pseudomonas cephalosporins, anti-Pseudomonas carbapenems (without BLI), monobactams (aztreonam), 
aminoglycosides, anti-Pseudomonas fluoroquinolones, fosfomycin, polymyxins (colistin) / Acinetobacter baumannii: anti-
Pseudomonas penicillins with BLI, ampicillin-sulbactam, 3GC/4GC, anti-Pseudomonas carbapenems (without BLI), 
aminoglycosides, anti-Pseudomonas fluoroquinolones, cotrimoxazole, tetracyclines, polymyxins (colistin)

MDR

XDR DTRPDR

All isolates

1 Magiorakos et al. Clin Microbiol Infect 2012;18(3):268-81
2 Kadri et al. Clin Infect Dis 2018;67(12):1803-1814





C/TZ vs CAZ/AVI for MDR-Pa pneumonia or BSI – Primary outcome: clinical success at day 30
420 patients (matching 1:1), ICU 80%, MV 70%, HAP/VAP 83%

Reasons for clinical failure at Day 30
in patients with pneumonia



« Our findings suggested that 
combination therapy with 

ceftazidime/avibactam had no 
direct impact on clinical outcomes 

for CP-CRE with OXA-48. »



 18 studies (2 RCTs), 736 patients with a CFD-
based regimen vs. 473 patients with BAT

 Mostly HAP/VAP and BSI

 Lower 30-day mortality rate (RR 0.74, 95% CI 
0.57–0.95) and lower rate of adverse drug 
reactions (RR 0.28, 95% CI 0.09–0.91) with 
cefiderocol vs BAT

 No difference in microbiological and/or clinical 
failure rates

Cefiderocol vs BAT: 30-day mortality
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Cohorte rétrospective, 9 services de réanimation, France
Céfidérocol (n = 27) vs meilleur traitement disponible (n = 54 / CAZ-AVI 52%, CTZ 15%, COL 26%)

P. aeruginosa : 79% (CFD) vs 94% (MTD) / Pneumonie : 78% (CFD) vs 94% (MTD)

P = 0,02



Prospective single-center study (Italy), 343 patients with CRE infection (MβL/NDM: 328/343)

Sensitivity analysis showed that CAZ/AVI + ATM (vs colistin) was independently associated with reduced 30-
day mortality (aHR 0.39, 95% CI 0.18-0.86, p = 0.019). Propensity score analyses confirmed these findings. 



International non-inferiority RCT – 125 patients with HAP/VAP or BSI due to CR A. baumannii
Sulbactam–durlobactam (1g/1g/6h of over 3 h) versus colistin (2.5 mg/kg/12h) for 7-14 days

plus imipenem 1 g/6h in both groups (“background therapy”)



 75 patients with HAP/VAP due to K. pneumoniae 
or P. aeruginosa (carbapenem resistance, 57%)

 CZA (n = 34) versus CZ/A+FOS (n = 41)

 CZA+FOS: no independent association with 
survival at 28 days (aHR 0.32, 95% CI 0.07–1.39)

 Clinical cure, microbiological eradication, 
relapses: not assessed



IDSA Antimicrobial Resistant Treatment Guidance: 
Gram-Negative Bacterial Infections 

Published on August 2020 / Updated on July 2024

BGN-MR/DTR Première intention (si sensibilité confirmée) Alternative(s) 

EPC/KPC
Ceftazidime-avibactam, imipénème-relebactam, 
méropénème-vaborbactam

Céfidérocol

EPC/OXA-48 Ceftazidime-avibactam Céfidérocol

EPC/MBL (Ceftazidime)-avibactam + aztréonam, céfidérocol
Tigecycline, 
eravacycline (IAI)

P. aeruginosa DTR
Ceftolozane-tazobactam, ceftazidime-avibactam, 
imipénème-relebactam

Céfidérocol

A. baumannii 
résistant aux 
carbapénèmes

Sulbactam-durlobactam ou association (ampicilline-
sulbactam, céfidérocol, colistine, aminoside, tigécycline)

-

S. maltophilia
Ceftazidime-avibactam + aztréonam ou association 
(cotrimoxazole, lévofloxacine, céfidérocol, tigécycline)

-



Antibiotiques Ratio AUCELF/AUCplasma  (variable selon posologies & schémas d’administration)

Volontaires sains Patients de réanimation

Pipéracilline / tazobactam 0,26 (PIP) / 0,54 (TAZ) 0,49 (PIP) / 1,21 (TAZ)

Ceftolozane / tazobactam 0, 48 (CTZ) / 0,44 (TAZ) 0,50 (CTZ) / 0,62 (TAZ)

Ceftazidime / avibactam 0,31-0,32 (CAZ) / 0,35-0,35 (AVI) 0,21-0,44 (CAZ) / ND (AVI)

Méropénème / vaborbactam 0,63-0,65 (MER) / 0,53-0,79 (VAB) 0,20-0,36 (MER) / ND (VAB)

Imipénème / relebactam 0,36-0,55 (IMI) / 0,43-0,54 (REL) 0,44

Amikacine 0,18 (pic) 0,10-0,25 (pic)

Tigécycline 1,71 2,41

Linézolide 2,3 1,06-1,50

Lévofloxacine 1,6-2,6 1,13-1,29

AUC, area under the curve; ELF, epithelial lining fluid



Antibiothérapie des PAVM
Quelle place pour l’antibioprophylaxie ?



Stephan Ehrmann, MD, PhD, François Barbier, MD, PhD, Julien Demiselle, MD, et al,
for the Reva and CRICS-TRIGGERSEP F-CRIN Research Networks 

At 28 days, VAP had developed in 62 
patients (15%) in the amikacin group and 
in 95 patients (22%) in the placebo group

(difference in restricted mean survival time to ventilator-associated 
pneumonia, 1.5 days; 95% CI 0.6-2.5; P = 0.004) 



Jie Lie, (…), Stephan Ehrmann. Crit Care Med 2024 • Volume 52 • Number 10

 7 RCTs, 1445 patients

 Reduced risk of VAP with aminoglycosides (RR, 0.67 
[0.47–0.97]) and/or nebulization (RR, 0.64 [0.49–0.83]),
but not with ceftazidime/colistin or intratracheal instillation

 No significant differences in mortality, MV duration, ICU 
and hospital LOS, or exposure to systemic antimicrobials



Prophylactic antibiotic use reduces the risk of VAP in TBI patients
(OR 0.67, 95% CI 0.51-0.88), I2 0%) 



Multicenter double-blind RCT, comatose patients with expected MV duration >48h (n = 317 / stroke, SAH or TBI)

Ceftriaxone (2 g IV) or placebo, once within 12h following intubation 

Early-onset VAP All VAP



Multicenter double-blind RCT, patients admitted for OHCA (n = 198, shockable rhythm, TTC 32-34°C)

Amoxicillin-clavulanate (1 g/200 mg x 3/24h, IV) versus placebo for 2 days 

Early-onset VAP All VAP



Antibiothérapie des PAVM
Take-hospital messages

1. Prélever et attendre les cultures avant d’initier l’antibiothérapie hors signes de 
gravité immédiat? RCT nécessaire (PHRC à venir)

2. mPCR : rentabilité thérapeutique dépendante de la question pré-test? 

3. Bithérapie active : bénéfice non démontré en 1ère intention si β-lactamine active 
(et aspects PK/PD optimisés), y compris sur Pseudomonas aeruginosa

4. Durée de traitement : prolonger >8 jours dans certains cas si P. aeruginosa ? 
Intérêt des prélèvements de contrôle??

5. Antibioprophylaxie initiale : chez les patients cérébrolésés?





Antibiothérapie des PAVM
Place de l’antibiothérapie inhalée ?



Survival (whole cohort), AMK vs placebo
OR 0.841, 95% CI 0.55-1.28, P = 0.43



Kollef et al. CHEST 2017; 151(6): 1239-1246

Multicenter RCT – IV antimicrobials plus inhaled AMK/FOS versus placebo for GNB-VAP



Kollef et al. CHEST 2017; 151(6): 1239-1246

Multicenter RCT – IV antimicrobials plus inhaled AMK/FOS versus placebo for GNB-VAP



VAP mostly due to (not MDR) Gram-negative bacteria



7 observational studies and 3 RCTs – Active IV antimicrobials with/without inhaled colistin for VAP

Adjunctive inhaled colistin: higher microbiological eradication rate but no difference in clinical 
response, MV duration, ICU LOS or overall mortality – higher risk of bronchospasm



Antibiothérapie des pneumonies nosocomiales
Dans les PN non acquises sous ventilation ?



No microbiological 
documentation in 

73%-96% of nvHAP (!)



Compared to all cephalosporins: reduction in the risk of treatment failure with piperacillin-
tazobactam (RR 0.65, 95% CI 0.42-1.01) and carbapenems (RR 0.77, 95% CI 0.53-1.11)

(30 RCTs, 4807 patients, low certainty)

Compared to cephalosporins alone: no reduction in all-cause mortality with ceftazidime + linezolid
(11 RCTs, 2531 patients, low certainty)

Evidence on other antibiotic regimens: highly uncertain
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