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PAVM 

Infection acquise en réanimation la plus fréquente 

chez les patients sous VM invasive >48h 
Incidence globale (1er épisode) : 5-40% (2-16 pour 1000 jours-VM)

Mortalité: globale 30-50%, attribuable 1-13%

Durée de VM +7 à 11 jours

Burden médico-économique (+25 à 40 kE)

Principal vecteur nosocomial de consommation 

d’antibiotiques en réanimation

Papazian et al. Intensive Care Med  2020; 46: 888-906

Melsen et al. Lancet Infect Dis 2013; 13: 665-71

Bekaert et al. Am J Respir Crit Care Med 2011; 184: 1133-1139 

Zimlichman et al. JAMA Intern Med. 2013;173(22): 2039-2046



 SURVEILLANCE DES PNEUMONIES ACQUISES SOUS VM

 Résultats 2020

936 PAVM - Distribution des

pathogènes (n = 1033)

P. aeruginosa : 11% des PAVM

Carbapénème-R : 18%

Entérobactéries : 38% des PAVM

C3G-R (BLSE/AmpC) : 30%

S. aureus : 10% des PAVM

SARM : 9%



PAVM

Mortalité globale à J30 : 28%

Hazard ratio/décès à J30 1,38; IC 95%1,24-1,52; P <0,0001

PN acquise en réanimation hors VM

Mortalité globale à J30 : 24% (si intubation pour PN : 32%)

Hazard ratio/décès à J30 1,82; IC 95% 1,35-2,45; P <0,0001

Ibn Saied et al. Crit Care Med 2019; 47: 345-352



All-cause mortality rates differed notably 

between HAP, vHAP and VAP in assessed studies:

HAP 9.8-18.8%, vHAP 15.2-30.2%, VAP 12.6-26.3%



Ibn Saied et al. Crit Care Med 2019; 47: 345-352



No drug

Drug A

Drug B

Drug A+B

Traitement 

probabiliste
Infection documentée

(pathogènes et sensibilité)

Optimiser la probabilité 

d’administrer au moins 

une molécule active

NA

Accélérer la clairance bactérienne (synergie)

Prévenir l’émergence de résistances au site de l’infection

Améliorer le pronostic des patients (?)



Mortality with single-drug versus combination therapy: RR 0.94, 95% CI 0.76-1.16

Suspected VAP only

No subgroup analyses on culture-proven VAP



▪ 740 patients with suspected VAP

▪ Non-inclusion: colonization with 

P. aeruginosa and/or MRSA, ID

▪ Meropenem (1 g q8h) plus 

ciprofloxacin (400 mg q12h) vs 

meropenem alone

▪ Culture-proven VAP due to 

high-risk pathogens (Pa, Ab, 

MDR Enterobacterales, MRSA): 

n = 59 (16%)

Subgroup analysis: VAP due to high-risk GNB
Combination (n = 39) versus single-drug (n = 17)



Retrospective study, 5 ICUs, 183 patients with VAP due to P. aeruginosa



RCT, 44 réanimations (Allemagne), 2007-2010

Antibiothérapie probabiliste :

méropénème (1 gr/8h) + moxifloxacine (400 mg/24h) versus méropénème seul

551 patients randomisés (pneumonies 41%, IIA 38%)

BGN (49%) : principalement entérobactéries (35%, méropénème-S 99%)

et P. aeruginosa (8%, méropénème-S 86%)

Brunkhorst et al. JAMA 2012; 307(22): 2390-2399



Brunkhorst et al. JAMA 2012; 307(22): 2390-2399

Daily SOFA score (PP) Overall survival (PP)

Culture-proven infections: n = 196/551 (35.6%)

Pneumonia subgroup: no difference in survival



Pays-Bas, 2 réanimations, 2011-2015

Antibiothérapie probabiliste protocolisée

ICU A : β-lactamine (C3G 84%) + gentamicine (5 mg/kg/24h, 24h-72h)

ICU B : β-lactamine seule (C3G 82%) (ICU B)

N = 648 patients

Infections intra-abdominales 49%, infections urinaires 16%



Traitement empirique 

inadéquate :

5% (A) vs 4% (B), P = 0,66



Monotherapy mortality risk (%)

OR for death - Combination therapy



44 centres (26 pays), 2004-2013, 437 patients avec bactériémie à EPC (K. pneumoniae KPC, 75%)

Traitement adéquate (sensibilité in vitro) : 343 patients (monothérapie 61%, combo 39%)

Low probability of death High probability of death



Empirical mono- versus combination antibiotic therapy in adult

intensive care patients with severe sepsis: a systematic review

with meta-analysis and trial sequential analysis

Fredrik Sjövall, Anders Perner, Morten Hylander Møller

Journal of Infection 2017; 74: 331-344

All-cause mortality : RR 1.11, 95% CI 0.95-1.29 

Risk of bias summary

«The quantity and quality of data was low without firm evidence for benefit 

or harm of combination therapy. »

« The QoE on emergence of resistant bacteria was low due to imprecision and 

risk of bias. »





Inclusion systématique dans le spectre de l’antibiothérapie probabiliste : 

S. aureus, P. aeruginosa, « autres BGN »

≥ 1 facteur de risque de BMR : bithérapie probabiliste
+/- traitement anti-SARM si endémicité locale

Réévaluation: poursuite d’une bithérapie active si choc septique



De-escalation to single-drug therapy after AST results



35 ICUs in France (SFAR research network), 1856 patients with ICU LOS ≥3 days
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Mid-term control

 Monotherapy for empirical treatment in

the absence of risk for MDRB

 De-escalation of empirical antibiotherapy



Association between combination antibiotic therapy as opposed as 

monotherapy and outcomes of ICU patients with Pseudomonas aeruginosa 

ventilator-associated pneumonia: an ancillary study of the iDIAPASON trial

Foucrier et al. Critical Care (2023) 27:211

169 patients with Pa-VAP

Dual-active empiral regimen: n = 113 (66.9%) / Dual-active definite regimen: n = 75 (44.4%)

Total treatment duration: single-drug = 10.5 (8-15) days, combination = 15.0 (9-16) days



Association between combination antibiotic therapy as opposed as 

monotherapy and outcomes of ICU patients with Pseudomonas aeruginosa 

ventilator-associated pneumonia: an ancillary study of the iDIAPASON trial

Foucrier et al. Critical Care (2023) 27:211

Adjusted 

model*

Propensity score 

stratified model

ICU mortality 1.66 (0.80-3.47) 1.66 (0.73-3.76)

Recurrence of VAP 0.64 (0.25-1.61) 0.86 (0.30-2.50)

MV duration (days) 0.27 (0.03-0.51) -

ICU LOS (days) 0.17 (-0.03-0.37) -

ICU-acquired MDRB 1.13 (0.53-2.41) -

* Adjustment on randomization arm and SOFA at inclusion

aOR and 95% CI for combination 

(versus single-drug) therapy



Study design & objectives

▪ Design: retrospective cohort study based on prospectively collected data

(OutcomeRéa database, 2008-2019)

▪ Primary objective: to investigate the effect of initial adequate combination

therapy compared to initial adequate single-drug therapy on Day-28 all-cause

mortality in critically ill patients with HAP, vHAP or VAP due to Gram-negative

pathogens

▪ Secondary objectives: to appraise the impact of combination therapy on

(i) the likelihood of clinical cure rate at Day 14, and (ii) the hazard of treatment-

emergent acute kidney injury (AKI) or death at Day 7

Weiss et al. Clin Infect Dis 2019;69 (11): 1912-8

See et al. Crit Care 2023; 27 (1): 39



Major adverse kidney events 

(MAKEs) in critically ill patients:

1. Moderate/severe AKI

2. New requirement for RRT

3. Death (competing risk for 1 & 2)



Study population & definitions

▪ Patients with a first ICU stay between January 2008 and September 2019

▪ Monobacterial HAP, vHAP or VAP due to GNB and treated with adequate 

single-drug or adequate combination antimicrobial therapy at Day 0 (date 

of pneumonia diagnosis) and/or Day 1

▪ Only the first pneumonia for patients with multiple episodes

▪ MDR/XDR: CDC/eCDC definitions

▪ Adequacy of initial antimicrobial therapy assessed through manual reviewing of 

AST results (CD, NB, JRZ, FB, JFT)



Statistical analyses (SR/JFT)

▪ Average treatment effect of combination therapy on study endpoints assessed 

through (i) IPTW regression and (ii) multivariable regression

▪ Propensity score calculation (i) /adjustment (ii) : inclusion period, SAPS 2 at 

admission, prior chronic diseases/ID, prior hospital LOS, pneumonia type, 

SOFA at pneumonia onset, plus colonization with MDRB (for clinical cure at 

Day 14) and diabetes mellitus, prior contrast-enhanced CT/angiography, and 

prior aminoglycoside and/or glycopeptide exposure (for MAKE)

▪ Subgroup analyses: MDR pathogens, NF-GNB, pivotal β-lactam class 

(carbapenems or others), companion drug class (AMG or others), duration of 

combination therapy, SOFA at pneumonia onset, pneumonia-related BSI, septic 

shock at pneumonia onset



14469 patients with a first ICU stay between January 

1st, 2008 and September 1st, 2019

1870 patients with pneumonia

(2553 episodes of pneumonia)

880 patients with GNB HAP/VAP
(1162 episodes of pneumonia, 1370 pathogens)

488 patients with GNB HAP/VAP and IAAT

(545 episodes of pneumonia, 670 pathogens)

57 secondary episodes

of HAP/VAP

488 patients with a first GNB HAP/VAP and IAAT
(488 episodes of pneumonia, 601 pathogens)

97 polymicrobial episodes 

of VAP/HAP

391 patients with a first 

monobacterial HAP/VAP due to 

GNB and receiving IAAT
(391 episodes of pneumonia, 391 pathogens)

151 patients 

receiving

single-drug IAAT

240 patients 

receiving  

combination IAAT

990 patients without 

HAP/VAP due to GNB 
(1391 episodes of pneumonia)

Study 

flow-chart

IAAT: initial adequate 

antimicrobial therapy



Main characteristics of the study population (1/2)

Variables – n (%) or median (IQR) All patients

(n = 391)

Single-drug IAAT

(n = 151)

Combination IAAT

(n = 240)

P-value

Male sex 281 (71.9) 103 (68.2) 178 (74.2) 0.20 

Age, years 65 (54-73) 63 (53-73) 66 (55-73) 0.89

BMI, kg.m-2 24.9 (21.5-29.7) 25.1 (22.5-30) 24.8 (21.4-29.1) 0.51

Any chronic disease except ID

Immune deficiency

163 (41.7)

93 (23.8)

60 (39.7)

35 (23.2)

103 (42.9)

58 (24.2)

0.53

0.82

SAPS 2 at ICU admission 50 (37-64) 53 (38-64) 48 (35-64) 0.35

VAP

 vHAP

 HAP

263 (67.3)

64 (16.4)

64 (16.4)

105 (69.5)

18 (11.9)

28 (18.6)

158 (65.8)

46 (19.2)

36 (15.0)

0.15

Time from hospital admission to Day 0

Sepsis / Septic shock at Day 0/Day 1

SOFA at Day 0/Day 1

12 (7-22)

312 (79.8) / 99 (25.3)

7 (4-9)

10 (6-20)

112 (74.2) / 30 (19.9)

6 (4-9)

14 (7-23)

200 (83.3) / 69 (28.8)

7 (4-9)

0.02

0.03 / 0.05

0.16

GNB responsible for pneumonia

Enterobacterales

 NF-GNB (all)
   Pseudomonas aeruginosa

MDR / XDR/PDR

207 (52.9)

170 (43.5)

150 (38.4)

76 (19.5) / 8 (2.1)

91 (60.3)

52 (34.4)

44 (29.2)

24 (15.9) / 3 (2.0)

116 (48.3)

118 (49.2)

106 (44.2)

52 (21.7) / 5 (2.1)

0.02

0.005

0.003

0.19 / 1



Main characteristics of the study population (2/2)

Variables – n (%) or median (IQR) All patients

(n = 391)

Single-drug IAAT

(n = 151)

Combination IAAT

(n = 240)

P-value

Duration of antimicrobial therapy, overall, days 8 (6-12) 7 (5-10) 8.5 (6-13) 0.04

Duration of combination therapy, days - - 3 (2-5) -

Pivotal antimicrobial agent

   Anti-Pa penicillins ± BLI

   Anti-Pa carbapenems

   Anti-Pa cephalosporins

   Non-anti-Pa beta-lactams

Others

137 (35.0)

104 (26.6)

76 (19.5)

55 (14.1)

19 (5.3)

47 (31.1)

32 (21.2)

25 (16.6)

37 (24.5)

10 (6.7)

90 (37.5)

72 (30.0)

51 (21.2)

18 (7.5)

9 (3.7)

<0.0001

Companion antimicrobial agent

   Aminoglycosides

   Fluoroquinolones

  Others

-

-

-

-

-

-

174 (72.5) 

51 (21.3)

15 (6.3)

-

Organ support during the ICU stay

MV

Vasopressors

RRT

ECMO

376 (96.2)

308 (78.8)

144 (36.8)

25 (6.4)

141 (93.4)

106 (70.2)

56 (37.1)

9 (6.0)

235 (97.9)

202 (84.2)

88 (36.7)

16 (6.7)

0.03

0.001

0.93

0.78



Antimicrobial agents Maximal daily doses at Day 0 / Day 1 (mg.kg-1 per 24 hours)

All patients KDIGO 0 KDIGO 1 KDIGO 2 KDIGO 3

Ceftriaxone 17.5

(13.6-24.1)

22.7

(16.2-28.1)

12.9

(11.4-18.5)

12.0 & 13.7

-

17.5

(15.7-24.1)

Piperacillin-tazobactam 157.9

(130.4-205.1)

178.4

(145.6-225.5)

170.2

(146.7-214.5)

172.7

(154.8-200.0)

133.3

(95.9-162.2)

Ceftazidime 68.1

(53.7-85.1)

63.5

(53.7-94.1)

58.5

(36.7-87.2)

- 71.8

(60.5-82.4)

Cefepime 62.7

(44.4-80.4)

70.6

(44.4-85.1)

46.5 & 48.5 72.1

(59.0-83.7)

52

(40.3-78.9)

Imipenem 32.2

(22.0-46.2)

35.0

(28.0-46.2)

37.2

(20.3-43.5)

34.1

(25.0-45.9)

19.6

(12.1-31.9)

Meropenem 41.7

(29.1-60.3)

45.2

(41.7-71.9)

56.1 & 60.3

-

23.7

-

40.2

(11.3-44.7)

Amikacin 22.9

(19.4-25.8)

21.3

(19.3-25.6)

23.7

(17.8-28.1)

20.7

(15.0-25.7)

25.1

(22.5-28.2)

Ciprofloxacin 12.5

(8.9-15.7)

12.3

(7.9-15.7)

14.1

(11.4-17.7)

5.2

-

11.5

(8.9-15.7)



Primary study endpoint

All-cause mortality rates at Day 28

28.5% in the single-drug IAAT group 

versus 32.9% in the combination 
IAAT group, P = 0.36

Cumulative survival overtime

IPT-weighted hazard ratio 1.07,
95% CI 0.74-1.55, P = 0.71



Primary study endpoint

No independent association between combination IAAT

(vs single-drug IAAT) and the likelihood of all-cause death at Day 28

IPTW: aOR 1.14, 95% CI 0.73-1.77, P = 0.56

Multivariable regression: aOR 1.18, 95% CI 0.73-1.92, P = 0.50 



Secondary study endpoint – clinical cure

Clinical cure rate at Day 14

49.7% with single-drug IAAT vs 40.0% with combination IAAT, P = 0.06

No independent association between combination IAAT

(vs single-drug IAAT) and the likelihood of clinical cure at Day 14



Secondary study endpoint – MAKE

Treatment-emergent AKI at Day 7 (with or without RRT)

31.1% with single-drug IAAT vs 39.6% with combination IAAT, P = 0.09
Combination group: 37.9% with AMG vs 43.9% with other companion drugs, P = 0.30

Death at Day 7: 10.6% with single-drug IAAT vs 10.0% with combination IAAT, P = 0.85

No independent association between combination IAAT

(versus single-drug IAAT) and the likelihood of death or AKI at Day 7



Patient subpopulations Mortality at Day 28 Clinical cure at Day 14 Death or AKI at Day 7

aOR (95% CI) P-value aOR (95% CI) P-value aOR (95% CI) P-value

Pneumonia due to MDR GNB 0.88 (0.31-2.53) 0.82 1.52 (0.42-5.41) 0.52 1.82 (0.57-5.77) 0.31

Pneumonia due to non-MDR GNB 1.22 (0.69-2.16) 0.50 0.76 (0.46-1.27) 0.30 0.96 (0.55-1.66) 0.88

Pneumonia due to NF-GNB 0.73 (0.30-1.73) 0.47 1.13 (0.49-2.56) 0.78 1.36 (0.54-3.46) 0.52

Carbapenem-based regimen 1.14 (0.45-2.88) 0.78 0.53 (0.20-1.41) 0.21 1.51 (0.45-5.05) 0.50

Non-carbapenem-based regimen 1.09 (0.60-1.99) 0.77 0.99 (0.57-1.73) 0.98 0.81 (0.46-1.44) 0.48

AMG-containing regimen 1.23 (0.74-2.06) 0.42 0.78 (0.48-1.26) 0.31 1.05 (0.62-1.76) 0.86

Non-AMG-containing regimen 1.01 (0.48-2.12) 0.98 0.76 (0.39-1.47) 0.42 1.26 (0.65-2.46) 0.49

Combination therapy <3 days 1.04 (0.58-1.87) 0.90 1.12 (0.64-1.95) 0.70 1.00 (0.55-1.80) 0.99

Combination therapy ≥3 days 1.34 (0.76-2.39) 0.32 0.59 (0.35-1.01) 0.05 1.18 (0.68-2.05) 0.55

SOFA <7 at Day 0/Day 1 1.43 (0.65-3.12) 0.37 0.79 (0.42-1.50) 0.47 1.11 (0.56-2.18) 0.77

SOFA ≥7 at Day 0/Day 1 1.01 (0.54-1.91) 0.97 0.89 (0.43-1.84) 0.76 1.02 (0.50-2.09) 0.95

Septic shock at Day 0/Day 1 1.40 (0.49-3.99) 0.53 0.60 (0.19-1.88) 0.38 2.22 (0.65-7.62) 0.21

Pneumonia-related BSI 1.49 (0.29-7.74) 0.64 0.50 (0.10-2.43) 0.39 0.80 (0.17-3.77) 0.78

Subgroup analyses

All = NS



Other outcomes

Variables – n (%) or median (IQR) All patients

(n = 391)

Single-drug 

IAAT

(n = 151)

Combination 

IAAT

(n = 240)

P-value

MDRB carriage acquired after pneumonia 57 (14.6) 29 (19.2) 28 (11.7) 0.04

Clostridioides difficile infection after pneumonia 5 (1.3) 4 (2.6) 1 (0.4) 0.10

ICU LOS, days 23 (14-39) 22 (13-37) 26 (15-41) 0.55

Hospital LOS, days 40 (24-69) 40.5 (22.5-70) 40 (26-69) 0.66

In-hospital death

Day 14

Overall

86 (22.0)

195 (49.9)

34 (22.5)

64 (42.4)

52 (21.7)

131 (54.6)

0.84

0.02



Limits

▪ Retrospective study (prospectivelly collected data, PS)

▪ Impact of dosing scheme not assessed

▪ No data on therapeutic drug monitoring

▪ Very few XDR/PDR pathogens (no subgroup analyses)

▪ Antimicrobial-related adverse events other than AKI not assessed

▪ Patients with HAP managed outside the ICU not included



MAIN MESSAGES

▪ No impact of combination therapy on day-28 mortality in ICU patients 

with HAP, vHAP or VAP due to GNB – including in those with septic 

shock and/or pneumonia due to NFGNB

▪ No benefit of combination therapy on the likelihood of clinical cure

▪ No overrisk of AKI with AMG (short duration, once-daily dose, TDM)

▪ MDRB/C. difficile acquisition: no « red flag » with combination therapy

▪ In HAP/VAP due to XDR GNB?
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