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Risk of inappropriate empirical antimicrobial
treatment in immunocompromised patients

1615 infectious episodes
14% MDR GNB infections
24% inappropriate empirical antimicrobial therapy

Martinez-Nadal et al. CID 2020; 70: 1068-74.
Chumbita et al. Microbiol Spectr 2023



Falcone et al. Crit Care 2020

How to shorten the time to 
appropriate antimicrobial therapy?



Rhee et al. JAMA Network Open 2020; 3: e202899.

How to improve antibiotics selection?



Agenda

MDR risk factors assessment

Resistance mechanisms identification

New therapeutic options

Dosing optimization



Identify patients at risk of MDR infections

Hernandez-Jimenez et al. Antibiotics 2022; 11: 1459.



Role of previous carbapenem exposure in 
neutropenic patients

Righi et al. JAC 2017; 72:668-677.



Prior colonization as risk factor for MDR infections

JAC Antimicrob Resist 2023

129 patients with CRAB colonization
44% developed BSI



Gao et al. J Glob Antimicrob Resist 2024; 36:96-104.

434 hematological patients with BSI
98 with CRO BSI
75% with positive rectal swab



MDR colonisation guides empirical antimicrobial 
therapy

Ramirez et al. Chest 2020; 158: 1896-1911.

In which immunocompromised patients should the initial empirical therapy be extended to cover MDR pathogens?



MDR risk score may guide empirical KPC-Kp coverage 

Giannella risk score

Giannella et al. CMI 2014
Cano et al. CID 2018



Agenda

MDR risk factors assessment

Resistance mechanisms identification

New therapeutic options

Dosing optimization



Consider the local epidemiology

Lalaoui et al. Front Microbiol 2020; 11: 1422.

Worldwide distribution of 

carbapenemase enzymes in 

hematological patients.

OXA-48
KPC
NDM
IMP
VIM



Early determination of underlying multidrug resistance 
mechanisms 

Nordmann et al. CID 2019

1. Rapid identification of the pathogen

2. Rapid identification of resistance 
mechanisms
• Genotypic tests

• Phenotypic tests



BCs’ MALDI-TOF 
direct ID

NG-Test CTX-M Multi

NG-Test Carba 5

Eazyplex MRSAplus

FILMARRAY system
(ME,BC, pneumonia, GI)

T2Dx Instrument 
(Bacteria, candida, AMR)

Unyvero System
(tissue, fluids, urine)

WGS



Role of molecular rapid diagnostic testing to 
inform optimal treatment decisions ? 

Rapid identification of the pathogen

Rapid identification of resistance mechanisms

Multiplex PCR

6



Posteraro et al. Microbiol Spectr 2021

150 ICU patients
SARS Cov-2 
pneumonia



Rapid PCR-based blood culture reduces time to 
effective therapy in neutropenic patients

Perez-Lazo et al. Antibiotics 2023; 12:648.

Group 1: ASP
Group 2: mPCR+ ASP

Reduce time to effective therapy

deescalationescalationEmpirical use



Rapid diagnostic tools allow rapid selection of 
appropriate antibiotics

Balhodi et al. CID 2022; 75:269-77.

N=854
Bacteremia 

Rapid AST vs 
conventional technique

Retrospective study
5 centres in US

Median time to ID: 2.5h vs 24.8h
Median time to AST: 7.9h vs 39.5h

MDR pathogens: 16%
Pathogens identified: ESBL-E, MDR P. aeruginosa, MDR A. baumannii, MRSA, VRE



Agenda

MDR risk factors assessment

Resistance mechanisms identification

New therapeutic options

Dosing optimization



New antimicrobial drugs have been developped to tackle 
different mechanisms of resistance

Talbot CID 2019; doi 10.1093/cid/ciz089    

synthesis of new β-lactam compounds refractory 
to hydrolysis by these enzymes (eg, cefiderocol)

Development of new beta-lactam inhibitors

1

2



Enterobacterales P. aeruginosa

CRAB Steno E. faec MRSA Anas

Resistance mechanisms AmpC ESBL

CRE

Non-

CPE

KPC
NDM

VIM

OXA-

48
AmpC Efflux

AmpC

Efflux

OprD-

NDM

VIM

Ceftobiprole

Ceftazidime-avibactam

Ceftolozane-tazobactam

Imipenem-relebactam

Meropenem-vaborbactam

Aztreonam-avibactam

Cefiderocol

New treatment options based on resistance 
mechanisms



IDSA ESCMID

1st line Alternative

KPC Ceftazidime avibactam
Meropenem vaborbactam
Imipenem relebactam

Cefiderocol Ceftazidime avibactam
Meropenem vaborbactam
Imipenem relebactam

Metallo β
lactamases

Aztreonam avibactam Cefiderocol Cefiderocol
Aztreonam avibactam

OXA 48 like 
carbapenemase

Ceftazidime avibactam Cefiderocol Ceftazidime avibactam

CID 2021; 72:169-83. Updated 7th March 2022
CMI 2021; 10.1016/j.cmi.2021.11.025

Carbapenem Resistant ENTEROBACTERALES



Tamma et al. CID 2022;75(2):187–212.
Paul et al. CMI 2022; 28: 521-547.

DTR Pseudomonas aeruginosa

Infections 
outside 
cUTI

Ceftolozane-tazobactam 
Ceftazidime-avibactam
Imipenem-relebactam

Cefiderocol

cUTI

Ceftolozane-tazobactam 
Ceftazidime-avibactam
Imipenem-relebactam
Cefiderocol

Aminoglycoside

First line 2nd line

Severe 
infections

Ceftolozane-tazobactam



Carbapenem Resistant Acinetobacter baumannii

CMI 2021; 10.1016/j.cmi.2021.11.025



Carbapenem-resistant Enterobacterales Carbapenem-resistant Acinetobacter baumannii

Lodise et al. Exp Rev Infect Ther 2022



Available data of ceftazidime-avibactam in SOT recipients

Hu et al. IJAA 2024; 63: 107152.
Other regimens: 
Polymyxin B combination therapy (45%), Tigecyclin + Polymyxin B (30%)



Available data of ceftazidime-avibactam in neutropenic 
patients

Herrera et al. Microorganisms 2024; 12,95.

Other antibiotics: carbapenem, tigecyclin, colistin, 
amikacin



Available data of ceftolozane/tazobactam in neutropenic 
patients

Bergas et al. Microbiol Spectr 2022; 10: e0229221.



• 102 patients with BSI, 30% immunocompromised

• 80% NDM-producing GNB, 20% VIM-producing GNB

• CAZ-AVI + AZT compared to other antibiotics (COL, FOS, 
TGC, AZT+FOS)

Falcone et al. CID 2021; 72: 1871-8.
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MDR risk factors assessment

Resistance mechanisms identification

New therapeutic options

Dosing optimization



Micro-
organism

HostDrug

MIC

Dosing
Mode of administration

Tissue penetration

Immuno
compromised 



Pathophysiological alterations in sepsis 
impact antimicrobial pharmacokinetics



𝛃 –lactams PK/PD target: 

the challenge of high MICs

Crit Care 2019; 23(1):104. 

Therapeutic drug monitoring

Bergen et al. J Antimicrob Chemother 2016; 71:2509-20. 

Therapeutic window

=4-5 x MIC

Beta-lactam related threshold



Css/MIC<5: 
↑ risk of treatment failure and emergence of resistance

Gatti et al. Antibiotics 2021; 10:1311.

5

• 116 ICU patients 

• GNB infections (50% 
VAP)

• Beta-lactam 
concentrations:

-Meropenem
-Piperacillin
-Ceftazidime

FAILURE
RESISTANCE

30%

Microbiological failure and/or emergence of resistance
x 35 

if Css < 5 X CMI



Risk of underdosing in renally impaired patients with 
DTR GNB
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survivors non survivors

renally ajusted dosing

P<0.05
• 109 patients
• CRE infections treated 

with cefta/avi
• 54% ICU patients

Joregensen et al. Infect Dis Ther 2020; 9:291-304



Personalized approach for choosing antibiotics in MDR infections 
Take home messages

Identify patients at 
high risk of MDR 

infections

Rapid ID of 
pathogens and 

resistance 
mechanisms

Selection of 
appropriate ABx based 

on resistance 
mechanisms

Dosing 
optimization

Risk factors score
Prior colonization

Genotypic tests
Phenotypic tests

Therapeutic drug monitoring
Prolonged/continuous infusion

OXA-48
MBL
KPC
Non CPE
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