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Background: Antimicrobial resistance represents 
a major critical issue for the management of the 
critically ill patients hospitalized in the intensive 

care unit (ICU), since infections by multidrug-
resistant bacteria are characterized by high 

morbidity and mortality, high rates of treatment 
failure, and increased healthcare costs worldwide

It is also well known that antimicrobial 
resistance can emerge as a result of 

inadequate antimicrobial therapy, in terms of 
drug selection and/or treatment duration. 

The application of antimicrobial stewardship 
principles in ICUs improves the quality of 

antimicrobial therapy management

In the context of ASPs, all the following elements must 
be taken into account :

• Commitment by hospital leadership to provide
human, financial resources.

• Identification of professionals responsible for program
management and results.

• Appointment of a reference pharmacist to implement
the use of antibiotics.

• Implementation of interventions (such as prospective
audit, feedback, or pre-authorization)

• Monitoring the prescription of antibiotics and the
impact of interventions.

• Effective communication with relevant figures, in
relation to information on antibiotic use and the 

phenomenon of resistance.
• Educational pathways for prescribers, pharmacists,

nurses, and patients, providing information on antibiotic
adverse reactions, resistance, and optimal prescribing
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Statement 1: Antimicrobial stewardship improves the
management of antimicrobial therapy for critically ill
patients in ICUs

FOR THIS REASON, THE QUALITY OF AN 
ANTIMICROBIAL STEWARDSHIP INTERVENTION 
CANNOT BE EVALUATED ONLY LOOKING AT 
COST SAVINGS, ESPECIALLY IN THE CONTEXT OF 
UNITS WITH PARTICULARLY SEVERE OR 
COMPLEX PATIENTS.

MOREOVER, IT IS IMPORTANT TO 
CONSIDER THAT PHARMACEUTICAL 
EXPENDITURE IN THE ICU SETTING IS 
INEVITABLY HIGHER THAN IN 
CONVENTIONAL WARDS, INCLUDING 
THAT OF NEW ANTIMICROBIAL DRUGS, 
DUE TO THE HIGHER PREVALENCE OF 
RISK FACTORS FOR INFECTIONS BY 
MDRO AND THE SEVERITY OF THE 
CLINICAL PRESENTATION

From the perspective of ensuring 
proper use of therapy, antimicrobial 

stewardship intervention is 
associated with a reasoned use of 

antibiotics and should not necessarily 
translate into a reduction in drug 

dosage or be strictly bound by the 
indications expressed in the various 

guidelines

1. Gatti M, et al. Expert clinical pharmacological 
advice may make an antimicrobial TDM program 

for emerging candidate more clinically useful in 
tailoring therapy of critically ill patients. Crit 

Care 2022; 26:178  
2. Dresser LD et a.l  Use of a structured panel 

process to define antimicrobial prescribing 
appropriateness in critical care. J Antimicrob 

Chemother 2018; 73(1):246–249



Equilibrating SSC 
guidelines with individualized care
Vincent JL. et al. Crit Care 2021; 25:397

We recommend involving senior colleagues and consultants, 
especially since guidelines are most useful for non-experts. 

Team work, communication and multidisciplinary teams are 
essential aspects. One of the most overarching 

recommendations is to seek for guidance from other 
colleagues and to clearly document the rationale for an 

intervention –be it recommended or not in the guidelines

Twenty recommendations to individualize 
interventions in the early resuscitation of patients 

with sepsis

WHEN WE FORGET THE FUNDAMENTAL IMPORTANCE OF 
INDIVIDUALIZED MANAGEMENT, THE ULTIMATE RESULT IS THAT FEW 

INTERVENTIONS IMPROVE MEANINGFUL PATIENT OUTCOMES, 
ESPECIALLY MORTALITY

“Good doctors use both individual clinical expertise and the 
best available external evidence, and neither alone is 
enough. Without clinical expertise, practice risks becoming 
tyrannised by evidence, for even excellent external 
evidence may be inapplicable to or inappropriate for an 
individual patient. Without current best evidence, practice 
risks becoming rapidly out-of-date, to the detriment 
of patients.” David Sackett

“Evidence based medicine is not "cookbook" 
medicine. (…) External clinical evidence can inform, but 

can never replace, individual clinical expertise, and it is 
this expertise that decides whether the external evidence 

applies to the individual patient at all and, if so, how it 
should be integrated into a clinical decision.” David Sackett

Sackett DL, Rosenberg WM, Gray JA, Haynes RB, Richardson WS. Evidence 
based medicine: what it is and what it isn’t. BMJ. 1996;312:71–2

CONCLUSION 
SEPSIS IS CLEARLY ONE 

INSTANCE WHERE “ONE SIZE 
DOES NOT FIT ALL”
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Statement 2: Quasi-targeted therapy, based on rapid 
diagnosis using rapid microbiological diagnostic 
techniques, is the main pathogen-oriented 
antimicrobial treatment option in ICU

IN FACT, THESE ORGANISMS CAN PRODUCE 
DIFFERENT TYPES OF CARBAPENEMASES, 
INCLUDING KPC AND NDM, WHICH MAY 
LEAD TO CHANGES IN EFFECTIVE ANTIBIOTIC 
THERAPY, AS THE NEW ANTIBIOTICS (CZA, 
MVB AND IMR) ARE ACTIVE AGAINS KPC BUT 
NOT NDM

THE INTEGRATION OF A MOLECULAR 
AND A PHENOTYPIC APPROACH IS 
RELEVANT, CONSIDERING THAT THERE 
HAS BEEN A CHANGE IN THE CURRENT 
EPIDEMIOLOGY REGARDING 
CARBAPENEMASE-RESISTANT 
ENTEROBACTERALES

Statement 3: “Short-term” antimicrobial 
therapy may reduce the chance of infection by 

multi-resistant bacteria

THE GUT MICROBIOME HAS A HIGH INTRINSIC 
RESISTANCE TO COLONIZATION BY PATHOGENIC 

AND/OR MULTI-RESISTANT GERMS. IN 
CONTRAST, UNDER CONDITIONS OF DYSBIOSIS, 

WHICH OCCURS DURING EXPOSURE TO 
ANTIBIOTICS, THE MICROBIOTA IS MUCH MORE 

PRONE TO BACTERIAL COLONIZATION, A 
CONDITION THAT INCREASES THE RISK OF 

INFECTION, DISEASE, AND PATHOGEN SPILLOVER

Since the biodiversity of the 
microbiota is restored rapidly 
when pharmacological pressure 
is suspended, it follows that a 
reduction in treatment time has 
a clear favorable role, both on 
the hospital system and on the 
individual patient
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Gatti M, Viaggi B, Rossolini GM, Pea F, Viale P 
Exp Rev Anti Infect Ther Sep 2021

Infect Drug Resist Jun 2021
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Chen HY. et al. J Microbiol 2024; 57:580-593 Methods: this retrospective observational study, conducted 
from July 2021 to August 2023, involved adult ICU patients 
with positive blood cultures who underwent BCID2 testing. 
The concordance between BCID2 and conventional culture 

results was examined, and its impact on antimicrobial 
stewardship was assessed through a comprehensive 

retrospective review of patient records by intensivists

A total of 129 blood 
specimens from 113 

patients were analysed

Among these patients,
a high proportion of drug-

resistant strains were noted, 
CRKP 57.1%, CR AciBau 100%,  

MRSA 70%, and VRE 100%

THE TIME FROM BLOOD CULTURE 
COLLECTION TO OBTAINING 

BCID2 RESULTS WAS 
SIGNIFICANTLY SHORTER THAN 

CONVENTIONAL CULTURE (46.2 H 
VS. 86.9 H, P < 0.001)
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Chen HY. et al. J Microbiol 2024; 57:580-593

BCID2 DEMONSTRATED 100% 
CONCORDANCE IN GENOTYPE E 
PHENOTYPE CORRELATION IN 
ANTIMICROBIAL RESISTANCE (AMR) 
FOR CRKP, CARBAPENEM-RESISTANT 
ESCHERICHIA COLI, MRSA, AND VRE 
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Chen HY. et al. J Microbiol 2024; 57:580-593

A TOTAL OF 40.5% OF PATIENTS 
RECEIVED INADEQUATE EMPIRICAL 
ANTIMICROBIAL TREATMENT. THE 
ANTIMICROBIAL REGIMEN WAS 
ADJUSTED OR CONFIRMED IN 55.4% 
OF PATIENTS FOLLOWING THE BCID2 
RESULTS
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Chen HY. et al. J Microbiol 2024; 57:580-593

EARLY MICROBIOLOGICAL DIAGNOSIS 
THROUGH MOLECULAR RAPID 
DIAGNOSTIC TESTING MAY PLAY A 
CRUCIAL ROLE IN INITIATING TIMELY
AND APPROPRIATE ANTIMICROBIAL 
TREATMENT

MONITORING AS DRUG-RESISTANT PATHOGENS ARE RAPIDLY RISING IN THE ICU, 
THE RECOMMENDED PRACTICE FOR ANTIMICROBIAL THERAPY BEFORE 
FINALIZING AST IN THE ICU IS TO PRESCRIBE EMPIRICAL ANTIBIOTICS BASED ON 
LOCAL MICROBIOLOGIC DATA AND RISK FACTORS ASSOCIATED WITH MULTIDRUG-

RESISTANT (MDR) BACTERIA. HOWEVER, NO SINGLE ALGORITHM CAN 
BE USED TO PERFECTLY PREDICT MDR INFECTION. 
CONSEQUENTLY, THE EUROBACT-2 STUDY REPORTED THAT ANTIMICROBIAL 
THERAPY WAS CONSIDERED ADEQUATE IN ONLY 51.5% WITHIN 24 H OF 
BLOOD CULTURE SAMPLING, AND ANTIMICROBIAL RESISTANCE LEAD TO A 
LONGER DELAY

2600 ptz 
333 ICUs in 52 

countries

78% HA-BSI 
Were ICU-acquired

Difficult‑to‑treat resistance (DTR) was 
present in 23.5% and pan‑drug resistance in 

1.5%. Antimicrobial therapy was deemed 
adequate within 24 h for 51.5%. Antimicrobial 
resistance was associated with longer delays 

to adequate antimicrobial therapy. Source 
control was needed in 52.5% but not 

achieved in 18.2%

Tabah A. et al. Epidemiology and 
outcomes of hospital-acquired 

bloodstream 
infections in intensive care unit 

patients: the 
EUROBACT-2 international 

cohort study. Intensive Care Med 
2023;49:178e90
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Statement 4: Surveillance data lead to more 
rational choices of empirical therapy

THIS PROVIDES AN INFORMATION BASE FROM WHICH TO 
PERFORM EMPIRICAL CLINICAL REASONING IN ORDER TO 
SELECT ANTIMICROBIAL THERAPY, THAT HAS THE HIGHEST 
PROBABILITY OF EFFICACY WHEN USED IN THE CRITICAL 
PATIENT

MONITORING LOCAL EPIDEMIOLOGY IS 
ESSENTIAL TO PROVIDE THE 
INTENSIVIST WITH BASIC INFORMATION 
REGARDING MOST LIKELY CAUSES OF 
INFECTIONS AND THE POSSIBLE 
PATTERNS OF RESISTANCE

To overcome the lack of 
representativeness in regional
and national territories of the 

EARS-NET surveillance
system, the use of network 
services was promoted by

some Italian regions (i.e., ARS 
Toscana)



Statement 5: In the critical patient, 
antibiotics should

be administered in a manner 
defined according to the

pharmacokinetic-pharmacodynamic 
(PK/PD) targets of

each drug class and site of infection

Statement 6: Effective antimicrobial 
stewardship in ICU involves specific indicators 
and appropriate training

FOR EXAMPLE, IN CASES OF MORE SEVERE 
PATIENTS, IT IS NECESSARY TO ASSESS THE 
INAPPROPRIATENESS OF TREATMENT FROM THE 
POINT OF VIEW OF THE TIME OF DRUG 
EXPOSURE, THE NUMBER OF TIMES UNDER/
OVER TREATMENT OCCURRED, AND WHETHER 
OR NOT THE THERAPEUTIC TARGET WAS 
REACHED (USE OF THE PK/ PD PARAMETER 
OPTIMIZATION MODE OR NOT)
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AN EFFICIENT ANTIMICROBIAL STEWARDSHIP PROGRAM, 
CARRIED OUT IN AN INTENSIVE CARE SETTING, REQUIRES 
THE IMPLEMENTATION OF EDUCATIONAL PATHWAYS FOR 

HEALTHCARE PERSONNEL TO IMPROVE ANTIMICROBIAL 
PRESCRIBING PRACTICE AND INFECTION CONTROL

IN THE STATEMENTS, THE IMPORTANCE OF 
EARLY THERAPEUTIC INTERVENTION IS 

EMPHASIZED, WHICH IS ACHIEVED 
THROUGH THE USE OF RAPID DIAGNOSTIC 

TECHNIQUES AND THE SHARING OF 
DIAGNOSTIC ALGORITHMS ENABLING 

FASTER PATHOGEN IDENTIFICATION
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To improve patients’ safety and outcomes while 
maintaining the efficacy of antimicrobials, complex 

interventions are needed involving infection control and 
appropriate pharmacological treatments in antibiotic 

stewardship programs. We conducted a multicenter pre-
post study to assess the impact of a stewardship program 

in seven Italian intensive care units (ICUs)

Each ICU was visited by a 
multidisciplinary team involving 

clinicians, microbiologists, 
pharmacologists, infectious disease 

specialists, and data scientists. 
Interventions were targeted according 
to the characteristics of each unit. The 
effect of the program was measured 
with a panel of indicators computed 

with data from the MargheritaTre 
electronic health record

Phases of the Project

 DEFINITION OF THE INDICATORS: THE STUDY BOARD 
DESIGNED ALL INDICATORS TO MEASURE SEVERAL DIMENSIONS RELATED TO 
THE MANAGEMENT OF INFECTIONS IN ICUS (RESISTANCE PATTERNS OF THE 
ISOLATED MICROORGANISMS TO DRUG CLASSES, APPROPRIATENESS OF DRUG 
USE, CLINICAL DECISIONS)

 PLENARY SESSION: A KICK-OFF MEETING WAS ORGANISED WITH 
REPRESENTATIVES OF THE ICUS (NURSES, INTENSIVISTS, MICROBIOLOGISTS, 
INFECTIOUS DISEASE SPECIALISTS, PHARMACISTS/PHARMACOLOGISTS) TO 
SHARE THE OBJECTIVES OF THE PROJECT, TO DESCRIBE ITS PHASES, AND TO 
RECALL AND DISCUSS STANDARD STRATEGIES FOR INFECTION CONTROL IN 
THE ICU AND WHAT IS KNOWN TO LIMIT THE EMERGENCE OF 
ANTIMICROBIAL RESISTANCE

 ON-SITE VISITS 
AND FOLLOW UP: 
ALL ICUS WERE VISITED 
BETWEEN OCTOBER 2018 
AND FEBRUARY 2019 BY 
EXPERIENCED MEMBERS 
OF THE STUDY BOARD

 FINAL EVALUATION 
OF THE RESULTS
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0utcomes: the success of the stewardship program was 
evaluated through the following indicators. Mortality and ICU 
length of stay were used as safety parameters to make sure that 
the intervention did not harm patients
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THE FEASIBILITY AND THE SUCCESS OF THIS MULTICENTER 
ASP SHOULD NOW ENCOURAGE HEALTHCARE POLICY 

MAKERS TO CONSIDER THAT “WHERE THERE’S A WILL, 
THERE’S A WAY”

OUR ASP ADOPTED A MULTIDISCIPLINARY APPROACH INVOLVING 
CLINICIANS, MICROBIOLOGISTS, PHARMACOLOGISTS, INFECTIOUS 

DISEASE SPECIALISTS, AND DATA SCIENTISTS. IT SUCCESSFULLY 
REDUCED ANTIBIOTIC CONSUMPTION AND MDR, WITHOUT 

RISKING PATIENT SAFETY. SIMPLE INDICATORS, WHICH CAN EASILY 
BE UPDATED TO THE NEWER DRUGS AND DIFFERENT PATIENT 

POPULATIONS, WERE AUTOMATICALLY COMPUTED FROM COMMON 
EHR, HELPING TO MONITOR ASP DATA

EHR= Electronic Health Record
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