
Citation: Mandelli, G.; Dore, F.;

Langer, M.; Garbero, E.; Alagna, L.;

Bianchin, A.; Ciceri, R.; Di Paolo, A.;

Giani, T.; Giugni, A.; et al.

Effectiveness of a Multifaced

Antibiotic Stewardship Program: A

Pre-Post Study in Seven Italian ICUs.

J. Clin. Med. 2022, 11, 4409.

https://doi.org/10.3390/

jcm11154409

Academic Editors: Luca Brazzi and

Giorgia Montrucchio

Received: 19 May 2022

Accepted: 25 July 2022

Published: 28 July 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Journal of

Clinical Medicine

Article

Effectiveness of a Multifaced Antibiotic Stewardship Program:
A Pre-Post Study in Seven Italian ICUs
Giulia Mandelli 1 , Francesca Dore 1,2,* , Martin Langer 2,3 , Elena Garbero 1,2 , Laura Alagna 4,
Andrea Bianchin 5 , Rita Ciceri 2,6, Antonello Di Paolo 7 , Tommaso Giani 8,9, Aimone Giugni 2,10,
Andrea Gori 4,11,12 , Ugo Lefons 13, Antonio Muscatello 4, Carlo Olivieri 2,14, Angelo Pan 15, Matteo Pedeferri 2,16,
Marianna Rossi 17 , Gian Maria Rossolini 8,9 , Emanuele Russo 18 , Daniela Silengo 2,19, Bruno Viaggi 2,20,
Guido Bertolini 1 and Stefano Finazzi 1,2

1 Istituto di Ricerche Farmacologiche Mario Negri IRCCS, 20156 Milano, Italy;
giuliamandelli.bg@gmail.com (G.M.); elena.garbero@marionegri.it (E.G.);
guido.bertolini@marionegri.it (G.B.); stefano.finazzi@marionegri.it (S.F.)

2 Associazione GiViTI—Gruppo Italiano per la Valutazione degli Interventi in Terapia Intensiva,
24020 Ranica, Italy; 10mlanger@gmail.com (M.L.); r.ciceri@asst-lecco.it (R.C.);
aimonegiugni@gmail.com (A.G.); carlo.olivieri@aslvc.piemonte.it (C.O.); m.pedeferri@asst-lecco.it (M.P.);
daniela.silengo@gmail.com (D.S.); bruno.viaggi@gmail.com (B.V.)

3 Emergency-Ong, 20128 Milano, Italy
4 Infectious Diseases Unit, Fondazione Istituto di Ricovero e Cura a Carattere Scientifico (IRCCS) Ca’ Granda

Ospedale Maggiore Policlinico, 20122 Milan, Italy; laura.alagna@gmail.com (L.A.);
andrea.gori@unimi.it (A.G.); antonio.muscatello@policlinico.mi.it (A.M.)

5 Anesthesia and Intensive Care, Ospedale Civile San Valentino di Montebelluna, 31044 Montebelluna, Italy;
andbia@libero.it

6 Anesthesia and Intensive Care, Ospedale Alessandro Manzoni di Lecco, 23900 Lecco, Italy
7 Department of Clinical and Experimental Medicine, Università di Pisa, 56126 Pisa, Italy;

antonello.dipaolo@unipi.it
8 Department of Experimental and Clinical Medicine, Università di Firenze, 50134 Firenze, Italy;

tommaso.giani@unifi.it (T.G.); gianmaria.rossolini@unifi.it (G.M.R.)
9 Clinical Microbiology and Virology Unit, Azienda Ospedaliero Universitaria Careggi, 50134 Firenze, Italy
10 Department of Intensive Care and Emergency Medical Services, Ospedale Maggiore, 40133 Bologna, Italy
11 Department of Pathophysiology and Transplantation, Università degli Studi di Milano, 20122 Milan, Italy
12 Centre for Multidisciplinary Research in Health Science (MACH), Università degli Studi di Milano,

20122 Milan, Italy
13 Anesthesia and Intensive Care, Ospedale Alta Val d’Elsa di Poggibonsi, 53036 Poggibonsi, Italy;

ugo.lefons@uslsudest.toscana.it
14 Anesthesia and Intensive Care, Ospedale Sant’Andrea, ASL VC Vercelli, 13100 Vercelli, Italy
15 Infectious Diseases Unit, Istituti Ospitalieri di Cremona, 26100 Cremona, Italy; angelo.pan@asst-cremona.it
16 Anesthesia and Intensive Care, Presidio Ospedaliero San Leopoldo Mandić, 23807 Merate, Italy
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Abstract: Multidrug resistance has become a serious threat for health, particularly in hospital-
acquired infections. To improve patients’ safety and outcomes while maintaining the efficacy of
antimicrobials, complex interventions are needed involving infection control and appropriate phar-
macological 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, pharmacol-
ogists, 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
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computed with data from the MargheritaTre electronic health record. The median duration of em-
pirical therapy decreased from 5.6 to 4.6 days and the use of quinolones dropped from 15.3% to 6%,
both p < 0.001. The proportion of multi-drug-resistant bacteria (MDR) in ICU-acquired infections fell
from 57.7% to 48.8%. ICU mortality and length of stay remained unchanged, indicating that reducing
antibiotic administration did not harm patients’ safety. This study shows that our stewardship pro-
gram successfully improved the management of infections. This suggests that policy makers should
tackle multidrug resistance with a multidisciplinary approach based on continuous monitoring and
personalised interventions.

Keywords: antibiotic stewardship; multidrug resistance; intensive care units; healthcare-associated
infections; infection control; electronic health record; education in medicine; appropriateness of antibiotic

1. Introduction

The efficacy of antimicrobials still saves the vast majority of patients suffering from
bacterial or fungal infections. However, their use, overuse and mainly inappropriate use in
and outside hospitals, as well as in livestock, favours the emergence of resistance. Resistant
bacterial species threaten health and cause related morbidity and even mortality [1]. This
has become a general emergency in hospitals and in general medical practice—although
with significant geographical differences [2]. However, it is recognised that judicious use of
antimicrobials is a cornerstone of the containment of multidrug resistance (MDR) [3].

Antibiotic stewardship programs (ASPs) are accepted worldwide as a must to im-
prove patients’ safety and outcomes, while maintaining the efficacy of antimicrobials by
withholding the selective pressure driving antibiotic resistance (ABR) [4]. ASP comprises
a bundle of interventions to improve several aspects of a complex decision-making pro-
cess [5] involving organisation, prevention of transmission, diagnosis of infection, handling
of microbiological investigations, optimisation of drug prescriptions [6], and duration
of treatments.

There is general agreement on the urgent need for effective ASP, the best bundle
composition, and the best way to implement these programs and to maintain the benefit
over time. Most published stewardship programs, using very different methods, report
success in achieving specific goals [7–14]. However, better management of infections
calls for the design and achievement of several goals: reduction of the circulation and
transmission of MDR [15] microorganisms and more appropriate use of drugs (sparing of
carbapenems, limitation of quinolones and other broad-spectrum drugs, and appropriate
site, dose, and duration of treatments).

Intensive care units (ICUs) present unique challenges for ASP due to their crucial
position in the chain of antibiotic resistance: they admit critical and chronically ill patients
frequently colonised by MDR microorganisms, transferred from hospital wards and nursing
homes [16]. ICU doctors use antimicrobials generously, and return survivors with a greater
or even unit-acquired MDR burden to the hospital and the community [17]. However, ICU
personnel, having experienced how difficult it is to treat patients with MDR infections,
do frequently pay closer attention to the MDR problem. ASPs have often been optimised
in ICUs in recent years, with attempts also to develop the multidisciplinary aspect by
including infectious diseases, microbiologists, and pharmacists in the projects.

In 2017 the Italian Group for the valuation of Intervention in Intensive Care Units
(GIViTI, giviti@marionegri.it) started a multi-ICU project to control antibiotic resistance
through a complex peer-to-peer intervention and extended monitoring with a common
electronic health record (EHR), MargheritaTre (M3) [18] as a potential continuous antibiotic-
stewardship tool.

The aim of this before/after project, intended as a pilot study, was to assess the efficacy
of an ASP in a multicenter study. Specific goals of the ASP were reduction of the overall
antibiotic pressure, sparing of the essential anti-MDR-drugs (e.g., carbapenems, colistin,
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linezolid), reduction of the use of quinolones, optimisation of drug administration, and
improvement of appropriateness of antibiotic treatment. Appropriateness was assessed
across several dimensions, focusing on infections with valid diagnostic specimens, microbi-
ological diagnoses and pharmacologic properties as tissue penetration of the prescribed
drugs. These actions, together with prevention of transmission, should yield the very
ambitious achievement of reducing MDR infections. Considering the complexity of such a
project, the ASP intervention was designed by a multidisciplinary team and agreed with
the representatives of the participating ICUs.

The performance of each center was evaluated through a set of indicators designed to
monitor several dimensions in the management of infections. The ASP interventions were
tailored to each ICU on the basis of data collected during the first year of the project (before
the intervention) and discussed with a panel of experts at on-site visits. The impact of the
ASP over the year of observation was assessed by comparing the values of the indicators
before and after the intervention. A further year of observation was planned to verify how
long the benefits, if any, lasted.

2. Methods
2.1. Study Design

We ran a multicenter pre-post study to assess the impact of a stewardship program
in ICUs. The program was based on a plenary meeting with representatives from ICUs
and on-site audits. The impact of the program was measured by comparison of a panel of
indicators computed before and after the intervention.

2.2. Participating Units

Participation in the study was voluntary, but limited to units working with the software
M3, integrated with the laboratory information system. M3 is an EHR developed by a
multidisciplinary team involving IT specialists, researchers, physicians, and nurses from the
GiViTI network. It was designed to support clinical practice in ICUs and ensure high-quality
data for research purposes [18]. M3 is property of Istituto di Ricerche Farmacologiche Mario
Negri IRCCS (Milano, Italy) and GiViTI (Ranica, Italy).

2.3. Study Population

The study population comprised all patients admitted to seven general Italian ICUs
of different sizes and case-mix. The study took place between January 2017 and February
2020 and had 12 months of data collection (see the Supplementary Materials for the list of
ICUs and their characteristics).

2.4. Data Collection and Management

All data (clinical and microbiological diagnoses, laboratory tests, and treatments)
were automatically acquired from the M3 EHR, without further intervention of the ICU
physicians, limiting the risk of biases.

Information in M3 is primarily stored in structured or partially structured form to facil-
itate data analysis. Automatic services import patients’ parameters and results of chemical
and microbiological tests from monitors, ventilators, blood–gas analyser devices, and from
the hospital information systems. M3 stores patients’ data in a local PostgreSQL database in
each hospital. Data are then encrypted and transferred in pseudonymised form to a server
at the GiViTI coordinating center at the Mario Negri Institute for Pharmacological Research.

For this project we extracted the following variables from M3 databases: present-
at-admission or ICU-acquired infection, site of infection, microbiological diagnosis and
sensitivity pattern, where available, antimicrobials employed (drug, start and end dates
of treatment, drug combinations), the rationale for antibiotic prescription (prophylaxis,
targeted or empirical therapy), and length of ICU stay.
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2.5. Phases of the Project

The study was coordinated and monitored by a study board nominated by the GiViTI
steering committee. The members of the board were chosen for their expertise in critical
care medicine, infectious diseases, clinical microbiology, and data science. The board
defined the project’s specific objectives and designed all the phases of the intervention.

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).
When needed, the EHR M3 was modified to collect the variables employed to calculate
those indicators.

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. This course was structured with plenary lectures and workgroups
based on case records extracted from the EHR of the ICUs. The indicators to describe and
quantify the measured data were discussed in this meeting.

To build a common multidisciplinary background, the topics discussed in the meet-
ing aimed to update knowledge about risk stratification, diagnosis of infection, antibiotic
prescription for community- and hospital-acquired infections, PK/PD optimisation, in-
terpretation of antibiotic sensitivity tests for classical and novel diagnostic technologies,
communication strategies with the laboratories, and information from biomarkers. The
importance of environmental cleanliness and prevention of transmission were stressed as
fundamental issues

On-site visits and follow up: All ICUs were visited between October 2018 and February
2019 by experienced members of the study board. The multidisciplinary visiting team
involved an intensivist, a clinical microbiologist, an infectious disease specialist, and a
data scientist from the coordinating team. Each visit lasted a whole day. The morning was
dedicated to visiting the ICU and the microbiology laboratory to study the organisation of
clinical activities and the decision-making. In the afternoon, pre-intervention data were
evaluated, and critical aspects were identified and discussed. In a final de-briefing, the ICU
members and the peers agreed on and fixed the goals to be achieved in one year. During
this year each ICU could consult the clinical experts.

Final evaluation of the results: One year after the visit data from each center were
processed and the indicators computed, each center received a report comparing its own
performance to all the other ICUs.

The results were presented in a GiViTI meeting organised in online format due to
COVID-19 restrictions in Italy.

2.6. Outcomes

The success of the stewardship program was evaluated through the following indica-
tors. Mortality and ICU length of stay were used as safety parameters to make sure that the
intervention did not harm patients.

2.6.1. Frequency of Patients with MDR Infections

Ratio of patients with at least one infection due to MDR bacteria according to the
definition of Ref. [15] to the total number of infected patients. This endpoint was strati-
fied by infections present at ICU admission or acquired during the ICU stay. Infections
whose symptoms appeared during the first 48 h in the ICU were considered infections
at admission.
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2.6.2. Median Duration of Empirical Therapy and Prophylaxis

Kaplan–Meier curves were built to assess the duration of empirical therapies and pro-
phylaxis (antimicrobial treatments aiming to avoid infections, including perioperative prophy-
laxis), censoring patients with ongoing therapies at discharge (see Supplementary Materials).

2.6.3. Inappropriateness of Antibiotics by Penetration into the Site of Infection

Ratio of inappropriate antibiotic therapies regarding tissue penetration to the num-
ber of antibiotics prescribed, based on a recent systematic review [19]. An antibiotic is
considered inappropriate when it cannot reach the site of the infection.

2.6.4. Inappropriateness of Antibiotics by Microorganism Resistance Pattern

Ratio of inappropriate antibiotic therapies to the number of antibiotics prescribed. An
antibiotic is considered as inappropriate if the bacteria causing the infection are intrinsically
resistant [20] or resistant according to susceptibility tests [21–24].

2.6.5. Use of Fluoroquinolone Antibiotics

Proportion of patients who received at least one fluoroquinolone.

2.6.6. Inappropriate Prescriptions of Carbapenems

Ratio of inappropriate prescriptions of carbapenems to the total number of treatments
with these drugs. Treatment with carbapenems is considered inappropriate when the
microorganism causing the infection was responsive to other molecules with a more limited
spectrum or anti-MDR specificity such as penicillin or cephalosporins.

2.6.7. Inappropriate Prescriptions of Colistin

Ratio of inappropriate prescriptions of colistin to the total number of treatments with
these drugs. Treatment with colistin is considered inappropriate when the microorganism
causing the infection was responsive to penicillin, cephalosporins, and carbapenems.

2.6.8. Inappropriate Prescriptions of Linezolid

Ratio of inappropriate prescriptions of linezolid to the total number of linezolid thera-
pies. Empirical therapies in patients with acute renal failure were considered appropriate.
Therapies in patients with SNC infection by Gram + bacteria or any infection due to MRSA
or VRE were deemed appropriate.

The board of experts used three additional indicators to condense the results (before
and after) in each ICU concerning patients’ outcomes and drugs used.

- Antibiotic pressure: Proportion of days of ICU stay when patients received any
antibiotic therapy.

- Average ICU length of stay.
- ICU mortality.

2.7. Statistical Analysis

Categorical variables are reported as frequency and percentage, continuous vari-
ables as mean and standard deviation (SD) or median and interquartile range (IQR),
as appropriate.

Chi-squared and Wilcoxon rank-sum tests were applied to compare proportions and
distributions of continuous variables, respectively, with a significance level of 0.05.

To take into account stratification by ICU, the results of the indicators before and after
the intervention were compared using Cochran–Mantel–Haenszel, stratified Mann–Whitney,
and stratified log-rank tests for proportions, distribution of continuous variables, and
Kaplan–Meier curves, as appropriate, with a significance level of 0.05.

All analyses were done with R, version 3.6 (R Core Team, R Foundation for Statistical
Computing, Vienna, Austria).
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3. Results

The indicators were evaluated for data collected in 2018 on 2901 patients to assess the
performance of the seven ICUs before the ASP intervention. The program’s efficacy was
assessed by comparing the same indicators on data collected for a whole year after the site
visits for 3389 patients. The patients’ main characteristics are reported in Table 1.

The indicators computed in the pre- and post-intervention phases are compared in
Table 2. Improvement was obtained on the frequency of infections caused by MDR bacteria
(39.5% post-intervention vs 44.9% pre-intervention), especially for ICU-acquired infections
(48.8% vs. 57.7%). The frequency of MDR in infections on admission and acquired in ICU for
each center are plotted in Figure 1a,b, before (dashed) and after (solid) the ASP intervention.
The horizontal lines indicate the overall average. Although the Cochran–Mantel–Haenszel
tests are not significant, the changes are substantial and the percentage of MDR in ICU-
acquired infection decreased in all but one of the participating ICUs.

Table 1. Descriptive table (pre-/post-) main demographics, comorbidities, infections present at ICU
admission and infections acquired during ICU stay. Significant levels are indicated as * p < 0.05,
** p < 0.01, *** p < 0.001.

Total (6290) Pre-Intervention (2901) Post-Intervention (3389) p-Value

Median Age (Q1, Q3) 66 (51, 77) 67 (52, 77) 65 (51, 76) 0.003 ***

Male 3816 (60.7%) 1755 (60.5%) 2061 (60.8%) 0.80

ICU Outcome 1011 (16.1%) 471 (16.2%) 540 (15.9%) 0.75

Comorbidities

Hypertension 2818 (48.9%) 1321 (48.4%) 1497 (49.4%) 0.48

Severe Obesity
(BMI > 35) 979 (17.0%) 440 (16.1%) 539 (17.8%) 0.10

Arrythmia 839 (14.6%) 391 (14.3%) 448 (14.8%) 0.64

Type 2 Diabetes 1018 (17.7%) 460 (16.9%) 558 (18.4%) 0.13

BPCO 840 (14.6%) 401 (14.7%) 439 (14.5%) 0.81

Tumor 683 (11.9%) 348 (12.8%) 335 (11.0%) 0.05 *

Myocardial Infarction 531 (9.2%) 241 (8.8%) 290 (9.6%) 0.34

Moderate/Severe
Renal Failure 450 (7.8%) 193 (7.1%) 257 (8.5%) 0.05 *

NYHA 2, 3 450 (7.8%) 208 (7.6%) 242 (8.0%) 0.62

Vasculopathy 409 (7.1%) 239 (8.8%) 170 (5.6%) <0.001 ***

No comorbidities 1069 (18.6%) 552 (20.2%) 517 (17.1%) 0.002 **

Infections on admission

Pneumonia 579 (9.7%) 286 (10.6%) 293 (9.0%) 0.04 *

Clinical sepsis 226 (3.8%) 98 (3.6%) 128 (3.9%) 0.56

Peritonitis 241 (4.1%) 118 (4.4%) 123 (3.8%) 0.24

Urinary tract infections 116 (1.9%) 50 (1.9%) 66 (2.0%) 0.64

Skin/soft-tissue
Infection 102 (1.7%) 45 (1.7%) 57 (1.8%) 0.81
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Table 1. Cont.

Total (6290) Pre-Intervention (2901) Post-Intervention (3389) p-Value

No infections 4488 (75.4%) 2009 (74.6%) 2479 (76.1%) 0.16

ICU acquired infections

Pneumonia 599 (9.5%) 285 (9.8%) 314 (9.3%) 0.45

Lower respiratory
tract infection 211 (3.4%) 103 (3.6%) 108 (3.2%) 0.43

Clinical Sepsis 100 (1.6%) 49 (1.7%) 51 (1.5%) 0.560
Primary bloodstream

infection 128 (2.0%) 60 (2.1%) 68 (2.0%) 0.86

Urinary tract infection 95 (1.5%) 39 (1.3%) 56 (1.7%) 0.32

Table 2. Endpoints with % pre-/post- (aggregated) and p-values for all indicators. Significant levels
are indicated as * p < 0.05, *** p < 0.001.

Pre-Intervention Post-Intervention p-Value

Frequency of patients with MDR infections (N/D) 44.9%
(315/701)

39.5%
(305/772) 0.11

On admission (N/D) 27.7%
(131/473)

25.5%
(135/529 0.59

ICU acquired (N/D) 57.7%
(203/352)

48.8%
(189/387) 0.09

Median (IQR) duration of empirical therapy (D) 5.6 days
(1275)

4.6 days
(1406) <0.001 ***

Median duration of prophylaxis (D) 2.3 days
(589)

2.0 days
(584) 0.06

Inappropriateness of antibiotics by penetration into
the site of infection (N/D)

2.3%
(49/2117)

1.9%
(49/2619) 0.26

Inappropriateness of antibiotics by microorganism
resistance pattern in empirical therapy (N/D)

16.2%
(57/351)

17.3%
(67/387) 0.84

Inappropriateness of antibiotics by microorganism
resistance pattern in targeted therapy (N/D)

3.8%
(19/507)

4.8%
(29/606) 0.29

Use of quinolones (N/D) 15.3%
(251/1637)

6.0%
(105/1737) <0.001 ***

Inappropriate prescriptions of carbapenems in
empirical therapy (N/D)

45.2%
(19/42)

36.9%
(24/65) 0.51

Inappropriate prescriptions of carbapenems in
targeted therapy (N/D)

36.7%
(18/49)

55.3%
(42/76) 0.07

Inappropriate prescriptions of colistin in
targeted therapy

27.6%
(8/29)

40%
(2/5) 0.61

Inappropriate prescriptions of linezolid (N/D) 54.9%
(82/150)

69.8%
(127/182) 0.01 *

Average ICU Length of stay (D) 5.5 days
(2901)

5.4 days
(3389) 0.07

ICU Mortality (N/D) 16.2%
(471/2901)

15.9%
(540/3389) 0.54
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Figure 1. %MDR on admission (panel (a)) and %MDR in ICU-acquired infections (>48 h, panel (b))
for the participating centers, pre- (dashed line) and post-intervention (solid line). The horizontal line
indicates the average.

The median duration of empirical therapy and prophylaxis was reduced from 5.6 to
4.6 days (p < 0.001) and from 2.3 to 2.0 days (p = 0.06), respectively. The median duration
of empirical therapy before the intervention ranged from about 4 to 8 days in the seven
ICUs. This decreased in all the ICUs, significantly in four of them (Figure 2a). Regarding
prophylaxis, the behaviour of the ICUs differed widely (Figure 2b). The two ICUs with the
longest durations before the intervention improved their performance, coming close to the
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average of all the centers. The duration of prophylaxis significantly increased only in one
ICU, nonetheless remaining well below the average.
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Figure 2. Median duration of empirical therapy (a) and prophylaxis (b) for the participating centers,
pre- (dashed line) and post-intervention (solid line). The horizontal line indicates the average. The
use of quinolones more than halved. Before the intervention 15.3% of patients needing antibiotics
received quinolones. This decreased to 6.0% after the intervention (p < 0.001). Quinolones were used
for about 10% to 30% of patients in the seven ICUs. Its usage in all the units decreased in both value
and variability, ranging from about 3% to 10% (Figure 3a).
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The only indicator that significantly increased was the use of linezolid, though with
a limited number of prescriptions. After our ASP, 69.8% of linezolid prescriptions were
inappropriate (as defined in Section 2), while 54.9% were considered inappropriate before
the intervention. This worsened in more than half of the centers (Figure 3b), but the
confidence intervals are quite wide since only a few patients received linezolid.
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centers, pre- (dashed line) and post-intervention (solid line). The horizontal line indicates the average.
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How far appropriateness is concerned, 16,2% and 17,3% of empirical, and 3,8% and
4.8% of targeted treatments were considered inappropriate according to our definitions
and no pre/post change could be found (Table 2).

The average length of stay increased (not significantly) from 5.4 to 5.5 days (p = 0.07)
and mortality remained unchanged (from 16.2% to 15.9%).

The other indicators did not change significantly. They are plotted in the Supplementary
Materials.

4. Discussion

Continuous education and monitoring and improvement of the quality of care in ICUs
are the primary missions of the GiViTI group. Given the lasting interest in the epidemiology
and reduction of infectious complications in critically ill patients [25], an ASP study was
mandatory. The objectives of an ASP are the containment of infections, better use of
antimicrobials, and reduction of the emergence and spread of MDR bacteria. Although
these goals are universally recognised, standardised methods for their implementation and
monitoring are far from being defined yet.

Here, we report a pilot ASP that was education- and culture-based, with no additional
workload or formal protocols for healthcare workers. Its implementation was adapted to the
different operating conditions of each ICU. The indicators used to monitor the ICU perfor-
mance are simple, easy to understand and offer a possible tool for continuous surveillance.

Monitoring was made easier by taking data directly from the EHR M3, thus minimising
the risk of bias due to the manual input into an ad hoc case report form. Standardised
indicators addressing several items in the ASP were automatically computed from M3 data:
admission of infected and MDR-infected patients, ICU-related acquisition of MDR infection,
duration of antimicrobial treatments (targeted, empirical, or prophylactic), and number of
treatments with specific antimicrobials (carbapenems, colistin, quinolones, and linezolid).

Outcomes such as the length of stay and mortality cannot be seen as indicators of
efficacy but as an attempt to monitor safety. The possibility of benchmarking results in time
with a before/after analysis and among units stimulates them to improve their performance
and shows that improvements are possible in clinical practice.

Seven units participated in our study on a voluntary basis. The kick-off meeting of the
project gave the opportunity to update clinical knowledge and governance policies. The
site visits established personal relationships with the experts and from the discussion of
data the specific weak points of each unit could be identified to set individual goals.

Data collected before the intervention from 2901 patients (Table 1) showed large
baseline differences among centers. This testifies to the wide diversity in patients’ case mix
and clinical behaviour as reported in Ref. [2].

The results of the project were positive for the majority of indicators, apparently with-
out causing patients any harm. As in other ASPs [5,8–11,13,26,27], there were reductions in
antibiotic prescriptions (especially quinolones), treatment duration, and MDR emergence.

As quinolones are considered as facilitators of MDR [28–32], the drastic reduction of
their prescriptions confirms the willingness to improve therapeutic strategies based on
scientific knowledge and compliance to protocols. Shorter durations of empirical treat-
ments suggest more efficient management of microbiological samples, from withdrawal to
reporting of sensitivity tests. The marked reduction of ICU-acquired MDR infections, al-
though globally non-significant and with quite large differences between centers, illustrates
a general improvement in the management of infected patients, regarding either antibiotic
prescriptions or infection control.

No before/after changes could be found in the appropriateness issues (Table 2). Our
expectations were probably too ambitious and the methodology and definitions not able to
detect differences in the prescribing behaviour.

Non-significant changes were observed in the use of carbapenems, and a specific study
may be necessary to understand this result more in fully.
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The original plan of the study included one more year of observation in 2020 to test the
“survival” of improved clinical practice, but unfortunately the COVID pandemic changed
the case mix and the ICU work so deeply that comparisons would be meaningless.

Nonetheless, what have we learned from this experience? The enthusiastic acceptance
and collaboration of clinicians delegated by each ICU as project contact persons underline
the intensivists’ interest in improving clinical practice.

In view of the voluntary nature of the project, it was hard to engage colleagues not
directly involved in the ASP. In a few ICUs, local site visits were limited because of work
shifts, holidays, or lack of interest. The results of the project are more effective and enduring
when the ASP message and the need for its implementation are shared among the whole
ICU staff.

The ICU is a key node in the complex hospital network of players involved in the
management of infections. However, an ASP would not be effective if devoted only to ICU
physicians and nurses. For this reason, we also invited on-site microbiologists, pharmacists,
and infectious disease specialists to participate at the site visits and encouraged the creation
of multidisciplinary teams.

Our pilot project was very resource-consuming: we could never offer it to the approxi-
mately 200 units associated with GiViTI. To extend the program to other ICUs, we would
have to identify which parts of our project were essential and which could be resized,
saving workforce and time.

Furthermore, the medical community has to take account of the terrible impact of
the SARS-CoV-2 pandemic on the use of antibiotics in the population, inside and outside
hospitals and ICUs [33]. ASPs will be urgently and widely necessary, at least to return to
the basic concepts of proper antibiotic prescription of the “pre-COVID” era. Similarly, the
reduction in MDR infections needs to be rapidly transferred into real COVID-19 life, since
in Italy there has been a significant increase of these pathogens. Hopefully our experience
will be helpful.

Limitations of the Study

The main limitation of the study is the lack of the second year of monitoring the ASP
indicators to see if the positive effects were just a “study-related” benefit or it really changed
the use of antimicrobial drugs. Most of our participating units are in northern Italy, and
most of them became COVID ICUs with a completely different case mix and organisation.

Moreover, the number of participating ICUs was limited. Unfortunately, at that
time, few ICUs met the necessary conditions for participation: interest in the study, use
of M3 as the EHR, and integration of M3 with the laboratory. For these reasons, we
downgraded our study to a pilot study, which, however, gave a considerable amount of
important information.

5. Conclusions

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 automati-
cally computed from common EHR, helping to monitor ASP data.

The feasibility and the success of this multicenter ASP should now encourage health-
care policy makers to consider that “where there’s a will, there’s a way”.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/jcm11154409/s1. 1. List of ICUs; 2. ICU characteristics; 3. Survival
analysis for median duration of antibiotics treatments; 4. Indicators—comparison among ICUs.
(a) Frequency of patients with MDR infections. (b) Inappropriateness of antibiotics by penetration
into the site of infection. (c) Inappropriateness of antibiotics by microorganism resistance pattern
in empirical therapy. (d) Inappropriateness of antibiotics by microorganism resistance pattern in
targeted therapy. (e) Use of carbapenems. (f) Average ICU Length of stay. (g) ICU Mortality.

https://www.mdpi.com/article/10.3390/jcm11154409/s1
https://www.mdpi.com/article/10.3390/jcm11154409/s1


J. Clin. Med. 2022, 11, 4409 13 of 14

Author Contributions: Conceptualization, G.M., S.F., G.B. and B.V.; methodology, S.F. and G.M.;
statistical analysis, S.F. and G.M.; investigation, definition of indicators and on-site visits, S.F., G.M.,
G.B., M.L., B.V., A.D.P., A.G. (Andrea Gori), C.O., A.P., G.M.R., D.S., T.G., L.A., M.R. and A.M.;
implementation of stewardship intervention, D.S., R.C., A.G. (Aimone Giugni), U.L., E.R., A.B. and
M.P.; data curation, G.M.; writing—draft preparation, S.F., G.M., M.L. and F.D.; review & editing,
S.F., G.M., F.D., G.B., M.L., B.V., A.D.P., A.G. (Andrea Gori), C.O., A.P., G.M.R., D.S., T.G., L.A., M.R.
and A.M.; project administration, G.M. and E.G. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by MSD, ALIFAXe Thermo Fisher Scientific through an uncondi-
tional contribution.

Institutional Review Board Statement: The project was conducted as an educational program to
improve the quality of care. Data collection with the electronic health record, MargheritaTre received
the approval from the Ethics Committee of the Coordinating Center, Ospedale Maggiore di Bologna
(ethic code 17164).

Data Availability Statement: Data can be accessed upon request and under appropriate data
sharing agreement.

Conflicts of Interest: The authors declare no conflict of interest influencing the representation or
interpretation of reported research results.

References
1. French, G.L. Clinical Impact and Relevance of Antibiotic Resistance. Adv. Drug Deliv. Rev. 2005, 57, 1514–1527. [CrossRef]

[PubMed]
2. World Health Organization. WHO Report on Surveillance of Antibiotic Consumption: 2016–2018 Early Implementation; World Health

Organization: Geneva, Switzerland, 2018.
3. Livermore, D.M. Minimising Antibiotic Resistance. Lancet Infect. Dis. 2005, 5, 450–459. [CrossRef]
4. Davey, P.; Brown, E.; Charani, E.; Fenelon, L.; Gould, I.M.; Holmes, A.; Ramsay, C.R.; Wiffen, P.J.; Wilcox, M. Interventions to

Improve Antibiotic Prescribing Practices for Hospital Inpatients. Cochrane Database Syst. Rev. 2013, 4, CD003543.
5. Tamma, P.D.; Miller, M.A.; Cosgrove, S.E. Rethinking How Antibiotics Are Prescribed: Incorporating the 4 Moments of Antibiotic

Decision Making into Clinical Practice. JAMA 2019, 321, 139–140. [CrossRef] [PubMed]
6. Klein, E.Y.; Milkowska-Shibata, M.; Tseng, K.K.; Sharland, M.; Gandra, S.; Pulcini, C.; Laxminarayan, R. Assessment of WHO

Antibiotic Consumption and Access Targets in 76 Countries, 2000–15: An Analysis of Pharmaceutical Sales Data. Lancet Infect.
Dis. 2021, 21, 107–115. [CrossRef]

7. Zhang, Y.-Z.; Singh, S. Antibiotic Stewardship Programmes in Intensive Care Units: Why, How, and Where Are They Leading Us.
World J. Crit. Care Med. 2015, 4, 13. [CrossRef] [PubMed]

8. Taggart, L.R.; Leung, E.; Muller, M.P.; Matukas, L.M.; Daneman, N. Differential Outcome of an Antimicrobial Stewardship Audit
and Feedback Program in Two Intensive Care Units: A Controlled Interrupted Time Series Study. BMC Infect. Dis. 2015, 15, 480.
[CrossRef] [PubMed]

9. Álvarez-Lerma, F.; Grau, S.; Echeverría-Esnal, D.; Martínez-Alonso, M.; Gracia-Arnillas, M.P.; Horcajada, J.P.; Masclans, J.R.
A Before-and-after Study of the Effectiveness of an Antimicrobial Stewardship Program in Critical Care. Antimicrob. Agents
Chemother. 2018, 62, e01825-17. [CrossRef] [PubMed]

10. Thursky, K.A.; Buising, K.L.; Bak, N.; Macgregor, L.; Street, A.C.; Macintyre, C.R.; Presneill, J.J.; Cade, J.F.; Brown, G.V. Reduction
of Broad-Spectrum Antibiotic Use with Computerized Decision Support in an Intensive Care Unit. Int. J. Qual. Health Care 2006,
18, 224–231. [CrossRef] [PubMed]

11. Leung, V.; Gill, S.; Sauve, J.; Walker, K.; Stumpo, C.; Powis, J. Growing a “Positive Culture” of Antimicrobial Stewardship in a
Community Hospital. Can. J. Hosp. Pharm. 2011, 64, 314. [CrossRef] [PubMed]

12. Langford, B.J.; Beriault, D.; Schwartz, K.L.; Seah, J.; Pasic, M.D.; Cirone, R.; Chan, A.; Downing, M. A Real-World Assessment
of Procalcitonin Combined with Antimicrobial Stewardship in a Community ICU. J. Crit. Care 2020, 57, 130–133. [CrossRef]
[PubMed]

13. Wang, H.-Y.; Chiu, C.-H.; Huang, C.-T.; Cheng, C.-W.; Lin, Y.-J.; Hsu, Y.-J.; Chen, C.-H.; Deng, S.-T.; Leu, H.-S. Blood Culture-
Guided de-Escalation of Empirical Antimicrobial Regimen for Critical Patients in an Online Antimicrobial Stewardship Pro-
gramme. Int. J. Antimicrob. Agents 2014, 44, 520–527. [CrossRef] [PubMed]

14. Ramsamy, Y.; Muckart, D.J.J.; Han, K.S.S. Microbiological Surveillance and Antimicrobial Stewardship Minimise the Need for
Ultrabroad-Spectrum Combination Therapy for Treatment of Nosocomial Infections in a Trauma Intensive Care Unit: An Audit
of an Evidence-Based Empiric Antimicrobial Policy. S. Afr. Med. J. 2013, 103, 371–376. [CrossRef] [PubMed]

http://doi.org/10.1016/j.addr.2005.04.005
http://www.ncbi.nlm.nih.gov/pubmed/15978698
http://doi.org/10.1016/S1473-3099(05)70166-3
http://doi.org/10.1001/jama.2018.19509
http://www.ncbi.nlm.nih.gov/pubmed/30589917
http://doi.org/10.1016/S1473-3099(20)30332-7
http://doi.org/10.5492/wjccm.v4.i1.13
http://www.ncbi.nlm.nih.gov/pubmed/25685719
http://doi.org/10.1186/s12879-015-1223-2
http://www.ncbi.nlm.nih.gov/pubmed/26511839
http://doi.org/10.1128/AAC.01825-17
http://www.ncbi.nlm.nih.gov/pubmed/29339385
http://doi.org/10.1093/intqhc/mzi095
http://www.ncbi.nlm.nih.gov/pubmed/16415039
http://doi.org/10.4212/cjhp.v64i5.1065
http://www.ncbi.nlm.nih.gov/pubmed/22479082
http://doi.org/10.1016/j.jcrc.2020.02.009
http://www.ncbi.nlm.nih.gov/pubmed/32145655
http://doi.org/10.1016/j.ijantimicag.2014.07.025
http://www.ncbi.nlm.nih.gov/pubmed/25306484
http://doi.org/10.7196/SAMJ.6459
http://www.ncbi.nlm.nih.gov/pubmed/23725954


J. Clin. Med. 2022, 11, 4409 14 of 14

15. Magiorakos, A.-P.; Srinivasan, A.; Carey, R.B.; Carmeli, Y.; Falagas, M.E.; Giske, C.G.; Harbarth, S.; Hindler, J.F.; Kahlmeter, G.;
Olsson-Liljequist, B. Multidrug-Resistant, Extensively Drug-Resistant and Pandrug-Resistant Bacteria: An International Expert
Proposal for Interim Standard Definitions for Acquired Resistance. Clin. Microbiol. Infect. 2012, 18, 268–281. [CrossRef]

16. Doernberg, S.B.; Chambers, H.F. Antimicrobial Stewardship Approaches in the Intensive Care Unit. Infect. Dis. Clin. 2017, 31,
513–534. [CrossRef] [PubMed]

17. De Waele, J.J.; Akova, M.; Antonelli, M.; Canton, R.; Carlet, J.; De Backer, D.; Dimopoulos, G.; Garnacho-Montero, J.; Kesecioglu, J.;
Lipman, J. Antimicrobial Resistance and Antibiotic Stewardship Programs in the ICU: Insistence and Persistence in the Fight
against Resistance. A Position Statement from ESICM/ESCMID/WAAAR Round Table on Multi-Drug Resistance. Intensive Care
Med. 2018, 44, 189–196. [CrossRef]

18. Finazzi, S.; Mandelli, G.; Garbero, E.; Mondini, M.; Trussardi, G.; Giardino, M.; Tavola, M.; Bertolini, G. Data Collection and
Research with MargheritaTre. Physiol. Meas. 2018, 39, 084004. [CrossRef] [PubMed]

19. Finazzi, S.; Luci, G.; Olivieri, C.; Langer, M.; Mandelli, G.; Gori, A.; Viaggi, B.; Di Paolo, A. Tissue penetration of antimicrobials in
intensive care unit patients: A systematic review—Part II. Antibiotics 2022, 11. submitted.

20. Leclercq, R.; Cantón, R.; Brown, D.F.; Giske, C.G.; Heisig, P.; MacGowan, A.P.; Mouton, J.W.; Nordmann, P.; Rodloff, A.C.;
Rossolini, G.M. EUCAST Expert Rules in Antimicrobial Susceptibility Testing. Clin. Microbiol. Infect. 2013, 19, 141–160. [CrossRef]

21. The European Committee on Antimicrobial Susceptibility Testing. Breakpoint Tables for Interpretation of MICs and Zone
Diameters, Version 8.1. 2018. Available online: http://www.eucast.org/Clinical_breakpoints/ (accessed on 20 May 2020).

22. The European Committee on Antimicrobial Susceptibility Testing. Breakpoint Tables for Interpretation of MICs and Zone
Diameters, Version 9.0. 2019. Available online: http://www.eucast.or/Clinical_breakpoints/ (accessed on 20 May 2020).

23. CLSI. Performance Standards for Antimicrobial Susceptibility Testing, 28th ed.; CLSI Supplement M100; Wayne, P.A., Ed.; Clinical and
Laboratory Standards Institute: Wayne, PA, USA, 2018.

24. CLSI. Performance Standards for Antimicrobial Susceptibility Testing, 29th ed.; CLSI Supplement M100; Wayne, P.A., Ed.; Clinical and
Laboratory Standards Institute: Wayne, PA, USA, 2019.

25. Carlet, J.; Ali, A.B.; Chalfine, A. Epidemiology and Control of Antibiotic Resistance in the Intensive Care Unit. Curr. Opin. Infect.
Dis. 2004, 17, 309–316. [CrossRef]

26. Apisarnthanarak, A.; Pinitchai, U.; Warachan, B.; Warren, D.K.; Khawcharoenporn, T.; Hayden, M.K. Effectiveness of Infection
Prevention Measures Featuring Advanced Source Control and Environmental Cleaning to Limit Transmission of Extremely-Drug
Resistant Acinetobacter Baumannii in a Thai Intensive Care Unit: An Analysis before and after Extensive Flooding. Am. J. Infect.
Control 2014, 42, 116–121. [PubMed]

27. Frattari, A.; Savini, V.; Polilli, E.; Di Marco, G.; Lucisano, G.; Corridoni, S.; Spina, T.; Costantini, A.; Nicolucci, A.; Fazii, P.
Control of Gram-Negative Multi-Drug Resistant Microorganisms in an Italian ICU: Rapid Decline as a Result of a Multifaceted
Intervention, Including Conservative Use of Antibiotics. Int. J. Infect. Dis. 2019, 84, 153–162. [CrossRef] [PubMed]

28. Johnson, S.W.; Anderson, D.J.; May, D.B.; Drew, R.H. Utility of a Clinical Risk Factor Scoring Model in Predicting Infection with
Extended-Spectrum β-Lactamase-Producing Enterobacteriaceae on Hospital Admission. Infect. Control Hosp. Epidemiol. 2013, 34,
385–392. [CrossRef] [PubMed]

29. Tumbarello, M.; Trecarichi, E.M.; Bassetti, M.; De Rosa, F.G.; Spanu, T.; Di Meco, E.; Losito, A.R.; Parisini, A.; Pagani, N.;
Cauda, R. Identifying Patients Harboring Extended-Spectrum-β-Lactamase-Producing Enterobacteriaceae on Hospital Admission:
Derivation and Validation of a Scoring System. Antimicrob. Agents Chemother. 2011, 55, 3485–3490. [CrossRef]

30. Tumbarello, M.; Trecarichi, E.M.; Tumietto, F.; Del Bono, V.; De Rosa, F.G.; Bassetti, M.; Losito, A.R.; Tedeschi, S.; Saffioti, C.;
Corcione, S. Predictive Models for Identification of Hospitalized Patients Harboring KPC-Producing Klebsiella pneumoniae.
Antimicrob. Agents Chemother. 2014, 58, 3514–3520. [CrossRef] [PubMed]

31. Van der Bij, A.K.; Pitout, J.D. The Role of International Travel in the Worldwide Spread of Multiresistant Enterobacteriaceae.
J. Antimicrob. Chemother. 2012, 67, 2090–2100. [CrossRef] [PubMed]

32. Bassetti, M.; Carnelutti, A.; Peghin, M. Patient Specific Risk Stratification for Antimicrobial Resistance and Possible Treatment
Strategies in Gram-Negative Bacterial Infections. Expert Rev. Anti-Infect. Ther. 2017, 15, 55–65. [CrossRef] [PubMed]

33. Mojica, M.F.; Rossi, M.-A.; Vila, A.J.; Bonomo, R.A. The Urgent Need for Metallo-β-Lactamase Inhibitors: An Unattended Global
Threat. Lancet Infect. Dis. 2021, 22, e28–e34. [CrossRef]

http://doi.org/10.1111/j.1469-0691.2011.03570.x
http://doi.org/10.1016/j.idc.2017.05.002
http://www.ncbi.nlm.nih.gov/pubmed/28687210
http://doi.org/10.1007/s00134-017-5036-1
http://doi.org/10.1088/1361-6579/aad10f
http://www.ncbi.nlm.nih.gov/pubmed/29972378
http://doi.org/10.1111/j.1469-0691.2011.03703.x
http://www.eucast.org/Clinical_breakpoints/
http://www.eucast.or/Clinical_breakpoints/
http://doi.org/10.1097/01.qco.0000136927.29802.68
http://www.ncbi.nlm.nih.gov/pubmed/24485368
http://doi.org/10.1016/j.ijid.2019.04.002
http://www.ncbi.nlm.nih.gov/pubmed/31204003
http://doi.org/10.1086/669858
http://www.ncbi.nlm.nih.gov/pubmed/23466912
http://doi.org/10.1128/AAC.00009-11
http://doi.org/10.1128/AAC.02373-13
http://www.ncbi.nlm.nih.gov/pubmed/24733460
http://doi.org/10.1093/jac/dks214
http://www.ncbi.nlm.nih.gov/pubmed/22678728
http://doi.org/10.1080/14787210.2017.1251840
http://www.ncbi.nlm.nih.gov/pubmed/27766913
http://doi.org/10.1016/S1473-3099(20)30868-9

	Introduction 
	Methods 
	Study Design 
	Participating Units 
	Study Population 
	Data Collection and Management 
	Phases of the Project 
	Outcomes 
	Frequency of Patients with MDR Infections 
	Median Duration of Empirical Therapy and Prophylaxis 
	Inappropriateness of Antibiotics by Penetration into the Site of Infection 
	Inappropriateness of Antibiotics by Microorganism Resistance Pattern 
	Use of Fluoroquinolone Antibiotics 
	Inappropriate Prescriptions of Carbapenems 
	Inappropriate Prescriptions of Colistin 
	Inappropriate Prescriptions of Linezolid 

	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

