
Citation: Le Berre, C.; Houard, M.;

Vachée, A.; Georges, H.; Wallet, F.;

Patoz, P.; Herbecq, P.; Nseir, S.;

Delannoy, P.-Y.; Meybeck, A.

Antibiotic Prescriptions in Critically

Ill Patients with Bloodstream

Infection Due to ESBL-Producing

Enterobacteriaceae: Compliance with

the French Guidelines for the

Treatment of Infections with Third-

Generation Cephalosporin-Resistant

Enterobacteriaceae—A Multicentric

Retrospective Cohort Study.

Microorganisms 2023, 11, 2676.

https://doi.org/10.3390/

microorganisms11112676

Academic Editor: Joseph

M. Blondeau

Received: 10 September 2023

Revised: 18 October 2023

Accepted: 23 October 2023

Published: 31 October 2023

Copyright: © 2023 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/).

microorganisms

Article

Antibiotic Prescriptions in Critically Ill Patients with
Bloodstream Infection Due to ESBL-Producing
Enterobacteriaceae: Compliance with the French Guidelines for
the Treatment of Infections with Third-Generation
Cephalosporin-Resistant Enterobacteriaceae—A Multicentric
Retrospective Cohort Study
Camille Le Berre 1, Marion Houard 2, Anne Vachée 3, Hugues Georges 1, Frederic Wallet 4, Pierre Patoz 5 ,
Patrick Herbecq 6, Saad Nseir 2, Pierre-Yves Delannoy 1 and Agnès Meybeck 1,*

1 Service de Réanimation et Maladies Infectieuses, Centre Hospitalier de Tourcoing, 135 Rue du Président Coty,
59200 Tourcoing, France; camille.leberre95@gmail.com (C.L.B.); hgeorges@ch-tourcoing.fr (H.G.);
pydelannoy@ch-tourcoing.fr (P.-Y.D.)

2 Service de Réanimation Médicale, CHRU de Lille, 2 Avenue Oscar Lambret, 59000 Lille, France;
marion.houard@chru-lille.fr (M.H.); saad.nseir@chru-lille.fr (S.N.)

3 Laboratoire de Microbiologie, Centre Hospitalier de Roubaix, 11 Boulevard Lacordaire, 59100 Roubaix, France;
anne.vachee@ch-roubaix.fr

4 Laboratoire de Microbiologie, CHRU de Lille, 2 Avenue Oscar Lambret, 59000 Lille, France;
frederic.wallet@chru-lille.fr

5 Laboratoire de Microbiologie, Centre Hospitalier de Tourcoing, 135 Rue du Président Coty, 59200 Tourcoing,
France; ppatoz@ch-tourcoing.fr

6 Service de Réanimation, Centre Hospitalier de Roubaix, 11 Boulevard Lacordaire, 59100 Roubaix, France;
patrick.herbecq@ch-roubaix.fr

* Correspondence: ameybeck@ch-tourcoing.fr; Tel.: +33-3-2069-4848

Abstract: National and international guidelines were recently published regarding the treatment of
Enterobacteriaceae resistant to third-generation cephalosporins infections. We aimed to assess the
implementation of the French guidelines in critically ill patients suffering from extended-spectrum
β-lactamase-producing Enterobacteriaceae bloodstream infection (ESBL-E BSI). We conducted a
retrospective observational cohort study in the ICU of three French hospitals. Patients treated
between 2018 and 2022 for ESBL-E BSI were included. The primary assessment criterion was the
proportion of adequate empirical carbapenem prescriptions, defined as prescriptions consistent with
the French guidelines. Among the 185 included patients, 175 received an empirical anti-biotherapy
within 24 h of ESBL-E BSI onset, with a carbapenem for 100 of them. The proportion of carbapenem
prescriptions consistent with the guidelines was 81%. Inconsistent prescriptions were due to a
lack of prescriptions of a carbapenem, while it was recommended in 25% of cases. The only factor
independently associated with adequate empirical carbapenem prescription was ESBL-E colonization
(OR: 107.921 [9.303–1251.910], p = 0.0002). The initial empirical anti-biotherapy was found to be
appropriate in 83/98 patients (85%) receiving anti-biotherapy in line with the guidelines and in
56/77 (73%) patients receiving inadequate anti-biotherapy (p = 0.06). Our results illustrate the
willingness of intensivists to spare carbapenems. Promoting implementation of the guidelines could
improve the proportion of initial appropriate anti-biotherapy in critically ill patients with ESBL-E BSI.

Keywords: extended-spectrum beta-lactamase-producing Enterobacteriaceae; carbapenem sparing;
guidelines; antibiotics; critical care; bacteremia
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1. Introduction

Extended-spectrum β-lactamase-producing Enterobacteriaceae bloodstream infection
(ESBL-E BSI) can lead to high morbidity and mortality, particularly when initial antibi-
otic treatment is inappropriate [1,2]. The choice of empirical antimicrobial therapy is
crucial, especially in patients with septic shock. The reference treatment for ESBL-E in-
fections is carbapenem. As a result of the widespread use of carbapenems, the rise in
carbapenem-resistant Enterobacteriaceae (CRE) has justified carbapenem-sparing strate-
gies [3]. Piperacillin−tazobactam (PIP-TAZ) is the best alternative to carbapenems in the
case of ESBL-E infections [4]. In 2018, the results of a multicenter randomized MERINO
clinical trial comparing definitive treatment with PIP-TAZ to meropenem in patients with
ESBL-E BSI were published. The study failed to prove non-inferiority [5]. In this context, the
French National Authority for Health (HAS), the French Infectious Diseases Society (SPILF),
and the French Intensive Care Society (SRLF) jointly developed up-to-date guidance on
the treatment of suspected and documented infections of Enterobacteriaceae resistant to
third-generation cephalosporins (3GCR-E), including ESBL-E [6]. These guidelines aim
to improve the use of carbapenems, reducing their consumption to only cases where an
empirical or documented prescription is strictly necessary to ensure their effectiveness.
The objective of our study was to assess the implementation of these recommendations in
critically ill patients suffering from ESBL-E BSI.

2. Patients and Methods
2.1. Setting and Study Population

We carried out a multicenter retrospective cohort study in three hospitals in northern
France. All consecutive patients treated for ESBL-E BSI in the ICUs of Lille, Roubaix,
and Tourcoing Hospitals from 1 October 2018 to 1 June 2022 were included. Cases were
identified using an analysis of the laboratory database and ICU clinical files. When there
were multiple episodes of ESBL-E BSI, we only assessed the first one and considered any
subsequent episodes to be recurrences or reinfections. The Vitek 2 system (bioMérieux®,
Marcy l’Etoile, France) was used for Enterobacteriaceae identification and antibiotic suscep-
tibility testing, following the European Committee on Antimicrobial Susceptibility Testing
(EUCAST) guidelines [7].

2.2. Data Collection

Upon ICU admission, we recorded the demographic characteristics; reason for ad-
mission; comorbidities, especially, immunodeficiency; and severity of illness. McCabe
and Jackson criteria were used to classify comorbidities [8]. Immunodeficiencies included
neoplasia, neutropenia, any immunosuppressive treatment, and AIDS. Two scores were
used to assess the severity of the illness. The Simplified Acute Physiology Score II (SAPS
II) was used to estimate the risk of in-hospital death [9]. The Sepsis-Related Organ Failure
Assessment (SOFA) score was used to assess organ failure [10]. At the time of BSI onset,
we recorded risk factors for ESBL infection, including antibiotics exposure within three
months before BSI, nosocomial infection, and prior ESBL-E colonization. Data on duration
of hospital and ICU stay, severity of illness, and presence of shock were collected. The
usual criteria were used to define shock [11].

Antibiotic prescriptions were recorded. Empirical treatment refers to the use of antibi-
otics prior to receiving the results from culture and susceptibility testing. It was considered
appropriate when the isolated bacteria were susceptible in vitro to at least one of the an-
tibiotics prescribed using the EUCAST breakpoints and when it was started less than 24 h
from BSI onset. Definitive treatment refers to the use of antibiotics after receiving the
results from the culture and susceptibility testing. De-escalation was defined as switching
from combination to monotherapy, or as selecting a definitive beta-lactam with a narrower
spectrum and selective pressure [12]. All our patients were followed up until they died or
were released from the ICU.
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2.3. Objectives and Definitions

The main objective of our study was to assess the proportion of adequate empirical
antibiotic treatment in ICU patients suffering from ESBL-E BSI, defined as prescriptions
consistent with the French guidelines for the treatment of suspected and documented
3GCR-E infections.

The primary judgment criterion was the proportion of empirical carbapenem prescrip-
tions consistent with the French guidelines. An empirical carbapenem prescription was
considered adequate in the case of:

Community-acquired pyelonephritis or complicated urinary tract infection (UTI):

• In the absence of septic shock and a history of ESBL-E resistant to PIP-TAZ urinary
infection/colonization <3 months;

• In the presence of septic shock and a history of ESBL-E urinary infection/colonization
or antibiotic treatment within 3 months.

Hospital-acquired pyelonephritis or complicated UTI:

• A history of ESBL-E urinary infection/colonization or antibiotic treatment within
3 months.

Hospital-acquired intra-abdominal infection:

• Treatment with PIP-TAZ or a cephalosporin active against P. aeruginosa within 1 month;
• A history of ESBL-E or PIP-TAZ resistant P. aeruginosa infection/colonization within

3 months.

Hospital-acquired pneumonia:

• In the case of ESBL-E colonization:

And severity signs;
Or immunodepression;
Febrile aplasia.

• In the case of septic shock and a history of ESBL-E colonization/infection within
3 months.

As a result of the retrospective nature of our study, a history of travel in endemic areas
within 3 months was not considered a risk factor for ESBL-E, as this information was not
fully documented in medical records.

The secondary objectives of our study were:
To determine factors associated with an empirical carbapenem prescription consistent

with the French guidelines.
To determine the proportion of appropriate initial antibiotic treatments depending

on the adequation with the French guidelines for the treatment of 3GC-RE infections. An
appropriate anti-biotherapy was defined as the prescription of at least one drug active
against ESBL-E isolated in blood cultures. An adequate anti-biotherapy was defined as
a choice of antibiotics prescribed in accordance with the recommendations, including
the choice of beta-lactam (3CG, PIP-TAZ, carbapenem), and the use of a combination
with an aminoglycoside. A prescription of an aminoglycoside was recommended in the
case of a severe hospital-acquired infection or in the case of hospital-acquired pneumonia
with a history of ESBL-E colonization and an empirical prescription of a non-carbapenem-
containing regimen. A severe infection was defined by the presence of septic shock or
life-threatening organ dysfunction.

To determine the proportion of adequate definitive antibiotic treatments, especially
the proportion of adequate prescriptions of an alternative to carbapenem, defined as
prescriptions consistent with the French guidelines. If the evolution was favorable, an
adequate definitive prescription of an alternative to carbapenem was made in the case of:

• Acute pyelonephritis or complicated UTI with a susceptible strain in order of prefer-
ence: trimethoprim–sulfamethoxazole, fluoroquinolone, cefoxitin (in case of E. coli),
temocillin, amoxicillin–clavulanate, PIP-TAZ, and aminoglycosides;
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• Intra-abdominal infection with a controlled source of infection and a strain with
PIP-TAZ CMI ≤ 4: PIP-TAZ;

• Pneumonia and a strain with PIP-TAZ CMI ≤ 4: PIP-TAZ; otherwise, if susceptibility to
quinolone: a fluoroquinolone. The use of temocillin or trimethoprim–sulfamethoxazole
could be proposed.

2.4. Statistical Analysis

Quantitative variables are presented in terms of mean and standard deviation, or in
terms of median and interquartile interval, based on the normality of their distribution.
Student’s test or the Mann–Whitney U test, when appropriate, was used to compare
the quantitative variables. Qualitative variables were presented in terms of numbers and
percentages. The chi-square test or Fisher’s test, when appropriate, was used to compare the
qualitative variables. Differences between groups with a p-value of ≤ 0.05 were considered
statistically significant. To determine the independent effect of the variables on adequation
with the French guidelines for carbapenem prescriptions, we performed a logistic regression
analysis, where the multivariate model included all the covariates with p < 0.2 in the
unadjusted model. We used SAS 9.2 to carry out all the statistical analyses.

3. Results
3.1. Demographic and Clinical Data

During the study period, 186 patients were diagnosed with ESBL-E BSI. In one case, the
medical file was missing. Table 1 summarizes the demographic and clinical characteristics of
the 185 patients included in our cohort. The male sex was predominant (68%). The median
age was 60.0 years (IQR, 17.8). The type of admission was mainly medical admission
(83%). The median SAPS II was 49.0 (IQR, 27.8) at ICU admission. More than one-third
of our patients were suffering from diabetes, and 24% were immunocompromised. All
our patients except three (98%) had at least one risk factor for ESBL-E infection among
antibiotic treatments (83%), ESBL-E colonization within 3 months (79%), or the nosocomial
nature of the infection (90%). The most common source of bacteremia was pneumonia in
103 cases (56%), followed by a UTI in 26 cases (14%), a catheter infection in 24 cases (13%),
and an abdominal infection in 24 cases (13%).

Table 1. Characteristics of critically ill patients with ESBL-E BSI.

Variable Total
(n = 185)

Demographics
Age (years), median (IQR) 60 (19)
Male, n (%) 126 (68.0)

Underlying diseases, n (%)
McCabe > 1 53 (28.6)
Diabetes mellitus 64 (34.6)
Heart failure 25 (13.5)
COPD 34 (18.4)
Chronic renal insufficiency 21 (11.4)

Immunodeficiency, n (%) 45 (24.3)
Immunosuppressive therapy 22 (11.9)
Solid cancer 22 (11.9)
Hematological malignancy 18 (9.7)
Transplantation 9 (4.9)

Admission, n (%)
Medical 162 (87.6)
Unscheduled surgical 23 (12.4)
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Table 1. Cont.

Variable Total
(n = 185)

ESBL-E risk factors, n (%)
Antibiotic treatment in the last 3 months 153 (82.7)
Colonization with ESBL-E 147 (79.5)
Hospital acquired infection 166 (89.7)

Hospital stay before BSI onset, days, median
(IQR) 21 (24)

ICU stay before BSI onset, days, median (IQR) 15 (22)

Source of BSI, n (%)
Pneumonia 103 (55.7)
Urinary tract 26 (14.1)
Catheter related 24 (13.0)
Intra-abdominal 24 (13.0)
Unknown 6 (3.2)

Disease severity at BSI onset, n (%)
SOFA score, median (IQR) 6 (5)
Pitt score, median (IQR) 4 (4)
Shock 97 (52.4)
Mechanical ventilation 134 (72.4)

Clinical outcome, n (%)
ICU stay, days, median (IQR) 35 (47)
In-ICU mortality 71 (38.4)

COPD: chronic obstructive pulmonary disease.

3.2. Microbiological Data

Klebsiella sp. (n = 126, 68%), Escherichia coli (n = 29, 16%), and Enterobacter sp.
(n = 22, 12%) were the most frequently involved pathogens (Table 2). The bacteremia
was polymicrobial in 15 cases (8%). Regarding antimicrobial susceptibility, all ESBL-
E were susceptible to imipenem and meropenem, while only 83% of the strains were
susceptible to ertapenem. A total of 54 isolates (29%) were susceptible to PIP-TAZ,
with MIC ≤ 4 mg/L in 25 cases (14%). When tested, 95% (114/120) of the isolates were
susceptible to ceftazidime–avibactam. Most ESBL-E were resistant to at least a fluoro-
quinolone (71%) and trimethoprim–sulfamethoxazole (78%). Most strains were susceptible
to amikacin (86%). A total of 81 out of the 95 (85%) tested strains were susceptible to colistin,
while only 47 out of the 83 tested strains (57%) were susceptible to temocillin.

Table 2. Results of Enterobacteriaceae identifications and in vitro antimicrobial susceptibility
testing *.

Antibiotics Total
n = 185

Klebsiella sp.
n = 126

Escherichia
coli

n = 29

Enterobacter
sp.

n = 22

Others
n = 8

Amoxicillin–clavulanate 19/185 (10) 9/126 (7) 10/29 (34) 0/22 (0) 1/8 (13)
Piperacillin–tazobactam 54/185 (29) 24/126 (19) 24/29 (83) 4/22 (18) 2/8 (25)
CMI < 8 25/185 (14) 7/126 (6) 17/29 (59) 0/22 (0) 1/8 (13)
Temocillin 47/83 (57) 26/53 (49) 12/19 (63) 9/10 (90) 0/1 (0)
Cefoxitin 83/159 (52) 69/115 (60) 14/17 (82) 0/20 (0) 0/7 (0)
Cefepime 59/185 (32) 43/126 (34) 4/29 (14) 9/22 (41) 3/8 (38)
Ertapenem 153/185 (83) 99/126 (76) 29/29 (100) 22/22 (100) 3/8 (38)
Ceftazidime–avibactam 114/120 (95) 88/93 (95) 7/8 (88) 14/14 (100) 5/5 (100)
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Table 2. Cont.

Antibiotics Total
n = 185

Klebsiella sp.
n = 126

Escherichia
coli

n = 29

Enterobacter
sp.

n = 22

Others
n = 8

Ceftolozan–tazobactam 64/109 (59) 47/83 (57) 6/6 (100) 7/15 (47) 4/5 (80)
Levofloxacin 54/185 (29) 32/126 (25) 11/29 (38) 8/22 (36) 3/8 (38)
Amikacin 159/185 (86) 111/126 (88) 28/29 (97) 18/22 (82) 2/8 (25)
Colistin 81/95 (85) 61/74 (82) 3/3 (100) 10/11(91) 7/7 (100)
Trimethoprim–sulfamethoxazole 40/185 (22) 23/126 (18) 13/29 (45) 1/22 (5) 3/8 (38)
Tigecyclin 81/95 (85) 61/74 (82) 3/3 (100) 10/11 (91) 7/7 (100)

* Results are expressed as the proportion of sensitive strains among the strains tested for the different antibiotics.
Number of sensitive strains/number of tested strains (%).

3.3. Empirical Antibiotic Treatment

A total of 175 patients (95%) received empirical antibiotics within 24 h of ESBL-E
BSI onset. Empirical treatment contained a carbapenem in 100/175 antibiotic regimen
(57%). The other beta-lactams prescribed were mainly PIP-TAZ in 40 patients (23%),
ceftazidime–avibactam in 12 patients (7%), cefepime in 8 patients (5%), and ceftazidime
in 7 patients (4%). Forty-two patients (24%) were treated with a combination therapy
including an aminoglycoside in 36 cases (21%) and a fluoroquinolone in 6 cases (3%).
Figure 1 summarizes antibiotics used in the empirical and definitive regimens.
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Figure 1. Empirical and definitive antibiotic prescriptions in patients treated for ESBL-E BSI
in the ICU.

3.4. Adequation and Appropriateness of Empirical Antibiotic Treatment

The choice of beta-lactam was in accordance with the guidelines in 111 patients (63%).
Regarding the 100 empirical carbapenem prescriptions, 81 (81%) were consistent with the
guidelines. Figure 2 shows the proportion of empirical carbapenem and non-carbapenem
prescriptions according to their concordance with the French guidelines. In 25% of the
cases, an empirical carbapenem was not prescribed even though it was recommended.
The choice of a monotherapy or a combination with an aminoglycoside was concordant
with the guidelines in 102 patients (58%). Finally, the initial anti-biotherapy was in total
adequation with the guidelines in 98 patients (56%).
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Figure 2. The proportion of empirical carbapenem prescriptions concordant with the French guide-
lines.

The initial empirical antibiotic treatment was appropriate in 139 patients (79%): 83 out
of 98 (85%) received antibiotic treatment adequate with the guidelines, and 56 out of
77 (73%) received inadequate antibiotic treatment (p = 0.06).

3.5. Factors Associated with an Empirical Prescription of a Carbapenem in Adequation with
the Guidelines

The significant factors associated with an adequate empirical prescription of a car-
bapenem are detailed in Table 3. In the univariate analysis, chronic respiratory insuffi-
ciency (OR: 0.328 [0.109–0.990], p = 0.048), ESBL-E colonization (OR: 54.312 [10.192–289.417],
p <0.0001), SOFA at BSI onset (OR: 54.312 [10.192–289.417], p = 0.008), septic shock (OR: 3.885
[1.334–11.313], p = 0.013), and respiratory source of infection (OR: 3.152 [1.087–9.134],
p = 0.035) were the factors associated with an adequate empirical prescription of a car-
bapenem. In the multivariate analysis, ESBL-E colonization appeared as the only inde-
pendent factor for the adequation of an empirical carbapenem prescription (OR: 107.921
[9.303–1251.910], p = 0.0002).

Table 3. Univariate and multivariate analysis of the factors associated with an empirical prescription
of a carbapenem in adequation with the guidelines.

Variables
Factors Associated with an Adequate Empirical Prescription of a Carbapenem

Univariate Multivariate

OR (CI 95%) p OR (CI 95%) p

Sex (Male) 0.744 [0.256–2.162] 0.587
Age 0.975 [0.938–1.012] 0.186 0.979 [0.918–1.043] 0.506
Diabetes 1.647 [0.539–5.030] 0.381
Chronic cardiac insufficiency 1.776 [0.368–8.575] 0.475
Chronic respiratory insufficiency 0.328 [0.109–0.990] 0.048 0.551 [0.115–2.631] 0.455
Chronic renal insufficiency 2.250 [0.267–18.929] 0.456
Cancer 0.584 [0.139–2.450] 0.463
Hemopathy 2.250 [0.267–18.929] 0.456
Immunodepression 1.989 [0.528–7.496] 0.310
Antibiotic allergy 0.935 [0.098–8.879] 0.953
Antibiotics within 3 months 1.083 [0.316–3.711] 0.899
ESBL colonization 54.312 [10.192–289.417] <0.0001 107.921 [9.303–1251.910] 0.0002
Length of stay in hospital 1.009 [0.987–1.031] 0.422
SOFA at BSI onset 54.312 [10.192–289.417] 0.008 1.061 [0.787–1.431] 0.696
Septic shock 3.885 [1.334–11.313] 0.013 11.029 [0.936–129.888] 0.056
VM at BSI onset 0.874 [0.300–2.548] 0.805
Respiratory source of BSI 3.152 [1.087–9.134] 0.035 3.456 [0.768–15.558] 0.106

OR: odds ratio; CI: confidence interval; VM: mechanical ventilation.
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3.6. Definitive Antibiotic Treatment and Adequation with the Guidelines

A total of 182 patients (98%) received a definitive antibiotic treatment, with a car-
bapenem in 123 cases (68%) (Figure 2). The other beta-lactams prescribed were mainly
beta-lactam/beta-lactamase inhibitor combinations (BL/BLI), with ceftazidime–avibactam
in 22 patients (12%) and PIP-TAZ in 15 patients (8%). The third-generation cephalosporins
used as a definitive antibiotic treatment were cefepime in eight patients (4%) and cef-
tazidime in five patients (3%). Among our patients, 20 (11%) received colistin, 5 (3%)
received an aminoglycoside, and 7 (4%) a fluoroquinolone. However, only one patient
received amikacin monotherapy, and two patients received fluoroquinolone monotherapy
as a non-carbapenem alternative treatment for UTI. Fluoroquinolone monotherapy was
also prescribed in one patient with a catheter-related infection. PIP-TAZ was prescribed
in patients with pneumonia (n = 8), a catheter-related infection (n = 4), a UTI (n = 2), and
an intra-abdominal infection (n = 1). ESBL-E MIC was ≤4 mg/L in eight cases, 8 mg/L
in three cases, and 16 mg/L in three cases. When prescribed, definitive treatment with
PIP-TAZ was in accordance with the guidelines in 8 out of 15 patients (53%).

In accordance with French guidelines for the treatment of 3GCR-E infections, an
alternative to carbapenem could have been prescribed with clinical improvement in 65 cases
(36%), fluoroquinolone in 36 cases (20%), temocillin in 35 cases (19%), PIP-TAZ in 25 cases
(14%), trimethoprim–sulfamethoxazole in 25 cases (14%), an aminoglycoside in 20 cases
(11%), and cefoxitin in 9 cases (5%). Trimethoprim–sulfamethoxazole and temocillin were
the only alternative in 25 cases of pneumonia.

Finally, in our cohort, a non-carbapenem-containing regimen was prescribed as a
definitive antibiotic treatment in 54 patients. Its prescription was in accordance with the
French guidelines for the treatment of suspected 3GCR-E in 12 out of 54 prescriptions (22%).

4. Discussion

In our patients treated for an ESBL-E BSI in the ICU, the prescription of an empirical
carbapenem-containing regimen or not was in line with the French guidelines for the
treatment of suspected 3GCR-E infections in two-thirds of the cases. An inadequate
initial carbapenem prescription was most often related to the lack of a prescription of a
carbapenem when it was expected, which occurred in a quarter of the cases. Regarding
definitive antibiotic treatment, an alternative to carbapenem was prescribed in almost
one-third of the cases, mainly ceftazidime–avibactam or PIP-TAZ. Our results illustrate the
willingness of intensivists to spare carbapenems.

All our patients except three had at least one risk factor for ESBL-E infection. The
incidence of community-acquired infection with ESBL-E has recently increased [13,14].
Lee CH et al. validated a predictive score for community-onset ESBL-E BSI [15]. In our
population of critically ill patients, the majority of cases of ESBL-E BSI were hospital-
acquired, with only 10% being community-acquired infections. Other risk factors for
ESBL-E were antibiotic exposure or ESBL-E colonization or infection within three months
in around 80% of the patients. These factors have been associated with ESBL-E infection
occurrence in multiple studies, but none of these risk factors appear to be discriminant
in identifying 3GCR-E bacteremia [16]. Taking into account the presence of only one risk
factor will lead to a dramatic overuse of carbapenem empirically. Several ESBL-E infection
prediction scores have been validated. However, even the most accurate one has a moderate
discriminatory ability, leading to an underestimation of the risk of ESBL-E infection [17].
Elligsen M et al. created an algorithm to predict resistance that accounts for previous
microbiological results. Its prospective use spared broad-spectrum antibiotic prescriptions
with similar proportions of appropriate antimicrobial therapy [18,19].

The choice of empirical treatment cannot be determined only by the presence of risk
factors or the calculation of predictive scores. Several national and international guidelines
were recently edited regarding the antibiotic treatment of 3GC-RE infections, including
ESBL-E infections [6,20,21]. Most of them are limited to the treatment of proven 3GCR-E
infections. They detailed the preferred and alternative antibiotic treatments to be used after



Microorganisms 2023, 11, 2676 9 of 14

receiving results from culture and susceptibility testing. The Infectious Diseases Society
of America (IDSA) guidelines for the treatment of ESBL-E, CRE, and multi-drug resistant
Pseudomonas aeruginosa only briefly evoke empirical treatment [20]. The expert panel stated
that the choice of empirical treatment should be based on the presumed pathogens, the
presence of severity criteria, the origin of the infection, and individualized criteria including
antibiotic allergy and renal insufficiency. The cultures and susceptibility testing results
in the last 6 months, antibiotic treatments in the last month, and local microbiological
epidemiology should also be taken into account. The prevalence of pathogens resistant to
all first-line agents is of particular clinical relevance [22]. The selection of an appropriate
empirical antibiotic treatment could be improved with the application of emerging concepts
relative to predictive microbiology such as escalation antibiogram or regional cumulative
antibiogram [23,24]. The French guidelines specifically detail the empirical antibiotic
treatment of suspected infections with 3CGR-E depending on the site and the severity
of the infection [6]. In our ICU cohort of patients with ESBL-E BSI, the most frequent
site of infection was pneumonia, accounting for more than half of the cases. Most of
our patients were under mechanical ventilation, and half of them had septic shock at
the time of ESBL-E BSI onset. One-quarter of our patients were immunocompromised.
Immunosuppression, including HIV infection, has an impact on the incidence, nature, and
etiologies of bacteremia [25,26].

Almost all our patients (95%) received empirical antibiotics within 24 h of ESBL-E
BSI onset. The Surviving Sepsis Campaign aimed to reduce mortality due to sepsis by
improving its early recognition and treatment [27]. Evidence-based guidelines for sepsis
management have been developed. The administration of broad-spectrum antibiotics
is part of the hour-1 bundle. Models including various clinical data and biochemical
and hematologic biomarkers were developed to predict bacteremia [28]. These models
could be complementary with traditional C-reactive protein and procalcitonin for guiding
antibiotic use [29]. A carbapenem-containing regimen was prescribed in 57% of our patients,
while it was recommended, according to the French guidelines, in 71% of the cases. In
our cohort, the only factor independently associated with a carbapenem prescription in
adequation with the guidelines was a history of ESBL-E colonization. It seemed that the
intensivists gave more importance to a prior ESBL-E colonization than to a recent antibiotic
exposure when choosing a carbapenem-containing regimen. In a worldwide sample of
ICU patients, the prevalence of antibiotic exposure was 71% [30]. Treating empirically all
patients with recent antibiotic exposure and suffering from a severe infection in the ICU
with a carbapenem will lead to a large amount of prescriptions. French experts selected
29 studies that identified previous antibiotic treatment as a risk factor for ESBL-E infection
with an odds ratio from 1.5 to 15.3 [6]. None of these studies included exclusively ICU
patients. On the contrary, the impact of ESBL-E colonization on the occurrence of infection
with ESBL-E has been specifically assessed in the ICU [31,32]. The rate of ESBL-E ventilator-
associated pneumonia was significantly higher in patients colonized with ESBL-E and
varied from 22 to 42.5%.

In our cohort, empirical treatment with a BL/BLI combination was prescribed in 30%
of the patients as PIP/TAZ (23%) or ceftazidime/avibactam (7%). Ceftazidime/avibactam
is a new BL/BLI combination. It has been approved and associated with metronidazole for
treating complicated intra-abdominal infections. Its prescription has also been approved
in the case of complicated UTI and nosocomial infections, including ventilator-associated
pneumonia [33]. Of note, the representation of critically ill patients in the published studies
was low [34]. The French guidelines recommend not using it as an empirical treatment in
the case of suspected ESBL-E infection. Like other panels, French experts recommended
that the new BL/BLI should be reserved for XDR pathogens, such as carbapenem-resistant
organisms [6,20,21,35]. PIP/TAZ remains the most extensively studied carbapenem-sparing
option. Several retrospective studies and meta-analyses supported its prescription in
patients with ESBL-E BSI [36,37]. Recently, the multicenter randomized MERINO clinical
trial comparing definitive treatment with PIP/TAZ to meropenem in patients with ESBL-E
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BSI failed to prove non-inferiority [5]. Its use is now controversial. The French guidelines
recommend its empirical prescription in suspected ESBL-E infections mainly in association
with amikacin [6].

Apart from the BL/BLI combination, the most-studied combinations for empirical
treatment of ESBL-E infections are aminoglycosides in combination with beta-lactams. Ex-
pected benefits of these combinations are synergistic bactericidal activity and antimicrobial
spectrum broadening, leading to a higher proportion of appropriate initial anti-biotherapy
and potential survival improvement, especially in the case of septic shock [38,39]. How-
ever, renal toxicity remains an issue. The French guidelines for the treatment of 3GCR-E
infections recommend empirical prescription of an aminoglycoside in the case of severe
hospital-acquired infection defined by the presence of septic shock, a life-threatening organ
dysfunction, or in case of hospital-acquired pneumonia with a history of ESBL-E coloniza-
tion and empirical prescription of a non-carbapenem regimen [6]. Only one-quarter of our
patients treated for an ESBL-E BSI in the ICU received a combination with an aminoglyco-
side despite septic shock in more than half of them. Isolated strains were susceptible to
amikacin in 86% of the cases.

In our cohort, the initial antibiotic treatment was totally consistent with the French
guidelines in 56% of the patients, resulting in an appropriate empirical antibiotic treatment
of 85%. In the case of inadequate initial anti-biotherapy, the proportion of appropriate
therapy was only 73%. Promoting the implementation of the guidelines could improve the
proportion of empirically appropriate antibiotic treatments in critically ill patients with
ESBL-E BSI.

Regarding definitive antibiotic treatment, the majority of our patients received a
carbapenem-containing regimen, amounting to 68% of the cases. The most frequently
definitive non-carbapenem treatment was a BL/BLI combination in 20% of our patients,
with ceftazidime/avibactam being the most frequently used combination. The French and
international guidelines maintain a carbapenem (imipenem or meropenem) as a preferred
treatment for patients with ESBL-E BSI or severe infection [6,20,21]. They recommended
against the use of ceftazidime–avibactam and ceftolozane–tazobactam as an alternative
to carbapenem in order to preserve their effectiveness on carbapenem-resistant bacteria.
Once patients are stabilized, the guidelines suggest step-down targeted therapy following
carbapenems, using the old BL/BLI, quinolones, trimethoprim–sulfamethoxazole, or other
alternatives depending on the susceptibility testing results. PIP-TAZ is recommended
for the treatment of UTI by IDSA [20]. Its use is supported by the French guidelines also
for non-UTI, if the PIP-TAZ MIC of the isolate is ≤ 4 mg/L and if PIP-TAZ is used as
extended or constant infusion [6]. In our cohort, definitive treatment with PIP-TAZ was
consistent with the French guidelines in 8 out of 15 cases. In all cases, a continuous infusion
was used. Temocillin is another alternative beta-lactam recommended by the French
guidelines in the case of UTI and pneumonia. It was not prescribed in our cohort despite
being a suggested non-carbapenem regimen according to the guidelines in 19% of our
cases. The lack of consistent data about its use in critically ill patients with the exception of
pharmacodynamic data justifies the reluctance of physicians to prescribe it in severe ESBL-E
infections [40]. Two randomized studies are underway [41,42]. In our cohort, non-beta-
lactam alternatives to carbapenems were not used with the exception of one prescription
of amikacin and three prescriptions of fluoroquinolone. Data on fluoroquinolone and
trimethoprim sulfamethoxazole efficacy for the treatment of ESBL-E BSI are lacking [43,44].

Our study has several limitations. We conducted a multicentric retrospective obser-
vational study. All participating centers were located in northern France, which prevents
the extension of our results to another region of the world with different ecologies and
antibiotic strategies. However, in our patients suffering from ESBL-E BSI, the most fre-
quently isolated ESBL-E microorganisms were Klebsiella sp. followed by Enterobacter sp. and
Escherichia coli. These results are in accordance with epidemiological observations in France
and abroad [45,46]. Our study was partly conducted during the COVID-19 pandemic,
which may have influenced the results. The pandemic has impacted the pattern of BSI,
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especially in the ICU [47]. We did not assess the impact of new tools, such as syndromic
multiplex PCR, which was implemented during the pandemic [48]. The retrospective na-
ture of this study prevented us from taking into account other factors that impact empirical
antibiotic prescription in the ICU such as coincident outbreaks with carbapenem-resistant
microorganisms [49]. Due to the observational approach, factors related to the physicians,
patients, and type of infection were not controlled. Finally, our sample was relatively small,
which did not allow for the assessment of the prognostic impact of empirical treatment
adequation with the guidelines.

5. Conclusions

In our cohort of critically ill patients, empirical carbapenem prescriptions were fewer
than expected following the French guidelines for the treatment of 3GCR-E, reflecting
the efforts of intensivists to promote carbapenem-sparing regimens. Application of the
guidelines tended to increase the proportion of appropriate initial anti-biotherapy. Despite
its use for the treatment of suspected or confirmed ESBL-E infections being controversial,
PIP-TAZ was prescribed mainly as an empirical treatment. Ceftazidime–avibactam was the
preferred non-carbapenem definitive treatment. Antibiotic stewardship should target new
BL/BLI combinations.
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