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Purpose of review

Infections due to extended-spectrum b-lactamase-producing Enterobacteriaceae (ESBL-E) are increasing
worldwide. Carbapenems are usually regarded as the antibiotics of choice for the treatment of serious ESBL
infections. However, because of the alarming emergence or carbapenem resistance, interest in effective
alternatives has emerged. The present review summarizes the findings published on the antibiotics currently
available for treatment of patients with an ESBL-E bloodstream infection (BSI).

Recent findings

Meropenem and imipenem are the drugs recommended for treatment of ESBL BSIs in critically ill patients,
and in infections with high bacterial loads or elevated b-lactam minimum inhibitory concentrations.
Ertapenem should be reserved for patients with less severe presentations, and should be used at high
doses. In milder presentations or BSIs from low-risk sources, other carbapenem-sparing alternatives could
be considered: cephamycins, fluoroquinolones, and particularly a b-lactam/b-lactam inhibitor combination
(particularly piperacillin/tazobactam). Optimized dosing of piperacillin/tazobactam is recommended (high
doses and extended infusion). There are few data on the use of the promising newly available drugs (e.g.
ceftolozane/tazobactam, ceftazidime/avibactam, cefiderocol, and plazomicin), and it seems reasonable to
reserve them as last-resort drugs.

Summary

Carbapenems should be used in patients with serious infections; alternatives could be used individually,
particularly for definitive treatment of patients with milder presentations.
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INTRODUCTION

Infections because of extended-spectrum b-lacta-
mase (ESBL)-producing Enterobacteriaceae (ESBL-
E) are increasing worldwide, and are associated with
prolonged hospital stays, increased hospital costs,
and high mortality [1].

Production of ESBLs limits therapeutic options,
because they hydrolyze most b-lactams, including
penicillins, third-generation cephalosporins, and
aztreonam. In addition, resistance to other antibi-
otics is frequently observed (e.g. quinolones, tri-
methoprim-sulfamethoxazole, and
aminoglycosides). Therefore, carbapenems consti-
tute the recommended therapeutic regimens for
the treatment of serious infections due to ESBL-E.
Nevertheless, overuse of carbapenems has been asso-
ciated with the alarming emergence of carbapenem-
resistant organisms, which are spreading worldwide
rs Kluwer Health, Inc. All rights rese

Kluwer Health, Inc. Una
and impairing patient outcomes [2,3]. Therefore,
interest in the use of carbapenem-sparing antibiotics
for the treatment of infections because of ESBL-E has
increased in recent years.

Herein, we review papers addressing currently
available antibiotic options used as both empiric
and definitive therapy for the treatment of
rved. www.co-criticalcare.com
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KEY POINTS

� The emergence of carbapenem resistance among
Gram-negative bacilli has sparked interest in the use of
carbapenem-sparing alternatives for the treatment of
infections due to ESBL-E.

� There are no well designed studies addressing the
efficacy of most of the noncarbapenem regimens for
the treatment of ESBL infections, and data are
particularly scarce for patients with BSI.

� There is only one single RCT that shows less efficacy of
PTZ compared to meropenem as definitive therapy for
the treatment of BSI due to cephalosporin-resistant
Enterobacteriaceae. Nevertheless, it has
some limitations.

� Considering the available data, carbapenems should
be used in patients with serious infections. Alternatives
to carbapenems could be used individually, particularly
for definitive treatment of patients with
milder presentations.

� New available broad-spectrum antibiotics are active
against ESBL-E, but it seems reasonable to reserve them
for the treatment of infections due to other multidrug-
resistant and extensively drug-resistant Gram-
negative bacilli.

Infectious diseases

Cop
bloodstream infections (BSIs) because of ESBL-E
published in the PubMed/MEDLINE database. Only
studies published in English were included, with
special attention paid to those published in the last
2 years. Also, priority was given to meta-analyses over
individual studies. The following search terms were
used: ESBL, extended-spectrum b-lactamase, bacter-
emia, bacteraemia, bloodstream infection, b-lactam/
b-lactamase inhibitors (BLBLIs), carbapenem, piper-
acillin/tazobactam, ceftolozane/tazobactam, ceftazi-
dime/avibactam, aminoglycoside, fosfomycin,
temocillin, cephalosporin, cephamycin, cefepime,
cefiderocol, tigecycline, fluoroquinolone, trimetho-
prim-sulfamethoxazole, and plazomicin.
CURRENT EVIDENCE CONCERNING THE
TREATMENT OF EXTENDED-SPECTRUM b-
LACTAMASE-PRODUCING
ENTEROBACTERIACEAE BLOODSTREAM
INFECTIONS

Carbapenems

Carbapenems, mainly meropenem and imipenem,
have traditionally been considered the standard
therapy for infections because of ESBL-E, because
they remain stable to hydrolysis by these enzymes,
and are less affected by the inoculum effect [4]. In a
2 www.co-criticalcare.com
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meta-analysis published in 2012, carbapenems
showed lower mortality rates than other antibiotics
(such as fluoroquionolones, aminoglycosides, and
cephalosporins) when used in an empirical or defin-
itive regimen [5]. In a recent meta-analysis that
included 35 observational studies reporting on
3842 patients, this result was only confirmed in
patients receiving cephalosporins, when compared
to those treated with carbapenems. Nevertheless,
the lack of results showing the inferiority of non-
cephalosporin antibiotics should be interpreted
with caution, because the pooled data were insuffi-
cient to draw firm conclusions [6

&&

]. Of note, mer-
openem showed very low mortality rates (3.7%) in
the MERINO trial: a recently published randomized
clinical trial (RCT) in which patients with BSIs
because of cephalosporin-resistant Enterobacteria-
ceae were evaluated [7

&&

].
Clinical experience of doripenem is limited. The

data extracted from a phase III RCT of doripenem
showed efficacy equivalent to that of meropenem,
imipenem, or piperacillin/tazobactam (PTZ) [8].
Also, a good clinical response (88%) was observed
in patients treated with doripenem in the RCTs in
which it was compared to ceftazidime/avibactam for
complicated urinary tract infections (cUTIs) [9].
However, it has to be taken into account that the
number of patients with BSIs included in these RCTs
was small.

Ertapenem, a carbapenem with no activity
against Pseudomonas aeruginosa, has been increas-
ingly used as definitive therapy for ESBL-E infec-
tions. Despite the presence of methodological
limitations in some studies comparing ertapenem
with other carbapenems for the treatment of BSIs
because of ESBL-E, they support its use in nonse-
verely ill patients [10–11,12

&

]. However, in the series
published by Collins et al. [11], higher mortality
rates were observed in patients with severe sepsis
treated with ertapenem than in those who received
other carbapenems (60 vs. 36.1%). Furthermore, in
the INCREMENT cohort, a trend towards higher
mortality was found in patients with septic shock
treated with ertapenem [12

&

]. A plausible explana-
tion for this worrisome finding is that the standard
dose of 1 g/day may not be sufficient to achieve the
PK/PD target, particularly in those patients with
high-inoculum infections [13] and for strains with
only intermediate susceptibility to this antibiotic
[minimum inhibitory concentration (MIC) of
1 mg/L] [14]. In addition, albeit anecdotal evidence,
ertapenem resistance during therapy has been
reported [15].

Taking into account the current evidence, imi-
penem and meropenem would be the recom-
mended treatment options for patients with more
Volume 25 � Number 00 � Month 2019
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severe presentations; whereas ertapenem should be
reserved for patients with milder presentations. Erta-
penem may be useful for outpatient management or
in a de-escalation approach [16]. Moreover, when
used, higher doses of this latter drug should be
considered (1.5 or 2 g/24 h). The evidence regarding
doripenem is too scarce to enable clear conclusions,
although it has to be taken into consideration that it
showed higher mortality and lower cure rates than
the treatment it was compared to in ventilator-asso-
ciated bacterial pneumonia (VABP) [17,18].
b-LACTAM/b-LACTAM INHIBITOR
COMBINATIONS

Classic BLBLIs may be effective against ESBL pro-
ducers if no other mechanisms of resistance are
present; therefore, they represent a promising
option as carbapenem-sparing alternatives for the
treatment of infections because of ESBL-E. Notably,
rates of resistance to BLBLIs in ESBL producers vary
according to geographical area [19].

Concerns regarding the efficacy of BLBLIs
against infections because of ESBL-E include the
inoculum effect, and the worry that the efficacy
of BLBLIs may vary according to the source of infec-
tion and the infecting species [20]. However, the
inoculum effect also occurs with non-ESBL-produc-
ing organisms [21], and it has only been observed
with PTZ: not with amoxicillin/clavulanate [21,22].
Moreover, in the INCREMENT cohort, the different
sources of BSIs and the different infecting species did
not affect the outcomes of patients treated with
BLBLIs [12

&

].
The role of BLBLIs in the treatment of BSIs

because of ESBL-E is still controversial. A large body
of data obtained from several well designed obser-
vational studies and their meta-analysis has shown
that BLBLIs are not inferior to carbapenems in the
treatment of BSIs because of ESBL producers
[5,6

&&

,23
&

,24
&

]. However, some other studies have
found opposing results [25–27]. Tamma et al. [25]
reported lower mortality rates at day 14 in patients
who received carbapenems as definitive therapy
than in those receiving PTZ (8 vs. 17%). However,
that study only included patients receiving a carba-
penem as definitive therapy, the doses of PTZ used
were frequently low, and the MIC for PTZ was 4 mg/l
or less for only 40% of the isolates.

The MERINO trial is the only noninferiority RCT
to compare meropenem with PTZ for the treatmentof
BSIs because of cephalosporin-resistant enterobacte-
ria (including Amp-producing organisms) [7

&&

]. The
study failed to demonstrate the noninferiority of PTZ
compared to carbapenem, in terms of overall 30-day
mortality (23/187¼12.3 vs. 7/191¼3.7%). However,
1070-5295 Copyright � 2019 Wolters Kluwer Health, Inc. All rights rese
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the study did have some limitations that should be
pointed out. First, a conservative 5% noninferiority
margin was used that could be questioned. Moreover,
the overall mortality rate in the meropenem group
was unexpectedly low. In addition, the treatment
arms had some imbalances regarding the sources of
BSI and the severity of the disease. Then, empirical
and step-down antibiotic treatment was not specified
in some patients, whereas crossover of patients from
one group to the other was allowed. Furthermore,
none of the deaths recorded was associated with
either the infection or the study drug, but were
fundamentally due to noninfectious complications
in patients with advanced cancer; and these are var-
iables which, among other things, were not properly
controlled for in the post-hoc tests carried out with
multivariate analysis. Meanwhile, the rest of the
secondary variables showed discrepant results, such
as no significant differences being detected in the
days before resolution of symptoms or in the micro-
biological cure rates, yet the 5% noninferiority mar-
gin for the ‘clinical and microbiological’ cure variable
on day 4 of the treatment was not met. Moreover,
patients with infections because of AmpC producers
were also analyzed, which could have influenced the
outcome. Finally, the susceptibility testing for PTZ
was not the recommended/standard [28].

Of note, two observational studies focused
on immunocompromised hematologic patients
[29

&

,30
&

]. The BICAR study, a retrospective multi-
center international study, did not find significant
differences in early or overall 30-day mortality rates
in neutropenic hematologic patients with BSIs
because of ESBL producers who received BLBLIs
(mostly PTZ) compared to carbapenems, as either
empirical or definitive therapy [29

&

]. However, the
number of patients treated with BLBLIs in this study
was small. In a more recently published single-cen-
ter retrospective study, empirical treatment with
cefepime or PTZ was not associated with increased
14-day mortality relative to empirical treatment
with carbapenems in patients with hematologic
diseases and ESBL-Escherichia coli BSI, although most
patients were switched to carbapenems early in the
treatment [30

&

]. The great majority of patients in
both studies were patients with nonhigh-risk BSIs
from an endogenous source, which represent the
great majority of patients with febrile neutropenia.
These results would be reinforced by the results of
the observational studies included in the aforemen-
tioned meta-analyses, which included a high pro-
portion of ‘low-risk’ patients [5,6

&&

,23
&

,24
&

].
In summary, until better evidence is available,

we recommend reserving carbapenems for neutro-
penic patients with sepsis and for high-inoculum
infections caused by strains showing higher MICs
rved. www.co-criticalcare.com 3
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for BLBLIs, as detailed in the recommendations
above, and as previously advocated [31].

Optimized dosing of PTZ is crucial in order to
reach therapeutic drug targets, particularly in criti-
cally ill patients, and for isolates with high MICs
[32

&

]. Therefore, appropriate doses of PTZ (4.5 g
every 6 or 8 h) administered via extended infusion
should be used [33].

Amoxicillin/clavulanate is a good option for
susceptible isolates in countries where this drug is
available for intravenous (IV) use. Nevertheless,
data regarding its use are more limited. As men-
tioned above, it does not suffer from the inoculum
effect [20,21], and it may be used for oral switch
treatment.

Cefoperazone/sulbactam may be resistant to
hydrolysis by ESBLs, and is extensively used in many
Asian countries [34]. Although data regarding its use
are scarce, a recently published retrospective study
suggested, through differences that were not statisti-
cally significant, that it may tend to have a lower
success rate and a higher 14-day mortality rate than
carbapenems, in patients with ESBL-E BSIs. Again,
the number of patients included in the study, and
particularly in the cefoperazone/sulbactam arm, was
small, which may explain why the results did not
reach statistical significance.

Taking into account the evidence currently
available, BLBLIs (mainly PTZ) should be considered
as a carbapenem-sparing alternative for the treat-
ment of ESBL-E BSIs in low-risk patients who do not
have a high-inoculum BSI and present without
severe sepsis or septic shock. Optimized dosing
and extended infusion are strongly recommended.

Table 1 summarizes the selected clinical studies
comparing the efficacy of BLBLIs with carbapenems
in patients with BSI due to ESBL-E published since
2012 [35–40].
NEWER b-LACTAM/b-LACTAM INHIBITOR
COMBINATIONS

In recent years, two new combinations of a
cephalosporin plus a b-lactam inhibitor have been
introduced in the antibiotic armamentarium. Cef-
tolozane/tazobactam is the combination of a new
cephalosporin (ceftolozane), with enhanced anti-
pseudomonal activity, with a classic b-lactamase
inhibitor (tazobactam). This combination exhibits
good in vitro activity against ESBL-E. coli (>90%),
and ESBL-Klebsiella pneumoniae (from 42 to 98%)
[41]. It was approved by the US FDA and the Euro-
pean Medicines Agency (EMA) for the treatment of
complicated intra-abdominal infections (cIAIs) in
combination with metronidazole [42,43], and cUTI,
including pyelonephritis [44]. A total of 150 patients
4 www.co-criticalcare.com
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with ESBL infections included in these pivotal trials
were analyzed by Popejoy et al. [45]. In that post-hoc
analysis, the rates of clinical cure (98.1 and 72.2%,
respectively), and microbiological eradication (82.6
and 47.8%, respectively) of cUTI were higher with
ceftolozane/tazobactam than with levofloxacin.
Against cIAIs, no differences were found regarding
clinical cure rates for ceftolozane/tazobactam
and meropenem (95.8 and 88.5%, respectively).
Similar results were obtained for microbiological
eradication.

Ceftazidime/avibactam combines ceftazidime
with a new (non-b-lactam) b-lactamase inhibitor.
It is usually more active in vitro against ESBLs than
ceftolozane/tazbactam [41]. It was approved by the
US FDA and the EMA for treatment of cIAIs (in
combination with metronidazole) [46,47] and
cUTIs [48], with a recent additional indication by
the EMA for VABP and other infections because of
Gram-negative bacteria with reduced treatment
options. Mendes et al. [9] performed a post-hoc
analysis of the two pivotal trials in cUTIs comparing
ceftazidime/avibactam and doripenem. The cure
rates were 91.7% (76/83) and 88% (81/92), respec-
tively. In the cIAI pivotal trial, this drug showed a
rate of clinical response against ceftazidime-resis-
tant Enterobacteriaceae similar to that of merope-
nem (about 80% were ESBL producers) [38]. In
addition, in a pathogen-directed trial of patients
with cIAIs and cUTIs because of ceftazidime-resis-
tant Enterobacteriaceae, it showed similar efficacy
to that of the best therapy available (mostly carba-
penems) [49]. Finally, the noninferiority RCT com-
paring ceftazidime/avibactam and meropenem for
the treatment of nosocomial pneumonia (including
VABP) showed no differences in the rate of clinical
cure [50].

Data regarding these new drugs should be inter-
preted with caution for bacteremic patients, because
the studies include unknown [42,46] or a small
number of patients with BSIs [43,44,46,47,50].
Moreover, because they are active against exten-
sively drug-resistant Pseudomonas aeruginosa (cefto-
lozane/tazobactam) and KPC- or OXA-48-producing
Enterobacteriaceae (ceftazidime/avibactam), it
seems reasonable to reserve them for these particular
organisms.
CEPHAMYCINS

Cephamycins (cefoxitin, cefmetazole, cefotetan,
moxalactam, and flomoxef) remain active against
ESBL-E isolates, but not against AmpC producers
[51]. Concerns over these drugs for the treatment
of ESBL-E include the potential development of
resistance during treatment [52]. Clinical data on
Volume 25 � Number 00 � Month 2019
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Table 1. Selected clinical studies comparing the efficacy of b-lactam þ b-lactam inhibitors with carbapenems in patients with bloodstream infections due to extended-

spectrum b-lactamase-producing Enterobacteriaceae published since 2012

Authors, year
and reference Study design Antibiotics Type of therapy

Source of infec-
tion

ESBL-producing
organisms Clinical outcomes Comments

Kang et al. 2012
[35]

Multicenter
retrospective
cohort

PTZ vs.
carbapenems

Empirical therapy NA E. coli (68%), K.
pneumoniae (32%)

30-Day mortality was similar
between those who received PTZ
and carbapenem (22.2% vs.
26.9%, respectively, P¼0.59).
The multivariate analysis showed
no difference (OR ¼ 0.63;
95%CI 0.17–2.27, P¼0.34)

PTZ was administered as
definitive therapy in 23
patients

Rodrı́guez-Baño
et al. 2012 [36]

Multicenter post
hoc analysis of
6 prospective
cohorts

BLBLIs vs.
carbapenems

Empirical and
definitive
therapy

Urinary or biliary
(70%)

E. coli (100%) The 30-day mortality of patients
who received BLBLIs vs.
carbapenems were 9.7% vs.
19.4% (P¼0.1) in the ETC, and
9.3% vs. 16.7% (P>0.2) in the
DTC, respectively. The
multivariate analysis showed no
difference (OR ¼ 0.63; 95%CI
0.17–2.27, P¼0.34). The
multivariate analysis showed no
association between BLBLIs and
increased mortality in both ETC
(HH 1.14, 95%CI 0.29–4.40;
P¼0.84)and DTC (HH 0.76,
95%CI 0.28–2.07; P¼0.5)

AMC and PTZ were
found to be suitable
carbapenem-sparing
regimens in selected
‘low-risk’ patients

Tsai et al. 2014
[37]

Multicenter
retrospective
cohort

PTZ vs.
carbapenems

Empirical and
definitive
therapy

UTI (51.1%)
Pneumonia

(15.1%)
SSTI (14.9%)
Catheter (10.6%)
IAI (6.4%)
Primary BSI (4.3%)

P. mirabilis (100%) The rates of 30-day mortality
(14.3% vs. 23.1%; P¼0.65)
and in-hospital mortality (19.1
vs. 30.8%, P¼0.68) were
nonsignificantly lower in the
carbapenems group, compared
to PTZ

Ofer-Friedman
et al. 2015 [38]

Bicenter
retrospective
cohort

PTZ vs.
carbapenems

Definitive therapy Nonurinary:
Pneumonia (34%),
SSTI (28%),
Biliary (17%)
IAI (9%),
Primary BSI (8%)
Unknown (5%)

E. coli (53%), K.
pneumoniae (28%)
and P. mirabilis
(19%)

Treatment with PTZ was associated
with increased 90-day mortality
compared to carbapenems (OR
7.9 95%CI 1.2–53, P¼0.03)

30-day mortality was
higher in the PTZ
group with borderline
significance (60% vs.
34%, OR 3.0
P¼0.10)

Tamma et al. 2015
[39]

Unicentric
retrospective
cohort

PTZ vs.
carbapenems

Empirical therapy Catheter (46%)
UTI (21%)
IAI (17%),
Biliary (9%)
Pneumonia (9%)

E. coli (31%), K.
pneumoniae (68%)
and P. mirabilis
(1%)

The adjusted risk of 14-day
mortality was higher in the PTZ
group, compared to carbapenem
group (OR 1.92; 95%CI 1.07–
3.45)

PTZ was administered at
3.375g IV every 6h in
61% of the patients.

Ng et al. 2016
[40]

Bicenter
retrospective
cohort

PTZ vs.
carbapenems

Empirical therapy Catheter (46%)
UTI (21%)
IAI (19%)
Pneumonia (9%)
Biliary (9%)

E. coli (67%), K.
pneumoniae (33%)

30-Day mortality was comparable
between those who received PTZ
and carbapenem (30.9 vs.
29.8%, respectively, P¼0.89)

Empirical PTZ was not
associated with
increased mortality in
the multivariate
analysis (OR 1.00;
95% CI 0.45–2.17)
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Table 1 (Continued)

Authors, year
and reference Study design Antibiotics Type of therapy

Source of infec-
tion

ESBL-producing
organisms Clinical outcomes Comments

Gutiérrez-Gutiérrez
et al. 2016
[12

&

]

Multinational
multicenter
retrospective
cohort

BLBLIs vs.
carbapenems

Empirical and
definitive
therapy

Urinary (45%),
Biliary (12%),
Other (high-risk
sources) (40%)

E. coli (73%), K.
pneumoniae (19%),
Other
Enterobacteriaceae
(8%)

The cure/improvement rates with
BLBLIs and carbapenems were
80.0% and 78.9% in the ETC,
and 90.2 and 85.5% in the
DTC, respectively. The 30-day
mortality rates were 17.6 and
20% in the ETC and 9.8% and
13.9% in the DTC, respectively.

The adjusted OR (95%CI) for cure/
improvement rate with BLBLIs
was 1.37 (0.69 to 2.76) in the
ETC, and 1.61 (0.58 to 4.86) in
the DTC. Regarding 30-day
mortality, the adjusted OR (95%
CI) values were 0.55 (0.25 to
1.18) for ET and 0.59 (0.19 to
1.71) for DT.

The results were
consistent in all
subgroups studied, in a
stratified analysis
according to quartiles
of propensity score
(PS), and in PS-
matched cases

Gudiol et al. 2017
[29

&

]
Multinational

multicenter
retrospective
cohort

BLBLIs vs.
carbapenems

Empirical and
definitive
therapy

Primary (52.8%)
Catheter (18.1%)
IAI (15%)
UTI (15%)

E. coli (73.7%), K.
pneumoniae
(23.1%), K.
oxytoca (1.5%), E.
cloacae (1.5%)

The 30-day mortality rates with
BLBLIs and carbapenems were
20.8 and 13.4% (P¼0.33) in
the ETC, and 5.8% and 15.8%
(P¼0.99) in the DTC,
respectively. Similar results were
obtained regarding all the
secondary endpoints. The results
were consistent in the PS-
matched cohorts

High-risk hematological
patients with
neutropenia.

Benanti et al.
2018 [30

&

]
Unicentric

retrospective
cohort

PTZ (21) or
cefepime (40)
vs. meropenem
(42)

Empirical therapy IAI (52.4%),
Catheter (15.5%)
Unknown (17.4%),
SSTI (8.7%),
Pneumonia (7.7%)
UTI (7.7%)

NA The 14-day mortality rate was 0%
in the PTZ group compared to
19% in the meropenem group.
An adjusted risk could not be
calculated because no patients
empirically treated with PTZ
died.

High-risk hematological
patients. 92% and
77% were neutropenic
in the meropenem and
PTZ groups,
respectively

Harris et al. 2018
[7

&&

]
Multinational

multicenter
randomized
clinical trial

PTZ vs. meropenem Definitive therapy UTI (60.9%)
IAI (16.3%)
Unknown (7.3%),
Mucositis/

neutropenia
(5%)

Pneumonia (3.1%)
Surgical site

infection (3.1%)
Catheter (1.5%)
SSTI (1.3%)
Other (1.05%)

E. coli (86.5%), K.
pneumoniae
(13.4%)

The 30-day mortality rate was
12.3% in patients treated with
PTZ, compared to 3.7% for those
who received meropenem.

Risk difference: 8.6% (1-sided
97.5% CI, �1 to 14.5%);
P¼0.90 for noninferiority.

In the subgroup of
patients from any
source with a Charlson
score <2, mortality
was 2.9% for patients
treated with PTZ and
2.6% for patients
treated with
meropenem

AMC, amoxicillin-clavulanate; BLBLIs, b-lactam/b-lactam inhibitors; BSI, bloodstream infection; CI, confidence interval; DTC, definitive therapy cohort; ETC, empirical therapy cohort; IAI, intrabdominal infection; IV,
intravenous; PTZ, piperacillin-tazobactam; SSTI, skin and soft tissue infection; UTI, urinary tract infections.
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cephamycins for the treatment of ESBLs are scarce.
In addition, the studies are limited by a remarkable
risk of bias and small sample sizes [53–59]. The
studies included patients with ‘low-risk’ BSIs, pre-
dominantly from the urinary tract. Only one study
showed worse outcomes with these drugs than with
carbapenems [53], whereas the others failed to iden-
tify any differences.

Until more data are available, cephamycins
should only be used in patients with BSIs from
urinary sources and due to isolates with low MICs.
Moreover, they should be used at high doses.
OXYMINO-CEPHALOSPORINS

Cephalosporins show variable activity against
ESBLs: cefotaxime is frequently more active against
TEM and SHV producers than against CTX-M,
whereas the opposite is the case for cefepime and
ceftazidime. Previous data regarding the use of ceph-
alosporins showed worse outcomes in patients
treated with these drugs, even in the cases where
they were considered as susceptible according to old
MIC breakpoints [60].

More recently, the CLSI and EUCAST have sig-
nificantly lowered the MICs of cephalosporins, and
currently the recommendation is to report the MICs
and the category (susceptible or resistant) regardless
of ESBL production. The most frequent type of ESBL
is CTX-M enzymes, which are frequently resistant to
ceftazidime [61].

Interpretation of clinical data relating to
patients treated with active cephalosporins (mostly
ceftazidime and cefepime) is difficult because study
results are sometimes contradictory and because of
the risk of bias [62–65]. Some of the concerns regard-
ing the diminished efficacy of cefepime for the
treatment of ESBL infection are the inoculum effect
[66], the failure to achieve PK/PD targets because of
inadequate dosing or interval schedules [67], and
the possibility of overexpression of blaESBL genes
[68]. Some studies comparing cefepime and carba-
penems for ESBL infections show no differences
[62,63], whereas others suggest that cefepime is
inferior [64,65]. In view of the data available, ceph-
alosporins must be avoided for patients with BSIs
because of ESBLs.
CEFIDEROCOL

Cefiderocol is an appealing new siderophore cepha-
losporin with a broad spectrum of activity against
Gram-negative bacteria, including multidrug-resis-
tant and extensively drug-resistant strains (e.g.
ESBL-E, Acinetobacter baumannii, P. aeruginosa, and
Stenotrophomonas maltophilia) [69].
1070-5295 Copyright � 2019 Wolters Kluwer Health, Inc. All rights rese

opyright © 2019 Wolters Kluwer Health, Inc. Una
A phase II noninferiority RCT to assess the effi-
cacy and safety of cefiderocol compared with imi-
penem for the treatment of cUTIs was published
recently, as part of a US FDA-guided streamlined
antibacterial drug development program [70

&

]. The
great majority of infections were because of E. coli or
K. pneumoniae in both groups (80 and 88%, respec-
tively), and resistance to cephalosporins were
observed in 53% of the K. pneumoniae isolates and
38% of the E. coli isolates in the cefiderocol group,
compared to 57 and 16%, respectively, in the imi-
penem group. Among the 252 patients in the cefi-
derocol group, the primary efficacy endpoint was
achieved in 183 patients (73%), compared to 65/199
patients (55%) in the imipenem group, with an
adjusted treatment difference of 18.58% (95% con-
fidence interval, 8.23–28.92; P¼0.0004), thereby
establishing the noninferiority of cefiderocol com-
pared to imipenem. More than 50% of the patients
had pyelonephritis, but the number of patients with
a BSI is not provided.
TEMOCILLIN

Temocillin, a 6-a-methoxy derivative of ticarcillin
only available in the United Kingdom and Belgium,
is a b-lactam antibiotic with potent bactericidal
activity that is restricted to Enterobacteriaceae and
Burkholderia cepacia, and with the capability to resist
the hydrolysis of the Ambler class A and class C b-
lactamases [71

&

]. Thus, it retains in vitro activity
against ESBL-E [72], and has demonstrated efficacy
at eradicating infections in a murine model of
ascending pyelonephritis caused by strains harbor-
ing these enzymes [73]. There are limited clinical
data in the literature, particularly for ESBL BSIs, [74]
and no RCTs have been conducted. The largest
retrospective study of patients treated with this drug
observed clinical and microbiological success in
more than 82% of patients with ESBL-BSIs [75].
Notably, researchers identified failures in patients
treated with insufficient doses, which should to be
at least of 2 g/12 h in less severe, and 2 g/8 h in
critically ill, patients [76].
FOSFOMYCIN

This drug exhibits a notably wide spectrum of activ-
ity, which encompasses multidrug-resistant Gram-
negative bacilli, including ESBL producers [77].
There are oral formulations available (fosfomycin
trometamol and fosfomycin calcium) that reach
adequate urine levels and have been demonstrated
to be effective in the treatment of lower UTIs caused
by ESBLs [78]. The disodium formulation for IV
administration in doses of 4 g/8 h has been shown
rved. www.co-criticalcare.com 7
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not to be inferior to PTZ for the treatment of cUTIs
and acute pyelonephritis caused by susceptible
Enterobacteriaceae isolates in a recent RCT [79].
IV fosfomycin was well tolerated, with hypokalemia
and sodium overload being the most important
adverse events to be aware on. The possible useful-
ness of this drug in the treatment of bacteremic UTIs
caused by ESBL producing E. coli is the main research
question of an ongoing RCT: the FOREST study, of as
yet unpublished data [80

&

].
TIGECYCLINE

Tigecycline covers a wide antimicrobial spectrum
which includes ESBLs [81], and it has been proven to
be efficacious both in animal models [82] and in
clinical studies of severe infections caused by multi-
drug-resistant organisms (with a small number of
patients with ESBL-BSI) [83,84]. Nevertheless, two
meta-analyses reported lower efficacy and higher
mortality rates in patients with severe infections
treated with this drug than for the comparative
drugs [85,86], with even worse outcomes particu-
larly for Gram negative infections in one of them
[86]. Thus, tigecycline is not recommended as an
agent of choice in monotherapy for ESBL-BSI.
FLUOROQUINOLONES AND
TRIMETHOPRIM-SULFAMETHOXAZOLE

ESBL-E frequently harbor determinants of quino-
lone resistance [87], either chromosomic or low-
level plasmid-mediated (PMQR) [88]. The latter
mechanism of resistance was associated with
greater mortality in patients with ESBL-BSIs [89].
Of note, this low-level quinolone resistance can be
overestimated when the CLSI clinical breakpoints
are considered.

Some recent reports have described successful
experiences of patients with ESBL-BSI caused by
quinolone-susceptible isolates treated with these
drugs [90]. Of special interest are the results of the
multinational, retrospective cohort study of mono-
microbial BSIs: the INCREMENT study. That showed
similar outcomes for patients with ESBL-BSI treated
with quinolones and with carbapenems after a pro-
pensity score-matched analysis [91

&&

].
Co-resistance to trimethoprim-sulfamethoxa-

zole is also frequent in ESBL-producing strains
[87]. In a recent retrospective study specifically
comparing carbapenems with other alternative non-
intravenous antibiotics for the definitive treatment
of ESBL-BSI, patients treated with trimethoprim-
sulfamethoxazole showed similar outcomes and a
shorter hospital stay [90]. Finally, some isolated
reports on its usefulness in the therapy of
8 www.co-criticalcare.com

yright © 2019 Wolters Kluwer Health, Inc. Unauth
carbapenemase-producing Enterobacteriaceae may
seem to suggest the same for isolates harboring
ESBL [92].

Taking into account all the above findings, both
quinolones and trimethoprim-sulfamethoxazole
could be considered suitable non-IV carbapenem-
sparing antibiotics for the definitive treatment of
ESBL-BSIs.
AMINOGLYCOSIDES

Aminoglycosides exert a concentration-dependent,
bactericidal effect by inhibiting the bacterial S30
ribosomal subunit. These drugs, and particularly
amikacin, retain in vitro activity against ESBL-E
[93]. As for the clinical aspects, these antibiotics
have been proved not to be inferior to b-lactams
in monotherapy for the treatment of UTIs caused by
susceptible Enterobacteriaceae, [94] as well as in
combination therapy in some small case series of
ESBL-BSIs, both in oncological [95] and pediatric
patients [96]. The larger series of ESBL-BSI patients
treated with aminoglycosides comes again from the
INCREMENT study, in which empirical therapy with
aminoglycosides in 43 patients was not associated
with higher 30-day mortality when compared with
empirical carbapenem therapy [91

&&

]. Because of all
this evidence, and taking into account the risk of
nephrotoxicity as their major drawback, aminogly-
cosides seem to be a suitable option as a carbape-
nem-sparing empirical agent to combine with
b-lactams in settings with a high ESBL prevalence.

Interestingly, plazomicin, a new aminoglyco-
side molecule specifically designed to evade the
activity of aminoglycoside-modifying enzymes,
improves and expands the spectrum towards ESBL
and carbapenem-producing Enterobacteriaceae
(except NDM-1) with the additional advantage of
a presumably lower renal toxicity [97

&

]. At a 15 mg/
kg/day dose, it has been demonstrated not to be
inferior to meropenem in an RCT of cUTIs, the EPIC
study, where more than 26.5% of isolates causing
infection were caused by ESBL strains, and up to 13%
of the total UTI episodes were bacteremic, although
it is not clear the exact number of ESBL-BSIs
included in the plazomicin arm [98

&&

].
While waiting for more reports coming from ‘real

life’ cases treated with this drug in the near future, all
the foregoing makes it a promising alternative.
CONCLUSION

Taking into account the data currently available,
carbapenems (meropenem and imipenem) are the
recommended drugs for the treatment of ESBL BSIs
in critically ill patients, infections with a high
Volume 25 � Number 00 � Month 2019

orized reproduction of this article is prohibited.

John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel




CE: Namrta; MCC/250513; Total nos of Pages: 11;

MCC 250513

Optimizing therapy of bloodstream infection Gudiol et al.

C

bacterial load, or elevated b-lactam MICs. Ertape-
nem should be reserved for patients with less severe
presentations, and should be used in high doses.

For patients with milder presentations and with
BSIs from low-risk sources, such as UTIs, other car-
bapenem-sparing alternatives could be considered,
particularly cephamicins, fluoroquinolones, and
BLBLIs (mainly PTZ), with the most robust data
available for BLBLIs. When used, optimized dosing
of PTZ is recommended, with high doses and via
extended infusion. The newly available drugs,
namely ceftolozane/tazobactam, ceftazidime/avi-
bactam, cefiderocol, and plazomicin, are promising
alternatives to carbapenems. Nevertheless, there are
currently relatively little data on their use, and
because of their activity against other multidrug-
resistant and extensively drug-resistant organisms,
it seems reasonable to reserve them as last-resort
drugs.
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