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KEY POINTS

� Multidrug-resistant carbapenem-resistant gram-negative bacteria pose major challenges
in antibiotic management. Understanding the basic mechanisms of antibiotic resistance is
vital for effectively treating these infections.

� Novel b-lactam/b-lactamase inhibitors are effective against Enterobacterales producing
Klebsiella pneumoniae carbapenemase (KPC) and oxacillin-hydrolyzing carpapenemase
(OXA)-48-like, and the combination of ceftazidime-avibactam plus aztreonam is an option
for Enterobacterales that produce metallo-b-lactamases.

� Ceftolozane-tazobactam, ceftazidime-avibactam, and imipenem-relebactam target
difficult-to-treat Pseudomonas aeruginosa.

� Sulbactam-durlobactam is preferred for treating carbapenem-resistant Acinetobacter
baumannii.

� Cefiderocol is an alternative for metallo-b-lactamase-producing gram-negative bacteria.
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Abbreviations

CRAB carbapenem-resistant Acinetobacter baumannii
CRE carbapenem-resistant Enterobacterales
ESBL extended-spectrum b-lactamase
KPC Klebsiella pneumoniae carbapenemase
MBL metallo-b-lactamase
MDR multidrug resistant
PBP penicillin-binding protein
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INTRODUCTION

We depend on the availability of effective and safe antibiotics to protect our patients
from the morbidity and mortality related to severe bacterial infections. When we
encounter seriously ill patients with sepsis due to pneumonia or bloodstream infec-
tions, we recognize that the timely administration of active antibiotic therapy is crucial
to their survival.1 Antibiotic-resistant bacteria, therefore, pose a significant therapeutic
challenge, with implications that extend beyond the medical field and resonate
throughout society. A frequently cited, alarmist yet realistic warning we reflect on is
that, unless we deepen our understanding of antibiotic-resistant bacteria, a return
to the pre-antibiotic era could be a plausible scenario.2

Shortly after its introduction in the mid-twentieth century, penicillin, the first b-lac-
tam antibiotic, became the cornerstone for treating severe bacterial infections caused
by gram-positive bacteria such as Streptococcus pneumoniae and Staphylococcus
aureus, at least until resistance emerged.3 However, penicillin proved ineffective
against gram-negative bacteria, including lactose fermenters like Escherichia coli
and Klebsiella pneumoniae, as well as non-lactose fermenters such as A baumannii
and P aeruginosa, a need fulfilled by polymyxins and aminoglycosides. Eventually,
b-lactams with structural modifications that enabled them to penetrate the outer mem-
brane and resist the b-lactamases of gram-negative bacteria were developed.4 This
advancement was followed by the introduction of b-lactamase inhibitors, such as
clavulanic acid, sulbactam, and tazobactam, which have proven to be a highly effec-
tive strategy for protecting and enhancing the action of b-lactams.5 Next came the dis-
covery of carbapenems and cephalosporins with an expanded spectrum of activity
against gram-negative bacteria. However, while these developments marked a
“golden age” of b-lactam antibiotic therapy for severe gram-negative bacterial infec-
tions, resistance has progressed even faster.6 Understanding the most significant
antibiotic resistance mechanisms is crucial for effectively treating and reducing the
impact of severe infections caused by multidrug-resistant (MDR) gram-negative bac-
teria. Knowledge of these resistance mechanisms also helps maximize the effective-
ness of current antibiotics and envision future treatment options.7

This article examines the most clinically significant gram-negative bacterial patho-
gens that display resistance to carbapenems and other key antibiotics, classifying
them as MDR. First, it will explore the background of mechanisms related to antibiotic
resistance, followed by a discussion on the antibiotic management of severe infec-
tions such as bacteremia and pneumonia. The focus will be on Enterobacterales resis-
tant to carbapenems, as well as non-lactose fermenters like carbapenem-resistant
Acinetobacter baumannii (CRAB) and P aeruginosa that are paradigmatically “difficult
to treat” due to their intrinsic and acquired resistance mechanisms. The goal is to
provide a broad audience with a current, evidence-based, and practical overview of
managing patients with severe infections caused by MDR carbapenem-resistant
gram-negative bacteria. The antibiotics (and their recommended doses) mentioned
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in this overview are listed in Table 1. Comprehensive and authoritative documents
guide the treatment of various infections caused by these pathogens, including re-
sources from the Infectious Diseases Society of America and the European Society
of Clinical Microbiology and Infectious Diseases.8,9

BACKGROUND
Mechanisms of Resistance in Gram-Negative Bacteria

Carbapenem-resistant enterobacterales
The acquisition of carbapenemases, enzymes that inactivate carbapenems, is the
main mechanism driving the emergence of carbapenem-resistant Enterobacterales
(CRE). This phenotype first emerged in the United States with the isolation of a
carbapenem-resistant K pneumoniae in 1996, which harbored a serine carbapenem-
ase known as Klebsiella pneumoniae carbapenemase (KPC). This class A enzyme pro-
vides resistance to all cephalosporins, aztreonam, and b-lactamase inhibitors,
including clavulanic acid and tazobactam. The genes that encode these carbapene-
mases are typically found on plasmids or other common mobile genetic elements,
facilitating the acquisition of genes that confer resistance to additional antibiotic clas-
ses. Consequently, CRE isolates are MDR and extensively drug resistant. The mobility
of these genetic elements has also led to the spread of blaKPC into other Enterobacter-
ales, including E coli, Enterobacter, Serratia, and Salmonella species.
KPC has spread globally and has become endemic beyond the United States, espe-

cially in Southern Europe and Israel, as well as South America and China. Historically,
there has been a robust association between KPC-producing K pneumoniae and
clones related to ST 258, although this continues to evolve.10,11 Another globally sig-
nificant mechanism of carbapenem resistance in CRE is oxacillin-hydrolyzing carpa-
penemase (OXA)-48, a class D carbapenemase, along with closely related enzymes
(eg, OXA-181). OXA-48-like enzymes are widespread, particularly in Europe, the Mid-
dle East, and Northern Africa, but are less prevalent in the United States. The class B
New Delhi metallo-b-lactamase (NDM) was first identified in K pneumoniae from a
Table 1
Conventional doses of antibiotics for the management of severe infections caused by
multidrug and carbapenem-resistant gram-negative bacteria9

Antibiotic
Dose (Assuming Normal Renal and Hepatic
Functions)

Ceftazidime-avibactam 2.5 g IV every 8 h infused over 3 h

Ceftazidime-avibactam 1 aztreonam 2.5 g IV every 8 h infused over 3 h 1 (given
simultaneously) 2 g IV every 8 h infused over
3 h

Ceftolozane-tazobactam 3 g IV every 8 h infused over 3 h

Imipenem-relebactam 1.25 g IV every 6 h infused over 30 min

Meropenem-vaborbactam 4 g IV every 8 h infused over 3 h

Cefiderocol 2 g IV every 8 h infused over 3 h

Meropenem 2 g IV every 8 h infused over 3 h

Imipenem 500 mg IV every 6 h infused over 3 h

Sulbactam (given as ampicillin-sulbactam) 9 g IV every 8 h infused over 4 h

Minocycline 200 mg IV or PO every 12 h

Durlobactam-sulbactam 2 g IV every 6 h over 3 h (administer with
meropenem or imipenem)
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patient hospitalized in New Delhi and is now endemic throughout Asia and beyond,
including Africa, Europe, and South America. Additionally, resistance to carbapenems
arises from other enzymes, such as the metallo-b-lactamases (MBLs) VIM (verona
integron-encoded MBL), and IMP (imipenemase), as well as the serine enzyme SME
(Serratia marcescens enzyme). Although MBLs have been historically infrequent in
the United States, it is important to recognize that they are becoming more common.
Notably, the CRE phenotype may arise without carbapenemases due to alterations in
outer membrane proteins and the production of extended-spectrum b-lactamases
(ESBLs) or other cephalosporinases.12,13

Carbapenem-resistant Acinetobacter baumannii
A baumannii exhibits low permeability to antibiotics due to its outer membrane porin
content and efflux pumps that are constitutively expressed, which contribute to its
intrinsic resistance to a wide range of antibiotics. A baumannii also possesses various
b-lactamases, including AmpC enzymes known as Acinetobacter-derived cephalo-
sporinases. Additionally, A baumannii harbors OXA-type enzymes, such as OXA-51,
which are intrinsically characteristic of this species andmay contribute to carbapenem
resistance, depending on their expression levels and permeability. CRAB also ac-
quires ß-lactamases, such as OXA-type carbapenemases from the OXA-23, OXA-
24/40, and OXA-58 subfamilies.14 Global clone 2 accounts for a large proportion of
CRAB, leading to various subclones, but this situation is also evolving.15,16 Addition-
ally, A baumannii can acquire mutations in efflux pumps, along with changes in outer
membrane proteins that affect permeability and reduce the intracellular concentration
of various antibiotics.17 Furthermore, alterations in the expression and structure of
penicillin-binding proteins (PBPs), such as mutations in PBP3, result in sulbactam
resistance and contribute to its MDR phenotype.18 While less common than OXA class
D enzymes, other carbapenemases, like NDM and KPC, may also be found in A bau-
mannii.19,20 Through horizontal gene transfer, A baumannii obtains resistance genes
from different organisms. Fournier and colleagues reported a resistant A baumannii
strain with an 86 kilobase genomic island (AbaR1) harboring resistance determinants
from gram-negative organisms like Salmonella, E coli, and Pseudomonas spp. Of 52
identified resistance genes, 45 were localized to this island, showcasing the Acineto-
bacter species’ ability to diversify, a hallmark of these resistant pathogens.21

Difficult to treat resistance in Pseudomonas aeruginosa
Difficult to treat resistance (DTR) in P aeruginosa is defined as isolates demonstrating
resistance/intermediate resistance to these agents typically relied upon for the treat-
ment of severe infections: piperacillin-tazobactam, ceftazidime, cefepime, aztreo-
nam, meropenem, imipenem, ciprofloxacin, and levofloxacin.22 In the case of
carbapenem-resistant strains, there is usually an interplay of mutations in the
OprD porin (sufficient to exclude imipenem) and upregulation of drug-efflux pumps
(generally necessary to exclude meropenem), as well as ß-lactamases: P aeruginosa
is equipped with AmpC enzymes, known as Pseudomonas-derived cephalospori-
nases. Changes in the active site of these enzymes and especially their hyperexpres-
sion due to alterations in their regulatory system are critical, in conjunction with other
mutational mechanisms, to the in vivo emergence of “pan-b-lactam resistance,”
including resistance to carbapenems.23,24 Crucially, P aeruginosa also can acquire
carbapenemases, such as MBLs. Historically, MBLs have only been detected infre-
quently in the United States. Still, as in the case of CRE, it is essential to acknowl-
edge that MBLs are becoming more prevalent among carbapenem-resistant DTR
P aeruginosa. In contrast, VIM-mediated carbapenem resistance in P aeruginosa
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is endemic in all other regions.25 Notably, P aeruginosa harboring the class A KPC
(sometimes co-existing with VIM) has been found in Colombia and other Latin Amer-
ican countries.26 Other more exotic b-lactamases may contribute to the DTR pheno-
type of P aeruginosa, such as GES (Guiana ESBL), VEB (Vietnamese ESBL), and
Pseudomonas extended resistance.9 An important notion is that the global dissem-
ination of MDR/XDR P aeruginosa carrying acquired b-lactamases is linked to “high-
risk clones” that continue to evolve.27

DISCUSSION
Current Evidence

Carbapenem-resistant enterobacterales
Guiding the treatment of severe infections caused by CRE should focus on the mech-
anisms of carbapenem resistance (Fig. 1). In the United States, KPC is the most
commonly identified carbapenemase among CRE. The prevalence of NDM among
CRE is approximately 10% overall, though it is higher in certain areas. Similarly, the
prevalence of OXA-48 is also on the rise, nearing 5%. It is also possible for some
CRE isolates to harbor 2 or more carbapenemases simultaneously. A history of travel
to regions where these enzymes are prevalent may indicate the presence of NDM and/
or OXA-48. If KPC is strongly suspected based on local molecular epidemiology or
confirmed through molecular diagnostic methods, several treatment options are avail-
able within novel combinations of b-lactams and b-lactamase inhibitors: ceftazidime-
avibactam, imipenem-relebactam, or meropenem-vaborbactam. Although most
KPC-producing CRE remain susceptible to ceftazidime-avibactam—particularly in
cases of prior exposure to this agent—there remains a risk of developing resistance.
The predominant mechanism of resistance to ceftazidime-avibactam in KPC-
producing Enterobacterales involves alterations to the loop in the enzyme’s active
site. Modifications in KPC, primarily D179Y and D179 YN, enhance ceftazidime
Fig. 1. Antibiotics used for the management of severe infections caused by carbapenem-
resistant Enterobacterales, according to the mechanism of resistance. Green indicates that
the antibiotic is active and recommended. Yellow indicates that the antibiotic could be
an alternative. Red indicates that the antibiotic is inactive. *Indicates redundancy of cefta-
zidime-avibactam 1 aztreonam with ceftazidime-avibactam alone.
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hydrolysis and may, in certain instances, reduce hydrolytic efficiency against merope-
nem. In contrast, meropenem-vaborbactam is not impacted by these changes and is,
therefore, a more dependable agent for treating KPC-producing Enterobacterales. A
study comparing meropenem-vaborbactam and ceftazidime-avibactam for managing
CRE demonstrates similar outcomes, with less emergence of resistance noted with
meropenem-vaborbactam.28 Imipenem-relebactam is also active against KPC-
producing CRE that is resistant to ceftazidime-avibactam, although there is less clin-
ical experience with this agent.
Severe infections caused by CRE sometimes lack an identified carbapenemase.

These isolates are usually resistant to ertapenem but susceptible in vitro to merope-
nem and imipenem. Due to their optimized pharmacokinetic and pharmacodynamic
profiles, extended infusions of meropenem or imipenem may be preferred over
meropenem-vaborbactam or imipenem-relebactam. Clinical analysis shows that pa-
tients with ertapenem-resistant-only CRE infections rarely receive newer agents like
ceftazidime-avibactam, meropenem-avibactam, or imipenem-relebactam but have
similar outcomes to those with CRE resistant to multiple carbapenems who do receive
them.29

In the case of carbapenem resistance mediated by OXA-48 in Enterobacterales, it
is essential to note that neither vaborbactam nor relebactam, unlike avibactam, is a
suitable inhibitor of OXA-48-like enzymes. Additionally, these enzymes are more
effective carbapenemases than cephalosporinases. Thus, ceftazidime-avibactam
is the preferred antibiotic for treating severe infections caused by OXA-48-
producing Enterobacterales.9 Of note, the rare SME (Serratia marcescens enzyme,
a class A carbapenemase described in Serratia species) appears to be susceptible
to ceftazidime (and more so with the addition of avibactam) and is well inhibited by
vaborbactam, whereas adding relebactam to imipenem does not restore bacteri-
cidal activity against SME-producing strains.30

The currently available b-lactamase inhibitors (including avibactam, relebactam,
and vaborbactam as well as tazobactam, sulbactam, and clavulanate) are inactive
against MBLs. Therefore, the treatment of CRE (and other gram-negative bacteria)
that produce MBLs (chiefly NDM, but also VIM, IMP, etc.) awaits the development
and introduction into the clinic a b-lactam/b-lactamases inhibitor combination for
that purpose. Notably, cefepime-taniborbactam may be close to achieving that
goal.31 Similarly, the combination of aztreonam and avibactam represents a promising
option under development.32 Although avibactam does not inhibit MBLs, aztreonam
cannot be hydrolyzed by MBLs either. However, aztreonam is susceptible to hydroly-
sis by other b-lactamases (ESBLs, AmpCs, OXA-48, KPC) found in MBL-producing
CRE. The role of avibactam is to inhibit these other b-lactamases (distinct from
MBLs), thereby protecting aztreonam so it can reach its target among the PBPs of
CRE. Given that the co-formulation of aztreonam and avibactam is not yet available
in clinical practice, the current recommendation is to treat severe infections caused
by MBL-producing CRE with aztreonam and ceftazidime-avibactam.9 While not
backed by data from randomized controlled trials, this combination has demonstrated
success in multiple case series.33

Cefiderocol, a cephalosporin decorated with a catechol group that confers its
siderophore activity, is stable against a broad range of b-lactamases, including
MBLs, and readily penetrates the gram-negative cell wall. The in vitro activity of
cefiderocol against MBL-producing CRE is complemented by promising clinical
evidence.34 Therefore, cefiderocol is an option for treating CRE, especially when
combinations with b-lactamase inhibitors as described earlier are inactive or
unavailable.9 There are no direct comparisons of the clinical outcomes of treating
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MBL-producing CRE either with ceftazidime-avibactam plus aztreonam versus cefi-
derocol. Therefore, the preferred treatment option for MBL-producing CRE is not
firmly established. It is clear, however, that the novel tetracyclines, tigecycline and
eravacycline, should not be used to treat severe CRE infections, given underlying
resistance and their unfavorable pharmacokinetic and pharmacodynamic properties
for treating bloodstream infection.

Carbapenem-resistant Acinetobacter baumannii
The management of severe infections caused by CRAB has recently been trans-
formed by the introduction into the clinic of durlobactam-sulbactam, following its
approval by the US Food and Drug Administration (Fig. 2). Durlobactam is an inhib-
itor of the class D carbapenemases (OXA-23, OXA-24, OXA-58), which typically
confer carbapenem resistance in A baumannii. Sulbactam is included in the com-
bination with durlobactam not as a b-lactamase inhibitor but rather because it tar-
gets PBPs (PBP 1a/1b and PBP3) of A baumannii. Furthermore, durlobactam itself
targets additional PBPs. Therefore, sulbactam-durlobactam demonstrates excel-
lent in vitro activity against carbapenem-resistant and sulbactam-resistant A bau-
mannii.35 A notable limitation of durlobactam-sulbactam is that it is inactive
against A baumannii strains that produce MBLs. The ATTACK study was a multi-
country randomized trial at 59 sites involving 177 patients with pneumonia from
A baumannii complex, treated with sulbactam-durlobactam or colistin, both along-
side imipenem.36 The 28 day all-cause mortality was 19% for durlobactam-
sulbactam and 32% for colistin. Nephrotoxicity was significantly lower in the
durlobactam-sulbactam group (13% vs 38%). Notably, based on current knowl-
edge, sulbactam-durlobactam should be given with imipenem (or meropenem) to
mimic the ATTACK trial protocol, broaden antibiotic coverage, and enhance carba-
penem interactions with PBPs.
The availability of durlobactam-sulbactam has replaced high-dose ampicillin-sul-

bactam (27 g daily) administered in combination with at least one other agent as the
preferred treatment of CRAB. Determining the appropriate second agent to administer
with sulbactam is challenging. High-dose minocycline (200 mg IV every 12 hours) has
evidence supporting its use and a relatively mild profile of adverse effects, contrasting
Fig. 2. Antibiotics used for the management of severe infections caused by carbapenem-
resistant Acinetobacter baumannii, according to the mechanism of resistance. Green indi-
cates that the antibiotic is active and recommended. Yellow indicates that the antibiotic
could be an alternative. Red indicates that the antibiotic is inactive.
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with polymyxin B and colistin, which are known to cause neurotoxicity and nephrotox-
icity. The role of novel tetracyclines such as tigecycline and eravacycline in treating se-
vere infections like bloodstream infections caused by CRAB is limited due to the
pharmacokinetic and pharmacodynamic properties of both drugs, as well as the
lack of clinical evidence supporting their use.
Cefiderocol, as described, is a cephalosporin linked to a siderophore that is

considered an option for the treatment of severe infections caused by CRAB.
Most CRAB strains show in vitro susceptibility to cefiderocol at a breakpoint of 4
mcg/mL. However, susceptibility evaluation is complicated by factors such as vari-
able iron concentrations, non-reproducible MIC results, and heteroresistance (sub-
populations with resistance). Moreover, the available clinical evidence indicates a
higher mortality rate in patients with CRAB treated with cefiderocol compared to
standard alternative therapies, especially in cases of pneumonia and bloodstream
infections, and there is risk of recurrence.37 Cefiderocol may be used cautiously after
other alternatives have failed or are not considered an option due to resistance.9 In
this context, CRAB harboring MBLs is incredibly challenging since they are resistant
to durlobactam-sulbactam, leaving nephrotoxic options like polymyxins. Cefidero-
col, therefore, may offer an alternative, which should be used as part of a combina-
tion regimen.

Difficult to treat resistance in Pseudomonas aeruginosa
A key element in deciding how tomanage severe infections causedbyDTRP aeruginosa
is the presence of carbapenemases, particularly MBLs (Fig. 3). This possibility is gener-
ally viewedas rare in theUnitedStatesbut shouldnot bedismissed, especially incasesof
health care receivedduring travel or other instances of “medical tourism.” In the absence
of carbapenemases, P aeruginosa is resistant to antipseudomonal carbapenems
Fig. 3. Antibiotics used for the management of severe infections caused by difficult-to-treat
carbapenem-resistant Pseudomonas aeruginosa, according to the mechanism of resistance.
Green indicates that the antibiotic is active and recommended. Yellow indicates that the
antibiotic could be an alternative. Red indicates that the antibiotic is inactive. *Indicates
that the antibiotic is preferred for the treatment of pneumonia.
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(meropenem and imipenem), cefepime, ceftazidime, and piperacillin-tazobactam due to
varying combinations of 3 essential factors: porin changes, efflux pumps, and the pro-
duction of AmpC and other b-lactamases. Ceftolozane withstands hydrolysis by AmpC
and readily enters the cell despite porin changes and efflux pumps. Although co-
formulated with tazobactam, this b-lactamase inhibitor does not significantly enhance
ceftolozane’s activity against P aeruginosa. Avibactam and relebactam inhibit AmpC
and other b-lactamases, respectively, restoring the effectiveness of ceftazidime and imi-
penem against DTR P aeruginosa. In contrast, vaborbactam fails to restore meropenem
susceptibility in P aeruginosa because meropenem resistance stems from changes in
efflux and permeability unaffected by vaborbactam.38

The consensus from the available data is that ceftolozane-tazobactam, ceftazi-
dime-avibactam, or imipenem-relebactam agents are more effective and safer
than options like aminoglycosides or polymyxins for treating severe infections like
pneumonia or bacteremia caused by DTR P aeruginosa39,40. In the United States,
ceftolozane-tazobactam is usually more active than its counterparts,41 but this
may vary depending on the geographic locale and previous exposure. It is, there-
fore, recommended that antimicrobial susceptibility testing be conducted for all op-
tions to confirm that the chosen treatment is effective. A multicenter, retrospective,
observational study compared the outcomes of patients with MDR P aeruginosa
pneumonia or bacteremia treated with ceftolozane-tazobactam or ceftazidime-avi-
bactam.42 The primary outcome was clinical success (defined as survival, resolu-
tion of signs and symptoms of infection, and no recurrent infection at day 30).
Clinical success was observed in 61% of patients treated with ceftolozane-
tazobactam and in 52% of patients treated with ceftazidime-avibactam, attributed
to improved response rates in patients with pneumonia. However, there were no
significant differences in mortality. Resistance developed in approximately 20%
of patients treated with either agent.
Cefiderocol is an alternative option for managing DTR P aeruginosa when resis-

tance, adverse effects, or unavailability preclude using the earlier discussed b-lac-
tam-b-lactamase inhibitors. Moreover, cefiderocol is one of the few options for
MBL-producing P aeruginosa and the preferred agent to treat severe infections by
such pathogens, even though clinical data are limited.9
SUMMARY

The antibiotic management of severe infections, such as pneumonia and bacteremia
caused by MDR and carbapenem-resistant gram-negative bacteria, presents a signif-
icant clinical challenge. Novel b-lactam/b-lactamase inhibitor combinations are
preferred options for treating CRE. Meropenem-vaborbactam may have a preferential
role in cases of KPC-producing Enterobacterales, particularly when resistance to
ceftazidime-avibactam is a concern due to prior treatment. For OXA-48-producing
Enterobacterales, ceftazidime-avibactam is the recommended treatment, while the
combination of ceftazidime-avibactam and aztreonam is advised for MBL-
producing Enterobacterales. Ceftolozane-tazobactam, ceftazidime-avibactam, and
imipenem-relebactam are viable options for severe infections caused by DTR P aeru-
ginosa, although a retrospective study comparing ceftolozane-tazobactam and
ceftazidime-avibactam suggests that the former may be advantageous, especially
in pneumonia cases. For severe infections caused by CRAB, if MBLs are excluded,
sulbactam-durlobactam (administered with imipenem or meropenem) is the preferred
choice. Cefiderocol offers a reasonable alternative for treating severe infections
caused by MBL-producing CRE, DTR P aeruginosa, and CRAB.
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CLINICS CARE POINTS

CRE
� For patients with severe infection due to CRE, treatment is predicated upon mechanism of

carbapenem resistance.
� If KPC is suspected or confirmed, meropenem-vaborbactam, ceftazidime-avibactam, and

imipenem-relebactam are alternatives.
� If there is concern for KPC variants resistant to ceftazidime-avibactam, meropenem-

vaborbactam is preferred.
� If OXA-48 is suspected or confirmed, ceftazidime-avibactam is recommended.
� If MBL is suspected or confirmed, ceftazidime-avibactam and aztreonam in combination, or

cefiderocol, are recommended.
� Extended infusions of meropenem or imipenem are an alternative for the treatment of

infections caused by CRE without an identified carbapenemase.

Carbapenem-resistant Acinetobacter baumannii
� For patients with severe infection due to CRAB (in the absence of MBLs), durlobactam-

sulbactam should be used, administered with a carbapenem (imipenem or meropenem).
� Cefiderocol is an alternative to CRAB where sulbactam-durlobactam is not an option due to

resistance (including MBLs).

Difficult to treat Pseudomonas aeruginosa
� For patients with severe infection due to DTR P aeruginosa (in the absence of MBLs),

ceftolozane-tazobactam, ceftazidime-avibactam, and imipenem-relebactam are options.
� Observational data may favor the use of ceftolozane-tazobactam especially for the

treatment of pneumonia.
� If an MBL is suspected or confirmed, cefiderocol is a preferred option for the treatment of

severe DTR P aeruginosa infections.
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