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n	 INTRODUCTION

Multidrug-resistant (MDR) Gram-negative ba-
cilli (GNB) remain one of the most relevant 

challenges in infectious diseases [1]. Despite ad-

vances in therapeutic options, infections caused 
by carbapenem-resistant Enterobacterales (CRE) 
continue to complicate the clinical course of hospi-
talized patients and are associated with increased 
morbidity and mortality, especially in vulnerable 
patients [1-3]. During the last decade, following 
the introduction of novel therapeutic agents, mor-
tality rates attributable to KPC-producing Klebsiel-
la pneumoniae (KPC) infections significantly de-
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SUMMARY 

The approach to multidrug-resistant (MDR) Gram-
negative bacilli (GNB) infections has changed follow-
ing the introduction of avibactam-based β-lactam/β-
lactamase inhibitor combinations. Ceftazidime/avi-
bactam has become a cornerstone for the treatment of 
infections caused by KPC-producing Enterobacterales, 
whereas the recent availability of aztreonam/avibac-
tam has provided the first targeted option against 
metallo-β-lactamase (MBL)-producing Enterobactera-
les. At the same time, the emergence of KPC variants, 
the increasing dissemination of MBLs and the growing 
complexity of resistance mechanisms have made both 
empirical and targeted therapeutic decisions increas-
ingly challenging.
This narrative review summarizes the current evidence 
regarding the microbiological activity, clinical efficacy 
and optimal place in therapy of avibactam-based combi-
nations. Ceftazidime/avibactam is a cornerstore for the 
treatment of KPC infections, and significantly modified 
the outcome of patients with KPC infections during the 
last decade. Robust observational studies demonstrat-
ed its clinical efficacy and safety. It may also represent 

a carbapenem-sparing option for treating infections 
due to difficult-to-treat ESBL- and OXA-48-producing 
Enterobacterales. Moreover, its activity against MDR 
Pseudomonas aeruginosa makes it an attractive option 
for empirical therapy in patients with risk factors for 
this non-fermenting GNB. Aztreonam/avibactam rep-
resents the first-line option for the treatment of MBL-
producing Enterobacterales and plays a pivotal role in 
the current era of increasing dissemination of multiple 
carbapenemases. 
Their optimal clinical positioning should rely on op-
timal use in empirical therapy in patients with rectal 
colonization with carbapenem-resistant Enterobactera-
les who develop sepsis or septic shock, antimicrobial 
stewardship principles and integration of local epide-
miology, microbiological data and patient characteris-
tics to maximize efficacy while preserving their long-
term activity.

Keywords: multidrug-resistance, Gram-negative bacilli, 
avibactam β-lactam/β-lactamase inhibitor combina-
tions .
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creased [1, 4]. However, the epidemiological land-
scape significantly evolved, posing new challeng-
es [1, 5-7]. Although KPC has historically repre-
sented the dominant carbapenemase-producing 
organism in Italy and in several European coun-
tries, recent surveillance data have documented a 
progressive increase in metallo-β-lactamase 
(MBL)-producing Enterobacterales [8-10]. This ep-
idemiological shift has important therapeutic im-
plications as MBL-producing CRE are intrinsically 
resistant to the currently available β-lactam/β-lacta-
mase inhibitor (BLBLI) combinations, including 
ceftazidime/avibactam (CZA), meropenem/va-
borbactam (MV) and imipenem/relebactam (IR). 
While several therapeutic options are currently 
available for the treatment of KPC-producing En-
terobacterales, treatment strategies for MBL-pro-
ducing isolates remain extremely limited [11-13]. 
CZA has been available in clinical practice for 
nearly a decade and has profoundly changed the 
management of KPC infections. More recently, the 
novel combination aztreonam/avibactam (ATM/
AVI), has become available and represent the pre-
ferred treatment for MBL infections. 
In this narrative review, we discuss the role of 
avibactam-based BLBLI (CZA and ATM/AVI) in 
the treatment of infections caused by MDR-GNB 
providing a practical guide to support clinicians in 
selecting the most appropriate agent according to 
the underlying resistance mechanism and clinical 
setting.

n	 METHODS

This narrative review was based on a literature 
search of relevant studies published in the last 15 
years. The search was designed to identify studies 
addressing the microbiological activity, clinical ef-
ficacy, resistance mechanisms, epidemiology, and 
therapeutic positioning of avibactam-based BLB-
LI. The following search terms were used, alone or 
in relevant Boolean combinations: (“avibactam” 
OR “ceftazidime-avibactam” OR “aztreonam-
avibactam”) AND (“infection” OR “Klebsiella 
pneumoniae” OR “Enterobacterales” OR “Entero-
bacteriaceae” OR “carbapenem-resistant Entero-
bacterales” OR “CRE” OR “metallo-beta-lactama-
se” OR “MBL” OR “KPC” OR “Pseudomonas aerug-
inosa” OR “Stenotrophomonas maltophilia”). Origi-
nal studies, randomized clinical trials, prospective 
and retrospective observational studies, microbio-

logical and surveillance studies, systematic re-
views and meta-analyses, and relevant interna-
tional or national guidelines and expert consensus 
documents were considered eligible. Titles and 
abstracts retrieved by the search were screened by 
two authors for relevance to the predefined topics 
of the review, and potentially relevant articles 
were assessed in full text. Additional publications 
were identified by reviewing the reference lists of 
key articles, reviews, and guideline documents. 
Randomized controlled trials, when available, 
were considered first, followed by large prospec-
tive or multicenter observational studies, compar-
ative observational studies, and systematic re-
views or meta-analyses. For microbiological evi-
dence, preference was given to large surveillance 
studies and investigations characterizing clinical-
ly relevant resistance mechanisms or susceptibili-
ty patterns. Current international and national 
guidelines and expert consensus documents were 
prioritized when discussing recommended thera-
peutic strategies and the place in therapy of indi-
vidual agents. The literature search was restricted 
to PubMed and English-language publications; 
therefore, it should be regarded as a focused nar-
rative search rather than a fully systematic or ex-
haustive review of the literature.

n	 AVIBACTAM ACTIVITY COMPARED  
TO OTHER BETA-LACTAMS INHIBITORS

Differences among the three new beta-lactam in-
hibitors (avibactam, vaborbactam and relebactam) 
are summarized in Table 1. Avibactam is a non-β-
lactam β-lactamase inhibitor belonging to the di-
azabicyclooctane (DBO) class and and exhibits the 
broadest inhibition spectrum, including Ambler 
class A (e.g., KPC, CTX-M, SHV and TEM), class C 
(AmpC) β-lactamases and selected class D carbap-
enemases (particularly OXA-48-like enzymes) [14-
15]. In contrast, relebactam inhibits class A and 
class C β-lactamases but lacks relevant activity 
against OXA-48-like carbapenemases. Vaborbac-
tam, a cyclic boronic acid inhibitor, displays po-
tent and highly selective activity against class A 
β-lactamases, particularly KPC, but has limited 
activity against class C β-lactamases and has no 
activity against class D or metallo-β-lactamases, 
making it the most selective inhibitor.
Two avibactam-based BLBLI are currently availa-
ble (CZA and ATM/AVI), further expanding the 
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clinical utility of avibactam. None of available β 
-lactamases alone, including avibactam, relebac-
tam and vaborbactam, can inhibit MBLs. Howev-
er, avibactam possesses a unique advantage when 
combined with aztreonam. Because aztreonam is 
intrinsically stable to hydrolysis by MBLs but is 
hydrolyzed by co-produced serine β-lactamases 
(including ESBLs, AmpC, and KPC enzymes), in-
hibition of these enzymes by avibactam protects 
aztreonam from degradation and restores its an-
ti-MBL activity [16]. This complementary mecha-
nism is unique to the ATM/AVI combination and 
explains its activity against MBL-producing En-
terobacterales.
Finally, the three BLBLI combinations differ in 
their activity against other pathogens, since only 
CZA and IR retain activity against difficult-to-treat 
(DTR) Pseudomonas aeruginosa.

n	 CURRENT CRE EPIDEMIOLOGY 

Current CRE epidemiology is characterized by 
two major challenges that are profoundly chang-
ing the management of these infections. The first 
is the emergence and dissemination of KPC vari-
ants associated with resistance to novel BLBLI 
combinations. The second is the epidemiological 
shift from the predominance of KPC toward an 

increasing prevalence of MBL-producing Entero-
bacterales. Together, these changes have made 
therapeutic decision-making increasingly com-
plex and emphasize the importance of rapidly 
identifying the underlying carbapenemase to op-
timize antimicrobial therapy [17].
Over the last decade, the number of KPC variants 
has increased dramatically. To date, more than 260 
variants have been described worldwide, most of 
them within the past three years [18-20]. One of 
the earliest and most prevalent variant is the 
D179Y KPC-31, which typically confers resistance 
to CZA while restoring susceptibility to meropen-
em [21]. Although resistance to CZA remains the 
most common phenotype of KPC variants, recent 
studies documented the emergence of variants 
that also confer cross-resistance to other BLBLI 
combinations, including MV and IR, as well as to 
cefiderocol (FDC) [22]. The dissemination of KPC 
variants is highly heterogeneous across geograph-
ical regions. In some centers, KPC variants account 
for 10-15% of all KPC-producing isolates, whereas 
in others they remain only sporadically detected 
[22-23]. Therefore, knowledge of the local epide-
miology is crucial, as it may influence empirical 
antimicrobial therapy. 
The global spread of MBLs, including New Delhi 
metallo-β-lactamase (NDM) and VIM, further 

Table 1 - Comparison of the 3 available beta-lactam inhibitors.

Feature Avibactam Relebactam Vaborbactam 

Chemical class Diazabicyclooctane (DBO) Diazabicyclooctane (DBO) Cyclic boronic acid

Partner β-lactam available
1. Ceftazidime
2. Aztreonam

1. Imipenem/cilastatin 1. Meropenem

Inhibitory spectrum 
Class A, Class C, selected Class D 

(OXA-48-like)
Class A and Class C Mainly Class A (KPC)

Activity against OXA-48-like 
enzymes

✔ Yes ✘ No ✘ No

Activity against MBLs
✔ Not itself, but active if combined 

with aztreonam*
✘ No ✘ No

Clinical activity against DTR-  
P. aeruginosa

High High Limited

Main clinical use

KPC
OXA-48

MBL-producing CRE
DTR P. aeruginosa

S. maltophilia (combined to aztreonam)

KPC
-
-

DTR P. aeruginosa
-

KPC
-
-
-
-

*Avibactam does not directly inhibit MBLs. The activity of ATM/AVI against MBL-producing Enterobacterales relies on the intrinsic stability of 
aztreonam to MBL-mediated hydrolysis, while avibactam inhibits co-produced serine β-lactamases (e.g., ESBLs, AmpC, KPC, and OXA-48-like 
enzymes) that would otherwise hydrolyze aztreonam.
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complicate the management of patients with CRE 
infections. In the United States, the proportion of 
KPC-producing Enterobacterales decreased from 
73.8% in 2019 to 57.1% in 2021, whereas MBL-pro-
ducing CRE, particularly NDM-producers, in-
creased from 3.8% to 20.4% in the same period 
[24]. Similar trends have been observed in Europe. 
In Italy, a large regional outbreak of NDM-produc-
ing Enterobacterales was reported in Northwest-
ern area of the Tuscany region in 2018, resulting in 
a shift from KPC to NDM as the predominant car-
bapenemase in the region [25-28]. 
Together, these epidemiological changes have 
changed the management of CRE infections, with 
important implications for both empirical and tar-
geted antimicrobial therapy.

n	 ANTIMICROBIAL SUSCEPTIBILITY TESTING 
AND RAPID DIAGNOSTICS

Accurate antimicrobial susceptibility testing (AST) 
and rapid identification of the underlying carbap-
enemase are essential to guide the use of avibac-
tam-based combinations. CZA susceptibility can 
be assessed using standardized reference or vali-
dated commercial methods and interpreted ac-
cording to current EUCAST or CLSI criteria. Simi-
larly, the availability of the fixed-dose ATM/AVI 
combination allows susceptibility testing to be 
standardized using specific interpretive criteria, 
where available. Because breakpoints, testing rec-
ommendations, and regulatory approvals may 
differ between EUCAST and CLSI and may evolve 
over time, laboratories should refer to the most re-
cent recommendations applicable in their setting.
Rapid differentiation between KPC, MBLs (NDM, 
VIM, IMP), and OXA-48-like enzymes may sup-
port early treatment selection, particularly in se-
vere infections [17]. Importantly, emerging KPC 
variants may confer CZA resistance and produce 
unusual susceptibility phenotypes, highlighting 
the importance of integrating rapid carbapene-
mase identification with conventional AST and, 
when appropriate, molecular characterization.

n	 EMPIRICAL THERAPY USING AVIBACTAM-
BASED COMBINATIONS

Selecting the optimal empirical antimicrobial ther-
apy remains one of the greatest challenges in the 
management of CRE infections [29]. Delayed ad-

ministration of an active antimicrobial agent is in-
dependently associated with increased mortality 
in septic patients [4, 7]. Thus, identifying patients 
at high risk of CRE infection and rapidly defining 
the most likely carbapenemase are key steps in se-
lecting the most appropriate empirical regimen. 
Knowledge of intestinal colonization status may 
be useful in guiding the choice of empirical anti-
microbial therapy and reducing the risk of early 
inappropriate treatment [30]. However, coloniza-
tion status should not be considered the sole pre-
dictor of MDR etiology, as infections caused by 
susceptible organisms may also occur in patients 
with rectal CRE colonization. To date, no studies 
have demonstrated that an empirical treatment 
strategy based on rectal colonization status is asso-
ciated with improved clinical outcomes. There-
fore, the following considerations should be re-
garded as expert opinion and the treatment deci-
sions should be individualized according to local 
epidemiology, previous microbiological data, in-
fection source, severity of illness, and patient-spe-
cific risk factors.
Avibactam-based combinations may have an im-
portant role as empirical therapy in patients with 
septic shock in setting with high prevalence of 
MDR-GNB. Figure 1 shows a practical algorithm 
that may be used by clinicians to start the most 
appropriate empirical therapy in septic patients 
with CRE colonization. It is based on the authors’ 
expert opinion and can be adapted to local epide-
miology and resistance patterns. 
In known KPC rectal carriers, the choice between 
CZA, MV and IR may depend on several consid-
erations. Local epidemiology plays a pivotal role 
in this choice. CZA may be considered among the 
empirical options in settings where the prevalence 
of CZA-resistant KPC variants is low. Although no 
prospective validated prevalence threshold is cur-
rently available, knowledge of local epidemiology 
may help guide this decision since it may greatly 
vary across different centers. In addition, because 
CZA retains activity against Pseudomonas aerugino-
sa, it represents, together with IR and FDC, an at-
tractive empirical option for septic KPC-rectal car-
riers at high risk of Pseudomonas aeruginosa, par-
ticularly those with hospital-acquired or ventila-
tor-associated pneumonia, prolonged intensive 
care unit (ICU) stay, neutropenia, or previous col-
onization or infection with difficult-to-treat (DTR) 
Pseudomonas aeruginosa.
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In patients colonized with MBL-producing En-
terobacterales, ATM/AVI should be considered 
the preferred empirical option, given its excellent 
in vitro activity against MBL-producing isolates, 
which exceeds 98% [31-32]. 
Finally, in case of patients with known rectal colo-
nization by CRE but without further microbiologi-
cal characterization, ATM/AVI may represent an 
appropriate therapeutic empirical option consid-
ering its wide spectrum of activity against differ-
ent carbapenemases (KPC, NDM, OXA-48). 

n	 TARGETED THERAPY WITH AVIBACTAM-
BASED COMBINATIONS

Avibactam-based combinations are now among 
the most valuable therapeutic options for MDR 
GNB infections. Defining their optimal place in 
therapy is essential to maximize clinical benefit 

while preserving their activity and limiting the 
emergence of resistance. Figure 2 shows the place 
in therapy of avibactam-based combination when 
used as targeted therapy. Table 2 summarizes the 
preferred therapeutic options according to carbap-
enemase type and their anti-pseudomonal activity.
CZA is a cornerstone of therapy for infections 
caused by KPC-producing Klebsiella pneumoniae. 
Despite the lack of randomized controlled trials, 
large multicenter observational studies and subse-
quent meta-analyses have shown that CZA is as-
sociated with significantly lower mortality, im-
proved clinical outcomes, and reduced nephrotox-
icity compared with colistin-based regimens and 
other traditional therapeutic antibiotics [5, 33-35]. 
However, several clinical questions remain unan-
swered. Among these, the comparison among 
CZA, MV and IR is one of the most important. A 
recent observational study including 73 patients 

Carbapenemases characterization available?

MBL KPC

ATM/AVI

Alternative 
FDC

(if resistance 
of local NDM is 

low or if VIM 
colonization)

Low prevalence of CZA 
resistance among local KPC?

Yes No

CZA
or MV or IR

MV or IR

SEPSIS/SEPTIC SHOCK
in patients with rectal colonization by CRE

Yes No

OXA-48

CZA
or FDC

or 
CEF/ENM*

ATM/AVI

FDC 
(if resistance 
of local NDM 

is low)

To be revised as soon as susceptibility testing is available 

* in vitro studies 

Figure 1 - Practical algorithm for empirical therapy in patients with rectal colonization by carbapenem-resistant 
Enterobacterales who develop sepsis or septic shock (aiming at differentiating the use of AVI-based combina-
tions). The proposed algorithm reflects the authors’ expert opinion. Treatment decisions should be individu-
alized according to local epidemiology, previous microbiological data, infection source, severity of illness, and 
patient-specific risk factors.
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with KPC infection showed that 30-day mortality 
was similar in patients treated with CZA or MV, 
although the emergence of resistance occurred 
more frequently in the CZA group [35]. However, 
to date, there is no robust comparative evidence 
demonstrating the superiority of one BLBLI. Most 
available comparative data are derived from ob-
servational studies and should be interpreted cau-

tiously because of the potential for residual con-
founding and confounding by indication. Direct 
comparative evidence between CZA and other 
novel agents remains limited, precluding defini-
tive conclusions regarding the superiority of a spe-
cific agent. Consequently, future research should 
focus on identifying the clinical profiles of patients 
who are most likely to benefit from a specific 

Figure 2 - Place in therapy of avibactam-based combinations for targeted treatment of CRE infections. 

Table 2 - Available antibiotic options against different carbapenemases.

Carbapenemase type Preferred agent Antipseudomonal activity

KPC
Ceftazidime/avibactam

Meropenem/vaborbactam
Imipenem/relebactam

Yes
No
Yes

OXA-48-like
Ceftazidime/avibactam

Cefiderocol
Cefepime/enmetazobactam*

Yes
Yes
No

MBL (NDM, VIM, IMP)
Aztreonam/avibactam

Cefiderocol (alternative if susceptibility demonstrated in vitro)
No 
Yes

* in vitro studies.
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agent. Factors such as the site of infection, phar-
macokinetic/pharmacodynamic characteristics, 
local epidemiology, concomitant pathogens re-
quiring additional antimicrobial coverage, spec-
trum of activity, risk of on-treatment resistance 
emergence, and antimicrobial stewardship consid-
erations may all contribute to optimizing the selec-
tion among CZA, MV, and IR [36]. A second unre-
solved issue concerns whether CZA should be 
used as monotherapy or in combination with oth-
er antimicrobial agents. To date, available clinical 
evidence has not demonstrated a consistent ad-
vantage of combination therapy over monothera-
py [36]. Although a recent meta-analysis found 
that combination therapy was associated with 
higher microbiological eradication rates, this ben-
efit did not translate into improved clinical out-
comes [37]. Importantly, the certainty of the avail-
able evidence remains low, as most studies were 
retrospective and therefore susceptible to con-
founding. Patients receiving combination therapy 
had greater disease severity, more comorbidities, 
and were more likely to have difficult-to-treat in-
fections, including pneumonia. Moreover, the 
marked heterogeneity of companion agents pre-
cludes conclusions regarding the efficacy of specif-
ic combination regimens. Overall, current evi-
dence does not support the routine use of combi-
nation therapy for CRE infections. Rather, combi-
nation therapy should be reserved for selected 
clinical scenarios, such as high-inoculum infec-
tions, deep-seated infections, or patients at high 
risk of microbiological failure. Another important 
consideration is the emergence of resistance dur-
ing CZA therapy. Optimizing pharmacokinetic/
pharmacodynamic (PK/PD) target attainment 
may represent an effective strategy to minimize 
this risk. In a recent study involving patients with 
KPC-producing Klebsiella pneumoniae infections, a 
therapeutic drug monitoring (TDM)-guided dos-
ing strategy aimed at achieving aggressive PK/PD 
targets significantly reduced the emergence of 
CZA resistance during the follow-up [38] . 
Beyond its established role against KPC-producing 
Enterobacterales, CZA also exhibits excellent activ-
ity against ESBL-producing Enterobacterales, OXA-
48-producing Enterobaterales and DTR-
Pseudomonas aeruginosa. Thus, it may be a potential 
carbapenem-sparing strategy in specific infections 
due to difficult-to-treat ESBL- or OXA-48-producing 
Enterobacterales (especially if resistant to piperacil-

lin/tazobactam and ceftolozane/tazobactam) and 
in patients at high risk or with documented 
DTR-Pseudomonas aeruginosa infections. These addi-
tional potential roles of CZA are discussed below.
The combination of ATM/AVI is recommended as 
the first-line option for infections caused by 
MBL-producing Enterobacterales. Observational 
studies demonstrated that the combination CZA 
plus ATM is associated with better clinical out-
come compared to other active antibiotics [6-7]. 
Although the clinical evidence currently available 
is derived from observational studies evaluating 
the off-label combination of CZA plus ATM, these 
studies provide clinical support for the AVI-medi-
ated restoration of ATM activity against MBL-pro-
ducing Enterobacterales and, therefore, support 
the use of the fixed-dose ATM/AVI formulation. 
Consequently, these data have been sufficiently 
robust to support the inclusion of this combina-
tion as the preferred therapeutic option for MBL-
producing Enterobacterales infections in current 
international guidelines [17, 39-40]. 
The recent development of the fixed-dose ATM/
AVI formulation seems to have PK/PD advantag-
es. A population PK/PD model highlighted the 
advantage of ATM/AVI showing that approved 
dose regimens are optimized for joint PTA [41]. 
Importantly, avibactam exposure was approxi-
mately 25% lower with CZA plus ATM, resulting 
in a joint probability of target attainment below 
85%, compared with >90% for the approved ATM/
AVI regimen. The lower probability of target at-
tainment was driven by suboptimal avibactam 
exposure and may reflect the different antibiot-
ic-to-inhibitor ratios of the two formulations (3:1 
for ATM/AVI versus 4:1 for CZA) [41]. Another 
major concern about the use of CZA plus ATM is 
represented by the lack of a standardized antimi-
crobial susceptibility testing. Several laboratory 
approaches, including disc approximation assays, 
broth disc elution, checkerboard methods, time-
kill assays, and gradient strip superposition tech-
niques, have been proposed, but these methods 
lack standardization, may yield heterogeneous 
results, and often require subjective interpretation. 
Finally, from a practical point of view, administra-
tion of CZA plus ATM may also be challenging. 
Optimal PK/PD exposure is theoretically achieved 
when both agents are infused simultaneously; 
however, this is often difficult in patients with lim-
ited venous access or a single vascular line. 
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n	 CEFTAZIDIME/AVIBACTAM: BEYOND KPC

In the era of increasing carbapenem resistance, 
minimizing unnecessary use of carbapenems is 
crucial. However, despite its limitations, the ME-
RINO randomized controlled trial found a signifi-
cant lower 30-day mortality in patients with ES-
BL-infections receiving meropenem compared to 
those receiving piperacillin/tazobactam [42]. 
Moreover, resistance to piperacillin/tazobactam is 
increasing among ESBL isolates. In this context, 
new BLBLIs may represent a therapeutic options 
against difficult-to-treat ESBL infections [43]. A 
systematic review and metanalysis of randomized 
controlled trials comparing CZA with carbapen-
ems for the treatment of ESBL-producing Entero-
bacterales showed that clinical response was sim-
ilar in patients receiving CZA and carbapenems 
[44-45]. Moreover, CZA was associated with high-
er microbiological cure in patients with urinary 
infections by ESBL [46]. However, the use of new 
BLBLI combinations against ESBL-producing En-
terobacterales, should be carefully reserved for 
selected clinical scenarios, including infections 
due to difficult-to-treat ESBL-producing Entero-
bacterales (e.g., resistance to ceftolozane-tazobac-
tam) or in patients with contraindications to other 
therapies or in settings where other anti-ESBL 
agents, such as cefepime-enmetazobactam, are un-
available. Indiscriminate use of CZA for ESBL-pro-
ducing organisms should be avoided to preserve 
its use against CRE.
Beyond Enterobacterales, CZA is one of the BLBLI 
combinations retaining reliable activity against 
MDR Pseudomonas aeruginosa, including DTR iso-
lates [47]. Its broad antipseudomonal spectrum, 
together with its activity against KPC-producing 
Enterobacterales, makes CZA particularly attrac-
tive in critically ill patients at risk of both patho-
gens. 

n	 AZTREONAM/AVIBACTAM: BEYOND MBL

The potential clinical role of ATM/AVI is not lim-
ited to MBL-producing Enterobacterales. One of 
the most promising applications is the treatment 
of Stenotrophomonas maltophilia infections. This or-
ganism is intrinsically resistant to most β-lactams 
because it simultaneously produces the metal-
lo-β-lactamase L1 and the serine cephalosporinase 
L2. While ATM is stable against L1-mediated hy-

drolysis, it is readily hydrolyzed by L2; conversely, 
avibactam effectively inhibits L2 but has no activ-
ity against L1. Consequently, ATM/AVI combina-
tion restores ATM activity by simultaneously 
overcoming both intrinsic resistance mechanisms 
[48-49]. Several surveillance studies have consist-
ently demonstrated potent in vitro activity of 
ATM/AVI against Stenotrophomonas maltophilia, 
including isolates resistant to trimethoprim-sul-
famethoxazole, and quinolones, with susceptibili-
ty rates approaching 99-100% [50]. These findings 
are particularly relevant considering the intrinsic 
MDR phenotype of Stenotrophomonas maltophilia 
and the limited therapeutic options available for 
difficult-to-treat infections. Infections caused by 
Stenotrophomonas maltophilia represent a clinical 
challenge for several reasons: 
1)	 it is difficult to discriminate colonization ver-

sus infection by this pathogen; 
2)	 the pathogen exhibits an intrinsic MDR pheno-

type; 
3)	 clinical breakpoints have not been established 

for several commonly used antimicrobial 
agents; and 

4)	 comparative clinical studies are lacking, and 
the optimal therapeutic approach, including 
the choice between monotherapy and combi-
nation therapy and the selection of the most 
appropriate antimicrobial regimen, remains 
uncertain [49-50]. 

The IDSA Guidance suggests combination therapy 
for all Stenotrophomonas maltophilia infections. Po-
tential regimens may include two of the following: 
cefiderocol, minocycline, trimethoprim-sulfameth-
oxazole, levofloxacin or the combination of aztre-
onam/avibactam [49]. Traditional options for 
treating Stenotrophomonas maltophilia infections, 
including trimethoprim-sulfamethoxazole or 
quinolones, are associated with side effects and re-
diuced safety and may be sub-optimal for the 
treatment of severe infections in immunocompro-
mizes patients.
Microbiological studies showed that ATM/AVI 
has an excellent in vitro activity against Stenotro-
phomonas maltophilia [51-52]. Aztreonam given in 
combination with avibactam targets chromo-
somally encoded L1eL2 b-lactamases because of 
the capacity of avibactam to covalently bind and 
inhibit L2 enzymes, and the lack of activity of L1 
enzymes against aztreonam [49]. Clinical expe-
rience with ATM/AVI for Stenotrophomonas 
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maltophilia infections remains limited, and fur-
ther studies are needed. 
ATM/AVI also demonstrates excellent in vitro ac-
tivity against other difficult-to-treat non-ferment-
ing GNB including Burkholderia cepacia [52]. Burk-
holderia cepacia complex is an intrinsically MDR 
non-fermenting GNB associated with diffi-
cult-to-treat respiratory and invasive infections, 
particularly in patients with cystic fibrosis or se-
vere immunocompromising conditions. The com-
plex β-lactam resistance phenotype of Burkholderia 
cepacia complex includes the production of β-lacta-
mases that may compromise the activity of several 
conventional β-lactams. Avibactam-mediated in-
hibition of susceptible serine β-lactamases may 
protect aztreonam from hydrolysis, providing the 
microbiological rationale for the activity of ATM/
AVI against selected Burkholderia cepacia complex 
isolates [53]. In vitro studies have demonstrated 
good activity of ATM/AVI against Burkholderia ce-
pacia complex [53]. However, in contrast to 
MBL-producing Enterobacterales, clinical evi-
dence remains extremely limited. Thus, ATM/AVI 
may represent a potential rescue option for select-
ed difficult-to-treat Burkholderia cepacia complex in-
fections [54]. Further clinical studies to evaluate its 
efficacy in these infections are warranted.

n	 CONCLUSIONS

Avibactam-based combinations have substantial-
ly expanded the therapeutic armamentarium 
against MDR GNB and currently represent the 
cornerstone of treatment for several CRE infec-
tions. Their availability also requires a rational 
and individualized therapeutic approach. Selec-
tion of the most appropriate regimen should inte-
grate the underlying resistance mechanism, local 
epidemiology, infection site, PK/PD considera-
tions and patient-specific factors. Appropriate an-
timicrobial stewardship, together with rapid mi-
crobiological diagnosis and optimization of anti-
microbial exposure, will be essential for increas-
ing therapeutic appropriateness and improve pa-
tients outcome while limiting potential emergence 
of resistance. 
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