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Carbapenem-resistant Acinetobacter baumannii (CRAB) is characterized as a critical priority pathogen with 
restricted therapeutic options. To date, the most effective antimicrobial treatment against this difficult-to-treat 
bacterial strain has not been established. Sulbactam is a β-lactamase inhibitor with intrinsic activity against this 
pathogen, however, as a β-lactam, it can be hydrolysed by β-lactamases produced by A. baumannii. High-dose, 
extended-infusion treatment with sulbactam can overcome this hydrolysis by β-lactamases and is considered 
an effective therapeutic strategy against CRAB. The aim of this review is to analyse primary and secondary research 
studies that compare sulbactam-based with other regimens, such as polymyxin-containing regimens, tigecycline- 
containing regimens and other antimicrobial combinations against CRAB infections, especially ventilator- 
associated pneumonia (VAP), hospital-acquired pneumonia (HAP) and bacteraemia. Our findings suggest 
that results are conflicting, mostly because of high heterogeneity among studies. However, in most studies, 
sulbactam-based regimens have demonstrated comparable, and in several studies more favourable results in 
contrast to other antimicrobial treatments with respect to clinical cure and mortality in CRAB-associated pneumo
nia, yet without reaching statistical significance in most cases. The auspicious novel β-lactam/β-lactamase inhibi
tor combination sulbactam/durlobactam is also discussed, although real-world clinical data regarding its efficacy 
in CRAB infections are still scarce. More randomized controlled trials comparing sulbactam-based with other regi
mens are warranted to determine the most effective antimicrobial combination against CRAB infections. 
Nevertheless, current data suggest that sulbactam could play a major role in this combination treatment.

© The Author(s) 2025. Published by Oxford University Press on behalf of British Society for Antimicrobial Chemotherapy. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/ 
by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

Introduction
The Acinetobacter baumannii–calcoaceticus complex (ABC) repre
sents the species of the genus Acinetobacter with the greatest 
clinical relevance, causing numerous healthcare-associated in
fections, such as bacteraemia, respiratory tract, urinary tract 
and surgical wound infections.1,2 Carbapenem-resistant A. bau
mannii (CRAB) poses a global threat to healthcare systems due 
to limited therapeutic options against infections caused by this 
bacterial strain, leading to its characterization by the WHO as a 
critical priority pathogen.3

Treating CRAB infections entails plenty of challenges for many 
reasons. CRAB is often isolated from respiratory and wound sam
ples. It is extremely difficult to distinguish a colonization from a 
true infection, especially in critically ill hospitalized patients 
with underlying co-morbidities or those immunocompromised. 
This can lead to significant delay in treatment initiation and sub
stantially to poor outcomes.4 On the other hand, this clinical 

conundrum may result to overtreatment, leading to delayed 
ICU and hospital discharges, more adverse drug reactions and 
increased antimicrobial resistance.5 Moreover, CRAB isolates 
usually develop different mechanisms of resistance, such as 
β-lactamases, antimicrobial target modifications, increased ac
tivity of efflux pumps and alterations in the structure and number 
of porins, rendering them resistant to multiple categories of anti
biotics.6 These multiple mechanisms can lead to formation of 
pan-drug-resistant isolates, which can cause infections whose 
effective management requires antimicrobial combinations aim
ing for a possible synergistic action.7 Even the use of antimicrobial 
agents with the highest in vitro activity against CRAB, such as 
polymyxins (colistin and polymyxin B), tetracyclines (eravacy
cline, minocycline and tigecycline) and ampicillin-sulbactam, 
requires rigorous dose-optimization strategies to achieve 
pharmacokinetic-pharmacodynamic (PK-PD) targets in the con
text of invasive CRAB infections.8 Finally, large, randomized stud
ies comparing the effectiveness of the abovementioned drugs 
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are limited and, as a result, there is no ‘gold standard’ antibiotic 
regimen for CRAB infections.9

According to the Infectious Diseases Society of America 2024 
Guidance on the treatment of CRAB infections, a combination of 
at least two agents is suggested. It is also suggested that at least 
one antimicrobial in the combination is sulbactam based.9 The 
practice of using sulbactam as the backbone of the therapeutic 
armamentarium against CRAB isolates is still up for debate. The 
aim of this review is to narratively summarize evidence from clin
ical studies comparing sulbactam-based regimens with others 
regarding treatment of CRAB infections.

Sulbactam’s activity against CRAB isolates
Sulbactam is an irreversible β-lactamase inhibitor with intrinsic 
activity against A. baumannii, saturating its PBP1a/1b and 
PBP3.10 As a β-lactamase inhibitor, this molecule exhibits variable 
inhibitory activity against only class A β-lactamases, whereas as a 
β-lactam, it can be hydrolysed by β-lactamases by all Ambler 
classes, including class A, Acinetobacter derived cephalospori
nase (ADC)-type class C, OXA-type class D β-lactamases, and 
metallo-β-lactamases (MBL), which are commonly produced by 
the ABC complex.11 Among these β-lactamases, class D 
OXA-type carbapenemases are the most clinically significant, 
with the gene blaOXA-23 being the most widespread globally, de
tected in up to 74.5% of A. baumannii isolates in Europe and 
39.5% in the USA.12 Other OXA-type β-lactamase genes, such 
as blaOXA-24/40 and blaOXA-58, are also prevalent but at lower fre
quencies.12 For instance, in Spain, blaOXA-24/40-like genes were 
identified in 48.7% of CRAB isolates in 2000 and 51.6% in 
2010.13 Additionally, blaOXA-58 has been detected in various coun
tries, including the USA, UK, Turkey, Greece, Argentina, Kuwait, 
Italy, Spain and Austria, with prevalence rates varying by re
gion.14 Class B metallo-β-lactamases, including the gene 
blaNDM-1, have been detected in A. baumannii isolates from 
Europe and the USA, although their prevalence remains relatively 
low (<2%).15 Although less common, the MBL genes blaIMP and 
blaVIM also contribute to broad-spectrum β-lactam resistance.12

Finally, class C ADC enzymes are intrinsic to A. baumannii, with 
the blaADC gene playing a key role in cephalosporin resistance, 
however, mutations within this gene can broaden the hydrolytic 
activity of A. baumannii to include carbapenems.12

Over the years, sulbactam has been widely commercially 
available in the form of ampicillin-sulbactam with a ratio of 2:1 
(2 g of ampicillin, 1 g of sulbactam).8 As in the case of other 
β-lactams, the main pharmacokinetic parameter regarding its ef
fective action, is the time that free sulbactam concentrations re
main above the MIC ( fT > MIC).16 However, on a global basis, 
most CRAB isolates test resistant to ampicillin-sulbactam.17

High doses of sulbactam [i.e. an intravenous (IV) 4-hour infusion 
of 3 g sulbactam every 8 hours] are required to achieve sufficient 
fT > MIC in case of A. baumannii isolates with a sulbactam MIC 
16 mg/L, as demonstrated in PK studies.16,18 The rationale be
hind this therapeutic strategy is that high doses will allow more 
sulbactam molecules to reach their penicillin-binding protein 
(PBP) targets, overcoming the hydrolysis by β-lactamases 
(Figure 1).9

While high-dose sulbactam is necessary to achieve therapeut
ic efficacy against A. baumannii, critically ill patients and those 

with renal impairment may require augmented dosing to opti
mize drug exposure to minimize drug toxicity. However, the 
safe and optimal dosing of sulbactam/ampicillin in these popula
tions remains poorly defined. Early pharmacokinetic studies de
monstrated that renal impairment significantly prolongs 
sulbactam elimination, necessitating dose adjustments to pre
vent toxicity.19,20 Blum et al. found that in severe renal failure, 
the half-life of sulbactam and ampicillin more than doubled, 
while haemodialysis enhanced drug clearance, underscoring 
the need for modified dosing.19 Lorenzen et al. demonstrated 
that in critically ill patients with acute kidney injury (AKI) on ex
tended dialysis, standard sulbactam dosing resulted in underdos
ing, necessitating a twice-daily 2 g/1 g regimen to maintain 
therapeutic levels.21 Additionally, Yokoyama et al. found that sul
bactam clearance was significantly associated with renal func
tion, indicating the necessity for dosage adjustments based on 
creatinine clearance to maintain therapeutic efficacy while min
imizing toxicity.22 Despite these findings, robust pharmacokinetic 
data guiding safe sulbactam dosing in renally impaired patients 
remain limited, which presents a challenge for the routine use 
in this population.

Beyond dosing optimization, sulbactam’s activity can be en
hanced by combining it with β-lactamase inhibitors or other 
β-lactams to overcome resistance. For instance, lower doses of 
sulbactam can be used when combined with durlobactam, a po
tent inhibitor of class A, C and D β-lactamases produced by CRAB 
isolates, enabling sulbactam molecules to saturate PBPs before 
their inactivation.23 Moreover, in vitro studies have demonstrated 
that other β-lactamase inhibitors, such as avibactam and rele
bactam, can also reduce the MIC of sulbactam against 
multidrug-resistant A. baumannii isolates.24,25

Moreover, given sulbactam’s ability to achieve high epithelial 
lining fluid (ELF) concentrations, sulbactam presents a promising 
therapeutic option for pulmonary infections caused by CRAB. This 
was shown by a recent PK/PD analysis in the neutropenic murine 
pneumonia model, a 4-hour infusion of 3 g sulbactam every 
8 hours achieved adequate ELF exposures (probability of target 
attainment >90%) for A. baumannii isolates with sulbactam 
MIC up to 8 mg/L.26 On the other hand, the insufficient penetra
tion of IV colistin into pulmonary ELF raises concerns regarding its 
efficacy against A. baumannii pneumonia.27 Nevertheless, it is of 
the utmost importance to examine how these data are reflected 
in clinical studies.

Sulbactam-based versus other regimens 
against CRAB infections
Clinical safety of high-dose ampicillin-sulbactam in case of 
MDR-A. baumannii infections has been demonstrated formerly.28

In a randomized controlled trial conducted in Greece, patients 
were randomly assigned to receive either 9 g (n = 14) or 12 g 
(n = 13) of sulbactam per day for the treatment of MDR-A. bau
mannii ventilator-associated pneumonia (VAP). According to 
the results, no major adverse events were reported.28 However, 
clinical data are scarce with reference to direct comparison be
tween sulbactam-based and other regimens in the context of 
CRAB infections. In this section studies comparing sulbactam- 
based with other therapeutic regimens in adult patients with 
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CRAB infections are analysed. Primary clinical studies on 
sulbactam-based versus other treatments are also summarized 
in Table 1.

Sulbactam-based regimens versus other treatments 
against CRAB pneumonia
Sulbactam-polymyxins

A series of studies have been conducted, comparing the efficacy 
of sulbactam- and polymyxin-based regimens in various combi
nations against CRAB respiratory infections, especially VAP. A ran
domized controlled study performed at two ICUs in Greece, 
compared directly the efficacy and safety of high-dose ampicillin- 
sulbactam versus colistin as monotherapies for the treatment of 

MDR-A. baumannii VAP. A total of 28 patients were included and 
randomly assigned to receive either 3 MIU of colistin every 
8 hours (n = 15) or 9 grams of ampicillin-sulbactam every 8 hours 
(n = 13). All isolates were resistant to sulbactam with an MIC >  
16 mg/L. As regards clinical success, mortality and adverse event 
rates, there were no statistically significant differences between 
the two study arms, although fewer cases of nephrotoxicity 
were observed in the ampicillin-sulbactam subgroup of pa
tients.30 In a more recent retrospective study conducted in a sin
gle centre in Israel, ampicillin-sulbactam exhibited more 
favourable results.47 Researchers evaluated 98 patients with 
CRAB-VAP who were treated with either colistin (n = 66) or 
ampicillin-sulbactam (n = 32). According to their findings, treat
ment with colistin was associated with higher 30-day mortality 
(25.8% versus 9.4%, P = 0.07), higher microbiological failure rates 

Figure 1. The rationale behind the use of high-dose sulbactam against CRAB infections. (a) Conventional-dose therapy with sulbactam may not be 
effective against CRAB, as this molecule can be hydrolysed by class A, ADC-type class C, OXA-type class D β-lactamases, and MBLs, which can be pro
duced by CRAB isolates. As a result, sulbactam molecules cannot reach their targets, i.e. PBP1a, PBP1b and PBP3. (b) High-dose, extended-infusion 
therapy allows more sulbactam molecules to reach their PBP targets, as they overcome the hydrolysis by β-lactamases. Binding to PBPs leads to inter
ruption of bacterial cell wall formation and consequently, to bacterial death. Figure created with BioRender.com.
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at 7 days of treatment (48% versus 18%, P = 0.03) and more sig
nificant elevation in creatinine levels. Clinical cure rates at 7 days 
were comparable between the two groups of patients (47% ver
sus 56%, P = 0.39).47

Another randomized study was carried out at two ICUs in 
Greece, including 39 patients with MDR-A. baumannii VAP, who 
received either colistin monotherapy or combination treatment 
with high-dose ampicillin-sulbactam (8 g of sulbactam per 
day). All isolates were susceptible to colistin and demonstrated 
at least intermediate susceptibility to ampicillin-sulbactam (MIC 
for ampicillin-sulbactam <16 mg/L). Early clinical response rates 
were significantly higher in the combination treatment group 
of patients (70% versus 15.8% in the monotherapy group 
P = 0.001) and in multiple regression analysis, initial favourable 
response was associated with survival and discharge from 
ICU.38 These results are not compatible with the findings of a for
mer retrospective study of 89 patients with MDR-A. baumannii 
VAP (>90% resistance to carbapenems) in Turkey. Researchers 
compared clinical cure and microbiological response rates be
tween colistin monotherapy and colistin/sulbactam combination 
therapy, using 9 g of sulbactam daily. According to the results, at 
the end of treatment course they did not demonstrate signifi
cantly higher clinical response and microbiological eradication 
rates in favour of combination therapy. Additionally, when the 
mortality rates were adjusted for APACHE II score, no statistically 
significant difference was observed.31 Moreover, an observational 
study from Turkey of 70 VAP patients due to MDR or XDR-A. bau
mannii, did not reveal significant differences regarding clinical 
and microbiological efficacy, as well as mortality, among patients 
who received colistin monotherapy or colistin in combination 
with either sulbactam or carbapenems. It must be emphasized 
that according to study methodology, sulbactam’s daily dose 
was 3 g and only two isolates were susceptible to sulbactam.46

Moreover, in a prospective cohort study of 182 patients with 
XDR-A. baumannii pneumonia (mainly VAP and to a lesser extent 
HAP) in Thailand, 92 patients received colistin plus 6 g of sulbac
tam, whereas 90 patients received colistin in combination with 
carbapenems. Despite the high sulbactam MIC for isolates and 
the use of 6 g of this agent per day, overall mortality rates at 7, 
14 and 28 days were not significantly different between the 
two subgroups of patients.48 Although controversial, these clinic
al findings about colistin/sulbactam combination may partially 
be in accordance with a pharmacokinetics/pharmacodynamics 
model, which has indicated enhanced bacterial killing of CRAB 
isolates by the use of both the abovementioned drugs.49

Several randomized studies conducted in ICUs in Iran have 
compared high-dose ampicillin-sulbactam with colistin, each 
one of these drugs in combination with another agent, for the 
treatment of MDR-A. baumannii VAP. First, Khalili et al. studied 
47 patients who received meropenem (2 g every 8 hours) com
bined with either colistin or ampicillin-sulbactam against 
CRAB-VAP. Clinical improvement of infection was proven in 18/ 
24 and 16/23 of patients in the meropenem/colistin and merope
nem/ampicillin-sulbactam group, respectively. Results were also 
comparable between the two subgroups of patients with respect 
to microbiological eradication and 28-day mortality rates. Of 
note, in this trial the total daily dose of administered sulbactam 
was 6 g.33 In another study published in 2019, 28 patients 
were treated with nebulized colistin in combination with either 

IV high-dose ampicillin-sulbactam (8 g of sulbactam per day) 
or IV colistin for the treatment of MDR-A. baumannii VAP, with 
most isolates being sensitive only to colistin. Similar results 
were indicated regarding clinical efficacy, microbiological re
sponse, length of ICU and hospital stay, as well as survival rates 
among the two treatment arms, whereas a higher incidence of 
AKI was observed in the IV colistin group of participants.42

Finally, in an interim analysis of 23 patients with MDR-A. bauman
nii VAP, participants were randomized to receive colistin plus levo
floxacin (n = 11) or continuous infusion of ampicillin-sulbactam 
(24 g daily, i.e. 8 g of sulbactam per day) plus levofloxacin 
(n = 12). Significantly higher clinical response rates (83% versus 
27%), as well as significantly lower 28-day (42% versus 82%) 
and 14-day (8% versus 73%) mortality rates were observed in 
the ampicillin-sulbactam treatment group. Furthermore, a sig
nificantly lower incidence of nephrotoxicity was indicated in the 
same subgroup of patients.39

Sulbactam—tigecycline

Limited data exist regarding direct comparison between sulbactam- 
based and tetracycline-based regimens against CRAB pneumo
nia. In a multicentre retrospective study including 238 ICU 
patients with CRAB pneumonia, tigecycline monotherapy and 
tigecycline-based treatment was compared with sulbactam- 
based regimens, as well as colistin monotherapy and colistin- 
combination therapies. The lowest crude ICU mortality (8.3%) 
was observed in patients treated with sulbactam-based regi
mens, although only 12 of 238 patients (5%) received this type 
of treatment, rendering them a small sample size. Overall, 
tigecycline-based therapy was associated with higher rates of 
ICU mortality and treatment failure.36 Moreover, in a retrospect
ive study conducted in Taiwan, 84 tigecycline-treated were 
matched to 84 sulbactam-treated individuals (maximum daily 
dose of sulbactam was 4 g), in combination with other anti
microbials, with respect to the treatment of MDR-A. baumannii 
pneumonia. In the tigecycline group, fewer patients received 
combination therapy, and more patients had delays in treatment 
initiation. Although microbiological eradication rate was signifi
cantly higher in the sulbactam group, there were no significant 
differences regarding clinical resolution and mortality rates 
among the two subgroups of patients.45

Some trials have been performed examining combination 
treatment of tigecycline with cefoperazone-sulbactam. In a ran
domized controlled trial of 42 patients with XDR-A. baumannii 
VAP, participants received either tigecycline alone or combined 
with cefoperazone-sulbactam, and combination treatment was 
associated with higher clinical efficacy rates.43 In another study, 
114 patients with MDR-A. baumannii pulmonary infection were 
randomized to be treated with either cefoperazone-sulbactam 
alone or in combination with tigecycline. After 14 days of treat
ment, inflammatory markers were significantly lower in the com
bination group of patients.37

Of note, the dose of tigecycline used in most of the abovemen
tioned studies was 50 mg twice daily (standard dose). Higher 
doses (i.e. 200 mg daily) are required for adequate tigecycline 
concentrations in the ELF and achievement of PK/PD target 
( fAUC/MIC), whereas even these doses may not be appropriate 
in case of difficult-to-treat pathogens with higher tigecycline 
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MICs.50 According to a systematic review and meta-analysis pub
lished by Zha et al. in 2020, the use of high-dose tigecycline was 
associated with better clinical outcomes and reduced mortality in 
the context of severe infections.51

Comparison of multiple antimicrobial regimens against CRAB 
pneumonia

Other studies have been carried out, evaluating multiple thera
peutic regimens against CRAB pneumonia. In a retrospective co
hort study performed in Thailand, survival at 28 days was 
assessed in 166 patients with XDR-A. baumannii pneumonia, 
who received three different combination treatments. 
Ninety-three patients were treated with high-dose sulbactam 
(6 g of sulbactam per day), 43 were treated with 100 mg of tige
cycline daily and 30 with a high-dose prolonged infusion of a car
bapenem, all these antimicrobials in combination with nebulized 
or IV colistin. Survival rates at 28 days were not significantly dif
ferent between the three subgroups of patients. Of note, all iso
lates were resistant to sulbactam.34

Moreover, a systematic review and a Bayesian network 
meta-analysis (NMA) were performed by Jung et al., evaluating 
15 different antimicrobial treatments against MDR- and XDR-A. 
baumannii pneumonia.52 Twenty-three studies and 2118 adult 
patients were included in the Bayesian NMA and IV colistin mono
therapy was used as a common comparator. Researchers found 
that sulbactam monotherapy ranked first for reducing all-cause 
mortality, which was defined as the primary outcome of the 
study. Four additional therapeutic regimens ranked higher than 
IV colistin monotherapy, including high-dose sulbactam (i.e. 
9 g/day or more), fosfomycin plus IV colistin, inhaled combined 
with IV colistin and high-dose tigecycline (i.e. 200 mg/day after 
a loading dose of 200 mg). These regimens also ranked higher 
than IV colistin monotherapy regarding the effect on clinical 
cure. Moreover, fosfomycin plus IV colistin ranked highest 
for microbiological eradication, followed by sulbactam and sul
bactam plus inhaled colistin. Overall, sulbactam and inhaled 
plus IV colistin were found to be significantly superior to IV colistin 
monotherapy with regards to survival and clinical cure, respect
ively. Consequently, researchers characterized sulbactam as the 
most effective treatment to reduce all-cause mortality in critical
ly ill patients with drug-resistant A. baumannii pneumonia.52

Sulbactam-based regimens versus other treatments 
against CRAB bacteraemia
Contrary to pneumonia, evidence from comparative studies be
tween sulbactam-based treatments and other agents against 
CRAB bacteraemia are limited. A multicentre retrospective study 
was conducted in 27 tertiary-care centres in Turkey, including 250 
patients, who received colistin monotherapy, colistin plus a car
bapenem, colistin plus sulbactam (4–6 g per day) or colistin in 
combination with other antimicrobials for the treatment of 
XDR-A. baumannii bacteraemia. Clinical response, microbiological 
eradication and 14-day survival rates were significantly higher in 
the combination than in the colistin-monotherapy group of pa
tients, whereas no statistically significant differences were ob
served among the three combination subgroups.29

Furthermore, in a comparative study of 210 patients with 
CRAB-bloodstream infection in China, researchers examined the 

therapeutic effect of tigecycline in contrast to cefoperazone- 
sulbactam, in combination with other antimicrobial agents. It 
was indicated that 28-day mortality was significantly lower in 
the cefoperazone-sulbactam group of patients, and more specif
ically, mortality seemed to be the lowest when this antimicrobial 
was combined with imipenem/cilastatin.40

Evaluation of multiple antimicrobial regimens in multiple 
types of infection
In pursuit of the optimal antibiotic treatment strategy for CRAB 
infections, larger studies have been conducted, comparing the 
efficacy of multiple antimicrobial combinations in several types 
of infection. In a retrospective study of 167 patients with CRAB in
fections, most of whom had bloodstream infections (47% versus 
32% pneumonia and 17% surgical site infections), 82 patients 
were treated with IV polymyxins and 85 with ampicillin- 
sulbactam, simultaneously with other antimicrobials. Higher clin
ical cure and improvement rates, as well as lower mortality rates 
were observed in the ampicillin-sulbactam-treated group of pa
tients. Multivariate analysis of risk factors associated with mortal
ity indicated that polymyxin therapy, along with higher APACHE II 
score, septic shock, delays in treatment initiation and renal fail
ure, were independent predictors of mortality until the end of 
treatment.41

In another retrospective cohort study in Taiwan, researchers 
evaluated 386 patients with healthcare-associated MDR-A. bau
mannii infections, including VAP, HAP, bacteraemia and other 
sites of infection. One hundred and twenty patients received sul
bactam (1 g every 6 hours) plus imipenem/cilastatin, whereas 
266 patients received either tigecycline alone or in combination 
with a carbapenem or piperacillin/tazobactam or a third- 
generation cephalosporin. Researchers found no significant dif
ferences in 30-day mortality and length of hospital and ICU 
stay between the two subgroups of patients.35

Moreover, a retrospective cohort study was carried out in 10 
large Korean clinical centres, including 282 ICU adult patients 
with CRAB infections and evaluating the impact of colistin-, 
carbapenem- and sulbactam-based regimens and other treat
ments (i.e. tigecycline-, minocycline- and amikacin-containing 
regimens) on 7- and 28-day mortality, as well as on clinical and 
microbiological response.44 The most common type of infection 
was pneumonia (91.1%), followed by primary bacteraemia 
(7.1%) and urinary tract infection (1.4%). In multivariate analysis, 
combination treatment of colistin and carbapenem significantly 
reduced 7-day mortality, sulbactam-containing regimen signifi
cantly decreased 28-day mortality, whereas colistin monother
apy significantly increased 28-day mortality. According to 
subgroup analysis, sulbactam-containing regimen also signifi
cantly reduced 28-day mortality in CRAB pneumonia. With re
spect to clinical improvement, amikacin-containing regimens, 
sulbactam monotherapy and combination therapy of sulbactam 
and minocycline were associated with the highest clinical re
sponse rates at the end of treatment, although only amikacin- 
containing regimens exhibited statistically significant results. 
Moreover, minocycline-containing regimens were associated 
with the highest microbiological response rates at 14 days, 
28 days and at the end of treatment. Of note, all CRAB isolates 
except one were susceptible to colistin and ∼80% of them to 
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minocycline, whereas the susceptibility rate to ampicillin/sulbac
tam was <10%. Finally, colistin-containing regimens and tigecy
line were associated with increased nephrotoxicity and 
hepatotoxicity, respectively. Overall, researchers concluded that 
combination therapy of colistin and carbapenem and sulbactam- 
based regimens may improve survival rates in CRAB infections.44

A series of systematic reviews and meta-analyses have been 
carried out, assessing the efficacy of sulbactam-based and mul
tiple other regimens in the treatment of CRAB infections. A sys
tematic review and meta-analysis published by Chu et al. in 
2013, included four studies (three retrospective and one pro
spective), directly comparing sulbactam-based regimens with 
other comparator drugs with respect to clinical response rate in 
CRAB infections.53 Two of the studies included patients with 
CRAB-associated VAP, one study included patients with 
CRAB-associated bloodstream infections, whereas the research
ers in the remaining study did not specify the type of infection. 
A total of 112 patients received sulbactam in combination with 
ampicillin, carbapenem or cefoperazone, whereas 107 patients 
were treated with other regimens, such as colistin, cephalospor
ins, anti-pseudomonal penicillin agents, fluoroquinolones, mino
cycline/doxycycline, aminoglycosides, tigecycline, imipenem/ 
cilastatin and combination treatment. According to the results, 
sulbactam-based therapy did not significantly outperform com
parator therapy in terms of the combined clinical response rate 
odds ratio. However, this study has several limitations because 
of the small sample size, as well as the heterogeneity in the drugs 
administered with sulbactam.53

In another systematic review, which included 29 studies 
(4 RCTs and 25 cohort studies) and 2529 patients, researchers 
thoroughly compared and ranked the efficacy and safety of 
multiple treatment options in MDR- and XDR-A. baumannii 
infections.54 Seventeen studies were carried out on pneumonia 
(VAP alone or HAP/VAP) and the remaining 12 studies on several 
types of infection, such as bacteraemia, pneumonia and 
intra-abdominal infections. According to NMA of 17 studies 
(1476 patients), there were no statistically significant differences 
between treatment options regarding clinical cure rate, although 
the triple combination of colistin, sulbactam and tigecycline had 
the highest rank among all regimens. As regards microbiological 
cure rate, the NMA of 20 studies (1863 patients) revealed no sig
nificant differences for colistin in combination with other antimi
crobials versus colistin in combination with sulbactam, and 
sulbactam in combination with other agents. Combined treatment 
of colistin with rifampicin, sulbactam or other antimicrobials, such 
as carbapenems, exhibited significantly higher microbiological 
cure rate contrasted to colistin monotherapy. Moreover, tigecyc
line in monotherapy or in combination with other treatments 
was found to be less effective than other therapeutic options in 
terms of microbiological cure rate. Finally, with respect to all-cause 
mortality as a secondary outcome, colistin combined with other 
antibiotics was associated with a significantly lower all-cause mor
tality compared with sulbactam in combination with other agents. 
Overall, researchers concluded that colistin-combination therapy, 
especially with sulbactam, indicated an important microbiological 
benefit, supporting the use of this combination in the treatment of 
MDR- and XDR-A. baumannii infections.54

Finally, in a more recent systematic review published by Liu 
et al., researchers compared the efficacy and safety of high-dose 

sulbactam (i.e. ≥4 g/day) or colistin in combination with other 
antimicrobials for MDR- and XDR-A. baumannii infections.55

They included 18 studies (7 RCTs and 11 retrospective studies) 
and 1835 patients. Eleven studies were performed on pneumonia 
(VAP alone, HAP alone or VAP/HAP) and seven studies on multiple 
types of infection, such as pneumonia, as well as bloodstream, 
urinary tract and post-surgical intra-abdominal infections. 
Primary outcomes were clinical improvement, clinical cure, 
microbiological cure and all-cause mortality, whereas a second
ary outcome was drug-related nephrotoxicity. The NMAs to 
evaluate clinical improvement and clinical cure, showed that 
high-dose sulbactam in combination with another antimicrobial 
(levofloxacin or tigecycline) were the highest ranking when com
pared to colistin-based regimens. According to the results of the 
NMA that assessed the impact of multiple combination therapies 
on microbiological eradication, there were no statistically signifi
cant differences between various colistin-based regimens and 
high-dose sulbactam in combination with colistin or carbape
nems. However, colistin combined with rifampicin, fosfomycin 
or high-dose sulbactam was significantly superior to colistin 
monotherapy and high-dose sulbactam in combination with 
levofloxacin or tigecycline, in terms of microbiological eradica
tion. Moreover, there were no statistically significant differences 
in all-cause mortality among patients treated with the different 
antimicrobial agents. As regards the secondary outcome, com
bination of colistin with high-dose sulbactam or carbapenems 
was associated with less nephrotoxicity compared with combin
ation of this agent with other antimicrobials. Researchers inter
preted their findings, emphasizing that high-dose sulbactam 
combined with other agents (including colistin) might be a fa
vourable therapeutic option for MDR- and XDR-A. baumannii 
infections.55

The novel β-lactam/β-lactamase inhibitor combination 
sulbactam/durlobactam
Sulbactam/durlobactam was approved in 2023 by the FDA in the 
USA for treatment of hospital-acquired bacterial pneumonia and 
ventilator-associated bacterial pneumonia caused by suspect
able ABC complex.56 As detailed previously, sulbactam’s activity 
against ABC can be limited as multiple β-lactamases found in 
Acinetobacter spp. can degrade sulbactam.11 Durlobactam’s abil
ity to inhibit a wide range of β-lactamases, including the OXA car
bapenemases that are prevalent in MDR-A. baumannii, allows for 
the restoration of sulbactam’s intrinsic activity.11,23 Furthermore, 
due to the improved structure of durlobactam, these enzymes 
may be bound and inactivated more effectively, resulting in the 
combination treatment having potent antibacterial activity.57

There is a limited number of trials that assessed the role of sul
bactam/durlobactam in CRAB infections. The first trial was a mul
ticentre phase 2 trial that compared sulbactam/durlobactam 
versus placebo in 80 hospitalized patients with complicated urin
ary tract infections.58 Background therapy in both groups con
sisted of imipenem-cilastatin. Their findings showed that 
sulbactam/durlobactam was with limited serious side effects, 
and microbiological success in the modified intent-to-treat parti
cipants was similar between both groups (76.6% in the sulbac
tam/durlobactam group and 81.0% in the placebo group at 
test-of-care visit). Interestingly, this trial included seven patients 
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with imipenem non-susceptible Gram-negative microbes in 
which the success rate was 100% for the sulbactam/durlobac
tam group compared to 75% in the placebo group, however, it 
is important to note that this was a small and limited sample 
of patients.58 In a separate phase 3 multicentre trial (ATTACK 
trial), 125 patients with confirmed carbapenem-resistant ABC in
fections were randomized to receive either colistin or sulbactam– 
durlobactam, both in combination with imipenem-cilastatin. 
Compared to the colistin group, patients receiving sulbactam– 
durlobactam exhibited a lower 28-day all-cause mortality rate 
(19% versus 32%, CI: −30.0 to 3.5), meeting the trial’s criteria 
for non-inferiority. The colistin group demonstrated significantly 
higher number of nephrotoxicity (38% versus 13%, P < 0.001) 
and reported more adverse events leading to antibiotic cessation 
(16% versus 11%).32 This trial formed the basis for the Infectious 
Diseases Society of America recommendation that sulbactam/ 
durlobactam is the preferred agent, in combination with merope
nem or imipenem/cilastatin, for the treatment of CRAB infec
tions.9 The rationale behind studying the combination of 
sulbactam–durlobactam with imipenem could be explained by 
their synergetic activity against Acinetobacter spp. This combin
ation has been shown to effectively inhibits multiple PBPs in 
Acinetobacter spp. Specifically, sulbactam primarily targets 
PBP1a and PBP3, while imipenem targets PBP1a, PBP2 and PBP3 
leading to disruption various stages of cell wall synthesis, thus, 
enhancing antibacterial efficacy.59 Additionally, durlobactam 
protects both sulbactam and imipenem from degradation by 
OXA-type carbapenemases by targeting OXA-23 and OXA-51, fur
ther contributing to the combination’s effectiveness.59 In case 
that sulbactam/durlobactam is not available, the panel recom
mends high-dose ampicillin-sulbactam (9 g of sulbactam daily) 
in combination with at least one other agent, such as polymyxin, 
minocycline, tigecycline or cefiderocol, as an alternative thera
peutic option.9

Additionally, several case reports were sought from the litera
ture that demonstrated the role of sulbactam–durlobactam 
combination therapy in treating CRAB infections. In one case, 
multiple antibiotic regimens, including polymixins and merope
nem, failed to achieve clinical cure in one patient with VAP 
due to XDR-A. baumannii. However, the patient was able to dem
onstrate rapid and significant improvement once treated with 
sulbactam–durlobactam and cefiderocol.60 A second case re
ported successful management of necrotizing pneumonia and 
empyema after the patient received sulbactam–durlobactam 
combined with meropenem.61 In another challenging case, a pa
tient with CRAB meningitis resistant to cefiderocol and high-dose 
ampicillin-sulbactam was able to achieve clinical recovery and 
microbiological clearance following administration of sulbac
tam–durlobactam combined with meropenem.62 Another case 
also discussed the successful use of sulbactam–durlobactam in 
a patient with CRAB-associated neurosurgical infection and men
ingitis following emergent left hemicraniectomy requiring ICU 
admission.63 In that case, the patient culture data revealed 
OXA-producing A. baumannii that was first treated with a com
bination of cefiderocol and polymyxin B and attempts at surgical 
source controlled, however, with clinical and imaging evidence of 
worsening infection; therefore, sulbactam–durlobactam was 
used in combination with cefiderocol and minocycline, which 
achieved clinical resolution of the infection.63

Finally, another case highlighted the role of encoded 
β-lactamases, such as blaADC-30, blaOXA-23 and blaOXA-66, 
and mutations in siderophore receptor genes, piuA and fepA, 
that contributed to significant resistance and affected iron trans
port mechanisms carried by cefiderocol. Despite these resistance 
mechanisms to cefiderocol, sulbactam–durlobactam could 
achieve complete microbiological clearance of the CRAB infection 
in a burn patient with VAP, due to durlobactam protecting sulbac
tam from β-lactamase degradation.64 Although these cases pro
vide limited insight, they still highlight the important role 
sulbactam–durlobactam could play in the treatment of CRAB 
infections.

Cefiderocol and sulbactam-based regimens: future 
perspective for CRAB therapy
A promising combination for infections secondary to CRAB is ce
fiderocol with sulbactam, albeit, with very limited reports on its 
utility in clinical practice. However, there are promising data 
from in vitro and in vivo studies regarding the role of this combin
ation. An in vitro study by Lewis et al., assessed the synergistic ef
fect of cefiderocol with other antimicrobial regimens including 
sulbactam against two strains of CRAB (one strain was cefidero
col resistant and the other was cefiderocol susceptible) using a 
time–kill curve assay.65 The combination of cefiderocol and sul
bactam exhibited significant synergistic activity against both 
cefiderocol-susceptible and cefiderocol-resistant CRAB isolates 
by showing a significant reduction in bacterial count, indicating 
a potential role against CRAB infections.65 Similar results were 
also shown in an in vivo study by Gill et al., using a murine thigh 
infection model with human-simulated dosing regimens to as
sess the efficacy of cefiderocol with ampicillin/sulbactam against 
15 CRAB isolates.66 They showed that this combination resulted 
in bacterial reduction and prevented the emergence of resistance 
against cefiderocol when compared to cefiderocol monother
apy.66 Finally, a case series by Bavaro et al., describes cefiderocol- 
based combinations in 13 patients for multiresistant 
Gram-negative infections including CRAB, and three patients re
ceived cefiderocol at 2 g every 8 hours, combined with ampicil
lin/sulbactam at 3 g every 6 hours.67 Two of the patients had 
VAP and one had bacteraemia secondary to CRAB infection 
with all three achieving microbiological eradication and clinical 
cure.67 These studies highlight the promising potential of com
bining cefiderocol with sulbactam-based regimens. However, gi
ven the limited available data, further studies are warranted to 
comprehensively assess the safety and efficacy of this combin
ation in larger patient populations.

Conclusion
Clinical studies that compare sulbactam-based versus other regi
mens against CRAB infections exhibit diverse results. The main 
reason is the high heterogeneity between these studies in various 
parameters, such as sulbactam dosage, sulbactam MICs for 
A. baumannii isolates and antimicrobial combinations used. 
High-dose sulbactam combined with other agents has demon
strated more encouraging results in some cases, especially 
against CRAB-associated pneumonia. Its sufficient penetration 
into pulmonary ELF may render sulbactam a most attractive 
therapeutic option than other antimicrobials, such as polymyxins, 
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in cases of CRAB-associated VAP or HAP. Sulbactam/durlobactam 
combined with a carbapenem also constitutes a preferred thera
peutic strategy against these difficult-to-treat infections, al
though clinical data are still limited. More randomized clinical 
trials comparing sulbactam-based with other regimens are war
ranted for the purpose of answering several questions regarding 
the most effective combination, the appropriate dose of the 
agents used and the number of antimicrobials that should be 
combined. However, current evidence already suggests that sul
bactam may play a significant role in the combination therapy of 
CRAB infections.
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