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a b s t r a c t 

Acinetobacter baumannii remains a difficult-to-treat pathogen that poses a significant challenge to clini- 

cians and costs to the healthcare system. There is a lack of clinical efficacy data to aid in the selection 

of optimal treatment for multidrug-resistant (MDR) A. baumannii infections. This paper aimed to review 

recent literature on the treatment of MDR A. baumannii infections and novel agents in the pipeline and to 

discuss the clinical data supporting their use. Colistin has been widely studied as monotherapy or as part 

of combination therapy, but its use is limited due to nephrotoxicity. The clinical benefit of combination 

therapy, whether empirical or targeted, has yet to be demonstrated owing to a lack of definitive evidence 

from randomised controlled trials (RCTs). Most available clinical studies are retrospective and lack control 

groups, which offers low-grade evidence. Novel agents such as cefiderocol, plazomicin, eravacycline and 

sulbactam/ETX2514 combination are promising options for the treatment of different infectious patholo- 

gies caused by MDR A. baumannii , but these have yet to be evaluated in RCTs. A better understanding 

of the pharmacokinetics/pharmacodynamics of the ‘old’ antibiotics is required to optimise their dosing 

regimens in order to maximise bacterial killing, minimise toxicities and improve clinical outcomes. 

© 2019 Elsevier B.V. and International Society of Chemotherapy. All rights reserved. 
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1. Introduction 

There are increasing reports of nosocomial infections caused by

Acinetobacter baumannii , a pathogen frequently identified as an ae-

tiological agent in catheter-related bacteraemia, hospital-acquired

or ventilator-associated pneumonia, urinary tract infection, and

surgical site and other types of wound infection [1] . Acinetobacter

baumannii is intrinsically resistant to many antibiotics and read-

ily acquires resistance to others. It can survive on dry surfaces

and inanimate objects for months. These characteristics have con-

tributed to the spread of multidrug-resistant (MDR) A. bauman-

nii strains [2,3] . Risk factors for acquiring MDR A. baumannii in-

clude recent exposure to antibiotics (especially third-generation

cephalosporins, carbapenems and fluoroquinolones), the presence

of central lines or urinary catheters, severe disease, recent surgery,

larger hospital size, prolonged ventilation, long intensive care unit

or hospital stay, exposure to infected or colonised patients, and

multiple medical procedures [4–6] . 
∗ Corresponding author. Tel.: + 61 7 334 61814. 
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MDR A. baumannii frequently harbours multiple resistance

echanisms [7] , leaving few available treatment options. A. bau-

annii used to be susceptible to antibiotics such as ampicillin and

alidixic acid [8] , however the number of treatment options has

educed drastically with increasing resistance. For example, epi-

emiological studies from various parts of the world reported that

0–90% of A. baumannii isolates were resistant to three or more

ntibiotics of different classes, including carbapenems, penicillins,

ephalosporins, aminoglycosides, polymyxins and fluoroquinolones

i.e. MDR) [9,10] .There has also been an increase in reports of

DR A. baumannii isolates that are resistant to colistin, which is

ostly considered the last line of defence against these organisms

11,12] . 

This review examines existing treatment options and new an-

ibiotics with promising activity against MDR A. baumannii that

ave been recently approved or are in clinical development. 

. Methods 

The PubMed, Embase and Cochrane Library databases were

earched for articles published in the last 10 years up to 1 August

018. The main search terms were ‘multidrug-resistant’, ‘ Acineto-
rved. 

https://doi.org/10.1016/j.ijantimicag.2019.02.016
http://www.ScienceDirect.com
http://www.elsevier.com/locate/ijantimicag
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijantimicag.2019.02.016&domain=pdf
mailto:f.sime@uq.edu.au
https://doi.org/10.1016/j.ijantimicag.2019.02.016
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t  
acter ’, ‘treatment’ AND ‘combination’. The reference lists of re-

orts identified by this search strategy were also searched to select

elevant articles. Only articles published in English were included.

he following articles were included: (i) in vitro and in vivo studies

n antibiotic synergy against MDR A. baumannii ; (ii) clinical stud-

es, both retrospective and prospective, describing the treatment of

. baumannii infections; and (iii) studies on novel antibiotics for A.

aumannii infections. A total of 161 relevant articles were identi-

ed from the literature search and were included in this review. 

. Monotherapy versus combination therapy: the current 

vidence 

.1. In vitro and pre-clinical animal studies 

Limited therapeutic options exist to treat MDR A. baumannii .

ombination therapy may be used by some clinicians to manage

hese infections despite little laboratory guidance as to the micro-

iological effectiveness of this approach. Synergy testing methods

ave been used to assess the interaction of antibiotic combina-

ions in vitro. These may provide predictive information regard-

ng the use of antimicrobial combinations. Many in vitro and in

ivo animal studies have explored the possible synergy of antibi-

tics to overcome Acinetobacter spp . resistance. In this review, 50

n vitro and 15 in vivo animal studies were found describing the

ffects of various antibiotic combinations against MDR A. bauman-

ii . Their characteristics are presented in Supplementary Table S1

13–62] and Supplementary Table S2 [15,35,45,55,64–74] . 

Most of these studies showed potential antibiotic combina-

ions that could improve treatment outcomes of MDR A. bauman-

ii infections. However, the studies also show that in vitro syn-

rgy is observed only for a portion of strains tested. Antagonism

as observed in approximately 20% of the in vitro studies, and

ombinations that displayed antagonistic effects included various

igecycline-based combinations [24,33,39,52,59] , imipenem-based

ombinations [28] , tobramycin-based combinations [30] and cer-

ain sulbactam-based combinations [53,56,59] . Unfortunately, there

s limited understanding to date as to what type of strains are

ore susceptible to combination therapy. Indeed, this may be an

mportant factor contributing to the lack of reproducibility of re-

ults from in vitro and animal model studies. It is also worth not-

ng that broth microdilution (BMD) is the recommended method

f determining the minimum inhibitory concentration (MIC) of col-

stin [75] . This has obvious implications when interpreting the re-

ults of any in vitro or in vivo studies involving colistin that em-

loy MIC testing methods other than BMD. 

.2. Observational clinical studies 

The search identified 25 observational studies (22 retrospective

nd 3 prospective) that described treatment outcomes for MDR

cinetobacter spp . infections. The characteristics of these studies

re presented in Table 1 [76–100] . 

Of the observational studies ( Table 1 ), 12 studies compared

onotherapy with combination therapy [76–87] , 9 studies com-

ared different combination treatment regimens [83,87–94] and

 studies looked at different routes of administration of colistin,

ither inhaled or intrathecal/intraventricular [95–100] . More than

0% of these observational studies looked at patients with pneu-

onia, either as the sole site of infection or as a large majority

rom various sites of infection. Sample sizes range from 27 to 386.

ore than 50% of these studies explored the efficacy of polymyxin-

ased therapy and 25% looked at the efficacy of tigecycline-based

herapy. There were differences in study design, such as case defi-

itions and inclusion/exclusion criteria. There were also differences

n the dose of antibiotics prescribed, and most of the studies were
arried out before 2012, which was when the recommendation for

 colistin loading dose was proposed. 

Of the 12 studies that compared the efficacy of combination

ersus monotherapy, only 1 study showed a significant difference

n 30-day mortality [82] . This retrospective study included 101 pa-

ients with various sites of infection, mainly pneumonia. Patients

eceived either intravenous (IV) polymyxin B alone at a dose of

.5–3.0 mg/kg/day in two divided doses or in combination with

ther antibiotics (mainly meropenem, 69.7%). The mortality rate

as 42.4% in the combination therapy group and 67.7% in the

onotherapy group ( P = 0.030). The rate of microbiological eradi-

ation was not mentioned in the study. 

Another study showed a significant difference in the rate of mi-

robiological eradication in the combination therapy group com-

ared with the monotherapy group (79.9% vs. 55.6%; P = 0.001)

83] . In that study, the authors compared colistin combination

herapy combined with either a carbapenem, sulbactam or other

ntibiotics as well as with colistin monotherapy. Colistin was given

t a dose of 5 mg/kg/day colistin base activity (CBA) in two to

hree divided doses, with renal adjustment. No loading dose was

iven. However, no difference was seen in the clinical response and

4-day mortality between the two groups. Other studies, however,

id not demonstrate improved clinical or microbiological outcomes

77–81,84–87] . 

Two studies explored the clinical efficacy of colistin–

lycopeptide combination therapy compared with colistin 

onotherapy [76,81] . One study did not observe a statistically

ignificant difference in the mortality rate when comparing the

wo treatment arms [81] , whereas the other showed that giving

olistin with a glycopeptide for ≥5 days was protective against

0-day mortality [76] . 

Of the nine studies that compared different antibiotic combi-

ations, three studies found a significant difference in their clini-

al outcome [88,91,93] . The first study compared tigecycline-based

herapy [IV tigecycline 50 mg every 12 h (q12h) following a load-

ng dose of 100 mg ± other antibiotics] with non-tigecycline-based

ombination therapy [IV imipenem/cilastatin 500 mg and sulbac-

am 1 g every 6 h (q6h)] in 386 patients with hospital-acquired

nfection [88] . Favourable clinical outcome was considerably higher

n the tigecycline-based therapy group (69.2% vs. 50%; P < 0.001).

owever, the microbiological eradication rate was better in the

on-tigecycline-based combination therapy group (11.7% vs. 1.1%;

 = < 0.001). The second study compared tigecycline-based ther-

py (IV tigecycline 50 mg q12h following after a loading dose

f 100 mg ± other antibiotics) with colistin-based therapy (IV

olistin 2.5–5 mg/kg/day CBA in two to three divided doses ±
ther antibiotics) in 168 patients with MDR A. baumannii pneu-

onia [91] . Mortality was significantly lower in the colistin-based

herapy group (44% vs. 60.7%; P = 0.040). The third study com-

ared tigecycline–imipenem combination therapy with sulbactam–

mipenem combination therapy in 84 patients with MDR A. bau-

annii ventilator-associated pneumonia (VAP) [93] . A standard

ose of antibiotics was used but the exact dosing was not spec-

fied. The study found that the 30-day survival rate was signif-

cantly better in the tigecycline–imipenem combination therapy

roup compared with the sulbactam–imipenem combination ther-

py group (85.7% vs. 35.7%; P = 0.007). However, it is important

o note that in the tigecycline group patients were switched from

ulbactam-based therapy to tigecycline-based therapy after failure

o respond to 3 days of sulbactam–imipenem/cilastatin therapy.

nother study comparing tigecycline-based therapy (IV tigecycline

0 mg q12h following a loading dose of 100 mg ± other antibi-

tics) with sulbactam-based therapy [IV sulbactam 1 g or ampi-

illin/sulbactam 3 g (at a rate of 2:1) every 6–8 h ± other antibi-

tics] found that microbiological eradication was much higher in

he sulbactam-based therapy group (63.5% vs. 33.3%; P < 0.001)
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Table 1 

Characteristics and outcomes of observational clinical studies reporting on the treatment of multidrug-resistant Acinetobacter spp. infections 

Reference Study 

period 

Study design No. of 

patients 

Study objective Site of infection Treatment given Dose of 

antimicrobials 

Clinical outcome P -value Microbiological 

outcome 

P -value 

Petrosillo 

(2014) [76] 

2010–

2011 

Retrospective, 

cohort 

103 Compare 

monotherapy and 

combination 

therapy 

Mainly VAP Colistin alone a IV colistimethate sodium 

4–8 MU/day, with or 

without loading dose 

of 4.5–9 MU 

30-day mortality 

27.9% 

0.900 – –

Colistin + vancomycin 

or teicoplanin a 
IV colistin + IV 

vancomycin 2 g/day, 

with or without 

loading dose of 15 

mg/kg or IV teicoplanin 

400 mg/day 

30-day mortality 

33.3% 

However, Cox regression analysis of risk factors for 30-day mortality showed that a colistin–glycopeptide combination was protective of 30-day mortality if administered for ≥5 days (HR = 0.42; 95% CI 0.19–0.93; P = 0.03) 

Kalin (2014) 

[77] 

2011 Retrospective, 

cohort 

89 Compare 

monotherapy and 

combination 

therapy 

VAP Colistin alone a IV colistimethate sodium 

2.5 mg/kg q12h, with 

renal adjustment 

Clinical cure 29.8%, 

mortality 51.9% 

0.500, 

0.530 

Bacteriological 

clearance 72.3% 

0.28 

Colistin + sulbactam 

a IV sulbactam 3 g q8h Clinical cure 40%, 

mortality 73% 

Bacteriological 

clearance 85.7% 

López-Cortéz 

(2014) [78] 

2010 Prospective, 

observational 

cohort 

101 Compare 

monotherapy and 

combination 

therapy 

Mainly pneumonia Combination therapy Colistin + tigecycline 

(27.3%) and car- 

bapenem + tigecycline 

(12.1%) 

30-day mortality 

24.2% 

0.940 – –

Monotherapy Colistin (67.6%) and 

carbapenems (14.7%) 

30-day mortality 

23.5% 

Balkan (2015) 

[79] 

2009–

2012 

Retrospective, 

cohort 

107 Compare 

monotherapy and 

combination 

therapy 

Bacteraemia Colistin monotherapy IV colistin 2.5–5.0 

mg/kg/day, no loading 

dose 

Clinical cure 31.4%, 

14-day mortality 

52.8% 

0.450, 

0.360 

Microbiological 

eradication 69% 

0.13 

Non-colistin-based 

combination 

therapy 

Most common 

combination: 

cefoperazone/ 

sulbactam + 

aminoglycoside, 

carbapenem + 

aminoglycoside, 

carbapenem + 

tigecycline and 

tigecycline + 

aminoglycoside, dose 

not specified 

Clinical cure 42.9%, 

14-day mortality 

47.2% 

Microbiological 

eradication 83% 

Yilmaz (2015) 

[80] 

2011–

2013 

Retrospective, 

cohort 

70 Compare 

monotherapy and 

combination 

therapy 

VAP Colistin 

monotherapy a 
IV colistin 2.25 MU q8h 

or 4.5 MU q12h, with 

renal adjustment 

Clinical response 

76.5%, 28-day 

mortality 41.2% 

0.350, 

0.530 

Microbiological 

response 52.9% 

0.23 

Colistin–carbapenem 

combination 

therapy a 

IV imipenem 500 mg q6h 

or IV meropenem 1 g 

q8h (prolonged 

infusion), with renal 

adjustment 

Clinical response 

63.6%, 28-day 

mortality 48.5% 

0.530, 

0.210 

Microbiological 

response 63.6% 

0.16 

Colistin–sulbactam 

combination 

therapy a 

IV sulbactam 1 g q8h, 

with renal adjustment 

Clinical response 

55.0%, 28-day 

mortality 70% 

Microbiological 

response 60.0% 

( continued on next page ) 
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Table 1 ( continued ) 

Reference Study 

period 

Study design No. of 

patients 

Study objective Site of infection Treatment given Dose of 

antimicrobials 

Clinical outcome P -value Microbiological 

outcome 

P -value 

Garnacho- 

Montero (2013) 

[81] 

2008–

2011 

Retrospective, 

cohort 

57 Compare 

monotherapy and 

combination 

therapy 

VAP/bacteraemia Colistin–vancomycin 

combination 

therapy a 

IV colistin 3 MU q8h, 

adjusted by BW and 

renal function + IV 

vancomycin 2 g/day by 

1-h infusion, adjusted 

by renal function 

Clinical cure 55.2%, 

28-day mortality 

48.3% 

0.320, 

0.890 

Microbiological 

eradication 54.2% 

0.440 

Colistin 

monotherapy a 
IV colistin 3 MU q8h, 

adjusted by BW and 

renal function 

Clinical cure 67.9%. 

28-day mortality 

50% 

Microbiological 

eradication 65.2% 

Rigatto (2015) 

[82] 

2013–

2014 

Retrospective, 

cohort 

101 Compare 

monotherapy and 

combination 

therapy 

Mainly pneumonia Polymyxin B-based 

combination 

therapy 

IV polymyxin B 1.5–3.0 

mg/kg/day in two divided 

doses ± other antibiotics 

30-day mortality 

42.4% 

0.030 – –

Polymyxin B 

monotherapy 

30-day mortality 

67.7% 

Batirel (2014) 

[83] 

2009–

2012 

Retrospective, 

cohort 

250 Compare 

monotherapy and 

combination 

therapy 

Bacteraemia Colistin combination 

therapy a 
IV colistin 5 mg/kg/day 

CBA in two to three 

divided doses, with 

renal adjustment + 

carbapenems or 

sulbactam or other 

antibiotics 

Complete response 

46.3%, 14-day 

survival 68.2% 

0.190, 

0.140 

Microbiological 

eradication 79.9% 

0.001 

Colistin 

monotherapy a 
IV colistin 5 mg/kg/day 

CBA in two to three 

divided doses, with 

renal adjustment 

Complete response 

30.6%, 14-day 

survival 55.5% 

Microbiological 

eradication 55.6% 

Compare different 

antibiotic 

combinations 

Colistin–carbapenem 

combination 

therapy a 

IV colistin 5 mg/kg/day 

CBA in two to three 

divided doses, with 

renal adjustment + 

imipenem 500 mg q6h 

or meropenem 1 g q8h 

or doripenem 500 mg 

q8h 

Complete response 

49%, 14-day 

survival 70.6% 

0.970, 

0.790 

Microbiological 

eradication 81% 

0.920 

Colistin–sulbactam 

combination 

therapy a 

IV colistin 5 mg/kg/day 

CBA in two to three 

divided doses, with 

renal adjustment + 

ampicillin/sulbactam 3 

g q6h or sulbactam 1.5 

g q6h 

Complete response 

46.4%, 14-day 

survival 68.1% 

Microbiological 

eradication 79% 

Colistin–other 

antibiotic 

combination 

therapy a 

IV colistin 5 mg/kg/day 

CBA in two to three 

divided doses, with 

renal adjustment + 

other antibiotics 

Complete response 

39.5%, 14-day 

survival 62.8% 

Microbiological 

eradication 82% 

( continued on next page ) 
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Table 1 ( continued ) 

Reference Study 

period 

Study design No. of 

patients 

Study objective Site of infection Treatment given Dose of 

antimicrobials 

Clinical outcome P -value Microbiological 

outcome 

P -value 

Lin (2015) [84] 2004–

2007 

Retrospective, 

cohort 

173 Compare 

monotherapy and 

combination 

therapy 

Pneumonia Sulbactam 

monotherapy 

IV sulbactam 1 g or 

ampicillin/sulbactam 3 g 

(at a rate of 2:1) q6–8h 

± other antibiotics 

Clinical resolution 

63.6%, 30-day 

mortality 36.4% 

0.906, 

0.947 

Airway eradication 

without relapse 

89.5% 

0.694 

Sulbactam-based 

combination 

therapy 

Clinical resolution 

65.1%, 30-day 

mortality 37.2% 

Airway eradication 

without relapse 

81.3% 

Shin (2012) 

[85] 

2009–

2010 

Retrospective, 

cohort 

27 Compare 

monotherapy and 

combination 

therapy 

Various, mainly 

VAP 

Tigecycline 

monotherapy 

IV tigecycline 50 mg 

q12h after a loading dose 

of 100 mg ± other 

antibiotics 

Clinical success 

58.5%, 14-day 

mortality 5.9% 

0.561, 

0.260 

Microbiological 

success 76.5% 

0.097 

Tigecycline 

combination 

therapy 

Clinical success 

70%, 14-day 

mortality 0% 

Microbiological 

success 100% 

Tasbakan 

(2011) [86] 

2009–

2011 

Retrospective, 

cohort 

72 Compare 

monotherapy and 

combination 

therapy 

Pneumonia Tigecycline 

monotherapy 

IV tigecycline 50 mg 

q12h after a loading 

dose of 100 mg 

30-day mortality 

52.1% 

> 0.050 Microbiological 

eradication 60.9% 

> 0.050 

Tigecycline-based 

combination 

therapy 

IV tigecycline 50 mg 

q12h after a loading 

dose of 100 mg + 

imipenem/cilastatin 

500 mg q6h or 

amikacin 1 g q24h or 

netilmicin 300 mg 

q24h or cefoperazone/ 

sulbactam 2 g q8h 

30-day mortality 

57.1% 

Microbiological 

eradication 67.3% 

Kim (2016) [87] 2009–

2010 

Retrospective, 

cohort 

70 Compare different 

antibiotic 

combinations 

Pneumonia Tigecycline-based 

therapy 

IV tigecycline 50 mg 

q12h after a loading 

dose of 100 mg ±
other antibiotics 

Clinical success 

47%, 30-day 

mortality 33% 

0.950, 

0.770 

Microbiological 

success 23% 

0.540 

Colistin-based 

therapy 

IV colistin 4.5 MU q12h 

after a loading dose of 

9 MU, with renal 

adjustment ± other IV 

antibiotics 

Clinical success 

48%, 30-day 

mortality 33% 

Microbiological 

success 30% 

Compare 

monotherapy and 

combination 

therapy 

Monotherapy Either tigecycline or 

colistin 

Clinical success 

39%, 30-day 

mortality 33% 

0.110, 

0.560 

Microbiological 

success 22% 

0.250 

Combination therapy Either tigecycline or 

colistin-based therapy 

Clinical success 

59%, 30-day 

mortality 33% 

Microbiological 

success 35% 

Lee (2013) [88] 2007–

2011 

Retrospective, 

cohort 

386 Compare different 

antibiotic 

combinations 

HAI Tigecycline-based 

therapy b 
IV tigecycline 50 mg 

q12h after a loading 

dose of 100 mg ±
other antibiotics 

Favourable 

outcome 69.2%, 

mortality 36.1% 

< 0.001, 

0.930 

Microbiological 

eradication 1.1% 

< 0.001 

Non-tigecycline- 

based 

therapy b 

IV imipenem/cilastatin 

500 mg and sulbactam 

1 g q6h 

Favourable 

outcome 50%, 

mortality 38.3% 

Microbiological 

eradication 11.7% 

Lim (2011) [89] 20 0 0–

2007 

Retrospective, 

cohort 

70 Compare different 

antibiotic 

combinations 

Bacteraemia Colistin-based 

therapy a 
IV colistimethate sodium 

2.5–5.0 mg/kg/day in 

two to three divided 

doses, renal adjustment 

30-day mortality 

35.5% 

0.800 – –

Non-colistin-based 

therapy a 
Other antibiotics 30-day mortality 

38.5% 

( continued on next page ) 
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Table 1 ( continued ) 

Reference Study 

period 

Study design No. of 

patients 

Study objective Site of infection Treatment given Dose of 

antimicrobials 

Clinical outcome P -value Microbiological 

outcome 

P -value 

Ye (2016) [90] 2004–

2010 

Retrospective, 

cohort 

168 Compare different 

antibiotic 

combinations 

Pneumonia Tigecycline-based 

therapy a 
IV tigecycline 50 mg 

q12h after a loading 

dose of 100 mg ±
other antibiotics 

30-day mortality 

33.3% 

0.618 Eradication 33.3% < 0.001 

Sulbactam-based 

therapy a 
IV sulbactam 1 g or 

ampicillin/sulbactam 3 

g (at a rate of 2:1) 

q6–8h ± other 

antibiotics 

30-day mortality 

29.8% 

Eradication 63.5% 

Chuang (2014) 

[91] 

2009–

2010 

Retrospective, 

matched 

cohort 

168 Compare different 

antibiotic 

combinations 

Pneumonia Tigecycline-based 

therapy 

IV tigecycline 50 mg 

q12h after a loading 

dose of 100 mg ±
other antibiotics 

Mortality 60.7% 0.040 – –

Colistin-based 

therapy a 
IV colistin 2.5–5 

mg/kg/day CBA in two 

to three divided doses 

± other antibiotics 

Mortality 44% 

Cheng (2015) 

[92] 

2010–

2013 

Prospective, 

cohort 

55 Compare different 

antibiotic 

combinations 

Mainly pneumonia/ 

bacteraemia 

Colistin–carbapenem 

combination 

therapy a 

IV colistin 5 mg/kg/day 

CBA in two to three 

divided doses, with 

renal adjust- 

ment + carbapenems 

14-day mortality 

15%, 

breakthrough 

bacteraemia 0% 

0.105, 

0.059 

– –

Colistin–tigecycline 

combination 

therapy a 

IV colistin 5mg kg/day 

CBA in two to three 

divided doses, with 

renal adjustment + IV 

tigecycline 50 mg q12h 

after a loading dose of 

100 mg 

14-day mortality 

35%, 

breakthrough 

bacteraemia 18% 

14-day mortality was associated with the use of colistin–tigecycline in the subgroup with tigecycline MIC > 2 mg/L 

compared with the use of colistin–carbapenem (HR = 6.93, 95% CI 1.61–29.78; P = 0.009) 

Jean (2016) [93] 2013 Prospective, 

cohort 

84 Compare different 

antibiotic 

combinations 

VAP Tigecycline–

imipenem 

combination 

therapy 

Standard dose (not 

specified) 

30-day survival rate 

85.7% 

0.007 – –

Sulbactam–imipenem 

combination 

therapy 

Standard dose (not 

specified) 

30-day survival rate 

35.7% 

In the tigecycline group, patients were switched from sulbactam-based therapy to tigecycline-based therapy after 

failure to respond to 3 days of sulbactam–imipenem/cilastatin therapy 

He (2016) [94] 2011–

2013 

Retrospective, 

cohort 

44 Compare different 

antibiotic 

combinations 

VAP Tigecycline-based 

combination 

therapy 

IV tigecycline 50 mg 

q12h after a loading 

dose of 100 mg + IV 

imipenem/meropenem 

1 g q8h + IV cefopera- 

zone/sulbactam 3 g 

q8h 

Clinical cure 50%, 

all-cause 

mortality 50% 

1.0 0 0 Microbiological 

eradication 15% 

0.264 

Non-tigecycline- 

based combination 

therapy 

IV imipenem/meropenem 

1 g q8h + IV cefopera- 

zone/sulbactam 3 g 

q8h 

Clinical cure 45.8%, 

all-cause 

mortality 54.2% 

Microbiological 

eradication 29.2% 

( continued on next page ) 
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Table 1 ( continued ) 

Reference Study 

period 

Study design No. of 

patients 

Study objective Site of infection Treatment given Dose of 

antimicrobials 

Clinical outcome P -value Microbiological 

outcome 

P -value 

Chen (2014) 

[95] 

2007–

2011 

Retrospective, 

cohort 

135 Compare different 

route of 

administration 

Pneumonia Inhaled colistin a Neb. colistin 2 MU q12h 28-day mortality 

11.3% 

0.167 14-day eradication 

61.1% 

0.001 

Other antibiotic 

therapies a 
Not specified 28-day mortality 

16.7% 

14-day eradication 

29.6% 

Kuo (2012) [96] 2009–

2010 

Retrospective, 

case–control 

78 Compare different 

route of 

administration 

Pneumonia Inhaled colistin a Neb. colistin 2 MU q12h 28-day mortality 

12.8% 

0.723 Eradication within 

14 days 84.6% 

< 0.001 

Other antibiotic 

therapies a 
Other antibiotics 28-day mortality 

10.3% 

Eradication within 

14 days 10.3% 

Jang (2017) [97] 2013–

2016 

Retrospective, 

cohort 

95 Compare different 

route of 

administration 

VAP IV colistin-based 

therapy 

IV colistin 4.5 MU q12h 

after a loading dose of 

9 MU, with renal 

adjustment ± other IV 

antibiotics 

Clinical 

cure/improvement 

79.6%, mortality 

13.6% 

0.719, 

0.438 

Microbiological 

eradication 65% 

0.921 

Inhaled colistin-based 

therapy 

Neb. colistin 4.5 MU q8h 

± other IV antibiotics 

Clinical 

cure/improvement 

76.5%, mortality 

19.6% 

Microbiological 

eradication 66% 

Kofteridis 

(2010) [98] 

2005–

2008 

Retrospective, 

case–control 

86 Compare different 

route of 

administration 

VAP IV colistin only a IV colistin 9 MU in three 

divided doses, with 

renal adjustment 

Clinical cure 32.5%, 

mortality 26% 

0.050, 

0.289 

Bacteriological 

eradication 50% 

0.679 

Inhaled colistin + IV 

colistin a 
Neb. colistin 2 MU q12h Clinical cure 54%, 

mortality 16% 

Bacteriological 

eradication 45% 

Kalin (2012) 

[99] 

2011 Retrospective, 

cohort 

45 Comparing 

different doses 

VAP High-dose IV colistin b IV colistimethate sodium 

2.5 mg/kg q6h 

14-day clinical cure 

7%, mortality 67% 

0.250, 

0.180 

14-day 

bacteriological 

clearance 64% 

0.19 

Normal-dose IV 

colistin b 
IV colistimethate sodium 

2.5 mg/kg q12h 

14-day clinical cure 

30%, mortality 

45% 

14-day 

bacteriological 

clearance 65% 

Low-dose IV colistin b Adjusted according to 

CL Cr 

14-day clinical cure 

30%, mortality 

40% 

14-day 

bacteriological 

clearance 75% 

Compare different 

route of 

administration 

IV colistin only b As above 14-day clinical cure 

38%, mortality 

44% 

0.130, 

0.650 

14-day 

bacteriological 

clearance 69% 

0.73 

IV colistin + inhaled 

colistin b 
Neb. colistin 2 MU q12h 14-day clinical cure 

14%, mortality 

55% 

14-day 

bacteriological 

clearance 76% 

Pan (2018) 

[100] 

2013–

2017 

Retrospective, 

cohort 

61 Compare different 

route of 

administration 

Meningitis/ 

ventriculitis 

IT/IVT polymyxin 

B-based therapy 

IT/IVT polymyxin B 50 

0 0 0 U/day q12h + IV 

polymyxin B 450 0 0 0 

U q12h ± other IV 

antibiotics 

28-day mortality 

8.7%, clinical 

efficacy 95.6% 

0.010, 

< 0.001 

Microbiological 

clearance 91.3% 

< 0.001 

Other IV antibiotic 

therapies 

Other IV antibiotics 28-day mortality 

55.2%, clinical 

efficacy 23.7% 

Microbiological 

clearance 18.4% 

VAP, ventilator-associated pneumonia; MIC, minimum inhibitory concentration; BMD, broth microdilution; MU, million units; IV, intravenous; HR, hazard ratio; CI, confidence interval; q12h, every 12 h; q8h, every 8 h; q6h, 

every 6 h; BW, body weight; CBA, colistin base activity; q24h, every 24 h; HAI, healthcare-associated infection; Neb., nebulised; CL Cr , creatinine clearance; IT, intrathecal; IVT, intraventricular. 

BMD is the preferred method of susceptibility testing for colistin according to European Committee on Antimicrobial Susceptibility Testing (EUCAST) recommendations [63] . 
a Colistin MIC testing by methods other than BMD. 
b Colistin MIC testing not done/mentioned. 
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90] . Other studies, however, did not find a significant difference

n clinical or microbiological outcomes for the various combination

egimens investigated [83,87,89,92,94] . 

Of the six studies that explored different routes of polymyxin

dministration, five studies looked at the efficacy of inhaled

olistin [95–99] and one looked at the efficacy of intrathe-

al/intraventricular (IT/IVT) polymyxin B [100] . Two studies ob-

erved superior microbiological eradication with inhaled colistin

nebulised colistin 2 MU q12h) compared with systemic antibiotic

herapies (61.1–84.6% vs. 10.3–29.6%; P ≤ 0.001) [95,96] . Neither

tudy found a significant difference in 28-day mortality rate. Other

tudies found no significant differences in clinical or microbiologi-

al outcomes when comparing inhaled colistin with IV colistin for

he treatment of MDR A. baumannii pneumonia [97–99] . 

With regard to IT/IVT polymyxin B for the treatment of MDR

. baumannii meningitis/ventriculitis, one study reported signif-

cant differences in clinical and microbiological outcomes [100] .

his study compared IT/IVT polymyxin B-based therapy (IT/IVT

olymyxin B 50 0 0 0 U/day q12h + IV polymyxin B 450 0 0 0 U

12h ± other IV antibiotics) with other IV antibiotic therapies in

1 patients. Clinical efficacy was much higher in the IT/IVT group

95.6% vs. 23.7%; P < 0.001) and 28-day mortality was much lower

8.7% vs. 55.2%; P = 0.010). Microbiological clearance was also sig-

ificantly higher in the IT/IVT group (91.3% vs. 18.4%; P < 0.001). 

A majority of these observational studies ( Table 1 ) did not show

ny added benefits of combination versus monotherapy or be-

ween different treatment regimens. However, there are several

imitations observed with many studies listed in Table 1 that may

ffect the validity of the results obtained. In general, most of the

bservational studies were retrospective in nature and as such may

e limited by various factors such as poor quality or missing data

r the absence of data on potential confounding factors. There are

lso limitations in the dosing regimens of antimicrobials used, such

s lack of a loading dose for colistin or suboptimal dosing of other

ntimicrobials such as sulbactam and tigecycline. As highlighted

reviously regarding the issue with colistin MIC testing, we note

hat most studies involving colistin did not use BMD for determin-

ng the colistin MIC. Another point of relevance is that polymyxins

ave limited drug exposure in the lungs following parenteral ad-

inistration, resulting in lower antibacterial activity and limited

fficacy in the lungs relative to other sites, as shown in several

tudies [101,102] . 

.3. Randomised controlled trial (RCT) data 

Eight RCTs comparing different treatment regimens for MDR A.

aumannii infections were found. The characteristics of these stud-

es are presented in Table 2 [103–110] . 

All eight studies focused on the treatment of MDR A. bau-

annii pneumonia, mainly VAP. Seven of the eight were open-

abelled trials. The majority of the studies involving colistin did

ot mention the method of MIC testing used. Five of eight studies

ompared colistin monotherapy with colistin-based combination

herapy [104–108] and two studies measured the efficacy of in-

aled colistin [103,109] . One study compared colistin monotherapy

ith ampicillin/sulbactam monotherapy [110] . Of the five studies

omparing combination and monotherapy, only one study demon-

trated improved clinical response with colistin-based combina-

ion therapy [108] . This recently published study compared colistin

onotherapy [IV colistin 3 MU every 8 h (q8h), with renal ad-

ustment, without loading dose] with colistin–ampicillin/sulbactam

ombination therapy (IV colistin + IV ampicillin/sulbactam 6 g q6h,

oth with renal adjustment) in 39 patients with VAP. The authors

bserved better clinical response in the combination group (70%

s. 15.8%; P = 0.001) but failed to demonstrate a difference in mi-

robiological outcome. 
However, two other studies found a better microbiological re-

ponse in the combination group but failed to observe any differ-

nce in clinical outcome [105,107] . The first study compared col-

stin monotherapy (IV colistin 2 MU q8h, with renal adjustment,

ithout loading dose) with colistin–rifampicin combination ther-

py (IV colistin + IV rifampicin 600 mg q12h) in 210 patients with

DR A. baumannii infection, mainly VAP [105] . The authors found

etter microbiological eradication in the combination group com-

ared with the monotherapy group (60.6% vs. 44.8%; P = 0.034) but

id not observe any difference in 30-day mortality rate between

he two groups (43.3% vs. 42.9%; P = 0.950). 

The second study compared colistin monotherapy (IV col-

stin 5 mg/kg/day CBA, without a loading dose) with colistin–

osfomycin combination therapy (IV colistin + IV fosfomycin 4 g

12h) in 94 patients with MDR A. baumannii infection, mainly

AP [107] . The study showed better microbiological response in

he combination group compared with the monotherapy group

100% vs. 81.2%; P = 0.010) but did not observe any difference in

linical response between the two groups (59.6% vs. 55.3%; P =
.835). 

Another recently published study, the AIDA trial, tested the

ypothesis that combination therapy would reduce clinical failure

rom 45% with colistin monotherapy to 30% with combination

herapy. This study compared colistin monotherapy (IV colistin 4.5

U q12h after a loading dose of 9 MU, with renal adjustment)

ith colistin–meropenem combination therapy (IV colistin + IV

eropenem 2 g q8h by 3-h infusion, both with renally adjusted

oses) in 406 patients with carbapenem-resistant Gram-negative

nfections (mainly pneumonia and bacteraemia), mostly due to

DR A. baumannii (312/406; 77%) [104] . A total of 198 patients

ere randomised into the colistin monotherapy group and 208

nto the combination therapy group. The baseline patient clinical

haracteristics and demographics were comparable between the

wo groups. This study, however, failed to observe any superiority

f combination therapy. There was no statistically significant

ifference in the primary outcome between combination therapy

ersus monotherapy (clinical failure at Day 14, 73% vs. 79%;

 = 0.172) or in the secondary outcomes, which included microbio-

ogical failure (35% vs. 31%; P = 0.489) in the treatment of MDR A.

aumannii pneumonia or bacteraemia. By Day 14, 32% of patients

n the monotherapy arm and 34% in the combination therapy

rm had died ( P = 0.786) and, of the surviving patients, there was

o improvement or a deterioration in Sequential Organ Failure

ssessment (SOFA) score occurred. 

Furthermore, a subgroup analysis of the AIDA trial also no-

iced a similar finding when comparing colistin monotherapy

ith colistin–meropenem combination therapy in patients with

arbapenem-resistant, colistin-resistant A. baumannii [111] . The au-

hors found that colistin–meropenem combination therapy was

ignificantly associated with higher mortality among those with

olistin-resistant isolates [odds ratio (OR) = 2.956, 95% confidence

nterval (CI) 1.180–7.408] compared with the monotherapy arm.

owever, this association was not seen in colistin-susceptible

trains (OR = 0.943, 95% CI 0.640–1.389). 

Overall, similar limitations observed in the observational stud-

es were also found in these RCTs. Factors such as lack of a load-

ng dose or suboptimal dosing for colistin, or suboptimal dosing of

ther antimicrobials such as sulbactam, rifampicin and fosfomycin,

ack of information regarding the method used for colistin MIC

esting, and limited penetration of polymyxins into the lungs need

o be considered when evaluating these RCTs. There appears to be

o strong RCT data to support combination therapy, although some

ndings suggest that there might be a benefit of treating MDR

. baumannii pneumonia with colistin in combination with high-

ose ampicillin/sulbactam, rifampicin [105] or fosfomycin [107] . In

iew of the fact that these RCTs mainly included patients with
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Table 2 

Characteristics and outcomes of randomised controlled trials (RCTs) on the treatment of multidrug-resistant Acinetobacter spp. infections 

Reference Study 

period 

Study design No. of 

patients 

Site of 

infection 

Treatment given Dose of antimicrobials Mortality prediction 

score a 
Clinical outcome P -value Microbiological 

outcome 

P -value 

Rattanaumpawan 

(2010) [103] 

2006–

2009 

Prospective 

RCT, open-label 

100 VAP Inhaled colistin group b Neb. colistin 2 MU 

q12h + IV antibiotics 

19.1 (5.8) c Favourable clinical 

outcome 51.0%, 

28-day mortality 

39.2% 

0.840, 

0.800 

Favourable 

microbiological 

outcome 60.9% 

0.030 

Placebo group Neb. normal saline + IV 

antibiotics 

18.5 (4.7) c Favourable clinical 

outcome 53.1%, 

28-day mortality 

36.7% 

Favourable 

microbiological 

outcome 38.2% 

Paul (2018) [104] 2013–

2016 

Prospective 

RCT, open-label 

406 Mainly 

pneumonia/ 

bacteraemia 

Colistin monotherapy b IV colistin 4.5 MU q12h 

after a loading dose of 

9 MU, with renal 

adjustment 

5 (3–8) d Clinical failure 79%, 

28-day mortality 

43% 

0.172, 

0.781 

Microbiological 

failure 31% 

0.489 

Colistin–meropenem 

combination therapy b 
IV colistin + IV 

meropenem 2 g q8h by 

3-h infusion, both with 

renal adjustment 

6 (4–9) d Clinical failure 73%, 

28-day mortality 

45% 

Microbiological 

failure 35% 

Durante-Mangoni 

(2013) [105] 

2008–

2011 

Prospective 

RCT, open-label 

210 Mainly VAP Colistin monotherapy b IV colistin 2 MU q8h, 

with renal adjustment 

39.0 (11.1) e 30-day mortality 

42.9% 

0.950 Bacteriological 

eradication 44.8% 

0.034 

Colistin–rifampicin 

combination therapy b 
IV colistin + IV rifampicin 

600 mg q12h 

40.8 (10.8) e 30-day mortality 

43.3% 

Bacteriological 

eradication 60.6% 

Aydemir (2013) 

[106] 

2011–

2012 

Prospective 

RCT, open-label 

43 VAP Colistin monotherapy IV colistin 9 MU in three 

divided doses, with 

renal adjustment 

18.0 (4.9) c Clinical response 

49%, mortality 

63.6% 

0.654, 

0.171 

Microbiological 

response 59.1% 

0.597 

Colistin–rifampicin 

combination therapy 

IV colistin + oral 

rifampicin 600 mg/day 

20.1 (6.8) c Clinical response 

52%, mortality 

38.1% 

Microbiological 

response 71.4% 

Sirijatuphat 

(2014) [107] 

2010–

2011 

Prospective 

RCT, open-label 

94 Mainly VAP Colistin monotherapy b IV colistin 5 mg of 

CBA/kg BW/day 

21.9 (7.9) c Favourable clinical 

response 55.3%, 

28-day mortality 

23.1% 

0.835, 

0.578 

Microbiological 

response 81.2% 

0.010 

Colistin–fosfomycin 

combination therapy b 
IV colistin + IV 

fosfomycin 4 g q12h 

23.0 (6.4) c Favourable clinical 

response 59.6%, 

28-day mortality 

16.3% 

Microbiological 

response 100% 

( continued on next page ) 
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Table 2 ( continued ) 

Reference Study 

period 

Study design No. of 

patients 

Site of 

infection 

Treatment given Dose of antimicrobials Mortality prediction 

score a 
Clinical outcome P -value Microbiological 

outcome 

P -value 

Makris (2018) 

[108] 

Not 

specified 

Prospective 

RCT, open-label 

39 VAP Colistin monotherapy b IV colistin 3 MU q8h, 

with renal adjustment 

14.5 (3.1) c Clinical response 

15.8%, mortality 

63% 

0.001, 

NS 

Microbiological 

eradication 1/3 

0.191 

Colistin–

ampicillin/sulbactam 

combination therapy b 

IV colistin + IV 

ampicillin/sulbactam 6 

g q6h, both with renal 

adjustment 

16.5 (4.7) c Clinical response 

70%, mortality 

50% 

Microbiological 

eradication 10/14 

Abdellatif (2016) 

[109] 

2013–

2015 

Prospective 

RCT, 

single-blind 

149 VAP Inhaled colistin–IV 

imipenem 

b 

Neb. colistin 4 MU 

q8h + IV imipenem 1 g 

q8h 

39 (13) e Favourable clinical 

outcome 67.1%, 

28-day mortality 

27.4% 

0.590, 

0.700 

Time to bacterial 

eradication 9.89 

± 2.7 days 

0.023 

IV colistin–IV 

imipenem 

b 

IV colistin 4.5 MU q12h 

after a loading dose of 

9 MU, with renal 

adjustment + IV 

imipenem 1 g q8h 

40 (14) e Favourable clinical 

outcome 72.3%, 

28-day mortality 

23.7% 

Time to bacterial 

eradication 11.26 

± 3 days 

Betrosian (2008) 

[110] 

Not 

specified 

Prospective 

RCT, open-label 

28 VAP Colistin monotherapy f IV colistin 3 MU q8h 14 (2) c Clinical success 

60%, 14-day 

mortality 20% 

NS, NS Bacteriological 

eradication 46.6% 

NS 

Ampicillin/sulbactam 

monotherapy f 
IV ampicillin/sulbactam 

(2:1) 9 g q8h 

14 (5) c Clinical success 

61.5% 14-day 

mortality 15.3% 

Bacteriological 

eradication 46.1% 

VAP, ventilator-associated pneumonia; MIC, minimum inhibitory concentration; Neb., nebulised; MU, million units; q12h, every 12 h; IV, intravenous; q8h, every 8 h; CBA, colistin base activity; BW, body weight; q6h, every 6 

h; NS, not significant; BMD, broth microdilution. 

BMD is the preferred method of susceptibility testing for colistin according to European Committee on Antimicrobial Susceptibility Testing (EUCAST) recommendations [63] . 
a For the mortality prediction scores, data are presented as the mean (standard deviation) or median (interquartile range). 
b Colistin MIC testing not done/mentioned. 
c Acute Physiology and Chronic Health Evaluation (APACHE) II score. 
d Sequential Organ Failure Assessment (SOFA) score. 
e Simplified Acute Physiology Score (SAPS) II. 
f Colistin MIC testing by methods other than BMD. 
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pneumonia, it is unclear whether these regimens would have sim-

ilar outcomes for other sites of infection. 

4. Optimised dosing of antibiotics to treat multidrug-resistant 

Acinetobacter baumannii 

Given the challenges of providing effective treatment for in-

fections caused by MDR A. baumannii , applying pharmacoki-

netic/pharmacodynamic (PK/PD) concepts to optimise dosing for

individual patients should be considered an essential component

of care. PK/PD-optimised antibiotic doses or altered routes of ad-

ministration are likely required to ensure a successful treatment

outcome while minimising side effects and the emergence of re-

sistance. 

PK/PD analyses describe the antibiotic exposure associated with

maximal effect for an antibiotic and are critical determinants in

establishing dosing regimens [112] . Three patterns of antimicro-

bial activity [113,114] and three PK/PD indices have been described:

% f T > MIC , percentage of a 24-h time period that the unbound drug

concentration exceeds the MIC; f C max /MIC, maximum unbound

drug concentration to MIC ratio; and f AUC/MIC, area under the un-

bound drug concentration–time curve to MIC ratio. Several studies

have looked at dose optimisation of currently available antibiotics

for the treatment of MDR A. baumannii infections. The characteris-

tics of these studies are presented in Table 3 [31,62,115–127] . 

As an example, based on murine thigh and lung infection mod-

els of A. baumannii , PK/PD analysis of sulbactam demonstrated

that % f T > MIC is most predictive of bacterial killing [129] . The au-

thors concluded that sulbactam was sufficiently bactericidal when

a % f T > MIC of > 60% against A. baumannii thigh infection and > 40%

against A. baumannii lung infection was achieved. This suggests

that to maximise the bactericidal activity of sulbactam, blood sul-

bactam concentrations should be maintained above the MIC for

prolonged periods. In patients with severe sepsis, a target attain-

ment of 60% f T > MIC for A. baumannii strains with a sulbactam MIC

of 4 mg/L is more likely to be achieved when sulbactam is ad-

ministered by a 4-h infusion of 1 g q8h, as demonstrated by a

PK/PD study [126] . The authors of this study concluded that for

pathogens with MICs of > 4 mg/L, sulbactam should be given at a

higher dosage regimen of ≥1 g q6h by 4-h infusion. PK/PD analysis

has also helped to optimise dosing of sulbactam in patients with

different renal function, as shown by Yokoyama et al. [130] . The

study demonstrated that in a patient with a creatinine clearance

(CL Cr ) of 15 mL/min, a sulbactam dose of 1 g twice daily achieves

a 60% f T > MIC when the MIC of sulbactam against A. baumannii is

4 mg/L. A higher dose of 2 g four times daily is needed to achieve

the same PK/PD target in a patient with a CL Cr of 90 mL/min [130] .

The recent revival of the long-neglected antibiotic colistin is an-

other good example showcasing the significant role of pharma-

cokinetics/pharmacodynamics in optimising existing and old an-

tibiotics against MDR infections. Animal PK/PD models were used

to identify f AUC/MIC as the best measure of colistin exposure that

correlates well with bacterial killing [131] . Against A. baumannii ,

the f AUC/MIC values required to achieve stasis and 1-log kill were

1.57–6.52 and 8.18–42.1, respectively, in a lung infection model and

1.89–7.41 and 6.98–13.6, respectively, in a thigh infection model

[131] . For a 2-log kill, the f AUC/MIC values ranged from 7.4 to 17.6

[101] . These PK/PD data, in combination with those from clinical

PK and toxicodynamic studies, were used for the development of

dosing guidelines ( Table 3 ) [132,133] . 

For carbapenems, the PK/PD index that correlates with bacterial

killing is % f T > MIC . One study suggested that the PK/PD targets for

bacteriostatic and maximal bactericidal activity of carbapenems oc-

cur with a % f T > MIC of ca. 20% and ca. 40%, respectively [134] . An A.

baumannii murine thigh infection model then demonstrated that

f T values of 23.7%, 32.8% and 47.5% resulted in stasis, 1-log
> MIC 
eduction and 2-log reduction in bacterial density after 24 h, re-

pectively [135] . A subsequent PK/PD analysis of meropenem then

evealed that the probabilities of achieving 40% f T > MIC following a

olus injection of 1 g q8h, a 3-h infusion of 1 g q8h and a 3-h in-

usion of 2 g q8h were 87.7%, 98.8% and 99.9%, respectively. These

ndings suggest that prolonged infusion maximises the bacterici-

al activity of meropenem against A. baumannii with an MIC of 4

g/L [125] . 

The PK/PD index associated with bacterial killing by fosfomycin

as been reported to be the % f T > MIC , with a target of 60–70 [136] .

ased on Monte Carlo simulation, Menegucci et al. found that tar-

et attainment of 70% f T > MIC for pathogens with an MIC of 32 mg/L

s only achievable when fosfomycin is administered as a 3-h infu-

ion at a minimum dose of 4 g q8h [31] . 

For tigecycline, the PK/PD index associated with therapeutic

fficacy is f AUC/MIC [137] . Based on exposure–response analyses

f tigecycline, the f AUC/MIC target associated with microbiologi-

al eradication ranged from 6–18 depending on the site of infec-

ion [137–139] . The target ratios for skin and skin-structure infec-

ions (SSSIs) and intra-abdominal infections (IAIs) are > 17.9 and

 6.9, respectively. These target values in combination with clini-

al PK data can be used for appraisal of existing dosing regimens.

or example, an in silico analysis of the currently recommended

oses of 50 mg and 100 mg twice daily in SSSI demonstrated that

he cumulative fraction response in Gram-negative bacteria isolates

as only 54.67% even when given at the highest recommended

ose [127] . Whereas in IAI the cumulative fraction response against

ram-negative bacteria isolates ranged from 48% to 88%. These re-

ults suggest that current dosing recommendations of tigecycline

hould be adjusted to ensure optimal exposure. 

Table 4 summarises the PK/PD index and the optimal magni-

ude for the antibiotics discussed in this chapter. Table 5 sum-

arises the recommended dosing regimens of currently available

ntibiotics for the treatment of MDR A. baumannii . 

. New antibiotics for treating multidrug-resistant infections 

With limited antibiotics that are active against MDR A.

aumannii , clinicians and researchers look to new and novel

gents that could hold this promise. There are several an-

ibiotics, either in the pipeline or already approved, for the

reatment of MDR Gram-negative organisms, examples of which

nclude ceftazidime/avibactam, aztreonam/avibactam, cefepime/

idebactam, imipenem/relebactam, meropenem/vaborbactam,

eftolozane/tazobactam, cefiderocol, plazomicin and eravacycline.

owever, the efficacy of these new agents against MDR Acineto-

acter spp. remains a question and requires further exploration.

able 6 summarises the new agents and their activity against MDR

cinetobacter spp. Table 7 summarises the optimal PK/PD index

or novel agents with in vitro activity against MDR A. bauman-

ii . Of note, there is a lack of PK/PD target assessment studies

gainst MDR A. baumannii. Most studies were done on Klebsiella

neumoniae and Pseudomonas aeruginosa [144–149] . 

.1. Cefiderocol 

Cefiderocol (S-649266) is a new siderophore cephalosporin

ntibiotic with an iron-chelating siderophore moiety that con-

ributes to its potency against Gram-negative bacteria [163,183] .

t is actively transported into the periplasmic space through the

uter membrane, where it inhibits cell wall synthesis [184] . Ce-

derocol is more stable against various β-lactamases, including

lasses A, B, C and D carbapenemases [185,186] . Ito-Horiyama et al.

emonstrated that catalysis by various carbapenemases, including

XA-23, for S-649266 was 260-fold lower than that of meropenem

186] . 
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Table 3 

Studies evaluating dose optimisation of antibiotics used for multidrug-resistant (MDR) Acinetobacter spp. infections 

Reference Study design Method(s) Duration 

of study 

Antibiotics tested Outcome 

Hagihara (2014) 

[115] 

In vitro PD model 24 h 1 mg/kg polymyxin B q12h Combination therapy with polymyxin B plus 100 mg or 200 mg 

tigecycline q12h achieved a greater reduction in bacterial density than 

therapy with polymyxin B alone 

100 mg tigecycline q12h 

200 mg tigecycline q12h 

Polymyxin B + tigecycline 100 mg 

Polymyxin B + tigecycline 200 mg 

Li (2014) [116] In vitro HFIM 168 h 0.5 g meropenem q8h by 0.5-h infusion Not bactericidal 

0.5 g meropenem q8h by 3-h infusion Not bactericidal 

1.0 g meropenem q8h by 0.5-h infusion 3-log 10 CFU/mL bacterial killing; did not suppress the emergence of 

resistance 

1.0 g meropenem q8h by 3-h infusion 3-log 10 CFU/mL bacterial killing; did not suppress the emergence of 

resistance 

2.0 g meropenem q8h by 0.5-h infusion 3-log 10 CFU/mL bacterial killing; suppressed the emergence of 

resistance; % T > MPC ≥ 20 

2.0 g meropenem q8h by 3-h infusion 3-log 10 CFU/mL bacterial killing; suppressed the emergence of 

resistance; % T > MPC ≥ 20 

Menegucci (2016) 

[31] 

In silico MCS – 4.0 g fosfomycin q8h by 1-h infusion PTA ≥ 0.9 for % f T > MIC ≥70% (MIC = 16 mg/L) 

6.0 g fosfomycin q6h by 1-h infusion 

8.0 g fosfomycin q8h by 1-h infusion 

4.0 g fosfomycin q8h by 3-h infusion PTA ≥ 0.9 for % f T > MIC ≥70% (MIC = 32 mg/L) 

6.0 g fosfomycin q6h by 3-h infusion 

8.0 g fosfomycin q8h by 3-h infusion 

1.5 g meropenem q6h by 0.5-h infusion PTA ≥ 0.9 for % f T > MIC ≥ 40% (MIC = 4 mg/L) 

1.0 g meropenem q8h by 3-h infusion 

1.5 g meropenem q6h by 3-h infusion 

2.0 g meropenem q8h by 3-h infusion 

Cai (2017) [117] In vitro PD model 24 h 5 mg/kg/day colistin in three divided doses Combination of colistin with either regimen of tigecycline achieved a 

greater reduction in bacterial density and AUBC than colistin alone. A 

combination of tigecycline (high-dose) and colistin may be an effective 

therapy to prevent the emergence of resistance during treatment of 

MDR A. baumannii synergistically 

100 mg loading dose followed by 50 mg tigecycline q12h 

200 mg loading dose followed by 100 mg tigecycline q12h 

Colistin + 100 mg loading dose followed by 50 mg tigecycline 

q12h 

Colistin + 200 mg loading dose followed by 100 mg tigecycline 

q12h 

Matsumoto (2017) 

[118] 

In vivo Murine pneumonia 

model 

96 h 2.0 g cefiderocol q8h by 3-h infusion 2 g q8h as a 3-h infusion for 4 days produced a > 3 log 10 reduction in 

the number of viable cells of these carbapenem-resistant isolates in the 

lungs 

2.0 g cefiderocol q8h by 1-h infusion 

Lee (2013) [119] In vitro PD model 72 h Colistin at 0.5 mg/L + rifampicin with a C max of 5 mg/L Combinations resulted in substantially greater killing at the low 

inoculum; combinations containing 2 mg/L and 5 mg/L colistin 

increased killing at the high inoculum. Combinations were additive or 

synergistic with all colistin concentrations. Emergence of 

colistin-resistant subpopulations was completely suppressed in the 

colistin-susceptible isolate with all combinations at both inocula 

Colistin at 2 mg/L + rifampicin with a C max of 5 mg/L 

Colistin at 5 mg/L + rifampicin with a C max of 5 mg/L 

Housman (2013) 

[120] 

In vitro PD model 24 h 9.0 g ampicillin/sulbactam q8h by 3-h infusion + 2.0 g 

doripenem q8h by 4-h infusion 

AUBC = 87.8 ± 21.0 

9.0 g ampicillin/sulbactam q8h by 3-h infusion + 200 mg 

tigecycline q12h by 30-min infusion 

AUBC = 100.6 ± 33.0 

9.0 g ampicillin/sulbactam q8h by 3-h infusion AUBC = 116.7 ± 31.6 

3.0 g ampicillin/sulbactam q6h by 30-min infusion + 200 mg 

tigecycline q12h by 30-min infusion 

AUBC = 134 ± 31.5 

2.0 g doripenem q8h by 4-h infusion + 200 mg tigecycline 

q12h by 30-min infusion 

AUBC = 142.7 ± 16.9 

( continued on next page ) 
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Table 3 ( continued ) 

Reference Study design Method(s) Duration 

of study 

Antibiotics tested Outcome 

Rao (2016) [121] In vitro HFIM 48 h Polymyxin B traditional monotherapy: f C ss of 2 mg/L 

administered as a continuous infusion 

Bacteriostatic 

Polymyxin B traditional monotherapy: as above but with an 

f C ss of 5 mg/L administered as a continuous infusion 

Initial killing up to 3 log 10 in the first 6 h, followed by substantial 

re-growth 

Doripenem monotherapy: f C max of 25 mg/L q8h Bacteriostatic 

Polymyxin B traditional ( f C ss of 2 mg/L continuous infusion) 

and doripenem ( f C max of 25 mg/L q8h) 

Synergistic with a 7.5 log 10 CFU/mL reduction by 48 h. This 

combination regimen resulted in complete eradication at 72 h that 

was sustained until 192 h, then re-growth at 240 h. Complete 

suppression of resistant subpopulations 

Polymyxin B ‘front-loaded’ ( f C ss of 5 mg/L continuous infusion 

for 24 h followed by f C ss of 2 mg/L thereafter) and 

doripenem ( f C max of 25 mg/L q8h) 

Rapid and extensive initial killing ( > 8 log 10 CFU/mL) with an improved 

time to eradication. Complete eradication of A. baumannii at 48 h. 

Complete suppression of resistant subpopulations 

Polymyxin B ‘burst 2’ ( f C ss of 2 mg/L continuous infusion for 

24 h followed by no polymyxin B thereafter) and doripenem 

( f C max of 25 mg/L q8h) 

> 8 log 10 CFU/mL reduction by 72 h with ca. 6 log 10 re-growth beyond 

144 h 

Polymyxin B ‘burst 5’ ( f C ss of 5 mg/L continuous infusion for 

24 h followed by no polymyxin B thereafter) and doripenem 

( f C max of 25 mg/L q8h) 

Rapid initial and sustained killing similar to the combination of 

polymyxin B ‘front-loaded’ and doripenem regimen. Complete 

suppression of resistant subpopulations 

Doripenem ‘burst’ ( f C max of 25 mg/L q8h × three doses 

followed by no doripenem thereafter) and polymyxin B 

traditional regimen ( f C ss of 2 mg/L continuous infusion). 

Re-growth after the initial ca. 3 log 10 reduction in CFU/mL between 24 

h and 48 h 

Lenhard (2017) [122] In vitro HFIM 336 h 8/4 g ampicillin/sulbactam q8h Bacterial eradication by 144 h, albeit with killing over the first 72 h 

that was slower than that with the ampicillin/sulbactam double 

combinations 

2 g meropenem q8h by 3-h infusion Failed to achieve a ≥1 log 10 reduction 

3.33 mg/kg polymyxin B, then 1.43 mg/kg q12h Failed to achieve a ≥1 log 10 reduction 

8/4 g ampicillin/sulbactam q8h + 2 g meropenem q8h by 3-h 

infusion 

Sustained bactericidal activity 

3.33 mg/kg polymyxin B, then 1.43 mg/kg q12h + 2 g 
meropenem q8h by 3-h infusion 

Reduced counts by ≥2 log 10 at 6 h, stasis ensued for 24 h, but by 48 h 

counts had risen above 10 8 CFU/mL 

8/4 g ampicillin/sulbactam q8h + 3.33 mg/kg polymyxin B, then 

1.43 mg/kg q12h 

Sustained bactericidal activity 

Liu (2016) [62] In vitro PD model 24 h 1 g meropenem by 3-h infusion + 1 mg/L colistin > 3 log 10 bacterial killing, better bacterial killing compared with 

monotherapy 

2 g meropenem by 3-h infusion + 1 mg/L colistin 

Roberts (2009) [123] In silico MCS – 2 g meropenem q8h as bolus % f T > MIC 40% = 41% (MIC = 16 mg/L) 

2 g meropenem q8h by 4-h infusion % f T > MIC 40% = 69% (MIC = 16 mg/L) 

6 g meropenem q24h by continuous infusion % f T > MIC 40% = 100% (MIC = 16 mg/L) 

Nicholson (2009) 

[124] 

In vivo Prospective, cohort – 1 g doripenem q8h by 4-h infusion Overall microbiological cure: 78.6%, 66.6% for MIC ≥ 16 mg/L 

Jaruratanasirikul 

(2013) [125] 

In vivo Prospective, cohort – 1 g meropenem q8h as bolus % f T > MIC 40% = 87.7% (MIC = 4 mg/L) 

1 g meropenem q8h by 3-h infusion % f T > MIC 40% = 98.8% (MIC = 4 mg/L) 

2 g meropenem q8h by 3-h infusion % f T > MIC 40% = 99.9% (MIC = 4 mg/L) 

Jaruratanasirikul 

(2016) [126] 

In silico MCS – 1 g sulbactam q6h by 4-h infusion % f T > MIC 60% = 75.7% (MIC = 16 mg/L) 

2 g sulbactam q8h by 1-h infusion % f T > MIC 60% = 52.9% (MIC = 16 mg/L) 

2 g sulbactam q8h by 4-h infusion % f T > MIC 60% = 81.6% (MIC = 16 mg/L) 

2 g sulbactam q6h by 1-h infusion % f T > MIC 60% = 81.3% (MIC = 16 mg/L) 

2 g sulbactam q6h by 4-h infusion % f T > MIC 60% = 93.5% (MIC = 16 mg/L) 

3 g sulbactam q8h by 1-h infusion % f T > MIC 60% = 78.9% (MIC = 16 mg/L) 

3 g sulbactam q8h by 4-h infusion % f T > MIC 60% = 89.2% (MIC = 16 mg/L) 

3 g sulbactam q6h by 1-h infusion % f T > MIC 60% = 86.9% (MIC = 16 mg/L) 

3 g sulbactam q6h by 4-h infusion % f T > MIC 60% = 98.0% (MIC = 16 mg/L) 

4 g sulbactam q8h by 1-h infusion % f T > MIC 60% = 82.8% (MIC = 16 mg/L) 

4 g sulbactam q8h by 4-h infusion % f T > MIC 60% = 92.6% (MIC = 16 mg/L) 

Xie (2014) [127] In silico MCS – 100 mg tigecycline q12h CFR 54.67% (SSTI) 

CFR 48% to 88% (IAI) 

PD, pharmacodynamic; q12h, every 12 h; HFIM, hollow-fibre infection model; q8h, every 8 h; % T > MPC , percentage of time that the drug concentration exceeded the mutant prevent concentration; MCS, Monte Carlo simulation; 

q6h, every 6 h; PTA, probability of target attainment; % f T > MIC , percentage of time that the free drug concentration remains above the MIC of an offending pathogen during a dosing interval; MIC, minimum inhibitory concentra- 

tion; AUBC, area under the bactericidal curve; f C ss , free steady-state concentration; f C max , maximum unbound drug concentration; q24h, every 24 h; CFR, cumulative fraction response (PTA for a specific drug dose, according to 

MIC distribution of a specific micro-organism) [128] ; SSTI, skin and soft tissue infection; IAI, intra-abdominal infection. 
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Table 4 

Pharmacokinetic/pharmacodynamic (PK/PD) index and the optimal magnitude for antibiotics against multidrug-resistant Acinetobacter bauman- 

nii 

Antibiotic Study model PK/PD index PK/PD index magnitude for 

optimal antimicrobial activity 

Reference 

Sulbactam Neutropenic murine thigh infection model % f T > MIC > 60 a [129] 

Neutropenic murine lung infection model > 40 a 

Colistin Neutropenic murine lung infection model f AUC/MIC 8.18–42.1 b [131] 

Neutropenic murine thigh infection model 6.98–13.6 b 

Neutropenic murine thigh infection model 7.4–17.6 c [101] 

Carbapenem Neutropenic murine thigh infection model % f T > MIC 47.5 c [135] 

Fosfomycin In vivo prospective cohort study % f T > MIC 60–70 [136] 

Tigecycline In silico population PK model (for cSSSI) f AUC/MIC 17.9 [137] 

In silico population PK model (for cSSSI) 6.96 [138] 

% f T > MIC , percentage of time that the free drug concentration remains above the MIC of an offending pathogen during a dosing interval; MIC, 

minimum inhibitory concentration; f AUC/MIC, ratio of the area under the concentration–time curve during a 24-h period to the MIC; PK/PD, 

pharmacokinetic/pharmacodynamics; cSSSI, complicated skin and skin-structure infection. 
a 3-log kill. 
b 1-log kill. 
c 2-log kill. 

Table 5 

Microbiological susceptibility, recommended doses and administration of antibiotics for the treatment of multidrug-resistant Acinetobacter baumannii 

Antibiotic Dose Administration (IV) MIC 90 of agent against 

A. baumannii (mg/L) 

CL Cr (mL/min) References 

Sulbactam 2 g every 6 h 4-h infusion 4 90 [130] 

Tigecycline 200 mg loading dose then 100 

mg q12h 

– 0.25 – [137,138] 

Minocycline 100 mg q12h – – – [140–142] 

Rifampicin 600 mg q12h – ≤4 to ≥512 – [106] 

Meropenem 2 g q8h 3-h infusion 8 Normal renal function [31,123] 

Fosfomycin 8 g q8h 3-h infusion 32 Normal renal function [31] 

Cefiderocol 2 g q8h 3-h infusion ≤4 Normal renal function [118,143] 

Colistin Loading dose: 9 million IU 

loading dose 

1–2 [132] 

Daily dose ∗: in two divided doses 12 h apart according to CL Cr . 
∗Daily dose of CBA (mg) = C ss , avg target (mg/L) × 10 (0.0048 CLCr + 1.825) , to target a plasma colistin C ss , avg of 2 mg/L, 

depending on the patient’s CL Cr 

IV, intravenous; MIC 90 , minimum inhibitory concentration required to inhibit the growth of 90% of the bacteria; CL Cr , creatinine clearance; q12h, every 12 h; q8h, every 8 

h; CBA, colistin base activity; C ss , avg , average steady-state plasma concentration. 

Table 6 

Microbiological susceptibility of multidrug-resistant (MDR) Acinetobacter baumannii to new antibiotics 

Antibiotic Antimicrobial class MIC 90 against MDR 

Acinetobacter spp. (mg/L) 

References 

Ceftazidime/avibactam Cephalosporin/ β-lactamase inhibitor 

combination 

> 32 [150,151] 

Cefepime/zidebactam > 32 [152,153] 

Imipenem/relebactam Carbapenem/ β-lactamase inhibitor 

combination 

> 32 [154,155] 

Meropenem/vaborbactam 

> 32 [156] 

Aztreonam/avibactam Monobactam/ β-lactamase inhibitor 

combination 

≥64 [157–160] 

Cefiderocol Siderophore cephalosporin ≤8 [161–166] 

Plazomicin Aminoglycoside 16 [49,167] 

Apramycin Aminoglycoside 32 [168] 

Eravacycline Fluorocycline 1 [169–171] 

Imipenem/LN-1-255 Carbapenem/penicillin sulfone inhibitor 

combination 

≤8 [172] 

Meropenem/LN-1-255 ≤8 [172] 

Imipenem/WCK 4234 Carbapenem/ β-lactamase inhibitor ≤2 [173] 

Meropenem/WCK 4234 ≤2 

Sulbactam/ETX2514 β-Lactam/ β-lactamase inhibitor 

combination 

4 [174] 

Delafloxacin Fluoroquinolone ≤16 [175,176] 

WFQ-228 Fluoroquinolone 1 [177] 

TP-6076 Fluoroquinolone 0.008 -0.5 [178] 

SPR741/rifampicin Polymyxin-B-derived molecule 0.5 [179,180] 

MIC 90 , minimum inhibitory concentration required to inhibit the growth of 90% of the bacteria. 
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Table 7 

Pharmacokinetic/pharmacodynamic (PK/PD) index and the optimal magnitude for novel agents with in vitro activity against multidrug-resistant Acinetobacter baumannii 

Antibiotic Study model PK/PD index PK/PD index magnitude for 

optimal antimicrobial activity 

Reference 

Cefiderocol Pseudomonas aeruginosa neutropenic 

murine thigh infection model 

% f T > MIC > 62 a [148] 

Plazomicin Carbapenem-resistant Klebsiella 

pneumoniae neutropenic murine lung 

infection model 

f AUC/MIC 39 a , b 

32 a , c 
[181] 

Carbapenem-resistant K. pneumoniae 

neutropenic murine thigh infection 

model 

95 d [144] 

Eravacycline Escherichia coli neutropenic murine 

thigh infection model 

f AUC/MIC 32.60 ± 10.85 d [149] 

Immunocompetent murine thigh 

infection model 

f AUC/MIC 5.6 ± 5.0 d [182] 

Imipenem/LN-1-255 N/A 

Meropenem/LN-1-255 

Sulbactam/ETX2514 A. baumannii neutropenic murine thigh 

infection model 

% f T > MIC (sulbactam) 

% T > C T (ETX2514) 

50 a XX50 a [145] 

Delafloxacin K. pneumoniae neutropenic murine 

lung infection model 

f AUC/MIC 80–200 d [146,147] 

% f T > MIC , percentage of time that the free drug concentration remains above the MIC of an offending pathogen during a dosing interval; MIC, minimum inhibitory concen- 

tration; f AUC/MIC, ratio of the area under the concentration–time curve during a 24-h period to the MIC; % T > C T , time above the critical threshold; N/A, not available. 
a 2-log kill. 
b Plasma f AUC/MIC target. 
c Epithelial lining fluid f AUC/MIC target. 
d 1-log kill. 
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PD assessments of cefiderocol demonstrated that % f T > MIC 

was the PK/PD index that best predicted the bacteriostatic or

bactericidal activity of this agent [187,188] . Subsequently, based

on a P. aeruginosa neutropenic murine thigh model, the PK/PD

targets for stasis, 1-log 10 reduction and 2-log 10 reduction were

found to be 44.4–94.7%, 50.2–97.5% and 62.1–100%, respectively

[148] . In this PD study, the MIC of P. aeruginosa ranged from

0.063–0.5 mg/L. Katsube et al. then looked at target attainment in

patients with varying renal function using Monte Carlo simulation

[143] . The simulation demonstrated that 2 g q8h by either 1-h

and 3-h infusion is likely to achieve 75% f T > MIC against susceptible

Gram-negative bacteria including A. baumannii. For patients with

augmented renal function (CL Cr ≥ 120 mL/min), 2 g q6h by 3-h

infusion is likely to achieve 75% f T > MIC against susceptible organ-

isms. The study also suggested the need for a supplemental dose

immediately after intermittent haemodialysis to achieve a similar

PK/PD target. 

5.2. Plazomicin 

Plazomicin (ACHN-490) is a semisynthetic aminoglycoside de-

rived from sisomicin [189] . Its structural modifications have made

this molecule stable in the presence of most aminoglycoside-

modifying enzymes (AMEs). Plazomicin was shown to be more

potent than sisomicin, amikacin and gentamicin against various

Gram-negative bacilli carrying one or more AMEs, including A. bau-

mannii and other Acinetobacter spp. (MIC 90 , 32 mg/L) [189] . 

The f AUC/MIC ratio was identified as the PK/PD index associ-

ated with 1- to 2-log 10 CFU reduction for plazomicin based on a

carbapenem-resistant K. pneumoniae neutropenic murine lung and

thigh infection model [144,181] . The f AUC/MIC ratio target values

associated with a 2-log 10 reduction are 32–39 for lung infection

[181] . For thigh infection, the f AUC/MIC ratio target value associ-

ated with a 1-log 10 reduction is 95 [144] . 

5.3. Other novel agents 

Eravacycline is a novel fluorocycline antibiotic that can over-

come resistance to tetracycline-specific efflux and ribosomal pro-
ection mechanisms [190] . Its bacteriostatic or bactericidal activity

as found to best correlate with f AUC/MIC [149,191] . The target ra-

ios associated with net stasis and 1-log 10 reduction were 27.97 ±
.29 and 32.60 ± 10.85, respectively, based on an Escherichia coli

eutropenic murine thigh infection model [149] . However, Thabit

t al. found that the f AUC/MIC magnitude associated with 1-log re-

uction is 5.6 ± 5 when tested against MDR Enterobacteriaceae in

n immunocompetent murine thigh infection model [182] . 

Delafloxacin is a novel fluoroquinolone with chemical proper-

ies that allow it to exist largely deprotonated at acidic pH, which

mproves its potency in the lower pH infective environments. As

ith other fluoroquinolones, the PK/PD index associated with bac-

erial killing of delafloxacin is the f AUC/MIC [146,147] . Based on a

. pneumoniae neutropenic murine lung infection model by Thabit

t al. [147] , the PK/PD ratio magnitude required to achieve 1-log

eduction is 9.6, which is significantly lower than the value ob-

erved by Lepak and Andes, which was 80–200 [146] . However,

here was a difference in the susceptibility of the K. pneumo-

iae isolates used in both studies, whereby the infection model

y Lepak and Andes was tested against extended-spectrum β-

actamase (ESBL)-producing K. pneumoniae isolates. 

ETX2514 is a diazabicyclooctanone β-lactamase inhibitor that

as an extended spectrum of activity covering of a wide array of

lass D enzymes as well as improved potency against class A and C

-lactamases [174] . It works by binding to penicillin-binding pro-

eins, which are the same targets as for β-lactams. Durand-Réville

t al. demonstrated that ETX2514 could fully restore β-lactam ac-

ivity against classes A, C and D-expressing strains of A. baumannii

hen combined with piperacillin, meropenem or sulbactam [174] .

he study showed that the most potent combination against A.

aumannii was sulbactam/ETX2514, whereby ETX2514 can reduce

he MIC of sulbactam by up to six-fold. For sulbactam/ETX2514,

he PK/PD index associated with bacterial killing is % f T > MIC (sul-

actam) and % T > C T (time above the critical threshold) (ETX2514),

ith a target value of 50 both for sulbactam and ETX2514 [145] .

ubsequent PK/PD analysis then revealed that 1 g of sulbactam/0.5

 of ETX2514 via a 3-h infusion q6h is likely to achieve the PK/PD

arget when tested against A. baumannii with MICs of ≤4 mg/L

145] . 
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. Conclusion 

Acinetobacter baumannii infections are exceedingly difficult to

reat. The prevalence of MDR strains is increasing and knowledge

f optimal treatment is limited. Colistin has been widely studied

s monotherapy or as part of combination therapy, but its use

s limited due to nephrotoxicity. The clinical benefit of combina-

ion therapy, whether empirical or targeted, has yet to be demon-

trated, although in vitro studies have reported synergistic effects

etween various antibiotics against MDR A. baumannii . Available

linical studies are unfortunately retrospective and lack control

roups, which offers low-grade evidence. A better understanding of

he pharmacokinetics/pharmacodynamics of the ‘old’ antibiotics is

equired to optimise their dosing regimens for maximal bacterial

illing. Novel agents such as cefiderocol, plazomicin, eravacycline

nd sulbactam/ETX2514 combination are promising options for the

reatment of MDR A. baumannii , but these have yet to be evaluated

n RCTs. 
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