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a b s t r a c t 

This review comprehensively assessed the safety and efficacy of colistin alone or in combination in adults 

with Acinetobacter baumannii infection. PubMed, Embase and the Cochrane Library were searched from 

inception to March 2018 for studies evaluating colistin monotherapy compared with other antibiotic ther- 

apy or colistin-based combination therapy for the treatment of A. baumannii infection in adults. Efficacy 

outcomes were clinical response and microbiological cure. Safety outcomes were mortality and nephro- 

toxic adverse events. A total of 4 randomised controlled trials (RCTs) and 14 observational studies were 

identified, including 7 reporting colistin versus other antibiotics and 12 reporting colistin monotherapy 

versus colistin-based combination therapy. Overall clinical response, microbiological response and mor- 

tality did not differ significantly between colistin monotherapy versus other antibiotics. However, the 

incidence of nephrotoxicity was significantly higher in colistin monotherapy (OR = 2.50, 95% CI 1.05–5.98; 

P = 0.04). No significant differences were detected in clinical response and > 28-day mortality between 

colistin monotherapy and combination therapy. However, colistin-based combination therapy showed an 

increased microbiological response (OR = 0.49, 95% CI 0.32–0.74; P = 0.0 0 09) and decreased incidence of 

nephrotoxicity (OR = 1.66, 95% CI 0.99–2.78; P = 0.05). In conclusion, colistin alone is as effective as other 

antibiotics for the treatment of A. baumannii infection but has a higher risk of nephrotoxicity. Colistin- 

based combination therapy demonstrated a microbiological benefit and no higher risk of nephrotoxicity 

compared with monotherapy. High-quality RCTs are still needed to confirm the beneficial role of colistin- 

based combination therapy. 

© 2018 Elsevier B.V. and International Society of Chemotherapy. All rights reserved. 
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. Introduction 

Acinetobacter baumannii is an important opportunistic, nosoco-

ial, Gram-negative bacterium that was listed as one of the six

ost important multidrug-resistant (MDR) pathogens in hospitals

orldwide by the Infectious Diseases Society of America in 2006

1,2] . It is also classified at the highest level of ‘critical’ by the

orld Health Organization (WHO) because it is resistant to a large

umber of antimicrobial agents, including carbapenems [3] . Acine-

obacter baumannii causes a broad range of severe infections, in-

luding ventilator-associated pneumonia (VAP), bloodstream infec-

ion, skin and soft-tissue infection, urinary tract infection, wound

nfection and secondary meningitis [4] . VAP and bloodstream in-

ections are the most important, with the highest mortality rates

t ca. 35% [1] . 
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924-8579/© 2018 Elsevier B.V. and International Society of Chemotherapy. All rights rese
Acinetobacter baumannii has the ability to acquire resistance to

ultiple classes of antimicrobial agents, resulting in extremely dif-

cult to treat infections caused by MDR strains [5,6] . Even for

arbapenems, which have been considered appropriate agents to

reat MDR A. baumannii (MDR-AB) infections, a worldwide surge

f carbapenem resistance has recently been reported [7] . Clini-

ally effective therapeutic options have almost been reduced to

igecycline and colistin [8,9] . Although tigecycline has been used

or only ca. 10 years, a significant percentage of resistance (15%)

as observed in a study of the pooled prevalence of antibiotic re-

istance [10] . Colistin is especially important when tigecycline is

ound to be non-susceptible. The pooled antibiotic resistance study

lso showed that colistin resistance remained lower at 1.3–1.4%

uring 2006–2016, indicating that colistin is still the most active

gent against A. baumannii infections [10] . However, resistance to

olistin is also emerging. A recent study from Europe reported that

5.5% of 65 clinical A. baumannii isolates recovered from respira-

ory tract samples from patients with VAP were resistant to colistin

11] . 
rved. 

https://doi.org/10.1016/j.ijantimicag.2018.10.020
http://www.ScienceDirect.com
http://www.elsevier.com/locate/ijantimicag
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijantimicag.2018.10.020&domain=pdf
mailto:caicai_hh@126.com
https://doi.org/10.1016/j.ijantimicag.2018.10.020


384 J. Wang, H. Niu and R. Wang et al. / International Journal of Antimicrobial Agents 53 (2019) 383–400 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Potentially relevant  articles  
(n=38)

Articles  selected for further 
evaluation after first 

screening by general criteria 
(n=22)

Studies included in final 
analysis (n=18)

16 studies were excluded  due to lack of  
control or pathogens more than  A. 

baumannii or protocol without results 
or include polymycin B in regimen

Excluded due to:
• Study population are neonates (n=2)
• Experimental and control group are all 
colistin based combination therapy(n=2)

Pubmed search (n=1012)
Embase search (n=1194)
Cochrane search (n=330)

Excluded  as irrelevant after  reading 
the title and/or abstract 

Fig. 1. Flow diagram of the study selection process. 
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Chen et al. [12] published a meta-analysis of colistin for

the treatment of A. baumannii infection in adults and neonates

(only one study [13] ), which included studies published before

March 2014 . Considering the great difference between adults and

neonates, mixing them in the same meta-analysis may result in

greater heterogeneity. Meanwhile, several clinical studies on col-

istin monotherapy or combination therapy have been published re-

cently. Thus, in this study a systematic review and meta-analysis

was conducted to comprehensively update the efficacy and safety

of colistin alone or in combination for the treatment A. baumannii

infections with a focus on adult patients. 

2. Methods 

2.1. Protocol and guidelines 

The protocol of this study can be found at PROSPERO with the

registration no. CRD42018093531 [14] . The systematic review was

conducted and presented in accordance with the general principles

recommended in the Preferred Reporting Items for Systematic Re-

views and Meta-Analyses (PRISMA) statement [15] . 

2.2. Data sources and search strategy 

Two authors (JW and HN) systematically searched the biblio-

graphic databases, including PubMed, Embase and the Cochrane

library, starting from their inception to March 2018, with no re-

striction on language, publication date, study design or study

quality. Search terms were combined as follows: (‘colistin’ OR

‘polymyxin E’) AND (‘ Acinetobacter baumannii’ ). Articles with the

relevant terms from each database were identified and were im-

ported into Endnote Library to delete duplicate records. Previously

published systematic reviews were reviewed to identify any addi-

tional studies that may have been missed in the primary literature

search. 

2.3. Inclusion and exclusion criteria 

All controlled studies, including randomised controlled trials

(RCT) and retrospective or prospective cohort studies, were in-

cluded if they investigated the efficacy or safety of colistin for the

treatment of A. baumannii infection in adult patients. Studies were

included if they reported one or more of the following outcomes:

efficacy-related outcomes including clinical response and/or mi-

crobiological response; safety-related outcomes including mortal-

ity and/or nephrotoxicity; and the most common adverse effects

of colistin. Colistin could have been administered alone compared

with another antibiotic regimen or compared with colistin-based

combination therapy. In vitro, animal and pharmacokinetic stud-

ies as well as protocol papers were all excluded. Articles with a

study population aged < 18 years were excluded. Studies includ-

ing polymyxin B as the treatment regimen were excluded. Articles

were also excluded if there were also pathogens other than A. bau-

mannii . 

2.4. Review process and data extraction 

To determine the eligibility of identified trial reports, two au-

thors (JW and HN) independently screened the titles and abstracts.

Full texts were obtained where necessary. Differences of opinion

were resolved by discussion between the authors and adjudicated

by the lead author (YC) if necessary. Data were manually extracted

from the eligible full-text articles. Author, year of publication, re-

gion, study type, resistance pattern of A. baumannii , and total num-

ber and mean age of subjects included in the experimental and

control groups were extracted. 
.5. Statistical analysis 

Data were entered into the Cochrane Review Manager software

evMan v.5.3 (The Cochrane Collaboration, Oxford, UK). Differences

ere expressed as the odds ratio (OR) with 95% confidence inter-

als (CI) for dichotomous outcomes. The significance of the pooled

atios was determined by Z -test, and a P -value of < 0.05 was con-

idered statistically significant. Heterogeneity of trial results was

ssessed by calculating a χ2 test of heterogeneity and the I 2 mea-

ure of inconsistency. A DerSimonian and Laird random-effects

odel was used for all outcomes throughout the meta-analysis.

ublication bias was assessed by examining the funnel plot. 

. Results 

.1. Characteristics of included trials 

As shown in Fig. 1 , the initial search resulted in 1012, 1194 and

30 articles from PubMed, Embase and Cochrane Library, respec-

ively. After excluding duplicates and irrelevant studies by read-

ng the title and/or abstract, 38 potentially relevant articles re-

ained. Sixteen articles were excluded because of a lack of control,

athogens other than A. baumannii , treatment including polymyxin

 or protocol without required outcomes. Two articles were ex-

luded because the study population included neonates [13,16] .

nother two articles were excluded because the experimental

nd control groups were both colistin-based combination ther-

py [17,18] . Finally, 18 studies were included in the meta-analysis

19–36] . 

The main characteristics of the 18 included studies are shown

n Table 1 . Seventeen of the studies were from Asia and Europe,

ncluding Korea [19–21] , Thailand [22] , Taiwan [23] , Israel [24,25] ,

urkey [26–30] , Spain [31,32] , Greece [25,33,34] and Italy [25,35] .

nly one study was from South Africa [36] . For colistin regimen

ersus other antibiotic regimen group, seven studies involving 644

atients were included. Two of them were prospective cohort stud-

es and the other five studies were retrospective cohort studies. For

olistin monotherapy versus colistin-based combination therapy,

2 studies (4 RCTs, 6 retrospective cohort studies and 2 prospec-

ive cohort study) with 1386 patients were included. A retrospec-

ive study by Chuang et al. including 294 MDR-AB pneumonia pa-

ients from Taiwan [23] was included in the colistin versus other
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Table 1 

Characteristics of studies included in the meta-analysis. 

Reference Region Study type Bacteria Type of 

infection 

Treatment group Control group Definition of microbiological 

eradication or cure 

Antibiotic a Age (years) b No. of 

patients 

Antibiotic c Age (years) b No. of 

patients 

Colistin versus other antibiotics 

Garnacho- 

Montero 

et al., 2003 

[31] 

Spain Prospective 

cohort study 

MDR-AB: susceptible 

exclusively to colistin in 

colistin group; besides 

colistin, also susceptible to 

IPM/CIS in IPM/CIS group 

VAP Colistin: 

2.5–5.0 

mg/kg/day 

in 3 

divided 

doses 

56.9 ± 13.1 21 IPM/CIS: 2–3 g/day 64.5 ± 11 14 Tracheal aspirates examined 

to confirm eradication of 

the micro-organism. 

Microbiological eradication 

considered to have occurred 

if the aspirate culture was 

negative for AB 

Betrosian 

et al., 2008 

[33] 

Greece Prospective 

cohort study 

MDR-AB: resistant to all 

antibiotics routinely tested, 

including penicillins, 

aminoglycosides, SAM, 

cephalosporins, aztreonam, 

carbapenems, 

fluoroquinolones and 

tetracyclines, excluding 

colistin 

VAP Colistin: 

3 MU q8h 

67 ± 9 15 SAM 9 g q8h 72 ± 5 13 Bacteriological success 

defined by eradication of AB 

isolates as noted on 

follow-up BAL 

Gounden 

et al., 2009 

[36] 

South 

Africa 

Retrospective 

cohort study 

MDR-AB: isolates in the 

colistin group were 

resistant to all 

antimicrobials tested except 

colistin. All isolates in the 

tobramycin group were 

susceptible to tobramycin 

ICU- 

acquired AB 

infection 

Colistin: 

2 MU q8h 

43.5 ± 15.6 32 Tobramycin: 5–6 mg/kg/day 45.6 ± 18.2 32 Microbiological clearance 

defined as ≥2 consecutive 

negative cultures for AB 

from all sites sampled 

within 10 days of initiation 

of the antimicrobial, with 

no subsequent positive 

cultures 

Chuang 

et al., 2014 

[23] 

Taiwan Retrospective 

cohort study 

MDR-AB: non-susceptible 

to ≥1 agent in ≥3 

antimicrobial categories 

Pneumonia Colistin: 

2.5–5 

mg/kg/day 

CBA in 2–3 

divided 

doses 

63.7 ± 19.5 119 Tigecycline: 100 mg 

loading dose, followed by 

50 mg q12h 

63.8 ± 17.9 175 –

Kwon et al., 

2014 [19] 

Korea Retrospective 

cohort study 

XDR-AB: susceptible only 

to colistin or minocycline 

Pneumonia, 

bacteraemia, 

etc. 

Colistin: 

75–300 

mg/day 

59.0 ± 19.2 39 Tigecycline: 50–100 mg/day 60.1 ± 12.3 16 Negative conversion defined 

by 2 consecutive negative 

culture results after use of 

colistin or tigecycline 

( continued on next page ) 
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Table 1 ( continued ) 

Reference Region Study type Bacteria Type of 

infection 

Treatment group Control group Definition of microbiological 

eradication or cure 

Antibiotic a Age (years) b No. of 

patients 

Antibiotic c Age (years) b No. of 

patients 

Kim et al., 

2016 [20] 

Korea Retrospective 

cohort study 

MDR-AB: non-susceptible 

to ≥1 agent in ≥3 

antimicrobial categories. 

XDR-AB: non-susceptible to 

≥1 agent in all but two or 

fewer antimicrobial 

categories 

HAP or VAP Colistin- 

based: 5 

mg/kg CBA 

loading 

dose, 

followed by 

150 mg 

q12h 

67 (IQR 

57–75) 

40 Tigecycline-based: 100 mg 

loading, followed by 50 mg 

q12h 

72 (IQR 

64–76) 

30 Microbiological success 

defined as eradication of the 

pathogen (e.g. no growth of 

the pathogen in final 

culture of specimens during 

entire hospitalisation) 

Zalts et al., 

2016 [24] 

Israel Retrospective 

cohort study 

CRAB: resistant to 

carbapenems and 

susceptible to SAM and/or 

colistin 

VAP Colistin: 2 

MU of CBA 

in 3 

divided 

doses 

56.7 ± 20.4 66 SAM: 3 g q6h 50.3 ± 19.0 32 Microbiological failure 

defined as continued AB 

growth in respiratory 

sample culture 1 week after 

initiation of appropriate 

antibacterial therapy 

Colistin monotherapy versus colistin-based combination therapy 

Hang et al., 

2009 [21] 

Korea Retrospective 

cohort study 

MDR-AB: resistant to all or 

≥2 of the antipseudomonal 

penicillins, cephalosporins, 

carbapenems, 

monobactams, quinolones 

and aminoglycosides 

VAP Colistin: 2.5 

mg/kg q12h 

62.5 ± 17.5 22 Colistin + CSL or SAM 

Colistin + minocycline 

Colistin + CSL + minocycline 

Colistin + CSL + SXT 

57.0 ± 16.5 19 –

Simsek 

et al., 2012 

[26] 

Turkey Retrospective 

cohort study 

MDR-AB: susceptible to 

polymyxins but resistant to 

agents from 

antipseudomonal 

penicillins, cephalosporins, 

carbapenems, 

monobactams, quinolones 

and aminoglycosides 

VAP, BSI etc. Colistin: 

2.5–5 

mg/kg/day 

CBA 

51.71 ±
18.82 

20 Colistin + rifampicin 

Colistin + carbapenem 

Colistin + tigecycline + 

rifampicin 

Colistin + tigecycline 

Colistin + carbapenem + 

rifampicin 

Colistin + SAM 

51.71 ±
18.82 

31 Negative urine culture for 

UTI, negative CSF culture 

three times subsequent to 

initiation of colistin for 

nosocomial meningitis and 

negative culture of sample 

related to infection 

Durante- 

Mangoni 

et al., 2013 

[35] 

Italy RCT XDR-AB: resistant to 

carbapenems (MIC ≥16 

mg/L) and all other 

antimicrobial drug classes, 

except colistin 

HAP, VAP, 

BSI, cIAI 

Colistin: 2 

MU q8h 

61 ± 15.7 105 Colistin + rifampicin: 600 

mg q12h 

62 ± 15.1 104 Microbiological eradication 

defined as disappearance of 

AB in all follow-up cultures 

from the primary source of 

infection (i.e. blood, BAL or 

bronchial aspirate, drainage 

fluids) during treatment 

( continued on next page ) 
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Table 1 ( continued ) 

Reference Region Study type Bacteria Type of 

infection 

Treatment group Control group Definition of microbiological 

eradication or cure 

Antibiotic a Age (years) b No. of 

patients 

Antibiotic c Age (years) b No. of 

patients 

Aydemir 

et al., 2013 

[27] 

Turkey RCT CRAB VAP Colistin: 

300 mg/day 

CBA in 3 

divided 

doses 

63 ± 17 22 Colistin + rifampicin: 600 

mg/day 

58 ± 23 21 Cultures of bronchial 

secretions and blood taken 

at time of diagnosis and on 

days 3, 5, 7 and 10 after 

diagnosis during the 

follow-up period and at the 

end of the course of 

therapy. Microbiological 

response considered to be 

achieved if subsequent 

cultures were negative for 

AB 

Chuang 

et al., 2014 

[23] 

Taiwan Retrospective 

cohort study 

MDR-AB: non-susceptible 

to ≥1 agent in ≥3 

antimicrobial categories 

Pneumonia Colistin: 

2.5–5 mg 

CBA/kg/day 

in 2–3 

divided 

doses 

63.7 ± 19.5 104 Colistin + carbapenem 63.8 ± 17.9 15 –

Batirel 

et al., 2014 

[28] 

Turkey Retrospective 

cohort study 

XDR-AB: non-susceptible to 

≥1 agent in all but two or 

more antimicrobial 

categories 

BSI Colistin: 5 

mg/kg/day 

CBA in 2–3 

divided 

doses 

58.3 ± 20.5 36 Colistin + carbapenem 

Colistin + sulbactam 

Colistin + others: 

imipenem 500 mg q6h, 

meropenem 1 g q8h, 

doripenem 500 mg q8h, 

sulbactam 1.5 g q6h, 

tigecycline 50 mg q12h 

after 100 mg loading dose, 

amikacin 1 g qd, netilmicin 

2 mg/kg q8h, gentamicin 

160 mg q12h, rifampicin 

600 mg qd, TZP 4.5 g q8h 

59.1 ± 19.6 214 Microbiological eradication 

of AB in any control blood 

cultures 

Lopez- 

Cortes 

et al., 2014 

[32] 

Spain Prospective 

cohort study 

MDR-AB Sepsis Colistin: 2 

MU q8h 

60 (IQR 

49–74) 

46 Colistin + tigecycline 

Colistin + carbapenem 

Colistin + sulbactam 

Colistin + aminoglycoside 

Colistin + rifampicin 

Colistin + tigecycline + 

carbapenem + aminoglycoside 

Colistin + tigecycline + 

aminoglycoside 

61 (IQR 

64–77) 

23 –

Kalin et al., 

2014 [29] 

Turkey Retrospective 

cohort study 

MDR-AB: resistant to > 3 

classes of antibiotics 

(aminoglycosides, 

antipseudomonal 

penicillins, carbapenems, 

cephalosporins, 

β-lactam/ β-lactamase 

inhibitor, quinolones; in 

addition, colistin and 

tigecycline were tested 

occasionally) 

VAP Colistin: 2.5 

mg/kg q12h 

52 (19–96) 52 Colistin + sulbactam: 3 g 

q8h 

63 (20–89) 37 Bacteriological clearance 

defined as eradication of 

MDR-AB, and bacteriological 

failure defined as 

persistence of MDR-AB on 

follow up culture 

( continued on next page ) 
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Table 1 ( continued ) 

Reference Region Study type Bacteria Type of 

infection 

Treatment group Control group Definition of microbiological 

eradication or cure 

Antibiotic a Age (years) b No. of 

patients 

Antibiotic c Age (years) b No. of 

patients 

Sirijatuphat 

et al., 2014 

[22] 

Thailand 

RCT CRAB Pneumonia, 

bacteraemia, 

UTI, etc. 

Colistin: 5 

mg/kg/day 

CBA 

69.2 ± 16.3 47 Colistin + fosfomycin: 4 g 

q12h 

67.4 ± 17.2 47 Microbiological culture of 

specimens taken from 

infection site was made on 

Day 3 after starting study 

treatment and at the end of 

treatment with colistin and 

fosfomycin. Microbiological 

responses classified as 

eradication (no target 

organisms found), 

persistence, or 

undetermined 

Yilmaz 

et al., 2015 

[30] 

Turkey Retrospective 

cohort study 

MDR-AB: non-susceptible 

to ≥1 agent in ≥3 

antimicrobial categories. 

XDR-AB: resistant to 

carbapenems and all other 

antimicrobial drug classes, 

except colistin 

VAP Colistin: 75 

mg q8h or 

150 mg 

q12h 

59.8 ± 21.5 17 Colistin + imipenem 500 

mg q6h 

Colistin + meropenem 1 g 

q8h 

Colistin + sulbactam 

1 g q8h 

59.6 ± 20.5 53 Microbiological response 

defined as no bacterial 

growth from site-specific 

cultures at end of colistin 

therapy 

Paul et al., 

2018 [25] 

Israel, 

Greece, 

Italy 

RCT CRAB Bacteraemia, 

HAP, UTI 

Colistin: 9 

MU loading 

dose, 

followed by 

4.5 MU 

mainte- 

nance dose 

q12h 

66 ± 16 151 Colistin + meropenem: 2 g 

q8h 

66 ± 18 161 Microbiological failure 

defined as repeat isolation 

of bacteria phenotypically 

identical to the index isolate 

on or after Day 7 after 

randomisation 

Makris 

et al., 2018 

[34] 

Greece Prospective 

cohort study 

CRAB: resistant to 

carbapenems but 

susceptible to colistin 

VAP Colistin: 3 

MU q8h 

56.6 ± 14.3 19 Colistin + SAM: 6 g q6h 56.9 ± 18.7 20 Tracheal secretions 

evaluated before extubation 

or at the end of 

antimicrobial therapy if the 

patient was still intubated, 

to assess AB eradication 

(microbiological cure) 

a Doses of colistin in patients with normal renal function are listed. The colistin dose was adjusted for patients with renal impairment. 
b Age is given as mean ± standard deviation or median (IQR). 
c Doses of antibiotics other than colistin are listed. The dose of colistin in the combination group is the same as that for the monotherapy group.MDR-AB, multidrug-resistant Acinetobacter baumannii ; IPM/CIS, 

imipenem/cilastatin; VAP, ventilator-associated pneumonia; AB, A. baumannii ; SAM, ampicillin/sulbactam; q8h, every 8 h; BAL, bronchoalveolar lavage; ICU, intensive care unit; CBA, colistin base activity; q12h, every 12 h; XDR-AB, 

extensively drug-resistant A. baumannii ; HAP, hospital-acquired pneumonia; IQR, interquartile range; CRAB, carbapenem-resistant A. baumannii ; q6h, every 6 h; CSL, cefoperazone/sulbactam; SXT, trimethoprim/sulfamethoxazole; 

BSI, bloodstream infection; UTI, urinary tract infection; CSF, cerebrospinal fluid; RCT, randomised controlled trial; MIC, minimum inhibitory concentration; cIAI, complicated intra-abdominal infection; qd, once daily; TZP, 

piperacillin/tazobactam. 
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ntibiotic group because it contained the mortality outcome be-

ween colistin-based ( n = 119, including 18 combined with other

ntibiotics) and tigecycline-based therapy ( n = 175, including 30

ombined with other antibiotics). This study was also included in

he colistin monotherapy versus colistin-based combination group

ecause it provided results of the mortality difference between col-

stin without carbapenem combination ( n = 104) and colistin plus

arbapenem combination ( n = 15). 

.2. Colistin versus other antibiotic regimens 

.2.1. Efficacy outcomes 

Five studies involving 286 patients (181 patients treated with

olistin and 105 patients treated with other antibiotics) reported

linical cure and/or improvement. There was no significant dif-

erence in clinical response between patients treated with col-

stin and other antibiotics (OR = 0.91, 95% CI 0.55–1.49; P = 0.70;

 

2 = 0%) ( Fig. 2 ). Subgroup analysis was also conducted according

o different antibiotics in the control group. No significant differ-

nce was found in clinical response between colistin and ampi-

illin/sulbactam (SAM), tigecycline or other antibiotics ( Fig. 2 ). 

Six studies involving 280 patients (168 patients treated with

olistin and 112 patients treated with other antibiotics) reported

egative microbiological response or eradication. The overall mi-

robiological response did not differ significantly between the two

roups (OR = 1.13, 95% CI 0.50–2.54; P = 0.77; I 2 = 50%). Statisti-

ally significant heterogeneity was found not only in all studies

 P = 0.08, I 2 = 50%) but also in subgroups of SAM ( P = 0.11; I 2 = 60%)

nd tigecycline ( P = 0.14; I 2 = 54%) ( Fig. 3 ). 

.2.2. Safety outcomes 

Nephrotoxicity was the main adverse effect of colistin treat-

ent. Data regarding nephrotoxicity were reported in six stud-

es including 526 patients (255 patients treated with colistin and

71 patients treated with other antibiotics). The results showed

hat nephrotoxicity was significantly more common in patients

reated with colistin compared with other antibiotics (OR = 2.50,

5% CI 1.05–5.98; P = 0.04; I 2 = 41%). Statistically significant het-

rogeneity was only found in the subgroups that contained

mipenem/cilastatin or tobramycin as control ( P = 0.13; I 2 = 41%)

 Fig. 4 ). 

Hospital mortality or > 28-day mortality was provided in seven

tudies including 644 patients (332 patients treated with colistin

nd 312 patients treated with other antibiotics). There was no sig-

ificant difference in mortality between patients treated with col-

stin compared with other antibiotics (OR = 1.10, 95% CI 0.60–2.02;

 = 0.76; I 2 = 58%). There was statistically significant heterogeneity

n all studies ( P = 0.03; I 2 = 58%). However, when subgroups were

aken into account, no significant heterogeneity was found in three

ubgroups, whilst mortality in the colistin group was significantly

ower than that in the tigecycline group (OR = 0.58, 95% CI 0.39–

.87; P = 0.008; I 2 = 0%) ( Fig. 5 ). 

.3. Colistin monotherapy versus colistin-based combination therapy 

.3.1. Efficacy outcomes 

Nine studies involving 970 patients compared the clinical re-

ponse between colistin monotherapy (373 patients) and colistin-

ased combination therapy (597 patients) for the treatment of

DR-AB infections. There was no obvious difference between col-

stin monotherapy and combination therapy (OR = 0.76, 95% CI

.49–1.16; P = 0.20; I 2 = 39%) ( Fig. 6 ). Subgroup analysis was also

onducted according to different combination antibiotics in the

ontrol group. No significant difference was found in any sub-

roups except for the colistin + SAM combination subgroup. This

ubgroup included only one study which indicated that clinical
uccess was significantly higher in the colistin + SAM combination

roup compared with the colistin monotherapy group (OR = 0.08,

5% CI 0.02–0.38; P = 0.002) ( Fig. 6 ). 

However, compared with colistin combination therapy, colistin

onotherapy had a significantly lower microbiological eradication

OR = 0.49, 95% CI 0.32–0.74; P = 0.0 0 09; I 2 = 26%) ( Fig. 7 ) from

ine studies including 867 patients (327 patients treated with

olistin monotherapy and 540 patients treated with combination

herapy). Subgroup analysis showed that the colistin combination

ith rifampicin (OR = 0.54, 95% CI 0.32–0.89; P = 0.02; I 2 = 0%), car-

apenem or/and sulbactam (OR = 0.41, 95% CI 0.24–0.70; P = 0.001;

 

2 = 0%) and SAM (OR = 0.06, 95% CI 0.01–0.50; P = 0.01) resulted

n a significantly higher microbiological eradication than colistin

onotherapy ( Fig. 7 ). 

.3.2. Safety outcomes 

Only four studies including 443 patients (114 patients treated

ith monotherapy and 329 patients treated with combina-

ion therapy) reported nephrotoxicity results, which showed that

ephrotoxicity was more common in patients treated with colistin

onotherapy compared with colistin-based combination therapy

OR = 1.66, 95% CI 0.99–2.78; P = 0.05; I 2 = 0%) ( Fig. 8 ). 

Twelve studies (1367 patients) reported hospital mortality or

 28-day mortality and no significant difference was found be-

ween colistin monotherapy (628 patients) and colistin-based com-

ination (739 patients) (OR = 1.11, 95% CI 0.82–1.50; P = 0.49;

 

2 = 25%) ( Fig. 9 ). No significant difference was observed in any

ubgroups. Four of these studies (373 patients) also reported in-

ensive care unit (ICU)-, VAP- or infection-related mortality. Col-

stin monotherapy (188 patients) showed a trend of higher mor-

ality compared with combination therapy (187 patients), although

he difference was not significant (OR = 1.58, 95% CI 0.99–2.52;

 = 0.06; I 2 = 0%) ( Fig. 10 ). 

. Discussion 

The current meta-analysis of seven controlled studies (two

rospective and five retrospective cohort studies) provides evi-

ence that colistin is as effective as other antibiotics, including

mipenem/cilastatin, SAM, tobramycin and tigecycline for the treat-

ent of infections caused by MDR-AB. In terms of clinical success

nd microbiological eradication, colistin showed a similar efficacy

o other antibiotics. Although there was no significant difference in

ortality overall, colistin treatment showed lower mortality com-

ared with tigecycline treatment. Colistin treatment also signifi-

antly increased the risk of nephrotoxicity. 

A previous meta-analysis by Chen et al. evaluated the effi-

acy and safety of colistin for the treatment of MDR-AB infec-

ions compared with other antibiotics [12] . It included six con-

rolled studies for analysis, five of which were also described in

he current study [19,23,31,33,36] . The current analysis included

wo more studies published in 2016 with adults as the study pop-

lation [20,24] . Meanwhile, one study was excluded because it in-

olved neonates [13] . The clinical response and mortality results

ere consistent between the previous and current meta-analyses.

hey suggested that colistin may be as safe and efficacious as other

ntibiotics with a higher microbiological response in the colistin

roup. However, our updated data did not support colistin as su-

erior to other antibiotics in microbiological response. Moreover,

he updated data revealed a significant increase in nephrotoxic-

ty in the colistin group, whereas no difference was found in the

revious meta-analysis. Nephrotoxicity is the main adverse drug

eaction of colistin. Although less frequent nephrotoxicity colistin

as been reported with the improved formulation from colistin

ulphate to colistimethate [37] , a more recent prospective study

howed that nephrotoxicity still developed in 39.3% patients in
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I

Fig. 2. Forest plot for clinical success between colistin and other antibiotics. CI, confidence interval. 
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Fig. 3. Forest plot for microbiological eradication between colistin and other antibiotics. CI, confidence interval. 
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Fig. 4. Forest plot for nephrotoxicity between colistin and other antibiotics. CI, confidence interval. 
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Fig. 5. Forest plot for mortality between colistin and other antibiotics. CI, confidence interval. 
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Fig. 6. Forest plot for clinical success between colistin monotherapy and colistin-based combination therapy. CI, confidence interval. 
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Fig. 7. Forest plot for microbiological eradication between colistin monotherapy and colistin-based combination therapy. CI, confidence interval. 
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Fig. 8. Forest plot for nephrotoxicity between colistin monotherapy and colistin-based combination therapy. CI, confidence interval. 
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Fig. 9. Forest plot for > 28-days or hospital mortality between colistin monotherapy and colistin-based combination therapy. CI, confidence interval. 
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Fig. 10. Forest plot for intensive care unit (ICU)-, ventilator-associated pneumonia (VAP)- or infection-related mortality between colistin monotherapy and colistin-based 

combination therapy. CI, confidence interval. 
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he colistin treatment group [38] . Nephrotoxicity is generally con-

idered to be a predictor of mortality [39] . However, the current

eta-analysis only showed increased nephrotoxicity with the col-

stin regimen, whilst the mortality of colistin was not higher than

ther antibiotics. The lack of association between nephrotoxicity

nd mortality might be attributed to the fact that most nephrotox-

city episodes were categorised as risk or injury and not as severe

nough to increase the probability of death [40] . 

Regarding colistin monotherapy versus colistin-based combina-

ion therapy, the current meta-analysis of 12 controlled studies

4 RCTs, 2 prospective and 6 retrospective cohort studies) observed

 trend of higher clinical efficacy with colistin-based combina-

ion therapy without significant difference. Microbiological erad-

cation in the combination group was significantly higher than

ith colistin alone. Meanwhile, > 28-day mortality did not differ.

ith double the included studies (12 vs. 6) and patients (1386

s . 661), the current results are basically consistent with the pre-

ious meta-analysis by Chen et al. [12] , which also demonstrated

imilar clinical efficacy and mortality, whilst microbiological erad-

cation favoured the combination group. It is always controver-

ial whether or not colistin combination therapy is more effec-

ive than colistin monotherapy. Numerous in vitro studies have

hown that colistin combined with another antibiotic exerts syn-

rgism against A. baumannii [41–47] . However, some clinical stud-

es have reported that combination therapy did not provide any

ignificant advantage compared with colistin alone [25] . The cur-

ent result is consistent with a recently published network meta-

nalysis by Kengkla et al. that compared and ranked the efficacy of

ifferent colistin combination regimen in patients with MDR and

xtensively drug-resistant A. baumannii infections [48] . Their net-

ork meta-analysis included relevant studies published before 18

pril 2016. The results indicated that triple therapy with colistin,

ulbactam and tigecycline had the highest clinical cure rate, al-

hough there were no statistically significant differences between

reatment options. Meanwhile, colistin in combination with sul-

actam was associated with a significantly higher microbiological

ure rate compared with colistin in combination with tigecycline

nd colistin monotherapy. Nevertheless, although the microbiolog-

cal eradication results support colistin combination therapy, the

ias brought by the different sample collection techniques, sample

ime and uncertain medical value of the persistence of A. bauman-

ii in cultures should not be neglected. Chen et al. did not provide

ephrotoxicity results between colistin alone and colistin combina-

ion therapy in their meta-analysis [12] . Kengkla et al. found that

olistin in combination with other antibiotics was associated with

n insignificantly lower risk of nephrotoxicity compared with col-

stin monotherapy [48] . In contrast to these previously published

tudies, the current study showed that the incidence of nephro-

oxicity was lower in the combination group. It is a little confus-

ng because the dose of colistin in the combination group is the

ame as the dose in colistin the monotherapy group as indicated in

he included studies. This may be attributed to the fact that only

our studies were included in the nephrotoxicity meta-analysis and

he definitions of nephrotoxicity in these studies were either not

ompletely consistent or were not provided at all. Although the

esults here are not sufficient to conclude that combination ther-

py can reduce nephrotoxicity, they at least indicate that combina-

ion therapy does not increase the risk of colistin nephrotoxicity.

n March 2018, a joint Working Party of the British Society for An-

imicrobial Chemotherapy (BSAC), the Healthcare Infection Society

HIS) and the British Infection Association (BIA) issued guidance on

he treatment of infections caused by MDR Gram-negative bacte-

ia [49] . The guidance conditionally recommended intravenous col-

stin for infections due to MDR but polymyxin-susceptible bacteria,

referably in combination with other agents. The current results

lso support this recommendation. 
There are two limitations that should be taken into considera-

ion when interpreting the results of this meta-analysis. First, only

our RCTs were included in the meta-analysis, whilst the other

4 studies were retrospective or prospective observational stud-

es. Although almost all of these observational studies stated that

here was no significant difference in baseline characteristics be-

ween groups, owing to the inherent nature of observational stud-

es, selection bias and confounding is inevitable. Second, this study

howed only that microbiological eradication of combination ther-

py was significantly higher than monotherapy. However, we can-

ot do further research regarding whether combination therapy

an prevent mutation of the pathogen or bring extra selective pres-

ure on the ICU flora, because most of the studies did not report

olistin resistance development during colistin-based therapy. 

In conclusion, the current meta-analysis found that colistin

onotherapy results in a similar clinical response, microbiologi-

al response and mortality compared with other antibiotics. How-

ver, it did cause more incidences in terms of nephrotoxicity. With

 comparable mortality profile to colistin monotherapy, colistin-

ased combination therapy demonstrated microbiological benefit

nd no greater risk of nephrotoxicity. Therefore, colistin combina-

ion therapy is also one of the options for A. baumannii infections.

owever, as these findings largely relied on data from observa-

ional studies, selection bias seems unavoidable, and high-quality

CTs with the results of colistin resistance development are still

eeded to confirm the beneficial role of colistin combination ther-

py in the treatment of A. baumannii infections. 
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