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Abstract

Objective: The aim of this study was to compare clinical outcomes between patients with

carbapenem-resistant Acinetobacter baumannii (CRAB) bacteremia treated with colistin mono-

therapy and those treated with colistin plus meropenem.

Methods: We retrospectively evaluated data from 71 patients with CRAB bacteremia treated

from November 2006 to February 2018. Predictors of 14-day mortality were determined

through logistic regression analysis.

Results: Our study cohort included 40 bacteremia patients (44.6 %) treated with colistin mono-

therapy and 31 (55.4 %) treated with colistin plus meropenem. Overall 14-day mortality tended

to be higher with monotherapy rather than combination therapy (47.5% vs 25.8%). The latter also

showed a tendency for higher clinical success rate compared with monotherapy (61.3% vs 40.0%).

Logistic regression analysis showed that Pitt bacteremia score, pneumonia, and combination

therapy were significantly associated with mortality. In patients with higher Pitt bacteremia

score (�4), mortality was significantly higher with monotherapy compared with combination

therapy (66.7% vs 27.8%). In patients with lower Pitt bacteremia score (�3), mortality was similar

between the two treatment groups (26.3% vs 23.1%).

Conclusion: Treatment with colistin plus meropenem improves survival in critically-ill patients

with CRAB.
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Introduction

Acinetobacter baumannii is a ubiquitous type
of bacteria that inhabits water and soil.1 The
incidence of A. baumannii bacteremia is
increasing, and is associated with a high
mortality rate.2–5 Broad-spectrum antibiot-
ics such as carbapenems are frequently
used to treat serious infections caused by
A. baumannii.6,7 However, carbapenem-
resistant A. baumannii (CRAB) infection is
increasing in prevalence and is associated
with increased mortality, length of hospital
stay, and health-care costs.5–10

Although colistin is widely used to treat
CRAB infections, its efficacy remains
unclear,11–14 as does its use in combination
therapy with other antibiotics, especially
carbapenems.15 Some in vitro studies have
demonstrated a synergistic relationship
between colistin and carbapenem against
A. baumannii,16,17 and combination therapy
has been reported to be superior to mono-
therapy in some clinical studies.18 Although
one meta-analysis showed that combination
therapy resulted in better outcomes when
high-dose colistin was used,15 combination
therapy has not been shown to be superior
to monotherapy for a specific type of infec-
tion or clinical setting.19 To the best of our
knowledge, no study to date has evaluated
the combination of colistin and meropenem
for treating CRAB bacteremia in Korea.
Although CRAB bacteremia can result in
detrimental clinical outcomes, there is little
evidence of the effectiveness of combination
therapy according to disease severity.

In this study, we compared clinical out-
comes of patients with CRAB bacteremia

treated with colistin monotherapy and

colistin plus meropenem. We also analyzed

the impact of combination therapy on mor-

tality according to the Pitt bacteremia

score, an established tool for assessing dis-

ease severity based on mental status, body

temperature, blood pressure, mechanical

ventilation, and cardiac status20.

Methods

Design, setting, and ethics

We conducted a single-center retrospective

cohort study in patients aged �18 years

with documented cases of CRAB bacter-

emia between November 2006 and

February 2018. Blood culture reports from

a university hospital with approximately

750 beds located in Seoul, Korea were

reviewed. For patients with multiple epi-

sodes of CRAB bacteremia, only the first

episode was included in the analysis to

avoid multiple entries from a single patient.

Cases were sorted into bacteremia treated

with colistin monotherapy and bacteremia

treated with colistin plus meropenem.
The primary infection source of bacter-

emia was defined according to the criteria

of the Centers for Disease Control and

Prevention.21 Co-morbidities were evaluat-

ed according to the Charlson Comorbidity

Index (CCI)22 using clinical data. The Pitt

bacteremia score was evaluated for each

patient in the 24-hour period prior to col-

lection of the first positive blood culture.20

The primary outcome was 14-day all-cause

mortality, which was also evaluated
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according to the Pitt bacteremia score. The

secondary outcome was clinical success

evaluated at 14 days from the onset of

infection and defined as improvement or

resolution of symptoms including and

other signs of infection.23

Steroid/immunosuppressant use was

defined as corticosteroid >20 mg/d, predni-

sone, or the equivalent for >14 days within

4 weeks prior to the onset of bacteremia; or

the use of other immunosuppressive medi-

cations for organ transplant, malignancy,

or autoimmune disorders within the

6 weeks prior to bacteremia. Recent surgery

was defined as surgery performed within

4 weeks prior to the onset of bacteremia.

This study was approved by the institution-

al review board at Kangdong Sacred Heart

Hospital (reference no. 2018-03-012).

Microbiology

Patients provided 20-mL blood specimens

that were divided into 10-mL aliquots in

Bactec-plus aerobic/F and anaerobic/F bot-

tles (BD Diagnostic Systems, Franklin

Lakes, NJ, USA) and immediately sub-

jected to microbiological testing. The speci-

mens were incubated in a Bactec Fx

instrument (BD Diagnostic Systems) and

bacterial organisms isolated from positive

blood cultures were examined using

conventional overnight identification/

sensitivity panels with a MicroScan

WalkAway system (Siemens, West

Sacramento, CA, USA). Tested antibiotic

classes included ampicillin/sulbactam,

aztreonam, cephalosporins (three third-

generation and one fourth-generation),

aminoglycosides (gentamicin and tobramy-

cin), quinolones (ciprofloxacin and levo-

floxacin), carbapenems (imipenem and

meropenem), tetracycline, and trimetho-

prim/sulfamethoxazole. Isolates were con-

sidered carbapenem-resistant if they were

resistant to imipenem or meropenem.

Data collection

Clinical data from patients with CRAB
bacteremia were retrieved from medical
records and included initial baseline charac-
teristics such as age, sex, vital signs, under-
lying diseases, medications, and the primary
focus of infection. Clinical data on antimi-
crobial therapy and mortality were also
collected over the entire clinical course.

Statistical analyses

Continuous variables were compared using
Student’s t-test, and Pearson’s chi-squared
test or Fisher’s exact test were used to com-
pare discrete variables. Kaplan–Meier
curves were prepared for the time to mor-
tality, and statistical intergroup differences
were examined using the log-rank test.

Logistic regression models were used to
identify risk factors for 14-day mortality
with baseline clinical characteristics and
antibiotic therapy used as variables.
Variables with a P-value< 0.20 in the uni-
variate analysis and those considered clini-
cally relevant were eligible for inclusion in
the logistic regression model during multi-
variate analysis. A backward elimination
process was used. All significance testing
was two-tailed, and values of p< 0.05
were considered statistically significant. All
analyses were performed using SPSS for
Windows (version 24.0; IBM Corp.,
Armonk, NY, USA).

Results

Seventy-one cases of CRAB bacteremia
were identified from 286 cases of A. bau-
mannii bacteremia during the study period.
All cases were nosocomial infections (onset
>48 hours after admission), and there were
no duplicate cases.

There were 40 cases (56.3 %) of bacter-
emia treated with colistin monotherapy and
31 cases (43.7%) of bacteremia treated with
colistin plus meropenem. Patients received
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colistin 150 mg every 12 hours with dose

adjusted according to renal function. The

monotherapy group received colistin for

8.88� 4.74 days (mean� standard devia-

tion, SD). The combination therapy group

received additional meropenem 1 g every

8 hours and the dose was also adjusted

according to renal function. The combina-

tion therapy group was treated for 8.22

� 4.26 days (mean�SD). Demographic

and clinical characteristics are shown in

Table 1. There was no significant difference

between the groups in any of the evaluated

variables, including the Pitt bacteremia

score. Steroid and/or immunosuppressant

use was reported in 5 of 40 (12.5 %)

patients in the colistin monotherapy group

and 8 of 31 patients (25.8 %) in the combi-

nation therapy group. Sites of recent sur-

gery were central nervous system (11.3%),

abdomen (8.5%), bone and joint (1.4%),

chest (4.2%), and head and neck (4.2%).

Mortality within 14 days of the onset of

bacteremia occurred in 19 of 40 (47.5%)

Table 1. Demographic and clinical characteristics of patients with carbapenem-resistant Acinetobacter
baumannii (CRAB) bacteremia treated with colistin vs. colistin plus meropenem.

Patient characteristics

Colistin

(n¼ 40)

Colistin plus

meropenem

(n¼ 31) p

Age, years 64.57� 16.24 70.06� 12.01 0.12

Sex, male 22 (55.0%) 20 (64.5%) 0.41

Comorbid condition

Diabetes mellitus 16 (40.0%) 12 (38.7%) 1.00

Cardiovascular disease 8 (20.0%) 9 (29.0%) 0.37

Chronic lung disease 11 (27.5%) 9 (29.0%) 0.88

Renal impairment 12 (30.0%) 10 (32.3%) 0.83

Chronic liver disease 8 (20.0%) 3 (9.7%) 0.32

Cerebrovascular disease 17 (42.5%) 13 (41.9%) 0.96

Malignancy 6 (15.0%) 9 (29.0%) 0.15

Charlson Comorbidity Index 3.20� 1.77 3.32� 1.44 0.75

Pitt bacteremia score 4.05� 2.51 3.93� 2.30 0.84

Steroid/immunosuppressant use 5 (12.5%) 8 (25.8%) 0.15

Recent surgery 11 (27.5%) 10 (32.3%) 0.66

CVC 36 (90.0%) 28 (90.3%) 0.96

Type of infection

Pneumonia 15 (37.5) 16 (51.6) 0.33

CRI 17 (42.5%) 10 (32.3) 0.46

SSTI 4 (10.0) 3 (9.7) 1.00

IAI 2 (5.0) 1 (3.2) 1.00

UTI 0 (0) 1 (3.2) 0.43

PB 1 (2.5) 0 (0) 1.00

CNS infection 1(2.5) 0 (0) 1.00

ABs before colistin administration 15 (37.5) 5 (16.1) 0.06

ABs during colistin and/or

meropenem administration

8 (20.0) 3 (9.7) 0.32

Data are presented as mean� standard deviation, SD for continuous variables and as n (%) of patient s for categorical

variables. CVC, central venous catheter; CRI, central line associated infection; UTI, urinary tract infection; SSTI, skin and

soft tissue infection; IAI, intra-abdominal infection; PB, primary bacteremia; CNS, central nervous system, ABs, antibiotics

other than colistin or meropenem.
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patients in the colistin monotherapy group

and 8 of 31 (25.8 %) patients in the combi-

nation therapy group (Figure 1). The uni-

variate analysis for 14-day mortality is

shown in Table 2.
Logistic regression analysis showed that

the Pitt bacteremia score, pneumonia, and

combination therapy were significantly

associated with overall 14-day mortality,

with adjusted odds ratios (OR) and

95% confidence intervals (CI) of 1.63

(1.16–2.30), 5.27 (1.11–24.87), and 0.15

(0.03–0.65), respectively (Table 3). In the

group with higher Pitt bacteremia score

(�4; n¼ 39), 14-day mortality was signifi-

cantly higher for patients with colistin

monotherapy (66.7%) compared with

those in the colistin plus meropenem

group (27.8%) (p¼ 0.036). In the groups

with lower Pitt bacteremia score (�3;

n¼ 32), 14-day mortality was similar

between the two groups (26.3% vs 23.1%)

(Figure 2). Clinical success at 14 days after
the onset of bacteremia was observed in 16
of 40 (40.0%) patients in the colistin mono-
therapy group and 19 of 31 (61.3%)
patients in the combination therapy
group. Univariate analysis revealed that
the Pitt bacteremia score was the only sig-
nificantly different variable, and was lower
in the clinical success group than in the fail-
ure group (3.31� 2.19 vs 4.66� 2.44,
p¼ 0.017). Multivariate analysis also
showed that the Pitt bacteremia score was
the only predictive factor for clinical success
(OR 1.29, CI 1.00–1.66).

Discussion

This study compared mortality associated
with colistin monotherapy group with that
associated with colistin plus meropenem
combination therapy in patients with
CRAB bacteremia. The notable finding
was that mortality was higher in the colistin
monotherapy group when the Pitt bacter-
emia score was high (�4).

A. baumannii is an important nosocomial
pathogens, particularly in the ICU.4,24,25

CRAB bacteremia is increasing and is asso-
ciated with high mortality.24,26–28 In the
present study, all cases were hospital-
acquired rather than community-acquired
infections. Patients in the monotherapy
group had similar demographic and clinical
characteristics compared with those in the
combination therapy group. Mortality
tended to be higher in the monotherapy
group, but the difference was not statistical-
ly significance (47.5% vs. 25.8%). However,
combination therapy was significantly more
efficacious in patients with a high Pitt bac-
teremia score (66.7% vs. 27.8%, p¼ 0.036).
This result is in accordance with findings
from previous studies that reported favor-
able clinical outcomes in patients that
received combination therapy, particularly
with carbapenem,23,29 and also with a pre-
vious meta-analysis of in vitro synergy

Figure 1. Mortality within 14 days of the onset of
bacteremia in the combination therapy and mono-
therapy groups (25.8% vs 47.5%). Curves are based
on Kaplan–Meier estimates.
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Table 2. Univariate analysis of 14-day mortality in patients with CRAB bacteremia.

Patient characteristics

Survivors

(n¼ 44)

Non-survivors

(n¼ 27) p

Age, years 65.34� 15.70 69.62� 12.77 0.23

Sex, male 22 (50%) 20 (74.1%) 0.05

Diabetes mellitus 20 (45.5%) 8 (29.6%) 0.21

Cardiovascular disease 8 (29.6%) 9 (20.5%) 0.40

Chronic lung disease 9 (20.5%) 11 (40.7%) 0.10

Renal impairment 13 (29.5%) 9 (33.3%) 0.79

Chronic liver disease 6 (13.6%) 5 (18.5%) 0.73

Cerebrovascular disease 24 (54.5%) 6 (22.2%) 0.01

Malignancy 9 (20.5%) 6 (22.2%) 1.00

Pitt bacteremia score 3.25� 2.22 5.22� 2.22 0.001

Steroid/immunosuppressant use 9 (20.5%) 4 (14.8%) 0.75

Recent surgery 15 (34.1%) 6 (22.2%) 0.42

CVC 39 (88.6%) 25 (92.6%) 0.70

Type of infection

Pneumonia 13 (29.5%) 18 (66.7%) 0.003

CRI 19 (43.2%) 8 (29.6%) 0.31

SSTI 6 (13.6%) 1 (3.7%) 0.24

IAI 3 (6.8%) 0 (0) 0.28

UTI 1 (2.3%) 0 (0) 1.00

PB 1 (2.3%) 0 (0) 1.00

CNS infection 1 (2.3%) 0 (0) 1.00

Combination therapy 23 (52.3%) 8 (29.6%) 0.08

Data are presented as mean� standard deviation, SD for continuous variables and as n (%) of

patients for categorical variables. CVC, central venous catheter; CRI, central line associated

infection; UTI, urinary tract infection; SSTI, skin and soft tissue infection; IAI, intra-abdominal

infection; PB, primary bacteremia; CNS, central nervous system.

Table 3. Risk factors for 14-day mortality in patients with CRAB bacteremia in multivariate analysis.

Characteristics

Survivors

(n¼ 44)

Non-survivors

(n¼ 27)

Multivariate analysis

OR (95% CI) p

Sex, male 22 (50%) 20 (74.1%) 3.47 (0.79–15.21) 0.098

Age, years 65.34� 15.70 69.62� 12.77 1.05 (0.99–1.11) 0.095

Lung disease 9 (20.5%) 11 (40.7%) 1.48 (0.33–6.52) 0.604

DM 20 (45.5%) 7 (25.9%) 0.25 (0.05–1.19) 0.082

Cerebrovascular disease 24 (54.5%) 6 (22.2%) 0.37 (0.08–1.76) 0.215

Pitt bacteremia score 3.25� 2.22 5.22� 2.22 1.63 (1.16–2.30) 0.005

Type of infection-pneumonia 13 (29.5%) 18 (66.7%) 5.27 (1.11–24.87) 0.036

Combination therapy 23 (52.3%) 8 (29.6%) 0.15 (0.03–0.65) 0.011

Data are presented as mean�standard deviation, SD for continuous variables and as n (%) of patients for categorical

variables. DM, diabetes mellitus.
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studies.16 However, a recent randomized

controlled trial was unable to show the

effectiveness of combination therapy,

whereby the addition of meropenem to

colistin did not decrease the clinical failure

rate in patients with A. baumannii infec-

tions.19 The results of another meta-

analysis also revealed that combination

therapy did not lower mortality in patients

with multidrug-resistant Gram-negative

infections.15 Our findings showed that the

maximal clinical benefit of combination

therapy was observed in patients with

severe sepsis, which is consistent with data

from a previous study of carbapenemase-

producing Klebsiella pneumoniae in which

combination therapy with carbapenem con-

ferred a survival benefit that was more pro-

nounced when sepsis was more severe or the

underlying disease was more likely to be

fatal.30 From a different perspective, how-

ever, monotherapy may be a better option

than combination therapy with respect to

cost considerations and the development

of resistance in patients with a Pitt

bacteremia score <3. Future randomized
control studies may therefore be needed to
assess the clinical impact of combination
therapy according to the severity of
infection.

The present study also revealed that
mortality may vary depending on the type
of infection. In particular, pneumonia as
the source of bacteremia was associated
with a high mortality rate, consistent with
a previous study.3 Further studies examin-
ing differences in mortality between pneu-
monia- and non-pneumonia-related
bacteremia are therefore warranted.

This study had several limitations. First,
it was a retrospective study that enrolled
patients at a single medical center.
However, the study was strengthened by
the inclusion of a relatively large number
of patients with infections of various type
and severity. Second, mortality was defined
as all-cause mortality and not infection-
related mortality. However, infection was
considered a major contributing factor for
mortality within 14 days of bacteremia.

Conclusion

CRAB bacteremia is associated with signif-
icant mortality, and combination treatment
with colistin plus meropenem can improve
survival in patients with this type of bacter-
emia, particularly those who are critically
ill. Furthermore, high Pitt bacteremia
score, pneumonia, and colistin monother-
apy may be associated with higher 14-day
mortality in this patient population.
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