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ABSTRACT

Background: In the past decade, carbapenem-resistant Acinetobacter baumannii (CRAB) has emerged as a
major pathogen of serious infections in critically ill adult patients. Despite very limited antimicrobial
options, clinicians have sought to reduce the mortality of patients with serious CRAB infections. To deter-
mine whether these long-term efforts effectively lessened the mortality of such patients, we investigated
changes in the early mortality of adult patients with CRAB bacteremia and related clinical factors.
Methods: We reviewed clinical data from 111 adult patients with monomicrobial CRAB bacteremia
admitted to an academic medical center between 2006 and 2016.
Results: The 14-day mortality rate from 2013 to 2016 was lower than that from 2009 to 2012 (43.4% vs.
71.1%, p = 0.01). When the clinical characteristics of adult patients with CRAB bacteremia from 2013 to
2016 were compared to those of the patients from 2009 to 2012, chronic lung disease (6.7% vs. 24.4%,
p = 0.01), a recent history of mechanical ventilation (38.3% vs. 57.8%, p = 0.048), and pneumonia (48.3%
vs. 68.9%, p = 0.04) were less frequent in 2013—2016, while neurological disease (43.3% vs. 22.2%,
p = 0.02), central venous catheter infection (20.0% vs. 6.7%, p = 0.05), and early appropriate antimicrobial
therapy (46.7% vs. 24.4%, p = 0.01) were more frequent.
Conclusion: The 14-day mortality rate of adult patients with CRAB bacteremia was reduced during 2013
—2016. This decrease was associated with early appropriate antimicrobial therapy and a lower proportion
of patients with bacteremic pneumonia, which seemed to result from improved hospital infection control
during that time period.

© 2018 Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.

Published by Elsevier Ltd. All rights reserved.

1. Introduction

resistant nature of many strains isolated in Korea [3,4]. Only poly-
myxin B, polymyxin E (colistin), and tigecycline can be used to

Carbapenem-resistant Acinetobacter baumannii (CRAB) has
recently emerged as a major bacterial pathogen in critically ill pa-
tients at large medical centers in South Korea [1,2]. While it causes
serious infections such as pneumonia and bacteremia, frequently in
patients with impaired immunity, antibacterial options for effective
treatment are very limited due to the multi-drug- or pan-drug-
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effectively treat these strains. However, polymyxin B has rarely
been used in South Korea and the clinical effectiveness of tigecy-
cline has been questioned in clinical studies of patients with serious
infections [5—8]. Thus, colistin has been regarded to be only
available option for critically ill patients with CRAB infection during
the past decade in South Korea. To further reduce mortality in these
patients, clinicians have tried a few different colistin-related regi-
mens, such as high-dose colistin therapy, which was developed
based on new pharmacokinetic data, and combination therapy
with colistin and other antimicrobial drugs, e.g., carbapenems,
rifampin, and tigecyline, based on the results of several studies
[9—13]. We sought to determine whether the mortality rate of adult
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patients with serious CRAB infections has been reduced over the
past decade using these limited antimicrobial strategies. Thus, we
evaluated adult patients with CRAB bacteremia over an 11-year
period at an academic medical center, investigated changes in the
14-day mortality rate, and identified clinical factors that might
affect early mortality.

2. Patients and methods

This study was performed at Chung-Ang University Hospital, an
850-bed tertiary care-affiliated hospital. Using the electronic medi-
cal records database of the study hospital, we identified adult
patients (>18 years of age) whose blood cultures were positive for
monomicrobial CRAB bacteremia between January 2006 and
December 2016. We reviewed medical charts and collected data on
patient demographics, underlying diseases/conditions, infection
site, severity of initial presentation, antimicrobial therapy, and
14-day mortality. Patients who had been treated for cerebrovascular
diseases, Parkinsonism, or neurological sequelae were regarded
to have neurological diseases. Patients who had chronic obstructive
pulmonary disease, interstitial lung disease, or tuberculosis-
destroyed lungs were regarded to have chronic lung disease. Pa-
tients who had an indwelling urinary catheter, central venous
catheter, or mechanical ventilator therapy within 3 days prior to
bacteremia were considered to have a recent history of indwelling
urinary catheter, central venous catheter, or mechanical ventilation,
respectively. Patients who underwent anticancer chemotherapy and
neutropenia within a week prior to bacteremia were considered
to have a recent history of chemotherapy or neutropenia. Patients
taking immunosuppressive agents within a month prior to
bacteremia were regarded to have a history of immunosuppressive
therapy. The site of infection was defined as clinically or microbio-
logically documented. Systemic inflammatory response syndrome
criteria and Pitt bacteremia score were defined as described else-
where [14,15]. Antimicrobial therapy was considered appropriate if
the identified organism was susceptible to at least one of the anti-
microbial agents administered for at least three days within seven
days after the onset of bacteremia. Patients who received colistin as
appropriate antimicrobial therapy was further classified into high-
dose and low-dose colistin groups. If the colistin dose adminis-
tered was within the range of the dose described previously [16],
patients were classified in the low-dose colistin group. If the dose
administered was based on recent pharmacokinetic data [9], pa-
tients were classified in the high-dose colistin group. Identification
and susceptibility testing of clinical isolates were performed using
the Vitek II system (bioMérieux, Hazelwood, MO, USA). Antimicro-
bial susceptibility was determined according to CLSI criteria.

Statistical analysis was performed using SPSS software (version
18.0, SPSS, Chicago, IL, USA). Binary data were compared using a x?
test or Fisher's exact test, and continuous data were compared using
Student's t-test or the Mann-Whitney U test. Logistic regression
analysis was performed to investigate independent risk factors for
14-day mortality. Variables that had a p value < 0.1 on univariate
analysis were included in logistic regression analysis. A backward-
selection process was utilized. A p value < 0.05 was considered
significant. The present study protocol was reviewed and approved
by the Institutional Review Board of Chung-Ang University Hospital.

3. Results

During the study period, 115 adult patients were diagnosed with
CRAB bacteremia in the study hospital. Of these, three patients who
had polymicrobial bacteremia and one whose medical information
was not available were excluded from analysis; 111 were included
in this study.

Table 1 presents the overall characteristics of the study patients.
Nearly two-thirds (73, 65.8%) of study patients were male, and the
mean age was 65.1 years (standard deviation, 15.6). Neurological
disease was the most common underlying disease (32.4%), followed
by diabetes mellitus (30.6%), solid tumor (26.1%), hematological
malignancy (14.4%), and chronic lung disease (14.4%), among
others. The majority of study patients had medical devices such as
an indwelling urinary catheter (74.8%) and central venous catheter
(62.2%). Less than half (45.0%) of the study patients had a history of
mechanical ventilator therapy and less than a third (32.4%) had
recently undergone surgery. The most common site of infection was
the lungs (55.9%), followed by the central venous catheter (13.5%).
Primary bacteremia was found in 13.5% of the study patients. More
than half presented with septic shock (50.5%) and had a Pitt
bacteremia score >4 (59.5%). Early administration of appropriate
antimicrobial therapy was achieved in 35.1% of the study patients.
The 14-day, 30-day, and 90-day mortality was 52.3%, 56.8%, and
62.2%, respectively.

Antimicrobial resistance rates of CRAB blood isolates were as
follows according to antimicrobial agent: 99.1% (110/111), cefepime,
ceftazidime, piperacillin/tazobactam, and ciprofloxacin; 86.1%
(68/79), ampicillin/sulbactam; 85.6% (95/111), amikacin; 71.3% (57/
80), trimethoprim/sulfamethoxazole and 26.0% (19/73), tigecycline.
Resistance to colistin was not observed (0/80).

Patients who died within 14 days of CRAB bacteremia were
compared to those who survived (Table 1). While neurological dis-
ease (41.5% vs. 24.1%, p = 0.05) and trauma (18.9% vs. 6.9%, p = 0.06)
tended to be more common in patients who survived than in those
who died, hematological malignancies were more common in the
latter group (20.7% vs. 7.5%, p = 0.049). A recent history of me-
chanical ventilation (59.6% vs. 32.1%, p = 0.01), chemotherapy (17.2%
vs. 3.8%, p = 0.02), or neutropenia (15.5% vs. 1.9%, p = 0.02) were also
more common in patients who died. An infection site within the
lungs was more common in patients who died within 14 days than in
those who survived (72.4% vs. 37.7%, p < 0.001), whereas central
venous catheter (24.5% vs. 3.4%, p = 0.001) and biliary tract (11.3% vs.
nil, p = 0.01) infection sites were more common in those who sur-
vived. Patients who died within 14 days had a more serious initial
presentation such as septic shock (62.1% vs. 37.7%, p = 0.01) and Pitt
bacteremia score >4 (77.6% vs. 39.6%, p < 0.001) than those who
survived. The former group received early appropriate antimicrobial
therapy less frequently than the latter (20.7% vs. 52.8%, p = 0.001).

Multivariate analysis was performed to identify risk factors for
14-day mortality. A recent history of neutropenia and a Pitt bacter-
emia score >4 were independent risk factors for 14-day mortality
[adjusted odds ratio (aOR) = 17.89, 95% confidence interval
(CI) = 1.49-214.28, p = 0.02; aOR = 6.67, 95% CI = 2.25—-19.79,
p = 0.001, respectively]. The central venous catheter as a site of
infection and early appropriate antimicrobial therapy were inde-
pendent preventive factors for 14-day mortality (aOR = 0.11, 95%
Cl=0.02—-0.63, p = 0.01; aOR = 0.14, 95% CI = 0.05—0.41, p < 0.001,
respectively).

Table 2 presents the list of appropriate antimicrobial agents used
and the 14-day mortality rate according to agent. Combination
therapy with colistin and carbapenem was the most frequently used
active regimen (53.8%), followed by colistin only (33.3%). The 14-day
mortality rate did not vary among patients who received different
regimens (p = 0.63). The mortality of patients who received com-
bination therapy with colistin and carbapenem did not differ from
the mortality of those who received either colistin alone or combi-
nation therapy with colistin and rifampin (38.1% vs. 26.7%, p = 0.47).
The mortality of the high-dose colistin group did not differ from that
of the low-dose colistin group (32.0% vs. 36.4%, p = 1.00).

Fig. 1 presents the change in the number of patients with CRAB
bacteremia and their 14-day mortality rate, accompanied by the
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Table 1

Clinical characteristics of adult patients with carbapenem-resistant Acinetobacter baumannii bacteremia (CRABB) and comparison between CRABB patients who died and

survived within 14 days of bacteremia diagnosis.

Characteristics No. (%) of patients No. (%) of CRABB patients No. (%) of CRABB patients P value
with CRABB who died within 14 days who survived for 14 days
(n=111) (n = 58) (n=53)
Male sex 73 (65.8) 39 (67.2) 34 (64.2) 0.73
Mean age (standard deviation) 65.1 (15.6) 66.6 (13.3) 63.4 (17.8) 0.28
Underlying diseases
Neurological disease 36 (32.4) 14 (24.1) 22 (41.5) 0.05
Diabetes 34 (30.6) 21 (36.2) 13 (24.5) 0.18
Solid tumor 29 (26.1) 17 (29.3) 12 (22.6) 0.42
Hematological malignancy 16 (14.4) 12 (20.7) 4(7.5) 0.049
Chronic lung disease 16 (14.4) 10 (17.2) 6(11.3) 0.38
Trauma 14 (12.6) 4(6.9) 10 (18.9) 0.06
Congestive heart failure 12 (10.8) 7(12.1) 5(9.4) 0.66
Liver cirrhosis 10 (9.0) 8(13.8) 2(3.8) 0.10
Hemodialysis 8(7.2) 4(6.9) 4(7.5) 1.00
Chronic kidney disease 5(4.5) 1(1.7) 4(7.5) 0.19
Underlying conditions
Indwelling urinary catheter® 83 (74.8) 46 (79.3) 37 (69.8) 0.25
Central venous catheter?® 69 (62.2) 40 (69.0) 29 (54.7) 0.12
Mechanical ventilation® 40 (45.0) 33 (59.6) 17 (32.1) 0.01
Surgery” 36 (32.4) 14 (24.1) 22 (41.5) 0.05
Cancer chemotherapy® 12 (10.8) 10(17.2) 2(3.8) 0.02
Neutropenia® 10 (9.0) 9(15.5) 1(1.9) 0.02
Immunosuppressive agents® 6(54) 5(8.6) 1(1.9) 0.21
Site of infection
Lungs 62 (55.9) 42 (72.4) 20 (37.7) <0.001
Central venous catheter 15 (13.5) 2(3.4) 13 (24.5) 0.001
Unknown 15 (13.5) 9 (15.5) 6(11.3) 0.52
Biliary tract 6(5.4) 0 6(11.3) 0.01
Central nervous system 4(3.6) 2(3.4) 2(3.8) 1.00
Abdomen 4(3.6) 2(3.4) 2(3.8) 1.00
Urinary tract 4(3.6) 1(1.7) 3(5.7) 0.35
Skin/soft tissue 1(0.9) 0 1(1.9) 0.48
Initial severity
SIRSY criteria 0.01
No SIRS? 1(1.9) 0 1(1.9)
SIRS¢ 37 (33.3) 11 (19.0) 26 (49.1)
Severe sepsis 17 (15.3) 11 (19.0) 6(11.3)
Septic shock 56 (50.5) 36 (62.1) 20 (37.7)
Presence of septic shock 56 (50.5) 36 (62.1) 20 (37.7) 0.01
Pitt bacteremia score >4 66 (59.5) 45 (77.6) 21 (39.6) <0.001
Early appropriate antimicrobial therapy® 39 (35.1) 12 (20.7) 27 (52.8) 0.001

2 Within 3 days prior to bacteremia.

Within one week prior to bacteremia.
Within one month prior to bacteremia.
Systemic Inflammatory Response Syndrome.

o a n o

change in the number of CRAB isolates found in all specimens over
11 years. The change in the number of CRAB bacteremia patients is
similar to that of all CRAB isolates — an increasing trend between
2006 and 2013, and a decreasing trend from 2014. There were

Table 2

Appropriate antimicrobial therapy given for at least 3 days within a week after bacteremia diagnosis.

several remarkable changes in the policy of hospital infection
control from 2014 — introduction of ventilator-associated pneu-
monia (VAP) bundle care in intensive care units (ICUs), periodic
monitoring/reporting of ICU infection rates including that of VAP,

List of in vitro active antimicrobial agents administered to 39 adult patients with carbapenem-resistant Acinetobacter baumannii bacteremia for at least 3 days within 7 days of

the onset of bacteremia, and 14-day mortality according to antimicrobial agent.

No. of 14-day mortalities/ P value
No. of patients (%)

Appropriate antimicrobial agents No. (%) of patients
(n=39)
All regimens
Colistin/carbapenem 21(53.8)
Colistin 13 (33.3)
Colistin/rifampin 2(5.1)
Tigecycline 2(5.1)
Levofloxacin 1(2.6)
Colistin/carbapenem vs. colistin
Colistin/carbapenem 21/36 (58.3)
Colistin or colistin/rifampin 15/36 (41.7)
High-dose vs. lo- dose colistin
High-dose colistin 25/36 (69.4)

Low-dose colistin 11/36 (30.6)

0.63
8/21 (38.1)
3/13 (23.1)
1/2 (50.0)
0/2
0/1
0.47
8/21(38.1)
4/15 (26.7)
1.00
8/25 (32.0)
4/11 (36.4)
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Fig. 1. Change in the number of patients with carbapenem-resistant Acinetobacter
baumannii (CRAB) bacteremia (gray bar in the upper graph) and the 14-day mortality
rate among those patients (black circle in the upper graph) over an 11-year period at a
tertiary care center in Seoul, South Korea. The 14-day mortality rate of each period
(periods 2006—2008, 2009—2012, and 2013—2016; upper graph). The change in the
number of CRAB-positive specimens (lower graph). Several interventions related to
hospital infection control from 2014 onward are shown in the gray boxes in the lower
graph.

and employment of attending intensivists (gray boxes in Fig. 1).
Regarding the 14-day mortality rate, early mortality was not
observed between 2006 and 2008. This rate increased sharply from
2009 and continued to peak between 60% and 80% until 2012. From
2013 onward, there was a decreasing trend. The 14-day mortality
rate from 2013 to 2016 was lower than that from 2009 to 2012
(43.3% vs. 71.1%, p = 0.01).

We compared the clinical characteristics of CRAB bacteremia
patients admitted from 2009 to 2012 to those of patients admitted
from 2013 to 2016 in Table 3. While chronic lung disease (24.4% vs.
6.7%, p = 0.01) and a recent history of mechanical ventilation (57.8%
vs. 38.3%, p = 0.048) were more common in the earlier period,
neurological disease was more common in the later period (43.3%
vs. 22.2%, p = 0.02). The lungs as a site of infection were more
common in the earlier period (68.9% vs. 48.3%, p = 0.04), while a
central venous catheter infection site was more common in the
later period (20.0% vs. 6.7%, p = 0.05). Patients in the later period
received early appropriate antimicrobial therapy more frequently
than those of the earlier period (46.7% vs. 24.4%, p = 0.01). Among
patients who received colistin as an appropriate antimicrobial
therapy, high-dose colistin was used more frequently in the later

period than in the earlier period (81.5% vs. 33.3%, p = 0.01), and
combination therapy with colistin and carbapenem was also used
more frequently in the later period, although this difference was
not statistically significant (63.0% vs. 44.4%, p = 0.44).

4. Discussion

More than a half (52.3%) of adult patients with CRAB bacteremia
died within 14 days of bacteremia during the 11-year period. The
14-day mortality rate was highest during the period from 2009 to
2012. However, after the period, a decreasing trend in early mor-
tality was noted. We suggest that two important factors were
responsible for this reduction in early mortality during 2013—2016.

First, there were some changes in the underlying diseases of the
study patients and the type of infection they experienced. From
2009 to 2012, patients vulnerable to pneumonia, such as those
having chronic lung disease or those already receiving mechanical
ventilation, were more commonly infected with CRAB than
observed from 2013 to 2016. In the later period, such patients were
less frequent and the number of central line infections was more
common. Bacteremic pneumonia is one of the most fatal types of
bacterial infection [17], whereas central line infection can be
controlled relatively easily with early removal of infected devices
[18]. In this study, central line infection was independently asso-
ciated with 14-day survival. Thus, early mortality was lower from
2013 to 2016 mainly due to the reduced proportion of patients with
bacteremic pneumonia. Although the reason why such changes in
the type of infection remain unclear, we suggest some changes in
hospital infection control during this period as one of the most
plausible explanations for that. The reduction in early mortality
seemed to coincide with a decrease in the number of CRAB isolates
in all specimens from 2014 onward, as shown in Fig. 1. This was
likely caused by the above mentioned several changes of hospital
infection control programs beginning around that time in the study
hospital. CRAB is most fatal through the development of
pneumonia, which principally occurs in ICU patients. Thus, hospital
infection control, especially focusing on VAP, may reduce early
mortality rates among adult patients with CRAB bacteremia by
decreasing the proportion of those with bacteremic pneumonia.
With the limited antimicrobial options available to treat rapidly
emerging extremely resistant bacteria, hospital infection control
may play a crucial role in reducing mortality from those.

Second, patients treated from 2013 to 2016 received early
appropriate antimicrobial therapy more frequently than those
treated from 2009 to 2012. Early appropriate antimicrobial therapy
was an independent protective factor against 14-day mortality in
our analysis. Thus, it is suggested that higher use of early appro-
priate antimicrobial therapy in the later period may be the other
factor responsible for the reduction of early mortality. It is sup-
ported by the fact that the 14-day mortality rate was reduced from
87.1% (2009—2012) to 51.7% (2013—2016) also in a subgroup of
patients with bacteremic pneumonia (p = 0.003), regardless of the
reduced proportion of the subgroup (the first factor described
above). The higher use of early appropriate antimicrobial therapy in
the later period may have been associated with increasing physi-
cian knowledge of CRAB and its treatment during this period. The
number of physicians who were reluctant to use colistin immedi-
ately because of its potential damage to renal function might have
decreased through previous experience with fatal CRAB infections
and familiarity with the literature supporting aggressive use of this
drug. This may also be responsible for the increasing use of high-
dose colistin based on new pharmacokinetic data and of combi-
nation therapy in the later period. However, we did not find any
survival benefits related to these two treatment approaches in our
study, although their clinical effectiveness and survival benefit
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Table 3
Clinical characteristics of patients with carbapenem-resistant Acinetobacter baumannii bacteremia (CRABB) treated from 2009 to 2012 and from 2013 to 2016.
Characteristics No. (%) of CRABB patients from 2009 to 2012 No. (%) of CRABB patients from 2013 to 2016 P value
(n = 45) (n = 60)
Male sex 28 (62.2) 40 (66.7) 0.64
Mean age (SD) 66.1 (15.8) 65.4 (15.2) 0.83
Underlying diseases/conditions
Neurological disease 10 (22.2) 26 (43.3) 0.02
Diabetes 18 (40.0) 16 (26.7) 0.15
Solid tumor 14 (31.1) 14 (23.3) 0.37
Hematological malignancy 8(17.8) 8(13.3) 0.53
Chronic lung disease 11 (244) 4(6.7) 0.01
Hemodialysis 4(8.9) 4 (6.7) 0.72
Mechanical ventilation® 26 (57.8) 28 (38.3) 0.048
Site of infection
Lungs 31(68.9) 29 (48.3) 0.04
Central venous catheter 3(6.7) 12 (20.0) 0.05
Unknown 6(13.3) 9 (15.0) 0.81
Biliary tract 1(2.2) 3(5.0) 0.63
Central nervous system 1(2.2) 3(5.0) 0.63
Abdomen 0 2(3.3) 0.51
Urinary tract 3(6.7) 1(1.7) 0.31
Skin/soft tissue 0 1(1.7) 1.00
Initial severity
Pitt bacteremia score >4 32(71.1) 34 (56.7) 0.13
Presence of septic shock 24 (53.3) 32(53.3) 1.00
Early appropriate antimicrobial therapy” 11 (244) 28 (46.7) 0.01
Therapy with colistin 9/11 (81.8) 27/28 (96.4) 0.19
High-dose colistin 3/9(33.3) 22/27 (81.5) 0.01
Colistin with carbapenems 4/9 (44.4) 17/27 (63.0) 0.44
14-day mortality 32 (71.1) 26 (43.3) 0.01

2 Within 3 days prior to bacteremia.

b Appropriate antimicrobial therapy administered for at least 3 days within a week after bacteremia onset.

have been suggested in other studies [9—13]. Recent studies have
proposed that clinical data are not yet sufficient for clinicians
to reach a clear consensus on clinical effectiveness [19—21]. From
our study results, early administration of appropriate antimicrobial
therapy should be the top priority for clinicians who manage adult
patients suspected of having serious CRAB infections. Conse-
quently, novel laboratory methods for the early detection of CRAB
may be very useful.

This study has a few important limitations. First, clinical data
were retrospectively collected. Unrecognized clinical factors may
have resulted in biases in the study analysis. Second, because of the
limited number of the study patients, this study may not draw any
conclusion on the clinical effectiveness of high-dose colistin or
combination therapy with colistin and carbapenem, compared to
that of colistin.

In conclusion, we observed a reduction in the 14-day mortality
rate of adult patients with CRAB bacteremia treated from 2013 to
2016 at an academic medical center. This decrease was associated
with early administration of appropriate antimicrobial therapy and
a decreased proportion of patients with bacteremic pneumonia,
which may have resulted from the institution of stricter hospital
infection control strategies.
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