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Background: Carbapenem-resistant Acinetobacter baumannii (CRAB) tops the list of threats to human health.
Studies exploring predictors of mortality in patients with CRAB infection produced conflicting results.
Methods: A systematic search of the PubMed, Embase, and the Cochrane Library databases was performed
from inception to June 2018 to identify studies reporting mortality predictors in patients infected with CRAB.
Two authors independently assessed trials for inclusion and data extraction.
Results: A total of 19 observational studies were enrolled in this study. Factors associated with mortality of
patients infected with CRAB were inappropriate empirical antimicrobial treatment (odds ratio [OR], 5.04;
95% confidence interval [CI], 2.56-9.94), septic shock (OR, 5.65; 95% CI, 2.35-13.57), chronic liver disease (OR,
2.36; 95% (I, 1.33-4.16), chronic renal disease (OR, 2.02; 95% CI, 1.37-2.99), hypertension (OR, 1.74; 95% CI,
1.08-2.80), neutropenia (OR, 3.31; 95% CI, 1.25-8.77), immunosuppressant use (OR, 3.15; 95% CI, 1.94-5.11),
total parenteral nutrition (OR, 1.66; 95% CI, 1.08-2.56), and intubation (OR, 5.03; 95% CI, 2.33-10.87). Acute
Physiology and Chronic Health Evaluation II score at admission and Pitt bacteremia score at the onset of
CRAB bacteremia were higher in nonsurvivors.
Conclusions: Our study suggests that severity of baseline condition and receiving inappropriate experience
antibiotic therapy are major risk factors for higher mortality in patients with CRAB infections. These findings
may help clinicians to take appropriate preventive measures and decrease mortality in such patients.
© 2019 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc.
This is an open access article under the CC BY-NC-ND license.
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Acinetobacter baumannii is an important opportunistic pathogen
that causes nosocomial infections, predominantly bloodstream and
respiratory infections, including ventilator-associated pneumonia,
especially among critically ill patients.!?> Carbapenems are commonly
used for the treatment of serious infections caused by A baumannii.
However, in recent decades, carbapenem-resistant A baumannii
(CRAB) has emerged and permanently replaced the carbapenem-
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susceptible clones. Resistance is mainly due to overexpression of
intrinsic and/or acquired B-lactamases, particularly carbapenem-
hydrolyzing g-lactamases (carbapenemases).>* Resistance could also
result from overexpression of the efflux pump, which expels antibiot-
ics, and from alterations in outer membrane porins, which block the
entry of antibiotics.” In addition to the ability of acquiring multiple
antibiotic resistances, A baumannii has a number of potential viru-
lence factors, such as siderophore-mediated iron-acquisition systems
and biofilm formation, which could possibly affect clinical out-
comes.>® The high rate of carbapenem resistance across the world
has attracted widespread attention.”” CRAB infection has become a
serious clinical challenge owing to its very limited therapeutic
options.?

A previous systematic review and meta-analysis including 16
observational studies reported that patients infected with CRAB have
double the mortality rate compared with those with carbapenem-
susceptible A baumannii.'® Identification of risk factors for death
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caused by CRAB infection is crucial for early implementation of an
appropriate therapy and improving patients’ outcome. Many studies
have attempted to identify all risk factors, which include the follow-
ing: inappropriate antimicrobial therapy, intensive care unit stay,
mechanical ventilation, accompanied by malignancy, Pitt bacteremia
score, and Acute Physiology and Chronic Health Evaluation (APACHE)
Il score at onset of infection. However, studies investigating predic-
tors of mortality in patients infected with CRAB produced inconsis-
tent results. For instance, whereas most relevant studies report a
positive correlation between mechanical ventilation and fatality,'"!?
others draw an opposite conclusion.!® The impact of some underlying
diseases (such as chronic renal disease) on the mortality caused by
CRAB infection is also a matter of debate.!*!*

Therefore, we conducted a systematic review and meta-analysis to
evaluate the relation between possible risk factors and mortality in
patients with CRAB infection. This study followed the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses guidelines.'”

METHODS
Search strategy

To identify potentially relevant studies, 2 independent examiners
(X.D. and X.X.) searched PubMed, Embase, and the Cochrane Library
databases from inception to June 2018. The main search terms (Sup-
plementary Table S1) were (‘Acinetobacter baumannii” OR ‘A baumannii
infection’ OR ‘Acinetobacter’) AND ‘resistance’ AND (‘carbapenem’ OR
‘imipenem’ OR ‘meropenem’ OR ‘ertapenem’ OR ‘doripenem’) AND
(‘mortality’ OR ‘fatality’ OR ‘lethality’ OR ‘prognosis’ OR ‘predictor’ OR
‘survival’). In addition, the references identified by this strategy were
searched to select relevant articles. Grey literature or unpublished data
were not searched for. The language was restricted to English.

Two authors (X.D. and X.X.) independently screened and reviewed
each study for eligibility. Where relevant, we attempted to contact
study authors for clarification if necessary.

Inclusion and exclusion criteria

Studies reporting risk factors of mortality in patients infected with
CRAB were included in this meta-analysis. Carbapenem resistance
was defined as resistance to carbapenems, such as imipenem, mero-
penem, ertapenem, or doripenem, irrespective of susceptibility to
other antibiotics.'”> Appropriate empirical antibiotic therapy was
defined as 1 or more agents active against A baumannii, administered
with an adequate dosage and route, no later than 24 h after the cul-
ture was obtained.'®!”

In contrast, articles that did not provide original data (eg, reviews,
systematic reviews, meta-analyses, guidelines, editorials, letters,
comments, and decision analysis studies), case reports, duplicate
reports, animal research, in vitro studies, and research that focused
on children were excluded. Research that did not differentiate
between CRAB infection and colonization, or define whether the
strains were carbapenem-resistant, were also excluded.

Assessment of study quality

Articles meeting the above criteria were assessed according to the
Newcastle-Ottawa Scale score,'® ranging from 0-9 for quality assur-
ance. Studies with a Newecastle-Ottawa Scale score of >5 were
included in this analysis.

Data extraction

Two investigators (X.D. and X.X.) independently extracted the rele-
vant data from eligible articles. The following information was collected

from each study: first author, year of publication, country, study period,
study design, sample size, characteristics of the study population (eg,
mean age, seX, type of infection, and mean severity of underlying dis-
ease), intensive care unit (ICU) admission, and length of hospital stay.
To clarify the association between prognosis factors and mortality, the
numbers of nonsurvivors for patients, with or without each factor,
were collected. Prognosis factors previously considered to increase
mortality in patients with CRAB were evaluated,'>'%%° and only those
examined in at least 2 eligible studies were presented. If mortalities
from both infection and colonization were reported, only the informa-
tion regarding infections was extracted.

To provide more specific guidance to clinicians, we also analyzed
the prognostic risk factors of CRAB-related bacteremia and pneumo-
nia, respectively. Relevant data, including only bacteremia or pneu-
monia, were separately extracted for further analysis.

Data analysis and statistical methods

Statistical analyses were performed using Stata (version 15.1 soft-
ware; StataCorp LLC, College Station, TX). For controlled studies, the
heterogeneity between studies was assessed using the I? test. Hetero-
geneity was considered as I> > 50%. Binary outcome results of con-
trolled studies were expressed as pooled odds ratios (OR) and 95%
confidence intervals (CI), and continuous outcome results were
expressed as weighted mean difference (WMD) and 95% Cl. Either
the Mantel-Haenszel fixed-effect method model or Mantel-Haenszel
random-effects heterogeneity method model was used according to
the heterogeneity result. For studies providing median and range (or
interquartile range) only for continuous outcomes, the mean value
and variance were estimated using the median and range.?*? To
assess the possibility of publication bias, the funnel plot for asymme-
try and the Egger test were performed. P < .05 was considered to be
statistically significant.

RESULTS
Flow of included studies

A total of 1,597 publications were identified and screened, 1,499
of which were excluded after we reviewed the abstract and/or the
title. The remaining 98 full-text articles were assessed for eligibility.
Nineteen studies'!"'1920-23-36 \yere included in the systematic
review based on the inclusion and exclusion criteria. The detailed
process of search and selection is shown in Fig 1.

Study characteristics

The basic characteristics of these 19 studies are summarized in
Table 1. These studies were published between 2005 and 2018,
including 4 case-control, 2 prospective, and 13 retrospective studies.
Studies were carried out in Asia (5 in South Korea, 4 in Taiwan, and 1
in Israel), Europe (3 in Spain, 1 in Greece, and 1 in Turkey), North
America (2 in the United States), and South America (2 in Brazil).

The sample size ranged from 22-238. A total of 1,706 patients
infected with CRAB were enrolled, including 899 (52.7%) reported
deaths. Ten eligible studies were performed only on patients with
bacteremia (923 patients in total), 3 studies only on patients with
pneumonia (443 patients in total, including 1 study on patients with
ventilator-associated pneumonia), 1 study only on patients with
meningitis, and 5 studies on patients with all sources of infections.

Predictors of mortality in patients with CRAB

Prognosis factors previously considered to increase mortality in
patients with CRAB were evaluated, and only those examined in at least
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¢ Children (n =7)
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* Non-English (n = 3)

* Duplicates (n = 3)

Fig 1. Flow diagram of included studies.

2 eligible studies were presented. Table 2 shows the comorbidities of
patients at admission, such as chronic liver disease (OR, 2.36; 95%
Cl, 1.33-4.16), chronic renal disease (OR, 2.02; 95% CI, 1.37-2.99),
hypertension (OR, 1.74; 95% CI, 1.08-2.80), septic shock (OR, 5.65;
95% CI, 2.35-13.57), and neutropenia (OR, 3.31; 95% CI, 1.25-8.77),
were found to be associated with higher mortality. However,
inappropriate empirical antimicrobial treatment (OR, 5.04; 95% CI,
2.56-9.94), steroid therapy (OR, 5.69; 95% CI, 1.82-17.75), immune-
suppressant usage (OR, 3.15; 95% CI, 1.94-5.11), total parenteral
nutrition (OR, 1.66; 95% CI, 1.08-2.56), and urinary catheter usage
(OR, 2.91; 95% (I, 1.29-6.60) were also risk factors of higher mortal-
ity (Table 2, Supplementary Fig S1). To our surprise, ICU admission
(OR, 1.69; 95% CI, 0.61-4.7) and mechanical ventilation (OR, 1.59;
95% (I, 0.86-2.95) were not risk factors of mortality.

Continuous variables as predictors of mortality in patients with CRAB

As shown in Table 3, the disease severity (14 studies; 10 studies
assessed by APACHE II score, 2 studies by sepsis-related organ failure
score, 1 study by Charlson’s weighted index of comorbidity, and 1
study by Winston score) was observed to be associated with
increased mortality in patients with CRAB. Quantitative analysis with
fixed or random effects model indicated that elder age, higher
APACHE II score, and higher Pitt bacteremia score at the onset day of
Acinetobacter bacteremia were associated with higher mortality (Sup-
plementary Fig S2).

Predictors of mortality among patients with CRAB bacteremia
Among the eligible articles, 10 studies'*20-24-26:28:3132.34.35 jpclyd-
ing 923 patients were performed on bacteremia, the pooled mortality
of which was 56.3%. We assessed the risk factors previously consid-
ered to induce mortality among patients with CRAB bacteremia.
Supplementary Table S2 shows patients with baseline diseases at
admission, such as chronic liver disease (OR, 2.75; 95% CI, 1.35-5.6) or

chronic renal failure (OR, 5.28; 95% CI, 2.36-11.84), were found to be
significantly associated with higher mortality. However, patients suf-
fering from septic shock (OR, 4.36; 95% CI, 2.76-6.88), neutropenia
(OR, 3.31; 95% CI, 1.25-8.77), steroid therapy (OR, 7.81; 95% (I, 2.13-
28.67), immune-suppressant use (OR, 3.84; 95% CI, 2.09-7.06), as well
as inappropriate empirical antimicrobial treatment (OR, 10.1; 95% CI,
4.06-25.14) were found to be associated with statistically significant
risk factors of fatality.

We evaluated the association between several continuous varia-
bles present at hospital admission or at the day of bacteremia diagno-
sis and mortality (Supplementary Table S3). In this analysis, a random
model resulted that the crude pooled Pitt bacteremia score at the day
of bacteremia diagnosis was higher in the nonsurvival group than in
the survival group (WMD, 1.46; 95% CI, 0.09-2.82).

Predictors of mortality among patients with CRAB pneumonia

In Supplementary Table S4, we summarized the reported risk fac-
tors of mortality of CRAB pneumonia included in 3 articles. We found
that patients with chronic renal disease (OR, 4.82; 95% (I, 1.45-16.06)
or septic shock (OR, 2.12; 95% CI, 1.41-3.19) at admission as well as
inappropriate empirical antimicrobial treatment (OR, 1.86; 95% (I,
1.08-3.20) were related with higher mortality.

DISCUSSION

CRAB bacteremia tops the World Health Organization’s threat
list to human health and has emerged in recent decades as major
causes of nosocomial infections.®*”>® Studies exploring predictors
of mortality in patients infected with CRAB produced inconsistent
results. Therefore, a comprehensive summary of the existing evi-
dence is essential for health care providers and clinicians to make
appropriate treatment decisions and to take appropriate preven-
tive measures.



Table 1

General characteristics of the eligible studies

Resistance Mortality day Nonsurvivors/ Infection type
CRAB patients (%)

Definition of

Design

Study period

Country

Year

Study

resistance

Any infection

BSI
BSI
BSI

13/30(43.3)

Carbapenem
Imipenem

XDR

NCCLS, 2003
CLSI 2005
CLSI 2000

NA

Case-contro [ SC
R, matched | MC
R, cohort/ SC

October 2001 to August 2002
January 2000 to June 2005

Spain

2005
2007
2007
2010

Tomas et al**

23/40 (57.5)

30d

Korea

Kwon et al**

27/56 (48.2)

30d

January 2001 to September 2004

January 2005 to April 2006

Taiwan

Tseng et al*®

35/86 (40.7)

Over-all

Carbapenem
Carbapenem
Carbapenem
Carbapenem
Carbapenem
Carbapenem

XDR

R, cohort/ MC
R, cohort/ SC
R, cohort/ SC
R, cohort/ SC

P/sC

United States

Brazil

Munoz Price et al*®
Prates et al®’

Any infection

31/66 (47.0)
BSI

d
d

30

CLSI 2006
CLSI 2006
CLSI 2006

NA

March 2006 to December 2008

2011

15/28 (53.6)

30

January 2005 to December 2010

Korea

2011

Song et al*®

Any infection
Any infection

BSI

68/110 (61.8)
38/77 (49.4)

NA

January 2005 to December 2006
January 2007 to June 2008

Turkey
Spain

2012

Aydemir et al'®

In-hospital

2012

Hernandez-Torres et al*°

Kim et al?°

79/99 (79.8)

CLSI 2008

NA

Case-control/ SC

R/SC

January 2008 to December 2009

Korea

2012

Any infection

PNSM
BSI
BSI

22/41(53.7)

28d

November 2006to December 2011

January 2005 to May 2011
July 2008 to July 2011

United States

Korea

2012

Shields et al'"

13/22(59.1)

Overall
4d

NA
30

Imipenem

CLSI 2012
CLSI2011
CLSI 2013
CLSI 2007

NA

R, cohort/ MC

2013

Moon et al*°

83/172 (48.3)
26/39 (66.7)

Carbapenem
Imipenem

Case-control/ SC

R, cohort/ SC
P, cohort/ SC

R/SC

Israel

2014

Nutman et al*’
Lee et al*?
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January 2010 to December 2010

February 2010 to June 2011
July 2009 to July 2013

Taiwan
Spain

2015

VAP
BSI
BSI
BSI

14/57 (24.6)

d
30d

Carbapenem

XDR

2016

Alvarez-Mar: et al**

Freire et al**
Liu et al*®

77/92 (83.7)

Brazil

2016

106/182(58.2)
51/129 (39.5)

Imipenem 30d

CLSI 2011
NA

R/SC

January 2009 to December 2012

Taiwan
Greece

2016

d
InICU

30

Carbapenem
Carbapenem
Carbapenem

Case-control/ SC

R/MC

January 2010 to December 2015

2010 to 2015

2017

Papadimitrious-Olivgeris et al'*

Liang et al*®

Pneumonia
Pneumonia

84/238 (35.3)

NA

Taiwan
Korea

2018

103/146 (70.5)

CLSI 2011

BSI, bloodstream infection; CLSI, Clinical and Laboratory Standards Institute; CRAB, carbapenem-resistant Acinetobacter baumannii; MC, multicenter; NA, not available/not applicable; NOS, Newcastle-Ottawa Scale; P, prospective; PNSM,

R, cohort | MC
post-neurosurgical meningitis; R, retrospective; SC, single center; VAP, ventilator-associated pneumonia; XDR, extensively drug resistance.

January 2012 to March 2015

2018

Park et al'?

In the present study, inappropriate empirical therapy increased
5-fold of the pooled mortality of 1,169 patients (12 studies) with
CRAB infection (OR, 5.04; 95% CI, 2.56-9.94; P < .001). Although 510
patients with CRAB bacteremia were included in 6 eligible studies,
the mortality rate was 86.1% of patients who received inappropriate
empirical antimicrobial therapy, which was significantly higher than
that of 33.7% of patients who received appropriate antimicrobial
treatment (OR, 10.1; 95% CI, 4.06-25.14). Our results clearly demon-
strate that an inappropriate antimicrobial therapy can influence the
survival rate in CRAB infections. Considerable studies have found that
empirical therapy was more critical than definitive therapy in
patients with CRAB infections and that alteration of therapy to an
appropriate treatment after the available blood culture results did
not have a significant effect on outcome.'?>° All of these findings
should be considered when choosing empirical antimicrobial therapy,
and in hospitals with a high incidence of CRAB, use of more aggres-
sive initial antimicrobial therapy, including colistin, may be an
option.

The prognosis of patients with CRAB infection also depends on the
host condition, such as severity of disease and immune status. CRAB
typically affects critically ill patients. One included study reported
approximately 80% of the infected patients were suffering from a
variety of baseline diseases, particularly cardiopulmonary disease.?®
Our results demonstrate that the fatality rate of patients with under-
lying illnesses (eg, chronic liver disease, chronic renal disease, and
hypertension) or immunosuppression status was higher in different
degrees than in patients without these conditions (Table 2). Our study
also suggested that invasive procedures (eg, urinary catheter and
intubation) usage during hospital stay was associated with adverse
outcome of patients with CRAB. In addition, we found that the pres-
ence of septic shock during CRAB infection was associated with
higher mortality (OR, 5.65; 95% CI, 2.35-13.57). Septic shock is a sign
of severe infection, which is often present in critically ill patients,
who are more likely to die after critical strike.

Severity of illness of CRAB in most studies (10/14) were assessed
with the APACHE II scoring system at admission. Mean APACHE II
score was ranged from 15.77-25.0, varied among different source of
infection and including criteria (Table 3). Quantitative analysis with a
fixed random effects model indicated that APACHE II score at admis-
sion to ICU or hospital was much higher in the nonsurvival group
than in those of survival group (WMD, 2.70; 95% CI, 2.21-3.18). Mean-
while, Pitt bacteremia score at the day of diagnosis of Acinetobacter
bacteremia were also associated with higher mortality (WMD, 1.46;
95% ClI, 0.09-2.82). Tseng et al’® reported that Pitt bacteremia score
>4 was an independent factor that predicted 30-day mortality from
extensively resistant Acinetobacter baumannii bacteremia (OR, 18.53).
The Pitt bacteremia score evaluated patients along 5 parameters,
including body temperature, blood pressure and/or shock status, ven-
tilator dependence, cardiac arrest, and consciousness at the onset of
bacteremia. Scoring is easy and validated, and correlates well with
clinical outcomes in studies of bloodstream infections, such as Pseu-
domonas aeruginosa, Enterobacter, Klebsiella, and pneumococcus.*%!
APACHE 1I score is a very important and useful scoring system for
clinicians to evaluate the severity of diseases and to predict the out-
come of patients with CRAB.

Our study has several limitations. First, the heterogeneity in effect
estimates could also depend on differences in study design or quality
of the studies. Most studies employed retrospective study designs,
which may be susceptible to selection bias through differential loss to
follow up and misclassification of survival status. Second, most stud-
ies may have lacked power in differentiating death caused by CRAB
from any other factors, and it is difficult to draw definitive conclu-
sions from current evidence because of the residual confounding fac-
tors and small sample sizes in many studies. Last, we selected only
English-language articles, thus limiting the scope of our analysis.
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Table 2

Risk factors for mortality in patients with CRAB at admission
Type of factor No. of No. of patients No. of patients 12(%) Pvalue of Pooled OR Pvalue Pvalue of

studies in studies in studies Heterogeneity (95% CI) Egger test
(nonsurvivors) reporting
specific data
(nonsurvivors)

Characteristics
Sex, male 14 1384 (733) 867 (444) 7.3 373 0.89(0.71-1.12) 330 259
ICU admission 5 614 (345) 470(277) 79.2 .001 1.69 (0.61-4.70) 312 .668
Comorbidities
Diabetes mellitus 9 893 (439) 242 (152) 33 154 1.19(0.86-1.64) 302 357
Chronic liver disease 7 618 (364) 69 (49) 0.0 449 2.36(1.33-4.16) .003 383
Chronic renal disease 11 1042 (609) 176 (116) 38.6 .092 2.02 (1.37-2.99) .000 242
Cerebrovascular diseases 7 582 (361) 110(62) 41.9 112 0.76 (0.49-1.18) 218 713
Chronic obstructive lung diseases 7 771 (460) 118 (74) 43.7 .100 1.02 (0.67-1.56) 925 871
Hypertension 4 468 (291) 126 (89) 5.7 364 1.74 (1.08-2.80) .022 199
Hematologic malignancy 4 329(239) 68 (58) 40.8 167 1.55(0.74-3.26) 245 458
Solid organ malignancy 10 985 (595) 212 (148) 0.0 .804 1.21(0.85-1.72) .300 944
Transplantation 3 232 (144) 63 (35) 0.0 .598 2.28 (0.86-6.03) .096 920
Respiratory failure 3 414(201) 210(126) 88.2 .000 3.49(0.56-21.61) .180 198
Congestive heart failure 6 509 (282) 109 (64) 14.2 323 1.61(0.97-5.78) .064 777
Renal failure 5 507 (298) 97 (79) 59.3 .044 3.40(1.91-6.03) .018 766
Hepatic failure 3 232 (144) 29 (24) 0.0 .684 3.03 (1.09-8.40) .033 572
Septic shock 11 1172 (623) 517 (360) 85.2 .000 5.65(2.35-13.57) .000 .048
Neutropenia 4 429 (289) 50 (46) 429 154 3.31(1.25-8.77) .016 412
Chemotherapy 3 404 (179) 26(13) 0.0 .894 0.89 (0.40-1.99) 784 430
Steroid therapy 2 166 (95) 24(19) 0.0 396 5.69 (1.82-17.75) .003 NA
Immunosuppressant use 5 479 (266) 108 (80) 10.1 348 3.15(1.94-5.11) .000 374
Total parenteral nutrition 5 526 (278) 160 (88) 0.0 .601 1.66 (1.08-2.56) .021 .080
Invasive procedures
Nasogastric tube 4 271(148) 176 (102) 0.0 998 1.70(1.01-2.87) .048 441
Urinary catheter usage 3 243 (133) 210(123) 0.0 447 2.91(1.29-6.60) .010 .074
Central venous catheter 4 440 (278) 317(205) 0.0 563 1.36(0.87-2.12) 182 .540
Peripheral catheter usage 2 166 (95) 87(52) 0.0 .860 0.96 (0.48-1.95) 918 NA
Intubation 2 166 (95) 124 (83) 0.0 491 5.03(2.33-10.87) .000 NA
Tracheostomy 3 425 (190) 93 (40) 0.0 578 0.82(0.48-1.38) 449 798
Mechanical ventilation 7 837 (412) 684 (351) 50.3 .006 1.59 (0.86-2.95) 141 515
Hemodialysis 5 712 (365) 129(79) 7.3 365 1.34(0.88-2.02) 172 626
Poly-microbial specimen 5 534(275) 162 (82) 0.0 .804 0.94 (0.62-1.44) .786 .053
Inappropriate empirical antimicrobial treatment 12 1169 (633) 684 (449) 76.0 .000 5.04 (2.56-9.94) .000 232

(1, confidence interval; CRAB, carbapenem-resistant Acinetobacter baumannii; NA, not available; OR, odds ratio.

CONCLUSIONS treatment. Our findings of mortality risk factors may help investiga-

tors to formulate reasonable predicting scores for patients with CRAB,

Our prognosis of patients infected with CRAB is determined by 2 which may further motivate clinicians to provide appropriate initial

factors: the patients’ condition, specifically underlying illnesses and antibiotic treatment and to treat underlying illness and shock opti-
severity of diseases, and receiving inappropriate initial antibiotic mally in such patients.

Table 3
Continuous variables and risk for mortality in patients with CRAB
Continuous variable No. of No. of patients  No. of studies No. of studies 12 (%) WMD (95% CI) Pvalue
studies in studies reportingno  reporting worsen
(total/ meta) reporting difference values for
specific data between NoNsurvivors
(nonsurvivors)  nonsurvivors than for

and survivors (%) survivors (%)

Age, years 14/14 1,268 (643) 11(78.6) 3(214) 60.0 1.75 (0.55-3.55) .002
ICU stay before infection (d) 3/3 186 (123) 3(100.0) 0(0.0) 0.0 0.21 (3.25-3.67) .906
Hospital stay before infection (d) 6/6 681(323) 4(66.7) 2(33.3) 74.2 1.78 (0.96-4.51) 202
APACHE Il score (at admission to ICU/ hospital) 10/7 665 (239) 4 (40.0) 6(60.0) 44.4 2.70(2.21-3.18) .000
Pitt bacteremia score (on BSI d) 4/3 295 (149) 1(25.0) 3(75.0) 79.6 1.46 (0.09-2.82) .036
“Disease severity (at admission to ICU/ hospital) 14/NA 1476 (702) 6(42.9) 8(57.1) NA NA NA
“*Disease severity (at day of diagnosis of infection) 6/NA 415 (246) 3(50.0) 3(50.0) 1.75(-0.55-3.55) 0.21(-3.25-3.67) 1.78(-0.96-4.51)

APACHE I, Acute Physiology and Chronic Health Evaluation II score; BSI, blood stream infection; CRAB, carbapenem-resistant Acinetobacter baumannii; ICU, intensive care unit; NA,
not available; WMD, weighted mean difference.

*Disease severity at ICU/hospital admission was assessed by means of APACHE II score (10 studies), Charlson’s weighted index of comorbidity (2 studies), sequential organ failure
assessment score (1 study), and Winston score (1 study).

**Disease severity at day of diagnosis of infection was assessed by means of APACHE II score (1 study), Charlson’s weighted index of comorbidity (1 study), sequential organ failure
assessment score (2 studies), and Glasgow Coma Scale score (2 studies).
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