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Abstract Acinetobacter baumannii is an important cause
of postneurosurgical meningitis. The emergence of carba-
penem-resistant strains in this setting has caused a thera-
peutic challenge. We investigated the clinical implications
of postneurosurgical meningitis caused by carbapenem-
resistant A. baumannii. In this study, we retrospectively
reviewed the medical records of patients more than 16
years of age with A. baumannii meningitis that developed
after a neurosurgical procedure at five university-affiliated
hospitals between January 2005 and May 2011. Of 40 cases
identified, 22 (55.0 %) were caused by carbapenem-resis-
tant strains. Of those evaluable 36 patients with A. bau-
mannii meningitis, 14 (38.9 %) died of meningitis.
Meningitis-related mortality was significantly related to
carbapenem resistance (59.1 % versus 7.1 %; P = 0.002).
In patients with meningitis caused by carbapenem-resistant
A. baumannii, colistimethate-containing regimens (4/13
versus 7/9; P = 0.040), intrathecal or intraventricular (IT/
IVR) administration of antibiotics (2/13 versus 8/9;
P = 0.001), and combined intravenous and IT/IVR therapy
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(2/13 versus 6/9; P = 0.026) were significantly associated
with cure. This study shows that use of colistimethate and
combined systemic and local administration of antibiotics
should be considered for the treatment of meningitis caused
by carbapenem-resistant A. baumannii.
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Introduction

Acinetobacter baumannii is often responsible for a wide
spectrum of nosocomial infections and is usually multidrug
resistant [1]. Recent studies have documented Acineto-
bacter species as the leading gram-negative cause of nos-
ocomial meningitis, especially in neurosurgical patients
[2, 3]. Nosocomial meningitis caused by A. baumannii is
difficult to treat because the choice of antibiotics is
restricted by multidrug resistance and limited penetration
through the blood-brain barrier [4]. Although carbapenems
were major therapeutic options in the treatment of A.
baumannii meningitis, the increasing prevalence of carba-
penem-resistant A. baumannii (CRAB) has caused a seri-
ous therapeutic challenge [3, 5, 6]. The aim of this study
was to assess clinical implications of postneurosurgical
meningitis caused by CRAB.

Patients and methods

To identify patients with a positive cerebrospinal fluid
(CSF) culture for A. baumannii, we reviewed CSF culture
results in the microbiology laboratory database at five
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university-affiliated hospitals in Republic of Korea.
Patients more than 16 years of age with a diagnosis of
nosocomial A. baumannii meningitis occurring after
undergoing a neurosurgical procedure between January
2005 and May 2011 were enrolled. Data on demographic
and clinical characteristics, CSF findings, antimicrobial
susceptibilities, antibiotic treatment, and outcomes were
abstracted from the medical record. This study was
approved by the institutional review board at each hospital.

Antimicrobial susceptibility testing was performed using
the automated Vitek-2 system (bioMérieux, France) at each
hospital. Susceptibility testing to rifampicin and tigecycline
was not done. Antimicrobial susceptibility of A. baumannii
was evaluated according to the CLSI guidelines [7]. Carb-
apenem resistance was defined as in vitro resistance to
imipenem. Isolates showing intermediate resistance were
considered to be resistant in this study.

A. baumannii meningitis was defined according to the
CDC criteria: the isolation of A. baumannii from CSF cul-
ture and fever >38 °C in the absence of another cause and
any of the following: increased white cells (>10/mm? with
>50 % polymorphonuclear leukocytes), increased protein
(>45 mg/dl), and/or decreased glucose levels (<40 mg/dl)
in the CSF [8]. Parenteral antimicrobial therapy was con-
sidered as appropriate if it included at least one antimicro-
bial agent that was effective in vitro according to drug
susceptibility testing and was administrated by the dosage
recommended in the IDSA guideline [9] or the product
information [10]. Intravenous (IV) monotherapy of an
aminoglycoside was considered inappropriate because of
the low penetration into the CSF. Intrathecal (IT) or intra-
ventricular (IVR) treatment with an aminoglycoside or
colistimethate was classified as appropriate if the isolate
was susceptible to the drugs in vitro [11].

To assess the outcome, patients were followed up until
discharge or death in the hospital.

Mortality was classified as meningitis related if death
was caused by meningitis or its complications, but not if it
was caused by a preexisting serious illness after bacterio-
logical cure and clinical recovery from meningitis [12].
Student’s ¢ test or the Mann—Whitney U test was used to
compare continuous variables and y* or Fisher’s exact test
to compare categorical variables. A P value less than 0.05
was considered statistically significant.

Results

Forty cases of postneurosurgical A. baumannii meningitis
from 40 different patients were identified. Twenty-two
isolates (55.0 %) were resistant to imipenem (including 6
with intermediate resistance). These CRAB isolates were

resistant to many antibiotics: 100 % to ceftazidime and
cefepime, 95.5 % (21/22) to ciprofloxacin and gentamicin,
90.0 % (9/10) to ampicillin/sulbactam, and 35.7 % (5/14)
to amikacin. Three CRAB isolates were multiresistant to
imipenem, amikacin, and ciprofloxacin. All 18 CRAB
isolates tested were susceptible to colistin.

All patients had undergone one or more neurosurgical
procedures. Twenty-two patients (55.0 %) had intracranial
devices, including an external ventricular drain (15
patients), a lumbar drain (4), and a ventriculoperitoneal
shunt (4), before the diagnosis of this infection. Demo-
graphic and clinical characteristics including primary
neurosurgical diagnosis, nonneurosurgical condition, prior
surgical procedure, interval between the last neurosurgery
and meningitis, CSF profile, and Glasgow Coma Scale at
the diagnosis of meningitis were not significantly different
between patients with meningitis caused by carbapenem-
susceptible A. baumannii (CSAB) and those with CRAB
meningitis. Excluding 4 patients with CSAB meningitis
who were transferred to other hospitals, 22 (61.1 %) died
during follow-up. Of those, 14 (38.9 %) deaths were
directly attributable to meningitis, and the remaining 8 died
of other conditions, including nosocomial pneumonia (5
patients), intracranial hemorrhage (2), and acute myocar-
dial infarction (1), despite microbiological eradication in
CSF. Meningitis-related mortality was higher in patients
with CRAB meningitis than in those with CSAB meningitis
(59.1 % versus 7.1 %; P = 0.002).

Of 22 patients with CRAB meningitis, 11 received IV or
IT/IVR colistimethate as follows: 5 patients with IV + IT/
IVR colistimethate, 2 with IV followed by IT/IVR colis-
timethate because of the development of nephrotoxicity, 2
only with IV colistimethate, 1 with oral rifampicin and
IV + IT/TVR colistimethate, and 1 with oral rifampicin, IV
colistimethate, and IT/IVR amikacin. Ten patients were
treated with IT/IVR administration of antibiotics as fol-
lows: 8 patients with colistimethate and 2 with an amino-
glycoside (amikacin and gentamicin) in combination with
other parenteral antibiotics (colistimethate and sulbactam).
IV doses of administered colistimethate ranged between
240 and 300 mg (colistin base activity) per day, and IT/
IVR doses were uniformly 10 mg per course in our study
patients. Toxicity related to local administration was not
reported in patients treated with IT/IVR antibiotics.

Of those patients with CRAB meningitis, no significant
differences in clinical characteristics were found between
patients who died of meningitis and those who were cured
(Table 1). Mortality was significantly lower in patients
who received colistimethate-containing regimens (4/13
versus 7/9; P = 0.040), IT/IVR administration of antibi-
otics (2/13 versus 8/9; P = 0.001), and combined IV and
IT/IVR therapy (2/13 versus 6/9; P = 0.026).
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Table 1 Characteristics of postneurosurgical patients with meningitis caused by carbapenem-resistant Acinetobacter baumannii

Variable Total (n = 22) Death® (n = 13) Cure (n = 9) P
Age, median years (range) 56 (20-83) 57 (32-83) 52 (20-64) 1.000
Gender, male/female 15/7 8/5 72 0.372
Primary neurosurgical diagnosis

Brain hemorrhage 12 (54.5) 8 (61.5) 4 (44.4) 0.361

Brain neoplasm 3 (13.6) 2 (15.4) 1(11.1) 0.642

Head trauma 3 (13.6) 1(7.7) 1(11.1) 0.662
Repeated neurosurgery before meningitis 7 (31.8) 3 (27.3) 4 (50.0) 0.597
Presence of intracranial devices before meningitis 10 (45.5) 4 (30.8) 6 (66.7) 0.192
Interval between the last neurosurgery and meningitis, median days 11 (4-91) 11 (4-70) 11 (5-91) 0.947

(range)
GCS score at diagnosis of meningitis 5 (3-14) 4 (3-14) 8 (3-14) 0.130
CSF profile (median, range)

Leukocyte count (/mm3) 3,040 3,045 1,650 0.462

(20-109,000) (20-62,500) (80-109,000)

Glucose (mg/dl) 20 (0-295) 21 (8-295) 16 (0-86) 0.537

Protein (mg/dl) 318 (46-5,100) 506 (46-5,100) 300 (67-563) 0.367
Total length of hospital stay, median days (range) 37 (13-349) 26 (13-116) 153 (20-349) 0.018
Antimicrobial treatment

Colistimethate-containing regimens 11 (50.0) 4 (30.8) 7 (77.8) 0.040

IT/IVR administration 10 (45.5) 2 (15.4) 8 (88.9) 0.001

Combined IV and IT/IVR therapy 8 (36.4) 2 (15.4) 6 (66.7) 0.026

Surgical treatment” 17 (77.3) 10 (76.9) 7 (77.8) 0.684

CSF cerebrospinal fluid, GCS Glasgow coma scale, IT/IVR intrathecal or intraventricular

Data are n (%) of patients, unless otherwise indicated

* Meningitis-related mortality

° Including removal (n = 2), exchange (6), or new insertion (8) of intracranial devices, and debridement only (1)

Discussion

Acinetobacter baumannii meningitis had a high mortality
in this study. Meningitis-related mortality in patients with
A. baumannii meningitis was reported at 20 % to 33.3 % in
previous studies [5, 13], a similar rate to that found in our
study (38.9 %). Higher mortality rates, from 71.4 % to
72.7 %, although these figures were overall rates, have
been observed in hospitals where large numbers of CRAB
were isolated [6, 14]. In this study mortality was higher in
patients with CRAB meningitis than in those with CSAB
meningitis. A previous study revealed that all 9 patients
with CRAB meningitis died whereas 11 of 19 patients with
CSAB meningitis did [6]. These findings suggest that
mortality in patients with A. baumannii meningitis is
associated with carbapenem resistance.

Our study has the following limitations. First, this is a
retrospective study and does not have a sufficient number
of patients to provide adequate statistical power. Second,
we did not determine whether the mortality was related to
the inappropriate antimicrobial therapy. We could not
categorize study patients according to the appropriateness
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of antimicrobial therapy because there was a high vari-
ability in the prescribed antimicrobial regimens, duration
of therapy, and even start time of appropriate therapy.
Similar findings were also observed in another study [5].
Antibiotic regimens were often not described in detail in
previous studies [6, 14]. Nevertheless, inappropriate anti-
microbial therapy for A. baumannii meningitis was asso-
ciated with mortality [6, 14]. One study demonstrated that
all patients who survived A. baumannii meningitis had
received appropriate therapy, in contrast to only 69.2 % of
those who did not survive [14]. Other risk factors for
mortality in A. baumannii meningitis included the presence
of intracranial devices [5].

This study found that use of colistimethate-containing
regimens and IT/IVR administration of antibiotics were
significantly associated with cure in patients with CRAB
meningitis, which was consistent with a recent retrospec-
tive study [5]. In that study, none of eight patients with
CRAB meningitis treated with combined IV and IT colis-
timethate died [5]. Colistimethate is the drug of choice for
the treatment of CRAB infections. Available data indicate
that the penetration of colistimethate and colistin into CSF
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is poor, even in patients with inflamed meninges [15].
Therefore, IT or IVR administration of colistimethate is
usually combined with the systemic colistimethate therapy
for CRAB meningitis [15, 16]. Toxicity potentially related
to local administration of polymyxins was often noted, but
no irreversible toxicity was reported [16]. These findings
suggest that combination of IV and IT/IVR colistimethate
is a useful option in the treatment of A. baumannii men-
ingitis [5, 17]. A recent review recommended combination
therapy with IV colistimethate plus IT/IVR aminoglyco-
side for the treatment of CRAB meningitis [4].

In summary, CRAB meningitis showed higher mortality
compared with CSAB meningitis. Use of colistimethate
and combined systemic and local administration of anti-
biotics should be considered for the treatment of this
infection.
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