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Abstract Controversy surrounds combination treatment or
monotherapy against multidrug-resistant (MDR), extensively
drug-resistant (XDR), and pandrug-resistant (PDR)
Acinetobacter infections in clinical practice. We searched the
PubMed and Scopus databases for studies reporting on the
clinical outcomes of patients infected with MDR, XDR, and
PDR Acinetobacter spp. with regard to the administered in-
travenous antibiotic treatment. Twelve studies reporting on
1,040 patients suffering from 1,044 infectious episodes of
MDR Acinetobacter spp. were included. The overall mortality
between studies varied from 28.6 to 70%; from 25 to 100% in
the monotherapy arm and from 27 to 57.1 % in the combina-
tion arm. Combination treatment was superior tomonotherapy
in three studies, where carbapenem with ampicillin/sulbactam
(mortality 30.8 %, p=0.012), carbapenem with colistin (mor-
tality 23 %, p=0.009), and combinations of colistin with
rifampicin, sulbactam with aminoglycosides, tigecycline with
colistin and rifampicin, and tigecycline with rifampicin and
amikacin (mortality 27 %, p<0.05) were used against MDR
Acinetobacter spp. resistant at least to carbapenems. The
benefit was not validated in the remaining studies. Clinical
success varied from 42.4 to 76.9 % and microbiological
eradication varied from 32.7 to 67.3 %. Adverse events re-
ferred mainly to polymixins nephrotoxicity that varied from
19 to 50 %. The emergence of resistance was noted with

tigecycline regimens in off-label uses in three studies. The
available data preclude a firm recommendation with regard to
combination treatment or monotherapy. For the time being,
combination treatment may be preferred for severely ill pa-
tients. We urge for randomized controlled trials examining the
optimal treatment of infections due to MDR, XDR, and PDR
Acinetobacter spp.

Introduction

In the 1960s, Acinetobacter spp. was considered to be a
commensal pathogen with limited clinical significance. How-
ever, the incidence of Acinetobacter spp. infections have
increased in the past several decades, especially in intensive
care unit (ICU) patients [1, 2], and this may be attributed to the
medical progress with concern to critically ill patients that
resulted in an increase of the vulnerable population.

Acinetobacter spp. have also attracted attention because
they easily adopt resistance mechanisms, such as the produc-
tion of β-lactamases and efflux pumps, lower permeability of
the outer membrane, mutations in antibiotic targets, and pro-
duction of aminoglycoside-inactivating enzymes [3]. Note-
worthy, multidrug-resistant (MDR), extensively drug-
resistant (XDR), as well as pandrug-resistant (PDR) strains
have emerged [4, 5], with grave clinical implications.

Treatment options for Acinetobacter spp. infections include
sulbactam, antipseudomonal penicillins, antipseudomonal
cephalospor ins , an t ipseudomonal carbapenems,
monobactams, aminoglycosides, fluoroquinolones, tetracy-
clines, glycylcyclines, and polymyxins [3]. Controversy sur-
rounds treatment issues with regard to the effectiveness and
emergence of resistant strains in clinical practice. Combina-
tion therapy or monotherapy and optimal treatment regimens
for MDR Acinetobacter spp. infections are not yet defined [6].
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Many in vitro and in vivo studies have explored the possible
synergy of antibiotics in order to overcome Acinetobacter
resistance. Such combinations include carbapenems with
sulbactam [7] or aminoglycosides [8] or rifampicin [9], as
well as polymyxins with rifampicin or carbapenems [10] and
sulbactam with fosfomycin [11]. However, the results from
in vitro and in vivo studies cannot always be translated into
clinical practice.

In this context, we aimed to search the published evidence
and address the matter of optimal treatment for Acinetobacter
spp. infections focusing on MDR, XDR, and PDR strains.

Methods

Literature search

A systematic search was performed in the PubMed and
Scopus databases by two independent investigators (P.P. and
G.S.T.). The following search term was applied to the
PubMed database: “(acinetobacter or baumannii or non-
fermenting or non fermentative)” AND (treatment) AND
(multidrug-resistant OR extensively drug-resistant OR
pandrug-resistant OR XDR OR PDR OR MDR). A more
conservative term was applied in the Scopus database:
(acinetobacter) AND (treatment) AND (drug-resistant OR
xdr OR pdr ORmdr). The bibliographies of all eligible studies
were hand-searched in an effort to identify additional poten-
tially eligible studies. Only articles published in English,
German, French, Spanish, Italian, or Greek were evaluated.

Inclusion criteria

Eligible studies should include at least ten patients and be
comparative with regard to the antibiotic treatment against
MDR, XDR, and PDR Acinetobacter spp. Also,
Acinetobacter spp. in the studies should be isolated from
specimens of any origin, as long as they were the causative
pathogens of the clinical infections studied. We only included
studies that performed statistical analysis evaluating the out-
comes of Acinetobacter spp. infection with regard to the
administered treatment. Comparison between treatment regi-
mens could be between monotherapy and combination thera-
py, between combination therapies, or between monothera-
pies. We also included studies that compared different antibi-
otics, providing the concomitant antibiotics used were the
same between the two arms. We included only studies using
intravenous administration of antibiotics.

Exclusion criteria

Microbiological (in vitro) or in vivo studies were excluded.
Studies on patients colonized but not infected byce
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Acinetobacter spp. were excluded. Studies on neonates, pedi-
atric, or pregnant population were also excluded. Studies
comparing mixed regimens, as well as studies examining the
benefit of other than the intravenous route of administration,
were not included.

Definitions and outcomes

MDR, XDR, and PDR Acinetobacter spp. definitions are in
accordance with the international expert proposal for interim
standard definitions for acquired resistance [12]. Thereby,
MDR was defined as non-susceptibility to at least one agent
in three or more antimicrobial categories approved for the
treatment of Acinetobacter spp. infection, XDR was defined
as non-susceptibility to at least one agent in all but two or
fewer antimicrobial categories, and PDR was defined as non-
susceptibility to all agents in all antimicrobial categories. We
applied the aforementioned definition for the antimicrobial
categories tested in each study, including tigecycline where
applicable. The administration of sulbactam is commonly
accompanied by ampicillin, since, in most countries, the only
available preparation of sulbactam is within a fixed combina-
tion of ampicillin/sulbactam. Sulbactam alone has been found
to have intrinsic activity against Acinetobacter spp. [13], and it
has been suggested that the activity of ampicillin/sulbactam
against Acinetobacter spp. is exclusively due to sulbactam
[14]. Thus, we included ampicillin/sulbactam in the mono-
therapy arm.

The primary outcome was 28-day or 30-day mortality. If
this type of mortality was not recorded, other types of mortal-
ity were extracted. Secondary outcomes included clinical
success, microbiological eradication, emergence of resistance,
and adverse events.

Results

Twelve studies were included, reporting on 1,040 patients
(1,044 episodes) with infection due to MDR Acinetobacter
spp., and their characteristics are presented in Table 1. The
study selection process is depicted in Fig. 1. Combination
therapy and monotherapy was implemented in 431 and 333
episodes of infection, respectively, while in 223 episodes, the
type of therapy could not be identified [15, 16]. Of the re-
maining 57 episodes of infection, no treatment was adminis-
tered in 11 episodes [17, 18], and treatment data were not
available for 46 episodes [19, 20]. Seven studies [17–23]
compared combination treatment with monotherapy. Two
studies compared monotherapy regimens [24, 25], one com-
pared combination treatments [26], and one compared poly-
myxins (B and E) and ampicillin/sulbactam with and without
combination treatment [15]. Finally, one study explored the
benefit of ampicillin/sulbactam or carbapenems with

ampicillin/sulbactam or carbapenems with aminoglycosides
within the treatment regimens in patients mostly receiving
combination treatment [16].

Treatment regimens consisted of colistin and colistin-based
combinations in two studies [20, 21], tigecycline and
tigecycline-based combinations in two studies [22, 23], most-
ly carbapenem-based combinations in two studies [16, 26],
and treatment regimens that included carbapenems,
sulbactam, tigecycline, polymyxins, cephalosporins, rifampi-
cin, and aminoglycosides in the remaining six studies [15,
17–19, 24, 25].

Mortality

The overall mortality between studies varied from 28.6% [24]
to 70 % [15]. The 28-day or 30-day mortality for the eight
studies [16, 18–24] that reported the respective results varied
from 28.6% [24] to 55.5 % [22], while the in-hospital [15, 17,
25] and overall mortality [26] in the remaining four studies
varied from 39 % [25] to 70 % [15]. The mortality of the
monotherapy arm between studies varied from 25 % (11/44
patients) [23] with tigecycline to 100 % (4/4 patients) [18]
with tigecycline, carbapenem, and cefepime monotherapy.
Among the different monotherapy regimens, the lowest mor-
tality (23.1 %; 3/13 patients) was achieved with high doses of
ampicillin/sulbactam [24].

The mortality of patients receiving combination treatment
varied from 27 % (10/37 patients) [17] with various combi-
nations that included tigecycline, colistin, rifampicin, and
sulbactam to 57.1 % (28/49 patients) [22] with tigecycline-
based combinations. Combination treatment regimens were
superior in terms of survival in three studies [17–19], while
four studies found no significant differences between combi-
nation treatment and monotherapy [20–23]. Among the stud-
ies that favored the combination treatment, carbapenem either
with colistin (mortality 19 %; 4/21 patients, p=0.009) [18] or
with ampicillin/sulbactam (mortality 30.8 %; 8/26 patients,
p=0.012) [19], and overall combination treatment that includ-
ed tigecycline-, colistin-, or sulbactam-based combinations
(mortality 27 %, 10/27 patients, p<0.05) [17] were the regi-
mens that showed the greatest benefit. With regard to studies
that found no benefit from combination regimens, two com-
pared between tigecycline alone or in combination with other
antibiotics [22, 23] and two compared colistin alone or in
combination with other antibiotics [20, 21]. In one study
[23], tigecycline combinations, particularly with carbapen-
ems, were associated with high mortality in the univariate
analysis; however, this was not confirmed in the multivariate
analysis.

One study examined only combination treatments and did
not find a difference in mortality between carbapenem with
sulbactam and aminoglycoside-based regimens [26] (41 % vs.
43 %, p≥0.05). One additional study found no benefit from
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carbapenem with ampicillin/sulbactam (mortality 44.4 %, p=
0.805), or carbapenem with an aminoglycoside (mortality
52.6 %, p=0.635), or ampicillin/sulbactam (mortality
40.9 %, p=0.38) in the treatment regimens (monotherapy or
combination treatment) [16].

Among the studies that compared monotherapy regimens,
colistin in comparison to tobramycin was associated with in-
hospital (50 % vs. 28.1 %, p=0.04) but not ICU mortality
(34.4 % vs. 21.9 %, p =0.75) in predominantly respiratory
tract infections [25]. Another study [24] compared colistin and
high doses of ampicillin/sulbactam monotherapy and found
no significant difference in mortality (33.3 % vs. 23.1 %, p≥
0.05).

Finally, one study that compared polymyxins with
ampicillin/sulbactam, either as monotherapy or combined
with a carbapenem or vancomycin, or aminoglycosides,
showed that polymixins were independently associated with
during-treatment mortality [odds ratio (OR): 2.07; 95 % con-
fidence interval (CI): 1.03 to 4.16, p=0.041] but not in-
hospital mortality [15].

Clinical success

Among four studies [18, 23, 24, 26] that reported relevant
data, clinical success or resolution varied between 42 % [26]
with aminoglycoside-based combinations and 61.5 % [24]
with ampicillin/sulbactam monotherapy. One study showed

that colistin combination with carbapenems was associated
with clinical success (76 %, p = 0.0002) compared to other
monotherapy or combination regimens [18]. Two studies did
not find significant differences in the clinical success between
carbapenem with sulbactam and aminoglycoside-based com-
binations (42.4 % vs. 40%, p≥0.05) [26] and between colistin
and high-dose ampicillin/sulbactam monotherapy (60 % vs.
61 %, p≥0.05) [24], respectively. One study [23] compared
tigecycline-based combination treatment and tigecycline
monotherapy and found no difference in clinical resolution
(61.1 % vs. 59.1 %, p=0.83).

Microbiological eradication and emergence of resistance

Microbiological eradication among six studies that provided
relevant data [21–26] varied from 32.7 % [23] to 67.3 % [22].
No significant difference was found between carbapenems
with sulbactam and aminoglycoside-based combinations
(35.6 % vs. 46.7 %, p≥0.05) [26], or between tobramycin
and colistin monotherapy (55% vs. 50%, p≥0.05) [25] in two
studies. One study [22] compared tigecycline-based combina-
tions and tigecycline monotherapy and also found no differ-
ence in eradication (67.3 % vs. 60.9 %, p≥0.05). Another
study [24] found no difference between colistin and high-dose
ampicillin/sulbactam monotherapy on bacteriological success
(66.6 % vs. 61.5 %, p≥0.05). In one study [21], eradication
was associated with the combination of colistin with
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rifampicin compared to colistin monotherapy (60.6 % vs.
44.8 %, p=0.034). Lastly, one study reported only on the
overall eradication (32.7 %) [23].

Four studies reported on the emergence of resistance [17,
18, 21, 23]. One study [21] reported on colistin alone or in
combination with rifampicin and did not find the emergence
of resistance. In one study [17], the emergence of tigecycline
resistance occurred in two patients suffering from bacteremia
with tigecycline monotherapy (18.2 %) and in one study with
tigecycline monotherapy and combination therapy [23], the
emergence of tigecycline resistance occurred in 28 episodes of
respiratory tract infection (24.6 %). Finally, one study with
predominantly colistin-based combinations found the emer-
gence of resistance in five patients (36 %) [18] in mostly
respiratory tract infections. However, the colistin–tigecycline
combination resulted in significantly more episodes of emer-
gence of resistance than colistin with carbapenems (3 patients,
100 % vs. 2 patients, 18.2 %, p=0.03).

Adverse events

Six studies [15, 20, 21, 24–26] provided data on adverse events.
Nephrotoxicity in patients treated with polymyxins [15, 20, 21,
24, 25] varied from 19 % [25] to 50 % [20] and was higher than
the comparative antibiotics in most studies [20, 24, 25]. Howev-
er, colistinwas not significantly associatedwith nephrotoxicity in
comparison to tobramycin [25], high-dose ampicillin/sulbactam
[24], or treatment regimens that included carbapenems,
fluoroquinolones, piperacillin–tazobactam, and sulbactam alone
or in combinations [20]. In the study that compared polymyxins
(B and E) with ampicillin/sulbactam alone or in combination
with carbapenems or aminoglycosides [15], nephrotoxicity oc-
curred in 26 % of patients in each treatment arm, respectively.
The same study reported on skin rashes in three patients (4 %) in
the polymyxins arm and 11 patients (13 %) in the ampicillin/
sulbactam arm. Solitary episodes of skin rash and diarrhea were
observed in patients receiving high-dose ampicillin/sulbactam
[24]. In the study [26] in which patients received carbapenems
with ampicillin/sulbactam or aminoglycoside-based combina-
tions, no adverse events were observed. Finally, only one study
[21] compared the incidence of adverse events between combi-
nation treatment and monotherapy (colistin with rifampicin and
colistin, respectively) and showed a non-significant trend of
hepatotoxicity in the former arm (20.8 % vs. 11.9 %, p=0.13).
Notably, neurotoxicity was observed in only one of the patients
that received polymyxins [21].

Discussion

This systematic review aimed to assess the available evidence
on combination treatment and monotherapy against MDR
Acinetobacter spp. Combination treatment was superior to

monotherapy with regard to mortality in three studies;
however, these results were not validated in the other
studies of the review. Additionally, most studies had
small sample sizes and were retrospective in nature.
Thus, we did not find robust evidence that would lead
to a firm recommendation.

The high rates of mortality noted are in accordance with
previous studies in which the mortality of Acinetobacter spp.
infections was between 26 and 61 % [27]. The lowest overall
mortality among patients that received monotherapy was
achieved with high-dose ampicillin/sulbactam monotherapy
(23.1 %) [24] in ampicillin/sulbactam-resistant Acinetobacter
spp. Sulbactam exhibits activity against Acinetobacter spp. by
directly binding to penicillin-binding proteins [13]. The cur-
rent in vitro susceptibility testing for ampicillin/sulbactam
may not directly translate into the clinical effectiveness of
sulbactam [28, 29]. Furthermore, high doses of sulbactam
may prolong the time above the minimum inhibitory concen-
tration (MIC) that has been shown in vivo to achieve better
therapeutic results [30]. Despite the fact that the study [24]
was conducted among patients with the lowest APACHE II
score (mean: 14), which may justify the low mortality,
ampicillin/sulbactam was found to be equally effective
with colistin against colistin-susceptible strains, while
Oliveira et al. [15] found that ampicillin/sulbactam, both
as monotherapy and combined with carbapenems or
aminoglycosides, led to lower during-treatment mortality
than polymyxins. Other studies that did not include
MDR Acinetobacter strains exclusively found equal ef-
fectiveness of ampicillin/sulbactam and imipenem/
ci lastatin [31]. These data support the use of
ampicillin/sulbactam against MDR Acinetobacter spp.
and emphasize the need for further research on the
MIC breakpoints and administration strategies (i.e.,
higher dose, extended infusion) of sulbactam.

Combination treatment is currently preferred in serious
infections caused by Gram-negative MDR organisms [32],
especially Pseudomonas and Acinetobacter spp. [33], while
studies suggest that combination treatment may benefit pa-
tients with bacteremia from KPC-producing Klebsiella
pneumoniae [34]. However, combination treatment has been
questioned, even in infections where it has been a long-
standing common practice, like in bacterial endocarditis
[35]. Moreover, if there is no benefit from combination treat-
ment, then the burden of possible additional adverse events is
not justified. Two meta-analyses addressed the issue of beta-
lactam monotherapy or combined with aminoglycosides and
found no difference in the mortality or emergence of resis-
tance between the compared treatments [36, 37], and one
noted an increased incidence of adverse events with combi-
nation treatment [37]. One additional meta-analyses [38] com-
pared monotherapy or combination treatment for
P. aeruginosa infections in particular and also found no
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difference in the mortality. In our review, three studies showed
benefit from combination treatment [17–19].

The first study that favored combination treatment [17]
used colistin with rifampicin, sulbactam with aminoglyco-
sides, tigecycline with colistin and rifampicin, and tigecycline
with rifampicin and amikacin, all administered based on sus-
ceptibility, with the exception of rifampicin, which was not
tested. Notably, this study did not provide regimen adminis-
tration by site of infection that could confound the comparison
of combination treatment and monotherapy. Tigecycline alone
or combined with other antibiotics may have been more
effective in skin and soft tissue infections and less effective
in hospital-acquired pneumonia [39], while aminoglycoside
monotherapy may not have been effective in infections other
than those of the urinary tract [40, 41]. Additionally, another
study [22] that also administered antibiotics based on suscep-
tibility found no differences in mortality between tigecycline
monotherapy and combined with cefoperazone/sulbactam or
aminoglycosides. However, the most frequently administered
combination of tigecycline with colistin and rifampicin in the
study by Hernandez et al. was not employed in the former
study. Also, a synergistic effect between tigecycline with
colistin, tigecycline with rifampicin, and colistin with rifam-
picin, as has been suggested by in vitro studies [42, 43],
cannot be excluded.

The second study [18] which reported on respiratory tract
infections due to colistin- and tigecycline-only susceptible
Acinetobacter strains showed that the carbapenem–colistin
combination was superior to non-colistin monotherapy and
other combinations that included colistin. This could be at-
tributed to a synergistic effect of this combination, as has been
suggested by in vitro studies [44]. On the other hand, colistin
with carbapenems was the most commonly administered reg-
imen in an overall small sample of patients (27 in 36 patients).
Also, these findings are juxtaposed to the findings of another
study [20] that found no superiority of colistin-based combi-
nation treatment (mostly with carbapenems) in patients with
bacteremia mainly secondary to intra-abdominal infections.

The third study that favored the carbapenem–sulbactam
combination [19] included patients with bacteremia caused
by carbapenem-resistant Acinetobacter. The carbapenem–
sulbactam combination was administered for carbapenem-
resistant Acinetobacter in three studies overall [16, 19, 26],
but the remaining two studies [16, 26] found no benefit from
this combination. Different susceptibilities in sulbactam may
account for this discrepancy, since susceptibility to sulbactam
was tested in only one of the studies [26]. Notably, in the latter
study [26], the synergy of carbapenem with sulbactam against
resistant Acinetobacter spp. was documented in vitro; howev-
er, this did not translate to clinical effectiveness. In all three
studies, Acinetobacter spp. were considered PDR; however,
tigecycline and colistin were neither tested for susceptibility
nor administered.

Severity of illness was an independent predictor of mortal-
ity in four studies [15–17, 20]. Among eight studies that
provided data on the APACHE II score [15, 16, 18, 20,
22–25], mortality did not correlate consistently with higher
APACHE II scores. The APACHE II score, even though it is a
useful tool, has been questioned on its ability to accurately
predict mortality [45–47]. Nonetheless, predominantly mono-
therapy with polymyxins or ampicillin/sulbactam resulted in
the highest in-hospital mortality among patients with bacter-
emia and low APACHE II score (median score: 15–16, mor-
tality 70 %) [15]. However, in another study [20] reporting on
patients with bacteremia and higher APACHE II score (medi-
an: 20), the 30-day mortality with colistin monotherapy was
only 30 %. The carbapenem–colistin combination resulted in
rather lower mortality than other treatment regimens with
regard to the severity of disease, and this may be the result
of synergy, as has been suggested [18]. Rather low mortality
relative to the severity of disease was observed in two other
studies [20, 23]; however, the mortality of each study was not
significantly different between the compared arms and, thus,
we cannot make assumptions on the contribution of the indi-
vidual antibiotic treatment in these discrepancies.

Overall, adverse events referred mainly to nephrotoxicity
in patients receiving polymyxins. Only one study compared
the incidence of adverse events between monotherapy and
combination treatment [21] (colistin and colistin with rifam-
picin, respectively) and found no significant difference. Neph-
rotoxicity with polymyxins was not significantly higher com-
pared to other antibiotics in the studies that provided the
relevant data, confirming that polymyxins are generally safe
antibiotics [48]. Tigecycline monotherapy or in combination
with other antibiotics was most commonly involved in cases
of emergence of resistance during treatment. This may ac-
count for the fact that tigecycline was administered for off-
label uses (bloodstream infections and respiratory tract infec-
tions, most probably hospital-acquired). It has been suggested
that suboptimal concentrations of tigecycline at the site of
infection [49, 50] with the traditional dosing scheme may
account for the poor performance of tigecycline in off-label
uses, and this could also explain the emergence of resistance.
Notably, only four studies reported on the emergence of
resistance, and three of them used tigecycline in their treat-
ment regimens.

The effect of the implemented treatment on clinical success
and microbiological eradication were generally in accordance
with the effect on survival, with the exception of the study that
found colistin and rifampicin to be superior to colistin mono-
therapy in microbiological eradication but not survival [21].
Additionally, another study found that clinical resolution was
significantly higher in polymicrobial than in monomicrobial
infections [23]. The contribution of Acinetobacter spp. in the
clinical severity of the critically ill patient is difficult to deter-
mine [51]. Inconsistency between microbiological eradication
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and clinical success may reflect that the clinical severity of
these patients was not attributed mainly to Acinetobacter spp.
This supports the argument that combination treatment may
prove beneficial by broadening the antimicrobial spectrum in
severely ill patients.

Our results should be interpreted in view of many limita-
tions. The great majority of the included studies had a non-
randomized, retrospective study design and included small
numbers of patients. The lack of randomized controlled trials
and the great heterogeneity between studies precluded the
conduct of a meta-analysis and the drawing of more robust
conclusions. Also, there were differences in definitions be-
tween studies with regard to mortality, nephrotoxicity, resis-
tance pattern, susceptibility testing methods, dosing regimens,
and population studied. Only a few studies provided data on
the secondary outcomes of clinical success, adverse events,
microbiological eradication, and the emergence of resistance.

In conclusion, combination antibiotic treatment was found
to be superior to monotherapy in three studies with severely ill
patients (mainly ICU patients). However, limitations of the
studies as well as other studies that juxtapose the results
preclude a firm recommendation. The contribution of
Acinetobacter spp. in critically ill patients where the infection
may be polymicrobial is difficult to determine and, thus, it
seems reasonable for the time being that combination treat-
ment may benefit severely ill patients. Randomized controlled
trials using uniform protocols should be performed urgently to
provide solid evidence with regard to the effectiveness of
combination therapy and monotherapy in Acinetobacter spp.
infections.
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