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Background: A number of studies have reported on the effectiveness of sulbactam-based

therapies  for Acinetobacter baumannii infection; however, there is little evidence that

sulbactam-based  therapies are more or less effective than alternative therapies. Unfortu-

nately,  there is a distinct lack of high quality data (i.e., from randomized controlled trials)

available  on this issue. Therefore, we conducted a systematic review and meta-analysis com-

paring the efficacy of sulbactam-based and non-sulbactam-based regimens in the treatment

of  A. baumannii infection.

Methods:  We  searched PubMed, MEDLINE, Biomedical Central, Google Scholar, the China

National  Knowledge Infrastructure, the Cochrane library, and the Directory of Open Access

using  the terms “sulbactam and baumannii” or “maxtam and baumannii”. Randomized con-

trolled  trials, controlled clinical studies, and cohort studies were considered for inclusion.

The  primary outcome was the clinical response rate for sulbactam-based therapy vs com-

parator  therapies.

Results:  Four studies (1 prospective, 3 retrospective) were included in the meta-

analysis.  Sulbactam was given in combination with ampicillin, carbapenem, or

cefoperazone  (n = 112 participants). Comparator drugs included colistin, cephalosporins,

anti-pseudomonas penicillins, fluoroquinolones, minocycline/doxycycline, aminoglyco-

sides,  tigecycline, polymyxin, imipenem/cilastatin, and combination therapy (n = 107

participants).  The combined clinical response rate odds ratio did not significantly favor

sulbactam-based  therapy over comparator therapy (odds ratio = 1.054, 95% confidence inter-

val  = 0.550–2.019, p = 0.874), nor did any of the individual study odds ratios.

Conclusions: The available evidence suggests that sulbactam-based therapy may be similarly
efficacious  to alternative antimicrobial therapies for the treatment of A. baumannii infection.

Further  research on this issue is warranted given the limited availability of data from high

quality/randomized  controlled trials.
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Introduction

Acinetobacter baumannii is a major cause of nosocomial infec-
tion,  particularly in critically ill patients,1,2 and has been
reported to be associated with significant mortality in this
population.3 Common clinical manifestations of A. bauman-
nii  infection include pneumonia and bacteremia.2 Worryingly,
there  is evidence to suggest that the incidence of A. baumannii
infection may  be increasing.4,5 Hence, determining the most
effective  means of treatment is a pressing concern.

A. baumannii has developed resistance to many  conven-
tional  treatments and can therefore be very challenging to
treat.1,2,6 Indeed, researchers in the US have reported that
29.3%  of A. baumannii isolates examined from January 2004
to  September 2005 were multidrug resistant.7 Given this
evidence, it is perhaps not unsurprising that there is no avail-
able  consensus or guidelines outlining the optimal strategy
for  treating A. baumannii infection. Various antimicrobials
have been used to treat A. baumannii infection, including
carbapenems, polymyxins, tetracyclines and glycylcyclines,
aminoglycosides, fluoroquinolones, and various combination
therapies.1,2 Of these antimicrobial agents, carbapenems have
traditionally  been used as the first line treatment of choice;
however,  rates of resistance to this agent are often high,
rendering treatment ineffective.1,2 Polymyxins appear to be
effective  for treating A. baumannii infection, with low rates of
resistance,  although data from well-designed clinical trials are
lacking.1,2 Similarly, there is a paucity of clinical data regarding
effectiveness and resistance for the other antimicrobials thus
mentioned.

Sulbactam is a �-lactamase inhibitor that is typically given
in  combination with ampicillin. Production of �-lactamase
is  a common cause of bacterial resistance, rendering �-
lactam  antibiotics such as penicillin ineffective.8 �-Lactamase
inhibitors, including sulbactam, bind to �-lactamase, thereby
increasing the susceptibility of the microorganism to co-
administered �-lactam antibiotics.8 Indeed, most �-lactamase
inhibitors do not exert antimicrobial activity if given alone.8

Sulbactam, however, has been demonstrated to have antimi-
crobial  properties, including against A. baumannii,9,10 which
are  thought to be mediated by binding to penicillin binding-
proteins.11

A large number of clinical studies have reported on the
effectiveness of sulbactam-based therapies for the treatment
of  A. baumannii infection.11,12 For instance, Kempf et al.
reported that sulbactam given in combination with colistin
may  offer a significant benefit over colistin monotherapy.13

Most recently, high dose sulbactam/ampicillin was  used
in  combination with rifampicin and fosfomycin to suc-
cessfully treat a case of postsurgical meningitis caused by
A.  baumannii.14 In another recent report, a patient with
drug-resistant A. baumannii-induced peritonitis was  success-
fully  treated with sulbactam/ampicillin in combination with
polymyxin  B. In vitro studies have also demonstrated the effi-
cacy  of sulbactam in combination with various antibiotics
including minocycline and cefoperazone15 and fosfomycin.16
Although the available evidence suggests that sulbactam-
based  therapies can be effective for the treatment of A.
baumannii infection, there is little evidence to suggest that
 1 3;1  7(4):389–394

sulbactam-based therapies are more  or less effective than
alternative therapies. Indeed, there is a distinct lack of high
quality  data (i.e., from randomized controlled trials) available
on  this issue. In an attempt to overcome this limitation and
gain  a better understanding as to the effectiveness of sulbac-
tam  in the treatment of A. baumannii infection, we  conducted
a  systematic review of the available literature and performed
a  subsequent meta-analysis to compare the efficacy, taken
as  the clinical response rate, of sulbactam-based and non-
sulbactam-based therapeutic regimens.

Materials  and  methods

Literature  search  strategy

The following biomedical databases were searched: PubMed;
MEDLINE  via Medscape; Biomedical Central; Google Scholar;
the  China National Knowledge Infrastructure; the Cochrane
library;  and the Directory of Open Access Journals. EMBASE
and  CINAHL were not searched due to lack of access. Gray lit-
erature  searched included the abstracts of Annual Meeting of
the  American Society of Infectious Disease, the American Col-
lege  of Chest Physicians, the American Lung Association, and
Clinicaltrials.gov. A loose search strategy using the key words
“sulbactam  and baumannii” or “maxtam and baumannii” was
employed  in order to maximize the possibility of identifying all
relevant  records. For PubMed and other databases, the follow-
ing  search limits were applied where possible: [Clinical Trial],
[Randomized Controlled Trial], [Clinical Conference], [Clini-
cal  Trial Phase I], [Clinical Trial Phase II], [Clinical Trial Phase
III],  [Clinical Trial Phase IV], [Consensus Development Confer-
ence],  [Controlled Clinical Trial], and [English]. The literature
was  searched from inception to December 2011.

Selection  criteria

Studies were eligible for inclusion in the meta-analysis if they
were  randomized controlled trials, controlled clinical studies,
or  cohort studies with designs comparing the clinical effi-
cacy  of sulbactam-based therapy against other combinations
of  antimicrobial therapies for the treatment of A. baumannii
infection. In vitro studies and studies focusing on the suscep-
tibility  of clinical isolates/bacterial strains to antimicrobials
without clinical data were  excluded from the meta-analysis.

Data  extraction  and  quality  assessment

Two independent reviewers extracted the data from eligible
studies.  A third reviewer resolved any disagreements. The
following  information/data were extracted from studies that
met  the inclusion criteria: the name of the first author, year
of  publication, type of study, number of participants in each
treatment  group, participants’ age and gender, name(s) of
drug(s)  given with sulbactam, name(s) of comparator drug(s),
and  the clinical response rate.

The primary outcome of interest was  the clinical response

rate  defined as complete or partial resolution (improvement)
of  the symptoms/signs associated with A. baumannii infection
by  the end of therapy (72 h). Complete resolution was  defined
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Databases searched

PubMed, Medline via Medscape, Biomedical Central,
Google Scholar, CNKI, Cochrane, and DOA.

Grey literature searched included: Annual meeting of
American Society of Infectious Disease, American

College of Chest Physicians, American Lung
Association, Clinicaltrials.gov

Records searched based on title and
abstract (n = 110)

Reasons for excluding records

Loboratory research/antibiotic-
resistance/bacteria susceptibility (n = 40)
Review articles (n =14)
Epidemiology/prevalence (n =9)
Case series (n =6)
Non-relevent to sulbactam efficacy (n = 27)
Non-english (n =1)
Duplicates (n =3)

Full-text articles reviewed (n =10)

Studies included in qualitative and
quantitative synthesis (n = 4)

Reason for excluding records

NOS score < 3 (n = 2)
No age or sex data (n = 1)
No control group (n = 1)
Sulbactam vs sulbactam/other antibiotics
(n = 1)
Single-arm interventional study (n = 1)

Fig. 1 – Flow diagram of study selection. CNKI, China National Knowledge Infrastructure; DOAJ, Directory of Open Access
Journals.
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s the eradication of all presenting signs and symptoms of
nfection,  whereas partial resolution was  defined as the reso-
ution  of some, but not all signs and symptoms of infection.
reatment failure is indicated by lack of obvious improvement
n  signs and symptoms of infection.

The Newcastle-Ottawa scale (NOS) score17 was  determined
o  assess the quality of each study included in the meta-
nalysis. Studies with a NOS score <3 were  classified as poor
uality  and were  excluded from this meta-analysis.

ata  analysis

he clinical response rate was  used to evaluate treatment
fficacy. Odds ratios (ORs) with 95% confidence intervals
ere  calculated for binary outcomes of patients treated with

ulbactam-based therapy and those who were treated with
omparator  drugs. A chi-square-based test for homogene-
ty  was  performed and the inconsistency index (I2) statistic

2
as  determined. If I was  >50% or >75%, the studies were
onsidered to be heterogeneous or highly heterogeneous,
espectively. If I2 was  below 25%, the studies were  con-
idered to be homogeneous. If I2 statistic (>50%) indicated
heterogeneity between studies, a random-effects model was
calculated.  Otherwise, fixed-effects models were  calculated.
Pooled  summary statistics of the ORs for the individual studies
are  shown. Pooled ORs were calculated and a 2-sided p-value
<0.05  was  considered to indicate statistical significance. A
Funnel  plot and the fail-safe n (which indicates whether the
observed  significance is spurious or not) were  used to assess
possible  publication bias. All analyses were  performed using
Comprehensive Meta-Analysis statistical software, version 2.0
(Biostat, Englewood, NJ, USA).

Results

Literature  search

A total of 110 studies were  identified by searching the speci-
fied  databases (Fig. 1). Of these studies, 100 were  subsequently
excluded because they did not meet the eligibility criteria

based  on examination of the title and abstract. Full-text review
of  the remaining 10 studies led to the exclusion of an addi-
tional  six that did not meet the eligibility criteria. Therefore, a
total of four studies18–21 were included in the meta-analysis.
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Study name

Odds
ratio

Betrosian AP (2008)
Lee CM (2005)
Chan JD (2010)
Choi JY (2006)
Combined

1.500
1.103
0.464
1.125
1.054

0.313
0.451
0.070
0.244
0.550

7.186
2.698
3.086
5.177
2.019

0.507
0.215

-0.794
0.151
0.159

0.612
0.830
0.427
0.880
0.874

0.01
Favors

sulbactam
Favors

comparator

0.1 1 10 100

Lower
limit

Upper
limit Z value P value

Odds ratio and 95% CI

r drugs in the treatment of Acinetobacter baumannii infection.
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Fig. 3 – Funnel plot of the standard error by log odds ratio
Fig. 2 – Clinical response rate for sulbactam vs comparato

Study  characteristics

The characteristics of the four studies are summarized in
Table  1. These studies were  published between 2006 and 2010
and  included one prospective study20 and three retrospective
studies.18,19,21 There were  no randomized-controlled trials
included in the analyses. All studies achieved a NOS score of
3  or above. The studies included a total of 112 participants
treated with sulbactam and 107 participants treated with
other  comparator drugs. All patients had ventilator-associated
pneumonia in two of the studies20,21 and bacteremia in one
of  the studies.19 The type of infection was  not specified in
the  remaining study.18 Only two studies provided sulbactam
dosage information.20,21 Sulbactam was  given in combina-
tion  with ampicillin,20,21 carbapenem,18 or cefoperazone.19

Comparator drugs included colistin,20 cephalosporins,
anti-pseudomonas penicillins, or fluoroquinolones with
aminoglycosides,18 minocycline/doxycycline, aminoglyco-
sides, tigecycline, polymyxin, or combination therapy,21 and
imipenem/cilastatin.19

Clinical  response  rate

None of the four studies included in the meta-analysis
had clinical response rate ORs that significantly favored
sulbactam-based therapy over the comparator therapy or vice
versa (Fig. 2). There was  homogeneity in the response rate
among  the studies when the data were  pooled for analysis
(Q  = 0.931, I2 = 0.00%, p = 0.810); therefore a fixed-effects model
of  analysis was  used. Further, the combined OR did not signif-
icantly  favor one form of therapy over the other. ORs ranged
from  0.464 to 1.500, with the overall OR being 1.054 (p = 0.874).

Publication  bias
The Funnel plot for publication bias (standard error by log OR
for  the clinical response rate) demonstrated no marked evi-
dence  of asymmetry (Fig. 3), indicating a lack of publication
bias.  For the clinical response rate, the combined effect size
yielded  a Z-value of 0.03966, with a corresponding p-value of
0.968.  As the overall clinical response rate was  not statistically
significant, the fail-safe n value was  irrelevant.
for  the clinical response rate. There was  no strong evidence
of  asymmetry and hence publication bias.

Discussion

To our knowledge, this is the first systematic review and
subsequent meta-analysis to compare the efficacy (clinical
response rate) of sulbactam-based vs non-sulbactam-based
therapies for the treatment of A. baumannii infection. Only a
small number of studies, involving a relatively small number
of  participants, met  the eligibility criteria and were  included
in  this meta-analysis.18–21 Analysis of the data extracted from
included  studies revealed that sulbactam-based therapy was
not  superior to alternative antimicrobial therapies for the
treatment  of A. baumannii or vice versa.

None of the individual clinical response rate ORs for the
studies  included in our analysis favored sulbactam-based
therapy over the comparator therapy. There was  considerable
between study variation in the type of comparator therapy
given  and, to a lesser extent, the drug given in combination
with sulbactam. Unsurprisingly, given the individual study
results,  the combined clinical response rate OR did not favor
one  treatment approach over the other. In terms of clinical
response, our findings therefore suggest that sulbactam-based
therapy is equally effective as non-sulbactam-based therapy
for  A. baumannii infection.

Our  meta-analysis has several limitations, most of which
relate  to those inherent in the available literature. Notably,

only  a small number of studies met  our inclusion criteria,
none  of which were randomized controlled trials. Hence, the
quality  of data extracted from these studies is not optimal. A
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Table 1 – Characteristics of studies included in the meta-analysis.

Study Study
type

Type of
infection

Sulbactam
dose

Drugs  given
with

sulbactam

Comparator drug(s) Participants
(sulbactam,
comparator)

Age  (sulbactam
vs  comparator)

%  Male
(sulbactam vs
comparator)

Response  rate

Betrosian
et al. (2008)

Randomized
prospective
cohort study

Ventilator-
associated
pneumonia

9  g/8 h (sulbac-
tam/ampicillin)
IV

Ampicillin Colistin 13, 15 72 ± 5 vs 67 ± 9 54 vs 47% 76.8 vs 73.3%

Lee et al.
(2005)

Retrospective
cohort study

Nosocomial
pan-drug
resistant A.
baumanniia

NS Carbapenem
(imipenem or
meropenem)

2nd/3rd  generation
cephalosporin,
anti-pseudomonas
penicillin, or
fluoroquinolone (all
administered  with
aminoglycoside amikacin)

59,  30 71 ± 14 vs 71 ± 15 53 vs 57% 59 vs 60%

Chan et al.
(2010)

Retrospective
cohort study

Ventilator-
associated
pneumonia

1  g/6 h IV Ampicillin Minocycline/doxycycline,
aminoglycosides,
tigecycline and
polymyxin (or in
combination  therapy)

5, 50 40 (15–87) 72.7% 60 vs 79.1%

Choi et al.
(2006)

Retrospective
cohort study

Bacteremia NS Cefoperazone Imipenem/cilastatin 35, 12 45 ± 28 vs 55 ± 23 69 vs 67% 77.1 vs 75%

IV, intravenous; NS, not specified.
a No further details provided.
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further limitation is the relatively small number of partici-
pants  included in the studies and thus in our meta-analysis;
this obviously reduces the power of any statistical analy-
sis.  Other limitations include a lack of homogeneity in the
drugs  administered with sulbactam, the comparator drugs,
and  indeed the baseline characteristics of the participants.
The between study differences in the drugs administered
with sulbactam and the comparator drugs may  be particu-
larly  confounding given the inherent pharmacokinetic and
pharmacodynamic differences between some of these agents.
Additional  well-controlled studies are needed. Methodologi-
cal  limitations include the fact that the EMBASE and CINAHL
databases were  not included in the search and that non-
English  literature was  not considered.

In summary, the findings from our systematic review
and  meta-analysis suggest that sulbactam-based therapies
and  non-sulbactam-based therapies may  have similar effi-
cacy  in the treatment of A. baumannii infection. We must
caution,  however, that the available evidence is limited in
many  respects (as previously outlined). Perhaps most impor-
tantly,  our review highlights the clear need for randomized,
well-controlled clinical trials to determine the most effective
means  of treating A. baumannii infection.
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